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Abstract

Uveitis is a significant cause of visual morbidity in the working-age population and has
a high propensity to recur and cause damage to the ocular tissues which compromise
the patient's sight and that can be irreversible. This dissertation addresses the
question of how different treatment regimens influence disease recurrence, improve
visual outcome and reduce the dose of concomitant immunosuppressive therapy in
patients with sight-threatening ocular inflammatory conditions.
Therapeutic agents targeting specific inflammatory mediators are playing an
increasingly important role in the management of non-infectious uveitis. The first study
examined the role of anti-TNFα drugs and rituximab (anti-CD20) in controlling ocular
inflammation in 82 patients with non-infectious, intermediate posterior and panuveitis
refractory to conventional immunosuppression. Treatment with these agents achieved
better disease control manifested by significant reduction in concomitant
immunosuppressive therapy, substantial decrease in disease relapse rate and stability
in visual acuity. Both adalimumab and infliximab have similar efficacy and
corticosteroids sparing effect; however, compared to infliximab, adalimumab was
better tolerated and was associated with significantly lower drug discontinuation rate
(treatment failure). Behcet's patients on TNFα blockers had 75% risk reduction in
disease recurrence compared non-Behcet's disease subjects which point to the
central role of TNFα in Behcet disease pathogenesis. Finally, treatment with TNFα
inhibitors and rituximab was effective for extended follow-up periods (5 years and
beyond).
Statins used to reduce serum cholesterol and improve cardiovascular outcomes in
high-risk patients was shown to have pleiotropic anti-inflammatory effects in several
in-vivo and in vitro studies. The second study is a phase II, randomised, placebocontrolled trial, examined the effect of simvastatin (80 mg per day) on the amount of
concomitant

immunosuppressive

drugs

in

32

patients

with

non-infectious

intermediate, posterior, and panuveitis, at one and two years follow-up visits.
Analysing the mean prednisolone dose did not show a significant difference between
the two groups. Therefore, there is no evidence to support the anti-inflammatory effect
of simvastatin in uveitis. However, given the long-term exposure to corticosteroid-
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based immunosuppressive therapy, these patients were found to have high serum
cholesterol. Our data shows that intensive lipid lowering with simvastatin significantly
decreased total cholesterol and LDL and thus reducing the risk of atherosclerotic
cardiovascular diseases.
Ocular toxoplasmosis, the most common cause of infectious posterior uveitis, has
drastic consequences on vision if it involves vision-sensitive structures. The third study
looked retrospectively at the role of co-trimoxazole as a prophylactic agent in patients
with recurrent sight-threatening disease. Prophylaxis course with co-trimoxazole
treatment resulted in a substantial reduction in disease recurrence and significant
improvement in vision in comparison to controls. To our knowledge, this is the first
study to report improvement in visual acuity on prophylactic therapy, in a disease
where no therapy, over the past two decades, was reported to achieve an increase in
vision.
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Impact statement
The impact of this research is particularly relevant to the management of patients with
infectious and non-infectious sight-threatening uveitis, where persistent inflammation
and frequent disease relapse can lead to substantial loss of vision. Infectious
toxoplasmic retinochoroiditis and non-infectious intermediate posterior and panuveitis
are incurable diseases with a largely unpredictable course. Classically the
management of ocular toxoplasmosis involves controlling the acute inflammation with
high dose corticosteroids with antiparasitic drugs and treatment usually stops after
resolution of acute episode. However, after each episode there is more scarring and
higher risk of vision loss even when treatment is timely instituted. In non-infectious
uveitis, high dose corticosteroids along with other immunomodulatory agents are used.
But unfortunately, any attempt to reduce or cease the immunosuppressive treatment
often results in rebound of inflammation which can significantly further damage the
ocular tissues and compromise vision, therefore higher (toxic) doses for long-term is
needed.
This work has several implications in the management of patients with uveitis.
1. Patients with non-infectious uveitis particularly those with Behcet disease have
an aggressive disease and at high risk of irreversible vision loss. TNFα blockers
and rituximab are very useful in controlling ocular inflammation and preserve
sight in uveitis recalcitrant to combination of high dose corticosteroid and
immunomodulatory therapy. Treatment with anti-TNFα significantly reduced the
amount of immunosuppressive drugs required by patients with non-infectious
non-anterior uveitis. Behcet disease patients showed a significantly better
response to TNFα blockers compared to other uveitis aetiologies, therefore
these agents must be instituted early in the disease course to prevent severe
visual impairment. Our data shows that adalimumab is as effective as infliximab
and is better tolerated, therefore it should be first treatment option in noninfectious

uveitis

inadequately

controlled

with

conventional

immunosuppression. Etanercept was associated with high rate of treatment
failure due to poor disease control and must be avoided in uveitis. Treatment
was generally safe and well-tolerated, however due to relatively small sample
further studies with larger sample are required to ascertain these results.
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Finally, a therapy targeted to mediators of inflammation appears to have a
superior efficacy in disease control. Thus, developing drugs that neutralize
immune signalling is the future in uveitis management.

2. Simvastatin in sight-threatening uveitis trial did not show a robust antiinflammatory effect measured by reduction in the amount of daily prednisolone
dose and second-line immunosuppressive agents. Therefore, there is no need
to add statin therapy to patients with ocular inflammatory diseases unless used
to treat high cholesterol and improve cardiovascular outcomes in patients on
high dose immunosuppressive therapy. Patients with chronic ocular
inflammation which could be part of systemic disease are usually exposed to
long-term corticosteroid-based immunosuppression and subsequently are at
high risk of cardiovascular disease. Our result shows that just under two-thirds
of patients in this study had high serum cholesterol, and intensive lipid lowering
with 80 mg simvastatin achieved significant reduction in total cholesterol driven
primarily by reduction in LDL-cholesterol. However, we could not establish how
this relates to reduction in cardiovascular morbidity and mortality. Further
studies are required to assess the risk of cardiovascular disease in patients with
uveitis and high serum cholesterol.

3. Prophylactic treatment with co-trimoxazole significantly reduced the disease
relapse rate and improved the vision in patients with recurrent toxoplasma
retinochoroiditis compared to controls. Co-trimoxazole prophylaxis was
effective and safe in the long-term management of patients with recurrent
ocular toxoplasmosis. Therefore, this therapy should be widely offered to all
patients with recurrent disease even when the macula is not involved since
recurrent disease episode can lead to dissemination of parasite and infection
of previously healthy retinal tissue. However, randomised-controlled trials with
larger sample size are needed to confirm the study findings and establish the
long-term safety of co-trimoxazole.

The results presented in this thesis add to the body of knowledge in this highly
specialised area of sight-threatening uveitis.
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1 Chapter One General introduction
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1.1.1 The eye
The eyeball or globe is a spherical structure but not a perfect sphere because the
corneal radius of curvature (8 mm) is less than that of the sclera (12 mm). The
anteroposterior diameter of the eye is 23-25 mm and an average transverse diameter
of 24 mm.
The eye contains three compartments; the anterior chamber, posterior chamber and
the vitreous cavity. The anterior chamber is the space between the cornea and the iris,
and it is filled with aqueous fluid. It has an average volume of 200µL and measures 3
mm in depth. The posterior chamber is the space between the iris and the anterior
surface of the lens and also contains aqueous but with a much smaller volume (60
µL). The vitreous cavity in the largest compartment, which forms two-thirds of the total
eye volume (5-6 mL) and encloses the vitreous gel. Figure 1-1.
The eyeball consists of three concentric layers. The external (outermost) one is
composed of the transparent cornea anteriorly, and opaque sclera posteriorly and
these are composed of collagen fibres and protect the intraocular structures. The
middle layer is the uvea, and it consists of (anterior to posterior), iris, ciliary body and
choroid. The innermost layer is the retina, which is the photosensitive layer that
contains the photoreceptors and the neuronal cells and networks. The retina is
responsible for processing the visual signals which are then transmitted to the brain
via the optic nerve (American Academy of 2017).
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Figure 1-1 Cross section of the eye shows the uveal tissue. Web source
https://www.foresteyesurgery.com.au/blog/?post=spring-2016-gp-newsletter

Posterior chamber
Anterior chamber (AC)

Vitreous cavity

1.1.1.1 Anatomy of the uvea
Uvea is a Latin origin from the word uva, which means grape, as the eye, peeled of
sclera, would appear as a darkly pigmented, densely lobulated structure, hanging from
optic nerve which represent the stack. The uveal tract is the middle layer, highly
vascular, pigmented tissue of the eye, Figure.1-1 and it provides nourishments and
support to the underlying structure. The uvea is composed of three distinct portions:
A. Iris
B. Ciliary body and
C. Choroid (Foster and Vitale 2002).
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1.1.1.1.1 Iris
The iris is the most anterior extension of the uveal tract, and it is composed of blood
vessels and connective tissue. It has melanocyte and pigmented cells which give the
iris its unique colour. The iris acts as a diaphragm to control the amount of light
entering the eye by changing the pupil size. When the eye is dilated (mydriasis) the
iris is pulled into ridges and folds; while during pupil constriction (miosis) it assumes a
relatively smooth anterior surface. The diaphragm splits the anterior segment of the
eye into anterior and posterior chambers. The iris stroma is made from blood vessels
and connective tissue. The blood vessels within the iris follow a radial course toward
the centre of the pupil. These blood vessels have a non-fenestrated endothelium and
are surrounded by a basement membrane, associated pericytes. The posterior surface
is composed of densely pigmented cells which are continuous with the non-pigmented
epithelium of the ciliary body whence it continues with the neurosensory retina (Wright,
Spiegel et al. 2013). The iris dilator muscle lies parallel and anterior to the posterior
pigmented epithelium whereas the sphincter muscles assume a circular fashion and
rest at the pupillary border.

1.1.1.2 Ciliary body
The ciliary body is triangular in cross-section with its apex directed posteriorly toward
the ora serrata, while its base gives rise to the iris. The ciliary body inserts to the scleral
spur via its longitudinal muscle fibres, and this represents the only attachment of the
ciliary body to the sclera. The two principal functions of the ciliary body are lens
accommodation and aqueous humour production. Its body measures 6-7 mm in width
and consists of two parts:
A. The pars plana is avascular, smooth and pigmented zone of 4 mm wide. The lack
of blood vessels makes this part a suitable site for accessing the vitreous cavity when
applying intravitreal injections and performing vitreoretinal surgeries.
B. The pars plicata is the heavily vascularized portion of the ciliary body and consists
of the ciliary processes which give rise to the zonular fibres that hold the lens in
position and control the changes in the shape of the intraocular lens during
accommodation. The blood supply is through the anterior and long posterior ciliary
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arteries which fuse to form the arterial plexus that supplies the iris in addition to the
ciliary body (American Academy of 2017).

1.1.1.3 Choroid
The choroid is the largest and most posterior portion of the uvea; it is vital for health
and normal function of the outer retina through providing nourishment and oxygen.
The choroid is located between the retinal pigment epithelium (RPE) and the sclera,
and it’s composed of blood vessels, melanocytes, fibroblasts and supporting
collagenous and elastic connective tissue. Also, immunocompetent cells reside within
the choroid. (Nickla and Wallman 2010). It measures on average 0.25 mm in thickness
and consists of three layers from inside (Zierhut, Pavesio et al. 2016).
1. The choriocapillaris
2. A middle layer of small blood vessels (Sattler’s layer)
3. An outer layer of large blood vessels (Haller’s layer) (Albert and Jakobiec).

The choriocapillaris forms a single plane and lies beneath the RPE. These capillaries
have an extremely thin wall and lots of fenestrations mainly on their retinal facing
surface. The middle and outer layers of the choroid have larger diameter blood
vessels, are not fenestrated, and resemble small arteries elsewhere. The blood supply
of the choroid is derived from the long and short posterior ciliary arteries and
perforating anterior ciliary arteries. The choroid drains to the superior and inferior
ophthalmic veins via the vortex veins which are 4-6 in number. Within the choroid, the
oxygen concentration of the venous blood is only 2% - 3% lower than that of the arterial
blood owing to fast blood circulation (American Academy of 2017).
1.1.2 Lens
The lens is a biconcave structure, situated behind the iris and the posterior chamber.
It contributes to 20 D (dioptre) of the total refractive power of the eye (60 D). The lens
is 9-10 mm in diameter and 6 mm in depth in the adult. The lens is composed of fibres
and epithelial cells which lies beneath the anterior and equatorial capsule. The lamina
(lens capsule) encloses the whole lens, and it lacks innervation and vascularisation
(American Academy of 2017).
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1.1.3 Bruch’s membrane
Bruch’s membrane is a lamina (sheet), consisting of a series of connective tissues that
are highly permeable to small molecules such as fluorescein. It results from the fusion
of the basal laminae of the retinal pigment epithelium (RPE) and the choriocapillaris
of the choroid. It runs from the margin of the optic nerve to the ora serrata, which lies
at the far retinal periphery and it represents the junction between the retina and pars
plana (ciliary body) (American Academy of 2017).
1.1.4 Retina
The fundus oculi or (ocular fundus) includes the retina and its vessels, optic nerve
head or (optic disc). The macula, 5-6 mm in diameter, lies between the temporal
vascular arcades or histologically the area which has two or more layers of ganglion
cells. At its centre lies the fovea, a concave central depression measures
approximately 1.5 mm in diameter, the fovea is rich in cones and responsible for the
highest visual acuity and colour perceptions. Figure 1-2. (Orth, Fine et al. 1977).
Figure 1-2 Colour fundus photograph shown the macular, fovea and optic nerve head. Web
source https://en.wikipedia.org/wiki/Fundus_photography
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The retina is thin and transparent and consists of 10 layers on a cross section. From
the inner (close to the vitreous) to the outer (close to the RPE):
1. Internal limiting membrane
2. Nerve fibre layer
3. Ganglion cells layer
4. Inner plexiform layer
5. Inner nuclear layer
6. Outer plexiform layer
7. Outer nuclear layer
8. External limiting membrane
9. Rods and cones inner and outer segments.
10. RPE
The central retinal artery supplies the inner portion of the retina. A cilioretinal artery
can branch from the ciliary circulation to supply the macula in around 18%-32% of
eyes. The retinal blood vessels resemble cerebral blood vessels and maintain the
inner blood-retinal barrier. This physiologic barrier is made of a single layer of nonfenestrated endothelial cells, whose tight junctions are impermeable even to tiny
substances, such as fluorescein. A basal lamina covers the outer surface of the
endothelium. An interrupted layer of pericytes is situated within the basement
membrane (American Academy of 2017).
1.1.5 Retinal pigment epithelium (RPE)
The RPE consists of a monolayer of hexagonal cells that extends from the optic disc
anteriorly to the ora serrata, where it fuses with the pigmented epithelium of the ciliary
body. The main functions are:
1. Vitamin A metabolism and regeneration of the visual pigments
2. Maintenance of the outer blood-retinal barrier
3. Phagocytosis of the photoreceptors outer segments
4. Absorption of light to reduce scatter and
5. Heat exchange

46

The apices of the RPE have multiple villous processes that surround the outer
segments of the photoreceptors. Adjacent RPEs are firmly attached by chains of
lateral and intercellular, junctional complexes, and these are; the zonulae occludentes,
consist of fused plasma membranes, and zonulae adherentes. These are important in
providing structural stability and maintaining the outer blood-retinal barrier. The
separation of the RPE from the neurosensory retina is called a retinal detachment
(American Academy of 2017).
1.1.6 Vitreous
The vitreous fills four-fifths of the volume of the globe. It’s transparent and serves an
important function to the metabolism of intraocular structure (lens, retina and ciliary
body). Its volume is close to 4 ml and its 99% water, but due to the presence of
hyaluronic acid and mucopolysaccharide the vitreous assumes a gel-like structure. On
a histological level, the vitreous is formed of mainly collagen type 2 fibres and cells
(hyalocytes). The function of these cells is unknown. The vitreous adheres firmly to
the peripheral retina (where it forms the vitreous base), around the optic nerve and
along the blood vessels. The vitreous liquefies with age and separates from the retina
to form posterior vitreous detachment, and this may exert a traction on the retina and
leading to rhegmatogenous retinal detachment (American Academy of 2017).

1.2 Immunology
The immune system is a result of a complex interaction between different types of
cells and molecules aiming to clear a threat such as offending pathogen, toxic
materials, cellular debris and malignant cells, to protect the organism. It has two main
components, the innate immunity which is non-specific and consists of physical
barriers such as (skin and mucous membrane), phagocytes (cells that engulf and
destroy foreign antigens), and humoral factors such as complement system. The
second part of the immune system is antigen-specific and is called adaptive immune
response. It consists of T and B lymphocytes and a smaller population of B cells that
have the characteristics of memory cells. These systems are closely related and
connect via a particular form of proteins named Toll-like receptors (TLRs) present on
phagocytic cells, which interact with the antigen presenting cell to initiate the adaptive
immune response (Nussenblatt and Whitcup 2010).
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The intercellular communication is largely mediated via the secretion of cytokines.
Cytokines are soluble polypeptides, manufactured and released by cells to serve as a
tool for intercellular signalling and communication and these include; chemokines,
interleukins, interferons, lymphokines and tumour necrosis factors. Cytokines are
secreted by both resident and effector immune cells and act locally as well as remotely
to help with recruitment of leukocytes, changes in vascular permeability and enhancing
the adaptive immune response. Chemokines are chemotactic cytokines that induce a
directional movement (chemotaxis) in the nearby responsive cell. Lymphocytes and
macrophages, among other cells, produce cytokines and these cytokines can either
accelerate or decelerate the immune responses. There are two types of cytokines,
either pro-inflammatory such as (IL-1, 2, 3, 4, 6, 8, 12, 17, TNFα and INFγ), or antiinflammatory cytokines (IL-4, IL-10, TGFβ, and INFγ). However, some such as INFγ
can act as inducer and suppressor of the immune reactions depending on the medium
where the cytokine is present.
These cytokines are classified into different groups based on their origin, action and
target cells. For example, growth factors are cytokines mediating immune cell
proliferation and differentiation and the terms interleukins and lymphokines are used
for cytokines thought to mediate intercellular communication among lymphocytes and
other leukocytes. Most cytokines have many sources and targets, and an activated
macrophage in an inflammatory site secretes different cytokines such as growth
factors, interleukins, interferons and chemokines. T lymphocytes are the classic
cytokines producing cells of adaptive immunity. Macrophages, mast cells and
neutrophils produce a wide range of cytokines when stimulated. The interaction
between different cytokines is complex and eliminating one molecule may have
unpredictable outcomes. The classic example is the monoclonal antibody against TNF
α which results in substantial suppression of the immune system but increases the
susceptibility to multiple sclerosis as well. Generally, cytokines modulate the immune
responses and the function of most leukocytes, and therefore, they function as
mediators and amplifiers of inflammation (American Academy of 2017).
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1.2.1 Basic terminology
Immune response: is the process of removing an offending stimulus
Inflammation is the clinically evident immune response which is triggered by immunity
(innate or adaptive). Inflammation results from a consequence of molecular and
cellular events leading to five cardinal manifestations: pain, hyperaemia, oedema, heat
and loss of function. These signs are produced by two physiological responses within
a tissue: cellular recruitment and altered vascular permeability. The following
pathophysiological findings are typical of inflammation:
•

Effector

cell

infiltration

releases

biochemical

factors

and

molecules

(inflammatory mediators) such as, cytokines (interleukins and chemokines) and
lipid mediators (prostaglandins and platelet-activating factors)
•

Production of oxygen metabolites (superoxide and nitrogen radicals)

•

The release of granule products and catalytic enzymes such as collagenases
and elastases

•

Activation of plasma-derived enzyme systems (complement component and
fibrin)
(Delves, Martin et al. 2017)

1.2.2 The eye as an immune privileged site
The eye is an immune privileged site, which means that the healthy eye is hidden from
the immune system by the blood-ocular barriers including blood-retinal barriers but
when retinal antigens are exposed to the immune system, an inflammatory response
will ensue. Activated T cells become adherent to retinal blood vessels and extravasate
into the tissues by expressing degrading enzymes. Once they recognise retinal
antigens, a surge of cytokines including chemokines is produced to recruit more
inflammatory cells which in turn magnify the inflammatory cascade and increase tissue
damage. These inflammatory cells include leukocytes/monocytes, granulocytes,
natural killers, natural killers T cells and gamma delta (γδ) T cells (Caspi 2006).
To minimise damage, the classical immune response arc has been modified in specific
tissue sites and organs such as the eye. In these sites, regional immunity is described
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which can affect all three phases of immune arc (afferent, processing and effector)
and it differs between varies tissues. These regional differences are attributed to
differences in the immunological microenvironment. For example in the eye these can
be subdivided to;
•

Conjunctiva,

•

Anterior chamber, anterior uvea (iris, ciliary body),

•

Retina, retinal pigment epithelium and choriocapillaris and

•

Choroid.

1.2.2.1 Immune responses of the conjunctiva, anterior chamber, anterior uvea,
and vitreous
The conjunctiva is composed of an epithelial layer and a connective tissue called the
substantia propria. It is well vascularized with blood and lymphatics which drain to
preauricular and submandibular lymph nodes. The conjunctiva homes many cells that
serve as a potential antigen presenting cells such as Langerhans cells, macrophages
and dendritic cells. The conjunctiva is also densely populated with potential effector
cells, mainly mast cells. All antibody isotypes are present but IgA dominates.
Several specific anatomical features of the anterior chamber AC govern local
immunity. The AC is a fluid-filled cavity with circulating aqueous humour, which serves
as a unique medium for intercellular communication between different resident ocular
tissue cells (iris, ciliary body, corneal endothelium). The aqueous only contains
between 0.1% - 1.0% of total serum proteins compared to serum. The blood-ocular
barrier is formed by the tight junctions between pigmented and non-pigmented cells
of the ciliary body, functions to exclude immune cells. Therefore, B lymphocytes,
eosinophils and neutrophils are usually absent, and very low IgG and complement
proteins are present in the aqueous humour under normal condition. The eye has no
lymphatics, therefore, immune processing is unlikely to occur locally. Clearance of
soluble particles relies on aqueous humour draining channels (trabecular meshwork
endothelial cells and macrophages).
The vitreous shares similar properties to the anterior chamber but with few
exceptions. Charged protein substances can electrostatically bind to the vitreous gel,
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therefore, the vitreous may serve as a depot for foreign antigens and scaffolding for
leukocytes. Additionally, because the vitreous contains type II collagen, it may
harbour potential autoantigens as well.
These unique microenvironments in the eye have influenced the immune responses
to a great extent and led to the notion of the immune privilege of the eye which means
that the eye and its antigens are being ignored or tolerated by the immune system.
This notion came from the fact that tumour implants or allografts survived better within
an immunologically privileged site compared to other locations, such as the skin,
where a similar implant is rapidly rejected. This unique immune system in the eye is
essential, because a relatively mild degree of inflammation in the skin, which is
harmless, would cause severe loss of vision if it occurs in the eye. Similarly, an antigen
presented to a lymphatic vessel would mount a different immune response to one
shown in the blood with an excellent immune response in the former (Nussenblatt and
Whitcup 2010).
In the eye, the best-studied model of immune privilege is called the anterior-chamber
associated immune deviation (ACAID). This term refers to the ability of the anterior
chamber AC of the eye to retain foreign antigens for a long time compared to other
tissues such as the skin where an intense inflammatory reaction is inevitable. This
phenomenon aims to limit the harmful consequences that may arise from the immune
responses and interferes with the physiological function of the eye (Streilein 1993).
This function is particularly important to preserve the eye from the damage inflicted by
the inflammatory response or its consequences. It is an active rather than a passive
process and is mediated by immunoregulatory cytokines such as TGF-β2. However,
it is to blame for the enhanced growth of intraocular tumours (Nussenblatt and Whitcup
2010).
Macrophages process the antigen in the AC when these antigens are present in the
anterior uvea. The antigen-stimulated TGF-β2 exposed macrophages migrate through
the aqueous channels to the venous circulation to the spleen. Within the spleen, there
will be activation of not only helper T cells and B cells but also CD8+ T regulatory cells
(T regs). These T regs alter the function of CD4+ cells and downregulate CD4+
delayed hypersensitivity (DH) lymphocytes and selectively reduce the production of
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complement-fixing antibodies, thus, limiting the reaction to the specific antigen at all
body sites. Therefore, ACAID represents an attenuated effector arc.
Additionally, the eye is further protected from severe inflammation by another
mechanism termed effector blockade, where Th1, cytotoxic lymphocytes, natural killer
cells and complement components seem to be less efficient in the anterior uvea than
somewhere else. One of the most important and known mechanisms involved is the
Fas ligand (FasL or CD 95). FasL is expressed on the iris and corneal endothelium
and is a potent inducer of programmed cell death of lymphocytes expressing the Fas
receptor. Interestingly, ACAID and effector blockade can be overcome by a significant
immune reaction. Following an attack of ocular inflammation, these mechanisms can
only be partially restored, therefore possibly reducing the immune protection of the
eye (Sugita, Ng et al. 2006, Niederkorn 2007, Foster and Vitale 2013).
Moreover, the retinal circulation is secured by inner blood-retinal barrier (tight junctions
between adjacent endothelial cells of retinal blood vessels), whereas tight junctions
between RPE cells form the outer blood-retinal barrier (between the choroid and the
retina). Lightman and Greenwood in experimental autoimmune uveoretinitis have
shown that loss of the integrity of blood-retinal barrier is accompanied by lymphocytic
infiltration into the retina (Greenwood, Howes et al. 1994). The presence of
inflammatory inhibitors in the eye milieu, which could be either soluble or membranebound, also help reducing the immune response. A programmed cell death, is another
mechanism adopted by the eye to destroy the invading pathogens or cells without
inflammation. Lastly, the adoption of immune tolerance to limit the damage to the
ocular tissue and preserve sight (Ferguson, Green et al. 2002).

1.2.2.2 Immune responses in the eye
Under normal condition, the choroid and the retina lack well-developed lymphatics and
there are no neutrophils or eosinophils in the choroid, but a considerable number of
mast cells are present around the arteriole with low numbers of lymphocytes.
Moreover, RPE cells display a complement regulatory protein (CD46) on its
basolateral surface which may protect against complement activation in the underlying
choroid (Vogt, Barnum et al. 2006). Additionally, effector cells are usually absent in
the retina and the choroid, however macrophages and dendritic cells play as APCs in
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the choroid, similarly, in the retina, microglia (cells derived from the bone marrow and
similar to dendritic cells) are potential APCs. These cells are widespread and present
in all retinal layers and can undergo morphological changes and migrate in response
to different stimuli (Detrick and Hooks 2010).
Under inflammatory conditions, ocular resident cells such as Langerhans cells in the
cornea, RPE, Müller cells and also vascular endothelial cells can play a significant role
in the immune responses within the eye. These cells can behave like immune cells
and participate in immune-mediated events, and the best example is RPE cells which
can act like an APC. There are many features in common between the RPE and
macrophages which make these cells an active participant in the local immune
response. RPE cells can migrate and engulf unwanted material; they also secrete IL6, a cytokine that is capable of inducing intraocular inflammation when injected into
the eye (Planck, Dang et al. 1992). Furthermore, RPE cells can express MHC class II
antigen in addition to MHC class I when activated (Chan, Detrick et al. 1986). Müller
cells have a significant impact on T cell proliferation within the eye (Caspi, Roberge et
al. 1987). Furthermore, large numbers of T and B lymphocytes, neutrophils and
macrophages infiltrate the choroid, choriocapillaris and retina with the RPE and
different cell types in the retina and choroid secreting various cytokines which
participate in subsequent immune response (Vogt, Barnum et al. 2006). But not all
microglia are derived from tissue resident cells and cells invading the eye play also a
key role in inflammation.

1.3 Uveitis

Uveitis is a term that refers to inflammation of the uveal tract. But the inflammation is
not only limited to the uvea but can also involve other ocular structures such as, the
retina, vitreous, optic nerve, and sclera is usually common in uveitis. There are over
30 different disease entities under the term uveitis and they all manifest with
intraocular inflammation. Uveitides are grouped by the anatomic class (anterior,
intermediate, posterior and pan-uveitis). Also, uveitis is classified according to the
aetiology to infectious and non-infectious (autoimmune). The latter could be part of a
systemic disease or limited to the eye.
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Because uveitis is commonly associated with systemic disease, a careful and detailed
history and review of systems is an essential first step in identifying the cause. Then
a comprehensive exam of the eye and associated organ system is performed to
characterise the type of inflammation encountered. The location of intraocular
inflammation with respect to ocular anatomy along with information gathered from
history and clinical examination help direct the investigational studies needed.
Differentiating infectious from the non-infectious cause is a critical first step since
corticosteroid only treatment can lead to harmful consequences when infection is the
cause. Also, reaching the right diagnosis is essential to guide the choice of therapy
and long-term disease management (Jabs 2017).

1.3.1 Pathophysiology of uveitis
Autoimmune uveitis is heterogeneous, with different diseases and diverse clinical
presentations, in which the eye could be the only involved organ, or the eye is affected
by a systemic condition. Uveitis can be due to systemic autoimmune diseases such
as sarcoidosis, Behcet’s and Vogt Koyanagi-Harada, or infections such as
toxoplasmosis or syphilis (Ooi, Galatowicz et al. 2006). Because of the complexity of
the disease process in uveitis, the exact pathological mechanism is not fully
understood. However, experimental autoimmune uveitis (EAU) in mice, in which a
retinal soluble antigen and interphotoreceptor retinoid-binding protein is injected to
create an immune response has helped to understand some of the immune
mechanisms in ocular inflammation (Caspi 2011). The key elements of the immune
system in uveitis are as follow:

1.3.1.1 T cells
Uveitis is regarded as a T cell-mediated disease. When premature T cells leave the
bone marrow and enter the thymus, these cells undergo maturation and differentiation.
During this process, T cells are educated to ignore self-protein (antigens) and to
combat foreign antigens in the body. However, in certain situations, these cells will
react to own body tissue and cause inflammation (Caspi 2011). Several subsets of
CD4+ T cells such as Th1, Th2, and Th17 are involved in autoimmune uveitis, and
these cells differ in phenotypical appearance and function. These cells secrete
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different cytokines and chemokines, for example, Th17 secretes IL-17 and INFγ..
Despite having different biological roles to fight against microorganisms, these T-cells
are also implicated in several autoimmune diseases such as rheumatoid arthritis,
multiple sclerosis and uveitis (Jager and Kuchroo 2010) (Damsker, Hansen et al.
2010). Another subtype of T cells is T regulatory cells which are involved in
suppressing the immune system reactions via their ability to produce IL10 and TFG-β
and downregulate both CD4 and CD8 mediated inflammatory responses, Figure1.3
(page 60) (Piccirillo 2008).
T cells produce different pro-inflammatory cytokines and these have an essential role
in autoimmune uveitis. TNFα, which is produced by T cells among other inflammatory
cells (macrophage, monocytes, and NK), is regarded as a key effector cytokine in
uveitis pathogenesis. This cytokine up-regulates adhesion molecules and facilitates
more leukocyte infiltration and activation. It also extends the survival of dendritic cells
and macrophages (Dick, Forrester et al. 2004). Another key pro-inflammatory cytokine
is IFNγ (Nussenblatt 1991). IFNγ upregulates dendritic cells and macrophages by
mediating delayed hypersensitivity immune response. These cells secrets TNFα and
IL-12 which further promote T helper cells development (Yoshida, Koide et al. 1994,
Gordon 2003).
Therefore, treatment aiming at blocking adhesion molecules or eliminating certain
leukocytes will interfere with the recruitment of inflammatory cells from the peripheral
blood into the eye which results in better control of inflammation or even disease
remission (Lightman, Taylor et al. 2015). However, such treatment is not curative, but
only helps improving disease activity, and once treatment is stopped, the disease
recurs. This is due to the presence of autoreactive T cells and disruption of the immune
tolerance (Caspi 2011).
Also, non-immune ocular parenchymal cells such RPE, retinal Müller cells, iris and
ciliary body epithelium can produce a wide array of inflammatory mediators and
cytokines which help with the recruitment of innate effector cells such as natural killer
cells, monocytes, neutrophils, dendritic cells and macrophages among other cells.
Neutrophils are very efficient effectors of innate immunity. They are classified as
resting or activated depending on their secretory and cell membrane activity. Their
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recruitment by innate immune response occurs rapidly via two mechanisms. Firstly,
cell adhesion molecules (CAMs) on both leukocytes and vascular endothelium mainly
in the postcapillary venules, facilitate the adhesion between neutrophils and vascular
endothelium. Secondly, the chemotactic factors which direct the transmigration of the
neutrophils through the endothelium and the surrounding extracellular matrix. The
activation of vascular endothelial cells is triggered by different innate immune stimuli
such as lipopolysaccharides (LPS), physical injury, thrombin, histamine, and
leukotriene release. Neutrophil rolling is a process by which neutrophils bind loosely
and irreversibly to non-activated endothelial cells (Abbas, Lichtman et al. 2014).
Delayed hypersensitivity represents the typical pathway of the adaptive immune
mechanism. A primed DH CD+4 T cells enter the site of inflammation and restimulated by MHC class II APCs leading to their full activation and with the resultant
secretion of different mediators to recruit other immune cells. Experimental and
histological studies in man revealed different subtypes of DH T cells; their
differentiation is based on the spectrum of different cytokines they produce. These
subtypes of DH CD4+ cells will set different types of immune reactions. These cells
differentiate to Th1 and Th2; Th1-mediated DH lymphocytes are thought to be involved
in several intraocular inflammatory diseases such as, acute anterior uveitis,
sarcoidosis, intermediate uveitis, sympathetic ophthalmia, Vogt-Koyanagi-Harada
syndrome, birdshot disease as well as orbital diseases such as acute thyroid
orbitopathy and giant cell arteritis (Boyd, Young et al. 2001).

1.3.1.2 Cell adhesion molecules
Cell adhesion molecules (CAMs) are cell-surface glycoproteins which are responsible
for cellular communication, and the interaction between cells and their environment.
These molecules are overexpressed in inflammation and primarily found on the
vascular endothelium and surrounding tissue to allow for recruitment of more
inflammatory cells. Therefore, they play an essential role in the development of
inflammation due to their ability to direct leukocytes to sites of inflammation
(Bevilacqua, Stengelin et al. 1989, Luscinskas, Brock et al. 1989). Further, they are
responsible for interactions between lymphocytes and APC necessary for lymphocyte
activation.
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CAMs can be divided into three groups based on the structural differences, namely:
1. Selectins especially L-, E- and P-selectin,
2. Integrins especially, leukocytes function-associated antigen 1 (LFA-1) and
macrophage-1 antigen (Mac-1)
3. Immunoglobulin gene superfamily especially intercellular adhesion molecule 1
(ICAM-1) and 2 (ICAM-2) (Mulligan, Varani et al. 1991).
4. Very Late Antigen 4 (VLA-4) (integrin α4β1) is expressed on cell surface of
neutrophils, T and B cells, monocytes, natural killers. It promotes an
inflammatory response by recruiting inflammatory cells. In MS VLA-4
(particularly α 4 integrin) allowed cells to penetrate through the blood brain
barrier and it’s expression was positively correlate with disease severity
(Sheremata, Minagar et al. 2005).

The primary events in cellular adhesion are mediated mainly by members of the
selectins family and occur within minutes of stimulation. L-selectin is expressed on
non-activated neutrophils and mediates a weak bond to the endothelial cell by binding
to specific selectin ligands. When endothelial cell become activated upon exposure
to triggering stimuli, it will further express the other two selectins (E and P) by which
a more stable interaction is maintained and is called (adhesion). Subsequently, other
factors, such as platelet-activated factor and various cytokines can induce
overexpression of β integrin which makes the adhesion even firmer to allow for the
transvascular migration (Springer 1994).
Subsequently, with the help of various chemotactic factors, transmigration of
neutrophils across the endothelial barriers and extracellular matrix occur towards the
site of inflammation. Chemotactic factors are short-range signalling molecules that
diffuse maximally at the source and reduced in concentration at target cells.
Neutrophils have receptors for these molecules, and upon stimulation, neutrophils
undergo membrane modification that enables migration in the direction of highest
level. The activation of neutrophils starts when adhesion takes place and then reach
a full activated state upon interacting with injured tissue or site of infection (Abbas,
Lichtman et al. 2014).
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1.3.1.3 T regulatory cells
T regulatory cells (T reg) express CD8+ and were considered to be the only cells with
immune regulatory function. More recently, CD4+, CD25+ and Foxp3 T lymphocytes
have also been known to have a regulatory role. These cells operate by releasing
TGFβ that can alter or inhibit the function of other effector T cells. T regulatory cells
might be necessary as a potential therapeutic option, because they may provide a tool
to induce tolerance of self-antigens (Abbas, Lichtman et al. 2014).

1.3.1.4 Cytokines and their role in ocular inflammation
Although the pathogenesis of uveitis is not entirely understood, cytokines seem to play
a vital role in mediating ocular inflammation, particularly IL-2, TNFα and Th-1
mediators (INFγ and IL-12). In experimental autoimmune uveoretinitis (EAU), a model
of uveitis achieved by immunisation of mice with specific retinal antigens supports the
role of cytokines in the development of intraocular inflammation. The inflammation
produced in EAU gives a picture similar to sympathetic ophthalmia and panuveitis in
humans. Various cytokines play different roles in inflammatory response. TNFα, for
example, exacerbates the inflammation whereas, administration of IL-10 seems to be
protective against inflammation and the level of these cytokines correlates with
disease activity (Dick, Forrester et al. 2004).
IL-2, IL-6 and INFγ are heavily involved in intraocular inflammation. IL-2 is one of the
most crucial cytokines in human immune reactions because it stimulates the growth
of lymphocytes and exacerbates the immune responses. Another cytokine is INF-γ
which does not only modulate the immune responses but also has a great propensity
to induce the expression of major histocompatibility complexes (MHC) on cells which
further amplify the immune reactions. Seminal work by Foxman and colleagues
showed a very high expression of IL-1, IL-6 and TNFα in an experimental autoimmune
uveoretinitis. Interestingly cytokines were also highly expressed in an eye without
inflammation (Foxman, Zhang et al. 2002). High level of proinflammatory cytokines
namely, IL-2 and INFγ, were found in ocular tissues infiltrated by T cells (Levy-Clarke,
Jabs et al. 2014). Likewise, high levels of TNFα and IL-6 were detected in aqueous
and serum samples of patients with ocular inflammatory disease and their levels seem
to correlate to disease relapse and inflammatory activity (Santos Lacomba, Marcos
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Martin et al. 2001). Finally, other cytokines such as TGF β may act by downregulating
the immune responses and participate in immune tolerance and anterior chamberacquired immune deviation ACAID.
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Figure 1-3 Immune system responses in uveitis. Reproduced from a presentation by Alastair
Denniston
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1.3.2 Epidemiology of uveitis
Uveitis embraces a wide range of pathology with an incidence estimated at 38-200 per
100,000 in the Western world (Sangwan 2010). (Rychwalski, Cruz et al. 1997). It can
be associated with an underlying systemic disease, though most cases remain
idiopathic.
There is an increased incidence of uveitis; a recent population-based study in the US
reported three-fold increment in the incidence of uveitis compared to the previous
studies, which was especially true in older age group (Gritz and Wong 2004). The
same study reported a significantly higher prevalence of uveitis in females compared
to males. Non-infectious uveitis constitutes more than 90% of cases of uveitis (Thorne,
Suhler et al. 2016). Studies from the US and Europe have shown an annual incidence
of uveitis to be between 14 and 22.4 per 100,000 population, and the prevalence is
between 38-270 cases per 100,000 population (Darrell, Wagener et al. 1962, Baarsma
1992, Tran, Auer et al. 1994). These figures peak at 30-50 years of age and then drop
(Durrani, Meads et al. 2004). There are geographical variations in the incidence and
prevalence of uveitis. For example, in India, uveitis prevalence was higher than those
reported in the US and Europe, 730 per 100,000 inhabitants (Dandona, Dandona et
al. 2000), which might reflect ethnic variations between these different populations or
an increase in infectious causes such as, TB.
Anterior uveitis is the most common type of uveitis; it is reported between (52-91%) in
the US (McCannel, Holland et al. 1996, Rodriguez, Calonge et al. 1996). In Europe,
the figures were almost similar (Smit, Baarsma et al. 1993, Paivonsalo-Hietanen,
Vaahtoranta-Lehtonen et al. 1994). In these studies, posterior uveitis was the second
most common type (5-26%). However, the figures for anterior, posterior and panuveitis
can vary in range and this reflects the difference in the study population between the
tertiary referral centres and community based general practices. The etiological factors
can also play a role in this, for example, a study from South America reported panuveitis as being the most common type (37%) followed by posterior uveitis (34%) and
anterior uveitis is the least common (19%) (Rathinam and Cunningham 2000). This
variation could be attributed to the fact that Toxoplasmosis related ocular inflammation
is the most frequent cause of uveitis in that area.
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Uveitis is regarded as the fifth most common cause of vision loss especially among
the working age group in the developed world, and around 10-15% of all causes of
vision loss and 20% of legal blindness is attributed to uveitis (Durrani, Tehrani et al.
2004). Because it affects all age groups including children, it tends to have a more
profound impact on vision than age-related diseases (Jabs 2017). Uveitis mainly
affects the younger age group, and its related complications can have devastating
consequences on their vision and dependency (Tomkins-Netzer, Talat et al. 2014),
which has a potential negative impact on patient’s quality of life (Fabiani, Vitale et al.
2017).
Uveitis is the major cause of vision loss in the younger population. A retrospective
study of 315 consecutive patients (with a mean age of 48 years) in a tertiary centre
with mean follow-up duration of three-years found that visual impairment (VA ≤ 6/18)
was reported in 70% of patients, with subgroup (55%) having severe vision loss
(VA≤6/60) (Durrani, Tehrani et al. 2004). The same study described a higher rate of
vision loss in patients with panuveitis (85%), and the most common causes were CMO
and cataract with 50% of patients having bilateral vision loss. The poor prognostic
factors were panuveitis and bilateral disease, increase duration of vision loss and
Indian/Pakistani ethnic background.
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1.3.3 Classification of uveitis
The range of inflammatory processes in uveitis usually associate with and respect the
anatomical boundaries. For example, anterior uveitis is restricted to the iris and ciliary
body (synonyms: anterior uveitis, iridocyclitis and anterior segment intraocular
inflammation), whereas, posterior inflammation is usually confined to the choroid
synonyms: choroiditis, chorioretinitis and posterior segment intraocular inflammation.
However, certain diseases cross these boundaries such as intermediate uveitis, where
the disease locus predominantly involves the posterior ciliary body and the anterior
peripheral retina. Moreover, the involvement of other ocular structures such as the
optic nerve, sclera and retina is common in different types of posterior segment
inflammation (Forrester 2007).

1.3.3.1 Anatomical classification
Different classification systems exist, however, the Standardization of Uveitis
Nomenclature (SUN) is the most popular and commonly used one (Jabs, Nussenblatt
et al. 2005). The SUN group classifies uveitis depending on the anatomical location of
inflammation within the eye. Please refer to Table 1-1 and Figure 1-4. Uveitis can also
be classified according to the clinical course into acute, chronic, or recurrent.
Table 1-1 the SUN working group anatomical classification of Uveitis (Jabs, Nussenblatt et al.
2005).

Type of uveitis

Anterior Uveitis

Intermediate uveitis

Poster uveitis

Panuveitis

The primary site of
inflammation
Anterior chamber

Vitreous

Retina or choroid

Anterior chamber, vitreous
and retina or choroid

63

Includes
Iritis
Iridocyclitis
Anterior cyclitis
Pars planitis
Posterior cyclitis
Hyalitis
Focal, multifocal or diffuse choroiditis
Chorioretinitis
Retinochoroiditis
Retinitis/ Neuroretintis

Figure 1-4 Type of uveitis and the predominant site of inflammation (Jabs, Nussenblatt et
al. 2005) (SUN criteria)

SUN grading of anterior chamber cells, anterior vitreous cells and anterior chamber
flare are displayed in (Table 1-2), (Table 1-3) and (Table 1-4), respectively.
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Table 1-2 (LEFT) Grading of anterior chamber cellular activity higher scores visible on
examination indicate more severe disease. Table 1-3 (RIGHT) SUN Classification of anterior
vitreous activity (Jabs, Nussenblatt et al. 2005).

Grade

Grade

Number of vitreous cells

Number of AC cells

No cells

0

<1

0.5+

1-10

0.5+

1-5

1+

11-20

1+

6-15

2+

21-30

2+

16-25

3+

31-100

3+

26-50

4+

>101

4+

>50

0

Table 1-4 grading anterior chamber flare (Jabs, Nussenblatt et al. 2005)

Grade

Anterior chamber flare

0

None

1+

Faint

2+

Moderate (iris and lens details clear)

3+

Marked (iris and lens details hazy)

4+

Intense (fibrin or plastic aqueous)

1.3.3.1.1 Anterior uveitis
Anterior uveitis is when the anterior chamber of the eye is the primary site of
inflammation (inflammation of the iris and ciliary body); it is the most common type of
uveitis, up to 60% of all uveitis cases (Rothova, Buitenhuis et al. 1992, Mercanti,
Parolini et al. 2001, Singh, Gupta et al. 2004). Anterior uveitis can be a single acute
episode or a chronic disease. It can also be localised to the eye or be part of a systemic
condition such as juvenile idiopathic arthritis or sarcoidosis or ankylosing spondylitis.
Most cases of anterior uveitis manifest as a single attack and are usually idiopathic.
These episodes usually present with pain, redness and photophobia.
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Nevertheless, anterior uveitis can present in different ways from a white eye with a
low-grade inflammation to a red and painful eye. Other causes of non-infectious
anterior uveitis include HLA-B27 associated uveitis which may present with recurrent
episodes of anterior uveitis alternating between the two eyes. JIA-associated chronic
anterior uveitis is a well-recognised cause of anterior uveitis in childhood, and it is
usually asymptomatic with a high risk of cataract and glaucoma and carries poor
prognosis if left untreated (Nussenblatt, Whitcup et al. 1996).
On examination cells in the anterior chamber and retrolental space (behind the lens)
are often noted when there is spill over. Inflammatory process originating in the cornea
is called keratouveitis while if it is arising in the sclera and involves the uvea it is called
sclerouveitis. Also, inflammatory deposits of the corneal endothelium (keratic
precipitates) are frequently present in addition to posterior synechia, which represents
an area of adhesion between the iris and the lens behind. These are commonly noted
in severe and chronic disease. Hypopyon (pus accumulation in the anterior chamber)
is another sign of severe active disease in an eye with HLA B-27 associated uveitis or
Behcet disease (Foster and Vitale 2013).
Acute anterior uveitis is usually associated with a decrease in intraocular pressure
(IOP). However, it could be associated with an increase in IOP and in these cases one
should suspect a viral aetiology such as herpes viruses, Fuch’s heterochromic cyclitis
or Posner-Schlossman syndrome. Besides, there may be mechanical causes behind
the rise in IOP such as clogging of the trabecular meshwork with inflammatory cells,
debris or even progressive synechial closure and pupil block. Iris pigment defects are
typically found in virus causes of anterior uveitis leading to patches of iris atrophy
(Foster and Vitale 2013).
Treatment of acute episode is usually with topical corticosteroid drops and dilating
agents such as cyclopentolate to relief ciliary body spasm, reduce pain and prevent
the formation of posterior synechiae. Systemic immunosuppressive therapy is
instituted in chronic disease poorly responsive to topical treatment or when anterior
uveitis is part of chronic systemic condition, such as JIA.
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1.3.3.1.2 Intermediate Uveitis
The Uveitis Study Group first coined the term intermediate uveitis (IU) in 1987 for a
subset of uveitis where the vitreous is the primary site of inflammation, particularly the
vitreous base overlying the ciliary body, peripheral retina and pars plana. In
intermediate uveitis, there is no chorioretinal inflammation or scarring, but there might
be a mild degree of anterior chamber inflammation. Intermediate uveitis accounts for
15% of all uveitis cases (Bloch-Michel and Nussenblatt 1987).
Aggregation of inflammatory cells in the vitreous are called snowballs. Whereas snow
banking represents inflammatory exudate accumulation on the inferior pars plana and
it may reflect a more aggressive disease process. Retinal vasculitis is frequently
associated with IU, and it commonly involves peripheral retinal veins. Intermediate
uveitis can be associated with different types of systemic diseases such as
sarcoidosis, multiple sclerosis, inflammatory bowel diseases and lymphoma. Whereas
TB, syphilis, toxoplasmosis, Whipple’s disease, brucellosis, Lyme disease,
toxocariasis and human T cells lymphotropic virus type 1 (HTLV1) are well recognised
infectious aetiologies (Foster and Vitale 2013).
Pars planitis
According to the SUN group, the term pars planitis is used when there is no underlying
cause(whether infectious or systemic disease) for the inflammation, in the presence
of snow banking and snowballs (Jabs, Nussenblatt et al. 2005). The prevalence of IU
varies considerably in the literature with a higher incidence in the Western world. Pars
planitis is found in 68% of cases of intermediate uveitis, and it mostly affects children
and young adults in their second decade of life (Foster and Vitale 2013). However, it
may reach up to 90% of intermediate uveitis cases. The most frequent symptoms of
intermediate uveitis are blurred vision and floaters. Children may present with
significant anterior uveitis with pain and photophobia (light sensitivity). IU is bilateral
disease in 80% of cases but with asymmetrical presentation (Donaldson, Pulido et al.
2007) (Bonfioli, Damico et al. 2005).
On examination, vitritis is a universal finding when there is active disease. Also,
snowballs, pars plana exudate, peripheral retinal periphlebitis and sheathing of the
vessels are seen. Histologically, snowballs consist of lymphocytes, macrophages,
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epithelioid cells and multinucleated giant cells which makes these aggregates as
solitary vitreous granulomas. Another feature of this disease is snowbank formation
which appears as a white exudate and usually present in the inferior retina.
Snowbanks frequently extend to the pars plana, but it is not present in all patients.
They consist of collapsed vitreous, membranous fibroglial cells, collagen and
inflammatory cells (Jain, Ferrante et al. 2005). Figures 1-5 and 1-6.
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Figure 1-5 Snowballs in the peripheral retina associated with vitreous haze. Photo courtesy of
professor Lightman, Moorfields Eye Hospital.

Snow balls in
the peripheral
retina

Figure 1-6 Manifestations of intermediate uveitis (TOP) Severe inflammation of optic nerve head.
(Bottom) snow banking. Photos courtesy of professor Lightman, Moorfields Eye Hospital.

Inflammation of the optic nerve
head in IU with new vessels
formation secondary to severe
inflammation

Snow banking
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Intermediate uveitis is associated with several sight-threatening complications.
Cystoid macular oedema (CMO) is the leading cause of vision loss in IU and develops
in 50% of patients. CMO becomes chronic and resistant to treatment in around 10%
of cases. The other frequent cause of visual impairment is the formation of epiretinal
membranes (ERM) in 36%, followed by cataract, mainly posterior subcapsular cataract
in 30% of patients (Donaldson, Pulido et al. 2007). Ischaemia from retinal periphlebitis
along with angiogenic signals from the inflammation can lead to neovascularization
along the inferior snow banking or the optic nerve head in 10% of patients which lead
to vitreous haemorrhage (VH) commonly in children. Figure1-6 (Lauer, Smith et al.
2002).
Additionally, these neovascular complexes may contract causing tractional and
rhegmatogenous retinal detachment in 10% of patients. Similarly, Liquefaction and
collapse of vitreous due to a state of chronic inflammation also lead to posterior
vitreous detachment. The detached posterior vitreous exerts traction on the retina
leading to the formation of holes in the retina which predispose to rhegmatogenous
retinal detachment (Kerkhoff, Lamberts et al. 2003). Additionally, vitreous traction
along with vitritis may contribute to the development of chronic macular oedema and
ERM. The latter represents a fibrocellular proliferation which causes wrinkling of the
inner surface of the retina and distortion of central vision (Gandorfer, Rohleder et al.
2002). Finally, other causes may develop especially with chronic disease and have a
profound impact on vision such as vitreous opacification, uveitic glaucoma and cyclitic
membrane (Hughes and Dick 2003).
The diagnosis of pars planitis is made with reference to the classical clinical findings.
Laboratory workup is important to exclude other causes of intermediate uveitis such
as sarcoidosis, Lyme disease, and syphilis. These tests include serum angiotensinconverting enzyme inhibitors (ACE), chest X-ray, Lyme antibody titers, and syphilis
serology. Fluorescein angiography is helpful to document leakage from the disc,
peripheral retinal veins and signs of cystoid macular oedema (American Academy of
2017).
Pars planitis is a sight-threatening disease and treatment can take many years, but if
the CMO is brought under control by sufficient immunosuppression, the visual
prognosis can be good, with approximately 75% of patients retaining good vision
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(6/12) or better after ten years (Donaldson, Pulido et al. 2007). The first line of therapy
consists of corticosteroids (oral, periocular). Periocular corticosteroids triamcinolone
or methylprednisolone) can be given via the orbital floor route or sub-Tenon injection.
These can be repeated every six weeks; however, glaucoma patients should be
monitored closely for corticosteroid-induced high intraocular pressure. Intravitreal
triamcinolone injections should be reserved for recalcitrant cases (Leder, Jabs et al.
2011). Systemic corticosteroids are preferred in bilateral disease. If high doses for a
long time are needed, immunomodulatory therapy should in instituted. Systemic
Immunosuppression Therapy for Eye disease (SITE) reported 70%-80% of patients
achieving long-term disease remission with cyclosporine, azathioprine and
mycophenolate mofetil. TNFα blockers should be avoided in MS-associated IU due to
the risk of disease exacerbation. Pars plana vitrectomy is considered to treat disease
complications such as retinal detachment and vitreous haemorrhage or if there is
significant vitreous debris (American Academy of 2017).
1.3.3.1.3 Posterior uveitis
Posterior uveitis refers to an inflammatory process involving the posterior structures
of the eye (retina, RPE and the choroid) and inflammatory cells are seen throughout
the vitreous cavity. The optic nerve is also frequently involved in this setting. This
subset of uveitis carries a high risk of permanent loss of vision and is often associated
with systemic disease. The reported percentage of posterior uveitis varies hugely in
the literature, and this variation is due to the differences in aetiology, ethnic
background and geographic location, but it generally ranges from 5 to 20% (Zierhut,
Pavesio et al. 2016).
The most common presentation with posterior uveitis is visual distortion, floaters and
or disturbances in the visual fields. When posterior uveitis is associated with a
significant amount of vitritis, the possible infectious causes are endogenous
endophthalmitis (bacterial, fungal),

toxoplasmosis,

toxocara, human T cell

lymphotropic virus 1 (HTLV1), syphilis, Whipple’s disease and Lyme disease. The noninfectious aetiologies include sarcoidosis, Behcet disease, immune recovery uveitis
and lymphoma. Vitreous haemorrhage, due to retinal neovascularization, could be due
to TB or occlusive vasculitis, while the absence of vitreous inflammation could point to
ocular histoplasmosis syndrome.
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Retinal infiltrates occur in many infectious causes such as bacterial and fungal
endophthalmitis, acute retinal necrosis (ARN) due to herpes or CMV viruses and noninfectious cause such as Behcet disease. On the other hand, choroidal infiltrates which
appear as multifocal creamy lesions underneath the retina are the most common, nonspecific findings, in posterior uveitis. The possible causes are either infectious causes
such as TB or non-infectious such as sarcoidosis, Vogt Koyanagi Harada (VKH),
sympathetic ophthalmia (SO), serpiginous choroiditis, multifocal choroiditis, birdshot
disease, punctate inner choroidopathy (PIC) and acute posterior multifocal placoid
pigment epitheliopathy (APMPPE) (Foster and Vitale 2013).
1.3.3.1.4 Panuveitis
In panuveitis, the inflammation is diffuse throughout the eye. The inflammatory activity
is seen across all the eye (anterior chamber, vitreous, retina and choroid). There are
many systemic infectious or non-infectious diseases that can produce diffuse
intraocular inflammation. Panuveitis is idiopathic when no cause was identified.
1.3.4 The clinical course of uveitis
The course of uveitis can be acute, chronic or recurrent. Acute uveitis is usually used
to describe episodes of uveitis with sudden onset and limited duration, generally less
than three months duration (SUN criteria). Chronic uveitis is persistent, with relapse
occurring within three months after treatment discontinuation. Recurrent uveitis refers
to repeated episodes of inflammation separated by inactivity without treatment that
last for three months or more (American Academy of 2017).
1.3.5 Symptoms of uveitis
The symptoms of uveitis depend on the anatomical location of inflammation, the speed
of the disease onset (acute, chronic or recurrent), duration (limited or persistent) and
associated complications. For example, acute onset anterior uveitis is commonly
associated with pain, redness, photophobia and blurred vision. The pain is due to
spasm of the ciliary body, and it may radiate to the side of the face (area supplied by
trigeminal nerve). Redness and light sensitivity usually occur when the inflammation
affects the iris, cornea and ciliary body. Chronic anterior uveitis in patients with JIA is
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usually asymptomatic, and vision loss may develop as a result of calcific band
keratopathy, cataract, glaucoma or cystoid macular oedema (Foster and Vitale 2013).
Intermediate uveitis commonly causes floaters which are produced by vitreous cells
or debris casting shadows on the retina. Visual impairment can also result from
vitreous opacities in the visual axis or more commonly from CMO. Patients with
posterior uveitis may present with painless loss of vision, floaters, photopsia (flashes
of light), metamorphopsia (straight lines appear wavy), scotoma (blind area in the field
of vision), or impaired night vision (nyctalopia) or a combination of these symptoms.
Loss of vision can occur either due to the primary pathology, such as retinitis and or
choroiditis directly involving the macula, or secondary complications, such as CMO,
ERM, retinal ischaemia and or neovascularization. Finally, loss of vision may occur
due to refractive error due to the forward (hyperopic) or backword (myopic) shift of the
macula associated with macular oedema, hypotony or change in lens position
(American Academy of 2017).
1.3.6 Disease manifestations in uveitis

1.3.6.1 Retinal vascular disease in uveitis
There is a spectrum of abnormal vascular disease in patients with uveitis which
includes retinal vasculitis, retinal Ischaemia and neovascularization. Many ocular and
systemic disorders can present with retinal vasculitis, and these include systemic
lupus erythematosus (SLE), Behcet disease, MS, ocular TB and sarcoidosis among
others. Retinal vasculitis appear frequently in patients with posterior segment
involvement, and it can lead to arterial and venous occlusion with subsequent
ischaemia. Fundus Fluorescein angiography (FFA) is the best method to diagnose
retinal vasculitis by demonstrating leakage of fluorescein dye from inflamed retinal
vessels.
1.3.6.1.1 Retinal vasculitis
Retinal vasculitis is defined as retinal vascular changes associated with ocular
inflammation. Vascular changes include perivascular sheathing and vascular leakage
or occlusion on fluorescein angiography. It can present as an idiopathic isolated
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condition or as a sequelae of infective, autoimmune or malignant process, or
commonly in association with systemic inflammatory disease (Abu El-Asrar, Herbort
et al. 2005). Behcet’s disease (BD) and SLE retinopathy and classic examples or
retinal vasculitis leading to occlusive events. Also, Granulomatosis with polyangiitis
(GPA) previously known as Wegener’s disease, sarcoidosis and polyarteritis nodosa
can lead to occlusive vasculitis resulting in ischaemia to the retina (El-Asrar, Herbort
et al. 2010, Rosenbaum, Sibley et al. 2016).
The diagnosis of retinal vasculitis is made clinically and FFA helps in confirming the
diagnosis. When disease is active, exudates will accumulate around the vessel walls
and form a white sheathing or cuffing of these vessels and dye leaks on FFA. Figure
1-7. Based on data obtained from pathological specimens the best term to describe
these lesions would be perivasculitis and in most cases its periphlebitis. In MS
patients, autopsy data showed that there is a lymphoplasmacytic infiltration around the
retinal veins (Arnold, Pepose et al. 1984). In sarcoidosis, on histological study, the
perivascular sheathing corresponded to the nodular epithelioid cells proliferation
around retinal veins (Gass and Olson 1976).
Figure 1-7 Leakage of fluorescein dye in active retinal vasculitis. Photos courtesy of Dr. Xia
Moorfields Eye Hospital

Leakage on fluorescein angiography

Focal periphlebitis
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Histopathological examination of Behcet’s disease affected eyes showed T
lymphocytes infiltrated the vascular, perivascular and the surrounding space and these
cells surface markers were positive for CD4 and IL-2 (Charteris, Champ et al. 1992).
Similarly, lymphocytic infiltration of retinal vessels was also reported in pars planitis
and Birdshot disease (Pederson, Kenyon et al. 1978, Gaudio, Kaye et al. 2002). There
is another type of occlusive retinal vasculitis where the occlusion is mediated by
microthrombus, and the intraocular inflammation is usually not a feature such as SLE,
GPA and polyarteritis nodosa (Graham, Spalton et al. 1985, Au and O'day 2004).
Retinal vasculitis can affect the vision in several ways. Firstly, the inflamed vessels
leak fluid leading to swelling of the retina, exudation and CMO formation. As
mentioned earlier CMO is the most common cause of vision loss among uveitis
patients. Secondly, it can lead to branch or central retinal artery occlusion which can
have a devastating impact on visual outcome (Hsu, Kerrison et al. 2001, Saatci, Kocak
et al. 2001, Iida, Spaide et al. 2002). Similarly, occlusive perivasculitis can lead to
intraretinal haemorrhages and haemorrhagic infarction (El-Asrar, Herbort et al. 2010).
Thirdly, vasculitis may result in macular ischaemia and significant visual loss (Bentley,
Stanford et al. 1993, Palmer, Stanford et al. 1996). Finally, the late consequences
represented by ischaemic-driven neovascularization which results in recurrent
vitreous haemorrhage, traction retinal detachment, rubeosis and neovascular
glaucoma. These late complications lead to loss of the eye function (Salmon, Ursell et
al. 2000, Saatci, Kocak et al. 2001, Valentincic, Kraut et al. 2007).
The other important aspect is retinal vasculitis associated necrotising retinitis which
follows infection with toxoplasmosis and herpes viruses. In toxoplasmosis, there is a
characteristic form of vasculitis namely, Kyrieleis arteriolitis where the exudates
accumulate around the retinal arteries whether adjacent to the focal area of retinitis or
elsewhere in the retina (Theodossiadis, Kokolakis et al. 1995). Retinal ischaemia due
to retinal vascular occlusion manifests as defects in the visual field.
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1.3.7 Diagnostic tools in uveitis

1.3.7.1 Biomicroscopic examination
Clinical examination using a slit lamp is the gold standard technique used in the
diagnosis of uveitis. A slit-lamp examination allows for the viewing of the anterior
segment of the eye, which includes the cornea, AC and iris in detail. It also helps with
the grading of the anterior chamber activity including, inflammatory cells and flare and
assessing for the presence or absence of keratic precipitates, hypopyon and vitritis
(Busacca 1957).
The corneal signs include KP, which are collections of inflammatory cells on the
corneal endothelium (back surface of the cornea) and band keratopathy (calcium
deposits on the anterior corneal surface) in long-standing disease. To measure the
cellular activity in the anterior chamber, the SUN group recommends a field of 1×1 mm
high power, and full intensity beam at 45-60 degree in a dark room (Jabs, Nussenblatt
et al. 2005). A similar technique applies to the grading of anterior chamber flare. Iris
involvement may present as either iris nodules, posterior or anterior synechiae or iris
stromal atrophy in herpetic uveitis. These signs not only help with the assessment of
disease severity but also in the differential diagnosis.
The National Institute of Health grading system for the vitreous haze could be superior
to cell count with regards to disease activity. This method utilises standard
photographs with clinical disease activity to determine the level of vitreous haze
(Nussenblatt, Palestine et al. 1985). Additional signs in the vitreous are snowballs
opacities which are common in sarcoidosis and intermediate uveitis and snow banking
which is fluffy appearance over the pars plana. Vitreous strands also develop in these
cases.
Further, slit lamp examination (with the aid of lenses) allow binocular visualisation of
the posterior segment of the eye to assess the type, location, size of the lesions in the
vitreous body, retina and choroid. Also, it gives an insight into the status of the optic
nerve, retinal thickness (CMO) and alterations in retinal vasculature such as vascular
occlusion, sheathing and neovascularization (Rutnin 1967). Posterior segment signs
are retinal or choroidal inflammatory infiltrates, sheathing of blood vessels, retinal
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detachment (exudative, tractional and rhegmatogenous), retinal pigment atrophy,
atrophy or swelling of the retina, choroid, or the optic nerve, preretinal and subretinal
fibrosis and retinal or choroidal neovascularization (American Academy of 2017).

1.3.7.2 Laboratory investigations
The laboratory tests usually follow a detailed history, review of systems and physical
examination. Then a list of differential diagnosis is reached based on the findings from
history and examination. To search for a possible cause for patients presenting with
uveitis commonly requires laboratory investigation and a multidisciplinary approach
(Perez, Chavala et al. 2004, Herbort, Cimino et al. 2005). However, at its heart lies the
differentiation between infective, neoplastic and inflammatory (autoimmune) process
because the treatment is entirely different. For example, immunosuppressive therapy
in infectious aetiology can have devastating outcomes (El-Asrar, Herbort et al. 2010).
Therefore, ruling out infectious causes in the uveitis setting cannot be overemphasised
before initiating immunosuppressive drugs. In other words, laboratory tests are used
to help with confirming or excluding a diagnosis for a list of differential diagnoses.
Please refer to Tables 1-5,6,7.
Table 1-5 Blood tests in uveitis

General blood tests
FBC (WBC,RBC,Hb,HCT,MCV,MCH,platelet,,neutrophils,lymphocytes,monocytes,
eosinophils ,basophils)
Biochemistry and serum electrolytes (Na, K, Chloride, Bicarbonate)
Erythrocytes sedimentation rate
C- reactive protein
Urea & creatinine
Liver function test (Alanine transaminase, aspartate transaminase, alkaline
phosphatase)
Total protein, albumin and bilirubin
Serum cholesterol (LDL,HDL, triglycerides)
Blood sugar and HbA1c
Urinalysis

77

Table 1-6 Disease-specific tests in uveitis

Disease-specific tests
Venereal disease Research Laboratory (VDRL) and fluorescent treponemal
absorption antibody test (FTA-ABS)
Gamma interferon release assays for tuberculosis ( Q Gold quantiferon test)
Angiotensin Converting Enzyme (ACE)
Lyme disease serology
Toxocara serology
Toxoplasma serology
Bartonella henselae (Cat scratch disease) serology
Human immunodeficiency virus
Human T cell lymphoma virus HTLV-1
Cytomegalovirus, Herpes simplex, herpes zoster, varicella zoster, West Nile virus
serology
Polymerase Chain Reaction (PCR) to identify pathogens in samples obtained from
ocular fluid (Aqueous and vitreous)
Rheumatoid factor
Antinuclear antibody (ANA)
Anti-ds DNA
Antineutrophil cytoplasmic antibody(ANCA)
Antiphospholipid antibodies (Lupus anticoagulant and anticardiolipin antibodies)
Human Leukocyte antigen testing (HLA B27, HLA A 29, HLA B51, and HLA DR3)
Cerebrospinal fluid analysis

Table 1-7 Imaging studies in selected cases with uveitis

Imaging
Chest X–ray
Chest CT scanning
MRI
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1.3.7.3 Imaging modalities in uveitis
1.3.7.3.1 Optical Coherence Tomography
The Optical Coherence Tomography (OCT) era begun in 1991 (Huang, Swanson et
al. 1991) and has revolutionised the field of ophthalmology ever since. OCT is noninvasive cross-sectional in-vivo imaging of the ocular structure. It uses laser light and
coherence interferometry to identify differences in tissue reflectivity and in real-time
plots images that are comparable to the histological structure of the retina. Figure 1-8
(Hassenstein and Meyer 2009). In uveitis practice, OCT is routinely performed to
assess and monitor for CMO, vitreoretinal interface and inflammatory-mediated
structural complications in the posterior segment of the eye.
Figure 1-8 Spectral domain OCT scan with segmentation of all the retinal layers. Web source
https://academy.heidelbergengineering.com/course/view.php?id=356&utm_source=academyteaser-en&utm_campaign=Handout_Retinal_Layers

The first generation of the OCT was time-domain, but this was replaced by Spectral
Domain OCT (SD-OCT). This technology relies on a spectrometer with a high-speed
camera and utilises low-coherence interferometry to detect the reflected light and
analyses the information using a Fourier transformation (mathematical formula to
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simultaneously measure all the echoes of light). This faster technology with higher
axial resolution (1-3µm) has provided more details with regards to retinal structures
and pathologies (Kiernan, Mieler et al. 2010). The underlying choroid can also be
captured by the Enhanced Depth Imaging technique (EDI) (Margolis and Spaide
2009). This imaging modality is beneficial in assessing the choroid in Vogt-KoyanagiHarada disease (VKH), where there is an increase in choroidal thickness.
Macular oedema, the most common cause of visual loss in uveitis, can be seen on
OCT in three patterns: Cystoid macular oedema, diffuse type macular oedema and
macular oedema with serous retinal detachment (Markomichelakis, Halkiadakis et al.
2004). OCT has a superior sensitivity (96%) and specificity (100%) in detecting CMO
compared to fluorescein angiography (Antcliff, Stanford et al. 2000). Moreover, OCT
scan gives quantitative and qualitative data with regards to macular thickness and
volume which is essential in monitoring response to therapy. Further, an epiretinal
membrane which causes reduced vision and distortion can also be demonstrated by
OCT (Tran, de Smet et al. 2008).
OCT scan has several more advantages in uveitic eyes. It can depict the RPE and
outer retina changes particularly photoreceptors inner/outer segment junction and
shows disturbances to these structures which have been found to correlate to visual
function (Zhou, Jiang et al. 2015). Also, it detects choroidal neovascular membrane
(CNV), a sight-threatening complication that arises when the RPE/Bruch’s membrane
complex is compromised. Several inflammatory conditions are associated with CNV,
such as multifocal choroiditis (MFC), punctate inner choroidopathy (PIC) and VKH.
However, FFA remains the gold standard technique in demonstrating these
membranes since inflammatory CNVs are not always associated with fluid (Kotsolis,
Killian et al. 2010). Moreover, OCT differentiates between the intraretinal and
subretinal fluid accumulation. The latter is common in VKH where nonrhegmatogenous retinal detachment is typical (Rao 2007). Finally, epiretinal
membrane and or vitreomacular traction are readily visible on OCT, and these can
aggravate uveitic CMO. OCT is important in these scenarios, because the
management of these complications is more surgical than medical. OCT helps with
diagnosing uveitis related posterior pole complications as well as excludes and other
pathologies that may worsen uveitic CMO.
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1.3.7.3.2 OCT Angiography
OCT angiography (OCTA) is an innovative technology for imaging retinal blood
vessels without the need for an injection of contrast agent. OCTA plots images of the
capillary networks by analysing the light reflected from static and moving targets
(blood) on sequential scans (Wang 2010). OCTA provides high-resolution images of
vascular complexes at different levels and this can be of particular importance in
situations where blood and stain mask vascular alterations.
This modality can show secondary vascular complications of uveitis, it mainly confirms
the presence of abnormal neovascularization (CNV) in a non-invasive way and when
these vessels appeared equivocal on FA and ICG. For example, OCTA was able to
show the different origin of these abnormal vessels. In infectious pathologies such as
ocular toxoplasmosis, the source of these vessels was the outer retina, contrasting
MFC and PIC where these vessels arise from the choriocapillaris layer of the choroid.
There are several shortcomings with this technology. First, this modality is unable to
differentiate between active and inactive neovascular lesions. Also, the images
generated are subject to artefacts manifesting as projections of superficial vessels on
the deep layers, and these are the major limitation at the time being. OCTA is a highly
active area of research and with continuous improvements OCTA would help reveal
vascular changes in uveitis and aid with their management (Hassan, Agarwal et al.
2016).
1.3.7.3.3 Fundus fluorescein angiography FFA
Angiographic testing of the posterior segment of the eye is essential in diagnosing
certain inflammatory conditions such as retinal vasculitis and CMO. Also, it is useful
in assessing the extent and severity of vascular disease. Fluorescein can emit light of
longer wavelength upon stimulation of light with a short wavelength. Fluorescein
angiography uses fluorescein sodium, a natural dye, injected intravenously and it is
water soluble; 70-85% is protein bound, and the remaining is free, and this free portion
is responsible for the absorption of light at 490nm and re-emitting it between (520530nm).
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FFA is a very sensitive measure when assessing the retinal circulation and blood
vessels. There are patterns which can give insight regarding the underlying pathology.
For example, fluorescein dye can leak through disrupted barriers and give rise to
leakage or staining of the vessel walls in subjects with vasculitis. It also aids with
documenting the areas of occlusive vasculopathy and retinal ischaemia by showing
vascular

non-perfusion

(capillary

drop-out)

or

abnormal

vascular

growth

(neovascularization) whether of retinal or choroidal origin. Finally, increased
transmission from the choroid through areas of RPE atrophy (window defect) gives a
hyperfluorescent signal. However, it provides limited information on the choroidal layer
because the wavelength of fluorescein is blocked by the RPE layer (Kanski and
Bowling 2011).
1.3.7.3.4 Indocyanine Green Angiography
Indocyanine Green Angiography (ICG) fluoresces at a longer wavelength (830µm) in
the infrared spectrum, and therefore readily access the RPE layer and allows better
visualisation of the underlying choroid. The other differentiating feature is that ICG is
completely protein bound (Baker 1966) hence, only large defects in retinal vessels
would allow ICG leakage (Lim and Flower 1995). However, the fenestrations of the
choriocapillaris allow ICG to leak slowly (Guex-Crosier and Herbort 1997). Areas of
choroidal non-perfusion due to inflammatory foci appear as decreased fluorescence
while areas of increased fluorescein can demonstrate areas of leakage from large
choroidal vessels (Tugal-Tutkun, Herbort et al. 2010).
1.3.7.3.5 Fundus autofluorescence (FAF)
Autofluorescence is the ability to fluoresce without using stains. Lipofuscin
accumulates in the RPE cells as result of phagocytosis of the outer segments of the
photoreceptors, and it contains a wide range of fluorophores with an excitation
spectrum from 300-600nm and emission spectrum from 480 to 800 nm. Clinically
autofluorescence detects the distribution of lipofuscin within the RPE and therefore it
can accurately measure the health and function of the retinal pigment epithelium
(Delori, Dorey et al. 1995).
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Over accumulation of lipofuscin within the RPE, and hence hyperautofluorescence
indicates oxidative cellular damage, whereas hypoautofluorescence indicates loss of
RPE cells and subsequently photoreceptors (Schmitz-Valckenberg, Holz et al. 2008).
Fundus autofluorescence FAF has many applications in posterior uveitis and could be
a sensitive measure of disease activity and progression which can guide the treatment
with immunomodulatory therapy. For example, FAF is regarded as a reliable indicator
of disease activity in serpiginous choroiditis and shows RPE involvement more than
the angiography. In the acute stage, FA showed hyperautofluorescence which then
followed by hypoautofluorescence due to scarring (Piccolino, Grosso et al. 2009).
Further studies showed that FAF helps to distinguish serpiginous choroiditis from
tuberculosis-associated serpiginous-like choroiditis. The latter appeared as a varied
pattern of hypo and hyper autofluorescence which is different from the homogenous,
continuous hypofluorescence in serpiginous choroiditis (Yeh, Forooghian et al. 2010).
In VKH fundus autofluorescence revealed many hypofluorescence dots secondary to
RPE atrophy and these develop in areas of previous serous retinal detachment.
(Ayata, Doğru et al. 2009).
In multifocal choroiditis and panuveitis syndrome which is characterised by small
round chorioretinal scars, FAF showed a widespread involvement of the RPE which
was not evident by other imaging techniques (Haen and Spaide 2008). These dots
were mainly clustered around the optic nerve and in the macula region, and they
outnumbered the visible scars on clinical examination. Interestingly, later on, these
spots have increased both in size and number and progressed to scarring. Moreover,
in the same study, CNV was visible as a hyperautofluorescence margin. In Birdshot
chorioretinopathy (BSCR) hypoautofluorescence dots were associated with visible
lesions of advanced disease. Finally, significant foveal hypoautofluorescence
corresponds to reduction in visual acuity in patients with white dot syndromes (Yeh,
Forooghian et al. 2010).
1.3.7.3.6 Electroretinography
Electroretinography can help with the aid of visual field testing to monitor disease
progression in Birdshot uveitis. It also helps excluding masquerade of uveitis such as
retinitis pigmentosa and autoimmune retinopathy (American Academy of 2017).
83

1.3.7.3.7 Ultrasound scan
Ultrasound scans are usually used when there is a poor view of the ocular fundus, due
to the excellent penetration of ultrasonic waves. It shows vitreous opacities, choroidal
thickening, retinal detachment, ciliary body detachment and cyclitic membranes.
Moreover, US helps rule out intraocular foreign bodies, especially if media opacities
obscure a good view of the posterior segment. Finally, ultrasound is very useful in
diagnosing posterior scleritis (American Academy of 2017).
1.3.8 Complications of uveitis /Causes of vision loss in uveitis
Uveitis can affect the vision in different ways. A study by Tomkins-Netzer and coworkers showed that intermediate, posterior or panuveitis carry the worst visual
outcome. The study showed that posterior signs of uveitis such as vitreous haze or
development of new inflammatory chorioretinal lesions are more closely related to
vision loss than anterior segment signs (increasing in anterior chamber cells). The
most common causes of vision loss are cystoid macular oedema (CMO), macular
scarring and retinal detachment (Tomkins-Netzer, Talat et al. 2014). Other reasons
are optic neuropathy, retinal vasculitis with or without ischemia, phthisis bulbi,
hypotony, (Daniel, Pistilli et al. 2012), band keratopathy and glaucoma (Foster, Kothari
et al. 2016).

1.3.8.1 Cystoid Macular Oedema CMO
Uveitic CMO, represents a serious and common cause of vision loss in uveitis, occurs
in around 40% of eyes with non-infectious intermediate, posterior and panuveitis
(Rothova, Suttorp-van Schulten et al. 1996). CMO refers to the accumulation of
intraretinal fluid in the foveal region with subsequent increase in retinal thickness. The
MUST trial reported a significant association between a central retinal thickness of ≥
240 µm and worse visual outcome in patients with uveitis (Taylor, Lightman et al.
2012). Several proinflammatory cytokines during active intraocular inflammation can
lead to the formation of CMO. For example, VEGF and IL-6 appear to mediate CMO
by causing retinal vascular leakage and RPE dysfunction (Rothova 2007).
Vitreomacular traction can also cause CMO, but to a lesser extent.
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This complication carries a negative impact on patients’ vision and quality of life. It has
been reported that CMO is responsible for 40-50% of cases of irreversible vision loss
among patients with uveitis (Lardenoye, van Kooij et al. 2006). The paper defines legal
blindness as vision ≤6/60, and visual impairment is visual acuity of ≤ 6/18 but better
than 6/60 on Snellen visual acuity chart. In this cross-sectional study on 529 patients,
panuveitis and intermediate uveitis had the highest frequency of CMO compared to
other uveitis entity. CMO associated with panuveitis was responsible for 59% of cases
of visual impairment or blindness, and CMO in intermediate uveitis accounted for 85%
of these cases. The authors pointed out that specific forms of uveitis tend to be
associated with a higher frequency of CMO (over 50% of cases) compared to other
types. Sarcoidosis, for example, is associated with CMO in 59% of cases, Behcet
disease 63%, and Birdshot chorioretinopathy in 100% of patients, while, HLA-B27
associated anterior uveitis is least frequently associated with CMO, and CMO only
occurs in about 12%.
Other factors associated with increased risk of CMO are age and cataract surgery. In
a retrospective study, Kooji et al. reported a 3.8 fold increase risk of CMO in patients
over 50 years of age compared to younger patients (Van Kooij, Probst et al. 2008).
Cataract surgery has been described to increase the risk of CMO in patients with
uveitis, and the risk was higher in eyes with active inflammation within three months
before the surgery compared to non-inflamed eyes (Bélair, Kim et al. 2009).
The clinical symptoms of CMO can vary, but generally, it leads to a reduction in central
visual acuity and mainly reading difficulty. Other symptoms include metamorphopsia
(straight lines appear wavy), reduced colour perception and central or paracentral
scotoma. A special consideration should be paid to young patients with ocular
inflammation, where there is a substantial amount of CMO but with normal or nearnormal visual acuity (Bischoff 1999). Recent studies have shown that reading function
and contrast sensitivity are superior to distant visual acuity when assessing visual
impairment in patients with inflammatory CMO (Kiss, Barisani-Asenbauer et al. 2006).
Long-standing or inadequately treated CMO lead to permanent vision loss and a
central scotoma in the field of vision due to damage to the photoreceptors (scarring)
(Bischoff 1999).
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The exact pathophysiological mechanism behind the development of inflammatory
CMO is still not clear. However, studies have shown that various inflammatory
mediators such as, prostaglandins, IL-1, IL-2 and IL-10, interferon gamma, and TNFα
induce breakdown of the blood-retinal barrier that leads to leakage of fluid from the
vessels into retinal tissue manifesting as extracellular oedema (Wakefield and Lloyd
1992, Rotsos and Moschos 2008). Similarly, vascular endothelial growth factor
(VEGF) is also involved in the pathogenies of CMO. Fine et al. reported increased
levels of VEGF in aqueous humour of uveitis patients with CMO (Fine, Baffi et al.
2001).
Because fundoscopy is not always a reliable method in diagnosing CMO, fluorescein
angiography was the most commonly used method to detect the presence of CMO
which manifests as a petaloid-like pattern. Figure 1-9. Nonetheless, being an invasive
method with several side effects, fluorescein angiography has mainly been replaced
by newer technology. OCT is now the gold standard technique for diagnosing CMO
because it allows for detection of the distribution of the fluid and quantification of retinal
thickness, non-invasively and can be easily repeated. Figure 1-10. These data are
essential for follow-up and during the assessment of a patient’s response to treatment
(Tran, de Smet et al. 2008). Moreover, OCT was able to detect ERM another inner
retinal pathology in around 40% of uveitic macular oedema (Markomichelakis,
Halkiadakis et al. 2004).
Figure 1-9 CMO on fluorescein angiography shows the characteristic petaloid pattern. Source
Moorfields Eye Hospital.
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Figure 1-10 OCT scan shows CMO with cystoid changes at the fovea and sub retinal fluid in
uveitis. Source Moorfields Eye Hospital.

However, fluorescein angiography cannot be entirely replaced by OCT. FFA may show
early perifoveal vascular leakage before cystic spaces become evident on OCT.
Furthermore, FFA is more sensitive in detecting vascular inflammation which results
in an early breakdown of the blood-retinal barrier, even before CMO is overt. This can
occur early in inflammation when there is still efficient mechanisms responsible for
fluid absorption (Kempen, Sugar et al. 2013).

1.3.8.2 Cataract
Cataract is a common complication in uveitic patients: it can result from chronic
inflammation or its treatment particularly the use of corticosteroids whether local or
systemic. The incidence of cataract varies, and in many forms of uveitis such as JIA,
pars planitis and Fuch’s uveitis it can reach up to 50% of patients (Hooper, Rao et al.
1990). Pathologically, the changes in the lens are seen first in the anterior subcapsular
epithelium, lens equator or in the posterior subcapsular region (Spencer 1985). The
areas of anterior lens changes are commonly seen in association with posterior
synechiae (adherence between the posterior iris and anterior lens capsule).
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Inflammation in the posterior chamber produces changes in the equatorial region of
the lens which forces the lens epithelium to migrate posteriorly with disruption of the
subjacent cortical fibres. When these fibres lose their tight junctions, they begin to lyse
and liquefy predisposing to clinical opacities. A posterior subcapsular cataract
develops when the posteriorly migrated epithelial cells undergo degeneration and
hyperplasia, commonly associated with the appearance of hypertrophied “bladder”
cells. This type of cataract appear more localised, and it is frequently associated with
corticosteroid use (Greiner and Chylack 1979). A posterior subcapsular cataract is the
most common type in uveitis and can have a profound effect on vision due to its
proximity to the nodal point of the eye.
The exact mechanisms by which intraocular inflammation causes cataract is unknown.
However lenticular changes due to posterior synechia can result from local hypoxia
and accumulation of toxic metabolites secondary to local alteration of aqueous outflow.
Additionally, inflammatory products such as phospholipase A and lysosomal enzymes,
have been shown to damage lens fibres membranes leading to cataract formation
(Secchi 1982). Other inflammatory products such as oxygen free radicals and immune
complex deposition on the lens capsule, may also result in inflammatory lens damage
(Fisher 1981, Marak Jr, Rao et al. 1985).
The mechanism by which corticosteroid causes posterior subcapsular cataract is also
unknown. However, alteration in cellular metabolism and electrolyte balance seem to
contribute to the development of cataract. Clinical studies have shown that the risk of
cataract increases with the higher frequency of topical steroids drops and longer
duration of use (Williamson, Paterson et al. 1969). The incidence is higher in patients
treated with higher oral corticosteroid doses compared to smaller doses < 10 mg/ day
(Giles, Mason et al. 1962). In this series, the incidence of cataract formation in patients
on systemic corticosteroids for four years reached 56%. However, other authors have
suggested that steroids can trigger the formation of cataract regardless of the total
dose, treatment duration, or even the age of the patient (Skalka and Prchal 1980). The
authors claimed that the formation of cataract varies among individuals and the
exposure to corticosteroids by itself is more important than the dose or duration of the
exposure.
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The most likely explanation for the development of cataract is the interplay of multiple
factors involved in ocular inflammation and its treatment. Therefore, the aim of treating
the inflamed eye should be directed to minimise the inflammation with the least dose
of corticosteroid possible to lessen the risk of cataract, which is not always possible
(Hooper, Rao et al. 1990).
The typical clinical manifestations of cataract are glare and vision loss. The diagnosis
of cataract is by slit lamp examination which reveals the lens opacities in addition to
any pigment deposition on the anterior lens capsule. However, in the presence of
posterior synechia which restricts pupillary mobility, the assessment of the lens can
be somewhat challenging. Treatment is mainly indicated to surgically remove the
visually significant cataract when there is a good prospect for improvement in visual
acuity or when the cataract precludes the proper assessment of patients with posterior
segment disease.
The previously held misconception regarding the unfortunate outcome of cataract
surgery in uveitis was true before the advent of corticosteroids. The operation on these
inflamed eyes have resulted in catastrophic consequences. Previous attempts to
remove the cataract in an eye with inflammation that is difficult to control have resulted
in a high incidence of severe complications such as intraocular haemorrhage,
choroidal detachment, exacerbation of inflammation postoperatively leading to
pupillary membrane formation and glaucoma or ciliary body detachment and phthisis
(Hooper, Rao et al. 1990). The recent advances in surgical techniques with the
introduction of phacoemulsification, the development of high quality ophthalmic
viscosurgical devices and foldable, biocompatible intraocular lens (Chee, Ti et al.
1999, Abela-Formanek, Amon et al. 2002) have resulted in better surgical outcomes
and less postoperative inflammation. However, uveitic eyes are at higher risk of early
capsular opacification, lens deposits, synechia, iris atrophy, cystoid macular oedema,
epiretinal membrane, retinal detachment and even phthisis (Hooper, Rao et al. 1990).
It is of paramount importance to achieve full control of intraocular inflammation before,
during and after the surgery (Becker and Davis 2008) and the operation should be
performed when the inflammation is under control for a minimum of three months
(Foster and Rashid 2003). However, this is not always possible, therefore a minimum
anterior chamber activity <+1 cellular activity is acceptable, but those patients need a
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prophylactic therapy for one week before the surgery to be tapered after that. Also,
periocular corticosteroid injection may be used when a severe postoperative
inflammatory response is anticipated (Sharief, Lightman et al. 2018).
Postoperative complications after cataract surgery are common in patients with uveitis,
with CMO being the most common and distressing complication in patients with
chronic uveitis. A study by Sharief and associates showed that 27% of uveitic patients
showing CMO post cataract surgery and this occurring in 28.4% of patients with IU.
Importantly, patients with a history of preoperative CMO have a 2.5 fold increase in
the risk of CMO post cataract surgery (Sharief, Lightman et al. 2018). Other authors
reported an incidence of 21.3% for CMO, and this came after posterior capsular
opacification and posterior synechiae) (Ram, Gupta et al. 2010). It is agreed that lower
incidence of postoperative CMO occurs when uveitis is under control for at least three
months before the surgery and corticosteroids are used perioperatively.
Cataract surgery is consistently reported to cause exacerbations in varies types of
intraocular inflammation with a peak incidence of 1-6 months after surgery. Macular
oedema and recurrence of inflammation have been reported in up to 50% of patients
with pars planitis and VKH, and inflammatory deposits on the intraocular lens (IOL) in
one-third of cases (Ganesh, Babu et al. 2004, Ganesh, Babu et al. 2004). Different
strategies are aiming to reduce the risk of relapses after cataract surgery, and local
corticosteroid injection and or frequent topical corticosteroid therapy being the most
commonly used (McColgin and Heier 2000). Reactivation of ocular toxoplasmosis was
reported following cataract extraction. Despite the improvement in visual acuity after
cataract removal, the authors reported a 36% of disease reactivation within four
months after the surgery (Bosch-Driessen, Plaisier et al. 2002). Therefore, a
prophylactic treatment before the surgery is recommended especially when the patient
is at high risk of vision loss in recurrent ocular toxoplasmosis (scars near the optic disc
or the fovea).
Posterior capsular opacification (PCO) is one of the most common long-term
postoperative complications, ranging between 20-30% of cases (Ram, Gupta et al.
2010). Others reported an even higher incidence of PCO reaching up to 81% of cases
(Rauz, Stavrou et al. 2000). PCO is a form of postoperative inflammatory reaction to
the artificial lens which occurs in a higher rate in patients with uveitis (Abela-Formanek,
90

Amon et al. 2002). Also, younger patients are more susceptible to this complication,
which can be visually significant and requiring Nd: YAG laser posterior capsulotomy.

1.3.8.3 Glaucoma
Uveitic glaucoma is a common and often serious complication in uveitis. The
prevalence of glaucoma in uveitis patients varies, but it has been reported between
10-30% (Panek, Holland et al. 1990, Neri, Azuara-Blanco et al. 2004). Specific types
of uveitis are associated with high frequency of IOP elevation such as Posner
Schlossman syndrome (100%) and Fuch’s cyclitis. However, intraocular pressure
(IOP) elevation was reported to be as high as 42% of patients (Herbert, Viswanathan
et al. 2004). Secondary ocular hypertension is the preferred term initially, but when
glaucomatous optic nerve head damage and visual fields abnormalities ensue, it is
labelled as glaucoma.
Several important factors lead to elevation of the IOP. Firstly, the type of uveitis, high
IOP tends to occur more frequently in anterior segment inflammation compared to
posterior segment (Panek, Holland et al. 1990). Secondly, the severity and chronicity
of the inflammation also play a significant role in this regard, glaucoma is more
prevalent in patients with the longer duration of inflammation, in other words in poorly
controlled inflammation (Neri, Azuara-Blanco et al. 2004). Finally, the type of the
treatment used, the risk is higher with local treatment compared to systemic one.
MUST trial have shown that more patient in fluocinolone acetonide implant group
(65%) had an increase in IOP ≥ 10 mmHg versus only 24% in those with systemic
immunosuppressive therapy (p-value< 0.001). Consequently, glaucomatous optic
nerve damage occurred in 23% and 6% in implant and systemic therapy group,
respectively, (p-value <0.001). The study concluded that implant received eye had a
4-fold increase in the risk of high IOP and optic nerve damage, over two-year followup (Friedman, Holbrook et al. 2013).
Mechanical factors in the anterior chamber such as posterior synechiae are more
frequently associated with elevated intraocular pressure (Neri, Azuara-Blanco et al.
2004). In acute inflammatory attacks in uveitis, there is a natural tendency for a
reduction in IOP. However, in many cases with chronic uveitis, this low IOP is
outweighed by increased resistance to aqueous outflow which leads to an increase in
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IOP. Angle-closure is caused by pupillary block either by the complete seclusion of the
pupil by the posterior synechiae and forward movement of the iris-lens diaphragm, or
neovascularization of the angle. Angle closure occur more commonly due to peripheral
anterior synechiae.
Open angle is a common finding and the rise in IOP is mainly due to strong
corticosteroid use. The potency and frequency of corticosteroids used to treat ocular
inflammation and subject’s susceptibility to corticosteroids contribute significantly to
IOP rise. For example, dexamethasone sodium 0.1% and prednisolone acetate 1%
have a more profound effect on IOP elevation than rimexolone 1% and
fluorometholone 0. 1% (Foster, Alter et al. 1996). The proposed mechanism by which
steroids increase IOP is by altering the extracellular matrix in the trabecular meshwork
(Sheppard, Comstock et al. 2016).
Other causes which can also lead to glaucoma in uveitis are inflammation of trabecular
meshwork, pigment deposition in the draining structures and ischaemia of trabecular
meshwork secondary to reduced aqueous production during episodes of acute uveitis
(Johnson 1996). Finally, flare in the anterior chamber due to leakage of proteins from
inflamed ciliary body and iris vessels is inversely correlated to the outflow facility
(Ladas, Yu et al. 2001).
Adequate management of active uveitis is a crucial issue when treating uveitic
glaucoma. The initial management is medical; however, a large proportion of uveitic
eyes require surgery to reduce the IOP and prevent permanent damage to the optic
nerve head. The surgical options include trabeculectomy and aqueous shunts
(Friedman, Holbrook et al. 2013).

1.3.8.4 Retinal and choroidal neovascularization
Retinal neovascularization is an uncommon but severe complication of intraocular
inflammation. This term refers to the excessive growth of abnormal vascular
complexes in the pre-retinal space leading to fibrous tissue formation which
predisposes to tractional retinal detachment. These abnormal vessels arise as a
compensatory mechanism to microvascular damage and ischaemia (Sapieha et al.,
2010). The reported prevalence is 0.77%, and incidence is 0.33 with a higher risk in
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intermediate, posterior and panuveitis especially when there is accompanying retinal
vascular sheathing and occlusion (Patel et al., 2016). Chronic inflammation lead to
vascular occlusion and ischemia with subsequent upregulation of several
proinflammatory cytokines such as, TNFα, IL-1β, IL-6 and IL-8 in addition to
environment-rich VEGF form ischaemic retina (Curnow and Murray, 2006, Dorrell et
al., 2007, Adamis and Berman, 2008, Sapieha et al., 2010).
As mentioned earlier retinal vaso-occlusive diseases such as Behcet’s disease, SLE
(Vine, 1992) and presumed ocular TB (Eales disease) (Biswas et al., 2002) are
frequently associated with neovascularization. Other conditions that can also be
associated with retinal neovascularization are intermediate uveitis, toxoplasma
retinochoroiditis, sarcoidosis and retinal vasculitis of various aetiologies (Kalina et al.,
1990, Rodriguez et al., 2015, Miyao et al., 1999).
The presence of retinal neovascularization due to uveitis does not always require laser
treatment. Some cases of sarcoid panuveitis, for instance, may exhibit retinal
neovascularization on the optic disc without retinal vascular closure and respond well
to immunosuppressive therapy and corticosteroids alone. Therefore, treatment should
be directed first to reduce the inflammation. If there is extensive retinal ischaemia
angiographically then scatter laser photocoagulation is the therapeutic option of choice
to minimise the angiogenic drive. Also, a dramatic response of these abnormal vessels
to anti-VEGF treatment is commonly reported (Gulati, Forooghian et al. 2011). Initially
better control of inflammation reduces the risk of neovascularization. However, later in
disease course when there is extensive retinal ischemia and upregulation of VEGF,
treatment with laser photocoagulation and anti-VEGF therapy become the superior
alternative.
Choroidal neovascular membrane (CNV) refers to the abnormal growth of vascular
complexes from the choroid into the neurosensory retina, through damaged RPE and
Bruch’s membrane complex. These pathological blood vessels tend to involve the
macula and leak fluid resulting in serous retinal detachment and scar formation with
loss of central vision (Penn 2008). It has a high prevalence in eyes with posterior or
panuveitis such as MFC, PIC, VKH and ocular histoplasmosis syndrome (Baxter,
Pistilli et al. 2013).
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The pathogenesis of CNV is multifactorial but a state of chronic inflammation and
actived leukocytes that promote angiogenesis, are key issues in the development of
CNV (Dhingra, Kelly et al. 2010). The secretion of inflammatory mediators such as
TNFα and IL-1 help degrade the RPE and Bruch’s membrane complex along with
upregulation of angiogenic factors such as VEGF, promote CNV complexes growth
and development (Crane, Wallace et al. 2000, Bian, Elner et al. 2007, Cha, Bae et al.
2007). The new vascular tufts of CNV may invade and perforate Bruch’s membrane
(BM) or grow through defects within inflammatory disturbed BM and reside underneath
the RPE layer (type 1) or beneath the neurosensory retina (type 2). In contrast to
patients with neovascular AMD, CNV in uveitic patients tend to be smaller and type 2
in most patients (Grossniklaus, Miskala et al. 2005).
A study by Reddy et al. examined the differences between inflammatory and noninflammatory CNV membranes found that inflammatory CNV was associated with
higher number of macrophages and lymphocytes than the non-inflammatory
membranes in AMD (Reddy, Zamora et al. 1995). Also, the study hypothesised that
transforming growth factor beta1 and basic fibroblast growth factor (both secreted from
macrophages that invaded the retina in response to the death of the RPE) play a key
role in CNV development. TGFβ-1 is chemotactic for lymphocytes among other
immune cells and induces the transformation of the RPE into fibroblasts. Basic
fibroblast growth factor binds to extracellular matrix and induces angiogenesis with the
help of lymphocytes, by stimulating vascular endothelial proliferation in choroidal
choriocapillaris.
The Systemic Immunosuppressive for Eye disease (SITE) study has shown that CNV
is rarely found in anterior or intermediate uveitis but it is more common in eyes with
posterior and panuveitis. Among 4041 eyes with posterior and panuveitis at baseline
only 2% had CNV, and of these 2364 CNV free eyes initially, the two years cumulative
incidence for CNV development was 2.7%. The same study has identified several risk
factors for CNV and these include: the presence of active inflammation, pre-retinal
neovascularization and history of prior CNV in the contralateral eye.
All patients with intraocular inflammation especially those with intermediate, posterior
and panuveitis (NIIPPU) are at risk of CNV development. However, certain diseases
are associated with higher risks than others. PIC, for example, is associated with a
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high risk of CNV development with as many as 69% of patients having CNV and with
34% of patients having bilateral involvement. In 75% of patients, CNV developed
within the first year from onset of symptoms (Gerstenblith, Thorne et al. 2007).
Similarly, VKH may also be complicated by CNV and subretinal fibrosis in 15% and
40% of patients, respectively. The risk of CNV development was higher with the longer
disease duration (Lertsumitkul, Whitcup et al. 1999). In line with these results in a
study from the University of Southern California on 116 eyes of VKH, CNV was present
in 9% of patients. The affected eyes have had frequent and severe attacks of anterior
and vitreous inflammation before the emergence of CNV and poorer visual outcome
after that (Moorthy, Chong et al. 1993). Similar findings were reported by another
group (Read, Rechodouni et al. 2001). Serpiginous choroidopathy has also been
associated with either active CNV development (13%) or disciform macular scarring
(13%) in 14 of 53 patients (Blumenkranz, Gass et al. 1982). CNV was also reported in
patients with sarcoidosis and Behcet disease (Michelson, Michelson et al. 1980,
Gragoudas and Regan 1981). Interestingly, CNV may be an early manifestation of
intraocular inflammation. A review of 58 cases with idiopathic CNV showed that four
have subsequently been diagnosed with uveitis (Machida, Fujiwara et al. 2008).
Furthermore, a case has been reported with bilateral peripapillary CNV who later
developed serpiginous choroiditis (Lee, Suhler et al. 2003).
CNV could also complicate the course of infectious diseases such as ocular
toxoplasmosis. CNV was documented at the edge of an inactive scar in a review of 21
patients affected by toxoplasmosis and CNV in an otherwise healthy eye (Atmaca,
Simsek et al. 2006).
Therefore, it seems prudent to control the inflammation in posterior uveitis to try and
eliminate the risk of CNV. Additionally, laser treatment aimed at the non-perfused area
is necessary to decrease the angiogenic drive that would promote CNV development.
The symptoms of CNV can vary, for example, peripheral CNV is asymptomatic
whereas, foveal involving CNV presents with a reduced central vision. Patients with
CNV usually presents with metamorphopsia caused by retinal distortion due to retinal
pigment epithelial detachment, subretinal fluid or cystoid macular oedema. Scotoma
due to adjacent haemorrhage has also been documented in these CNV membranes.
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CNV membrane appears on fundoscopy as a greenish-grey sub-retinal lesion. More
commonly intra-retinal and sub-retinal fluid, blood or fibrosis, may be the only sign.
The diagnosis of CNV is usually made with fluorescein angiography. Typically the CNV
has a central hyperfluorescence that increases with time, and it may show leakage of
dye

into

the

surrounding

subretinal

space.

ICG

may

show

mid-phase

hyperfluorescence and late leakage. FFA helps to distinguish between CNV and new
sites of active inflammation in some uveitis entities such as serpiginous choroiditis.
OCT visualises CNV as hyperreflective layer anterior to RPE (Giovannini, Amato et al.
1999). FA is superior to OCT when evaluating inflammatory CNV, Kotosils and
colleagues reported that 95% of patients with MFC had leakage on FA consistent with
type 2 CNV, whereas only 53% showed subretinal fluid or intraretinal cystic spaces on
OCT (Kotsolis, Killian et al. 2010).
Treatment of inflammatory CNV should be directed toward controlling inflammation as
well as targeting the membrane to ablate it. Focal laser photocoagulation of
extrafoveal CNV may be useful. In subfoveal and juxtafoveal location the treatment
consists primarily of anti-VEGF therapy. However, increasing the dose of
immunosuppressive

medication

including

corticosteroid

and

a

second-line

immunosuppressive agent(s) should be sought when these membranes arise in the
presence of active intraocular inflammation, and in their recurrence, or inadequate
response to anti-VEGF agents. Results of one study showed 2-3 injections are usually
sufficient to improve vision and reduce the CNV size (Doctor, Bhat et al. 2009).
Submacular surgery has a favourable outcome in uveitis because these membranes
are mostly of type 2 (Olsen, Capone et al. 1996). However, the risks involved are much
greater than those with intravitreal anti-VEGF injections, and therefore, this has largely
stopped.

1.3.8.5 Hypotony
Acute inflammation of the ciliary body may cause hyposecretion of the aqueous and
low IOP. This reduction in reversible with the control of inflammation. Chronic
inflammation may lead to ciliary body damage and with atrophy of ciliary processes
resulting in permeant hypotony. Chronic hypotony is defined as IOP<5 mmHg for at
least one month and is usually associated with serous choroidal detachment which
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may require surgical drainage. Removal of inflammatory membranes that are causing
traction on the ciliary body (cyclitic membrane) may help reverse hypotony if the ciliary
body processes are still intact. However, when there is damage to these process
vitrectomy and injecting silicone oil may help increase the IOP and preserve the ocular
anatomy. Some of these patients may experience a substantial visual improvement,
but it’s transient because half of them will redevelop hypotony and need reinjecting
with silicone oil several times per year (De Smet, Gunning et al. 2005, Kapur,
Birnbaum et al. 2010).

1.3.8.6 Epiretinal membrane ERM
Epiretinal membrane (macular pucker), refers to a fibrocellular proliferation at the
vitreoretinal interface above the internal limiting membrane (Cheung, Tan et al. 2016).
It can be classified on its severity into cellophane maculopathy in the early stage or
premacular fibrosis in the advanced stage. The latter appears when the initial
membrane thickens and contracts, becoming more opaque, and can cause vision
impairment in up to 80% of patients and appears as retinal folds and traction lines with
vascular tortuosity (Stevenson, Ponce et al. 2016).
ERM can occur in many conditions including proliferative retinopathies, ocular
inflammatory diseases, non-proliferative retinal vascular disorders, after vitreous
haemorrhage, after blunt and penetrating ocular injuries, in association with
rhegmatogenous retinal detachment, after retinal photocoagulation, and idiopathic in
otherwise healthy eyes. In all of the previously mentioned causes, the membrane is
avascular except the one associated with proliferative retinopathies (Kenyon,
Pederson et al. 1975).
Different cell types have been reported to cause epiretinal membranes, however,
fibrous astrocytes are the most commonly involved cells in eyes with pars planitis
(Kenyon, Pederson et al. 1975). Other cells derived from the RPE are also believed to
be involved in the formation of epiretinal membrane especially in cases with
proliferative

vitreoretinopathy

following

rhegmatogenous

retinal

detachment

(Clarkson, Green et al. 1977). Other cells types include fibroblast, myofibroblast,
hyalocytes, macrophages and inflammatory cells (Green, Kenyon et al. 1979).
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These membranes usually exert traction on the retina beneath and cause deformation
of the retinal architecture (Watanabe, Arimoto et al. 2009). The visual acuity can be
reduced when these membranes cover or distort the fovea or causing tractional
detachment of the macula. (Kampik, Kenyon et al. 2005). Initially, the patient is
asymptomatic, however, when the membrane progresses patients usually present
with mild impairment of central visual acuity, metamorphopsia (straight lines appear
wavy) and micropsia (objects appear smaller due to stretching of the photoreceptors
cell layer) (Kempen, Altaweel et al. 2010).
ERM is a prevalent complication in uveitis, with over 40% of patients showing evidence
of ERM on imaging in at least one eye. It is most commonly associated with
intermediate uveitis, posterior and panuveitis with 57% and 43% respectively, followed
by anterior uveitis 28% (Nicholson, Zhou et al. 2014). Epiretinal membrane is a
frequent complication and cause of vision loss among uveitic patients particularly
those with intermediate uveitis (Malinowski, Pulido et al. 1993). A study by Tomkins
and co-workers reported that ERM was the third most common cause of moderate
vision loss (6/15-6/36) among uveitis patients after chronic CMO and macular scarring
(Tomkins-Netzer, Talat et al. 2014). Also, in the same study, ERM has been reported
to cause severe vision loss (VA≤6/60) in 1% of cases.
The diagnosis of ERM can be made clinically when examining the posterior fundus, it
appears a thin transparent membrane overlying the macula. Amsler charts (patients
looks at a square with parallel crossing lines and appreciate any deformities in these
straight lines) are useful in monitoring these. OCT is more sensitive in detecting ERM,
on OCT, ERM appears as a hyperreflective band on the inner surface of the retina and
causes increased retinal thickness. OCT can also visualize secondary complications
related to ERM such as macular oedema secondary to foveal traction, macular
detachment or the presence of vitreomacular traction (Stevenson, Ponce et al. 2016).
Visually significant membranes can be treated surgically with pars plana vitrectomy
and internal limiting membrane peel with favourable outcomes in the vast majority of
patients (de Bustros, Rice et al. 1988, Dev, Mieler et al. 1999).
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1.3.8.7 Retinal detachment RD
Retinal detachment refers to the separation of the neurosensory retina from the
underlying retinal pigment epithelium. There are several types of retinal detachment
depending on the aetiology namely serous RD, rhegmatogenous RD and tractional
RD. Serous retinal detachment occurs in many infective or autoimmune ocular
conations. VKH and posterior scleritis, for example, are usually associated with serous
retinal detachment. Rhegmatogenous retinal detachment (RRD) occurs in 3% of
patients with uveitis with panuveitis and infectious uveitis being the most common
entities associated with RRD. However, pars planitis and posterior uveitis can also
lead to tractional rhegmatogenous retinal detachment. Usually, eyes presenting with
RRD still have active uveitis, and at diagnosis up to 30% of uveitic patients with RRD
also have proliferative vitreoretinopathy (PVR). This percentage is significantly higher
than those presenting with RRD but without uveitis. Surgical repair is often challenging
and is complicated by pre-existing PVR, vitreous membranes and poor view. Viral
retinitis is frequently associated with a retinal detachment that resists barrier lasers
due to the presence of large posterior breaks and may benefit from vitrectomy and
silicone oil tamponade (Kerkhoff, Lamberts et al. 2003).

1.3.8.8 Phthisis bulbi
Phthisis bulbi is an end-stage disease when the eye becomes shrunken, nonfunctional with disorganisation of the eyeball contents. It can result from severe,
uncontrolled complicated inflammation among other causes such as injury. Treatment
is usually by enucleation and prosthesis (Kanski and Bowling 2011).
1.3.9 Infectious causes of intraocular inflammation
Bacterial, fungal, protozoan and viruses all can cause uveitis.
1. Tuberculosis
2. Toxoplasmosis
3. Syphilis
4. Borreliosis (Lyme disease)
5. Toxocara
6. Herpes viruses (Simplex, Zoster, Cytomegalovirus (CMV)
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7. Bartonella (cat scratch disease)
8. Candidiasis

Apart from toxoplasmosis, all the other infectious aetiologies are out of the scope of
this research and therefore will not be discussed.

1.3.9.1 Toxoplasmosis
Ocular toxoplasmosis is the leading cause of infectious posterior uveitis worldwide and
a significant cause of visual impairment and blindness (Bosch-Driessen, Berendschot
et al. 2002). Toxoplasma retinochoroiditis (TRC) is a potentially blinding disease, with
legal blindness in at least one eye in 24% of patients in a large series of patients with
ocular toxoplasmosis. Recurrences are the hallmark of this disease and recurrence
rate can be as high as 79 % in patients followed-up for more than five years (BoschDriessen, Berendschot et al. 2002).
The specific age at onset of toxoplasmosis remains unknown since most patients with
acute eye disease at presentation have already had inactive retinal scars. These acute
episodes present with photosensitivity, floaters and reduced vision to a variable
degree. These disease occurrences usually resolve in 6-8 weeks leaving a
chorioretinal scar behind and may be associated with chronic complications such as
persistent vitreous opacities and epiretinal membrane. However, permanent visual
loss occurs if the disease involves the vision-critical structures such as the fovea and
the optic nerve (Kim, Scott et al. 2013). The lifetime risk of symptomatic TRC varies
considerably in the literature and depends on the geographic location. In the UK it’s
estimated to occur in 18 per 100,000 natives (95% CI confidence interval 18.8 -25.2),
but it can be as high as 382 of 100,000 people born in West Africa (95% CI 99-664)
(Gilbert, Dunn et al. 1999).
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1.3.10 Non-infectious (autoimmune) causes of intraocular inflammation

1.3.10.1

Diseases with ocular and systemic involvement

1.3.10.1.1

Sarcoidosis

Sarcoidosis is a granulomatous disease of unknown aetiology it affects multiple
systems but with more frequent respiratory manifestations (90%) (Sharma 1984).
Other areas that are frequently involved are lymph nodes, skin, CNS and joints. Ocular
manifestations may present in 50% of patients with a systemic disease, with uveitis
being the most common ocular presentation (Crick, Hoyle et al. 1961, Rothova, Alberts
et al. 1989). In a large series, it was reported that 10% of all uveitis patients had
sarcoidosis. The primary histological lesion in sarcoidosis consists of non-caseating
granuloma without evidence of infection or foreign body.
Sarcoidosis affects all ethnic groups and has a worldwide distribution, with a highest
prevalence in Northern European countries (40 cases per 100,000 inhabitants)
(Fernandez Fabrellas 2007, Deubelbeiss, Gemperli et al. 2010). In the US the disease
is 20 times more common among African Americans than their white counterparts
(Hunter and Foster 1999). Sarcoidosis affects both sexes, but it is slightly more
common in females than males (Jabs and Johns 1986). The peak disease onset
occurs between 20-50 years. In a recent review sarcoidosis was reported frequently
in patients over 60 years old, and later onset disease tends to have more ocular
manifestations and less systemic and chest x-ray findings compared to younger
patients.
There is no identified causative agent responsible for this disease at present, and
many environmental, infectious and genetic factors have been described. However,
molecular studies of histological samples suggest a mycobacterial aetiology with
propionibacteria as the offending microbe. Also, genetic susceptibility is another
possibility since sarcoidosis tends to occur in families; siblings of patients have a
fivefold increased risk of disease development.
Studies have shown that in sarcoidosis there is an increase in the number of activated
T cells (CD4), immunoglobulin and IgG-secreting cells along with a reduction in the
number of CD8 cells which lead to increased CD4/CD8 ratio.
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There are several clinical courses in sarcoidosis. Systemic onset is usually associated
with anterior uveitis in young patients and resolves spontaneously within two years.
Another form of acute sarcoidosis is the Lӧfgren syndrome, presenting with erythema
nodosum, joint involvement with fever, bilateral hilar lymphadenopathy and acute
anterior uveitis. This form is very susceptible to systemic corticosteroids and has an
excellent long-term prognosis. Heerfordt disease (uveoparaotid fever) is featured by
uveitis, parotitis and facial nerve palsy (Obenauf, Shaw et al. 1978). Chronic
sarcoidosis has a gradual onset and persists for more than two years, and requires
extended corticosteroids therapy (Jabs and Johns 1986).
Sarcoidosis affects the eye and its adnexa in 25%-80% of patients (Bonfioli and
Orefice 2005), with anterior uveitis whether acute or chronic being the most common
presentation (occurring in two-thirds of patients with ocular sarcoidosis). Typical
findings include mutton fat KPs, Figure 1-11, Koeppe and Busacca nodules on the iris
and white aggregates of cells in the inferior vitreous. Extensive posterior synechiae
and iris bombe may develop leading to secondary glaucoma, and this usually carries
a poor prognosis and lead to profound vision loss. Likewise, chronic posterior segment
disease tends to lead to a poor visual outcome (Dana, Merayo-Lloves et al. 1996).
Posterior segment involvement occurs in up to 20% of patients with ocular sarcoidosis.
Vitreous snowballs are common and may be associated with cellular infiltration into
the vitreous and form linear strands (string of pearls). Nodular granulomas on the optic
nerve, retina and choroid, perivascular sheathing appearing as linear or segmental
periphlebitis are also common. Periphlebitis is focal fluffy white cuffing of retinal veins,
it is a common feature in sarcoidosis, present in 67% of patients and is associated
with focal leakage of fluorescein (Graham, Stanford et al. 1989). Figure 1-12. Irregular
nodular granulomas can occur along the course of venules (called candle wax
drippings) (Kanski and Bowling 2011). Figure 1-13. Sarcoidosis can lead to vascular
occlusion such as, branch or less commonly central retinal vein occlusion, together
with peripheral capillary dropout, which may result in retinal neovascularization and
subsequent vitreous haemorrhage. CMO is frequently seen (Steahly 1988).
Sarcoidosis should be suspected in all patients with ocular inflammation since it has
different

presentations.

Chest

radiographs

abnormalities

mainly

hilar

lymphadenopathy are present in 90% of patients. High resolution computed
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tomography (CT) is superior to chest X-ray, and it is the imaging modality of choice
when there is a high clinical suspicion of sarcoidosis in the presence of a normal chest
x-ray. Serum ACE and lysozyme enzymes help in the diagnosis as they reflect total
body granuloma content. Finally, obtaining a tissue specimen is the gold standard
diagnostic tool (Kanski and Bowling 2011).
The mainstay treatment for ocular disease in sarcoidosis is corticosteroid, and these
are either topical, or periocular or systemic. Systemic corticosteroid are usually
required for sight-threatening posterior segment disease. Local steroids are useful for
the ocular disease but will leave the systemic disease uncontrolled. Sarcoid is
generally responsive to corticosteroids but patients require long-term corticosteroidsparing agents such as methotrexate, azathioprine mycophenolate mofetil or
cyclosporine to minimize the systemic side effect of corticosteroids. Lately, TNFα
blockers are being increasingly used to treat sarcoid resistant uveitis.
Figure 1-11 Mutton fat KPs on the inner surface of the cornea in patients with sarcoid uveitis.
Source Moorfields Eye Hospital

Mutton fat KP
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Figure 1-12 Focal periphlebitis (TOP) fluorescein leakage on dye test (BOTTOM) Focal
periphlebitis in sarcoidosis. Source Moorfields Eye Hospital

Areas of fluorescein leakage at areas
of inflamed vessels

Focal periphlebitis in sarcoidosis

Figure 1-13 Candle wax drippings (extensive periphlebitis in sarcoid associated vasculitis). Source
Moorfields Eye Hospital.

Candle wax
drippings
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1.3.10.1.2

Behcet’s disease

Behcet disease (BD) is a chronic relapsing multisystemic inflammatory disorder of
unknown aetiology. This disease is characterised by occlusive vasculitis and affects
young to middle age individuals, particularly men. Patients classically present with a
triad of recurrent oral and genital aphthous ulcers, skin lesions (folliculitis, erythema
nodosum), and uveitis. Other disease manifestations include arthritis, gastrointestinal
and neurological (Esatoglu, Kutlubay et al. 2017).
It has a worldwide distribution, however, the prevalence of BD has a geographical
variation. Behcet disease is more prevalent in the Mediterranean basin and the Far
East. It is estimated to be as high as 80-300 cases per 100,000 in Turkey and 8-10
cases per 100,000 in Japan whereas in the US it is estimated at 0.4 cases per 100,000
inhabitants (Evereklioglu 2005). It is characterised, in part, by uveitis which affects
both anterior and posterior segments of the eye, it is bilateral in 86% of patients
(Namba, Goto et al. 2015). The typical age of onset is between 25-35 years; however,
it has been reported that BD also develops as early as 10-15 years (Tugal-Tutkun,
Onal et al. 2004).
BD has a strong association with the HLA-B51 gene, but this is not diagnostic. The
International Study Group for Behcet disease proposed the diagnostic criteria for BD
in 1990. The diagnosis requires recurrent oral ulceration as a main symptom, as well
as two of the following symptoms (genital ulceration, eye lesions, skin lesions and a
positive pathergy test) (Wechsler and Davatchi 1990). Similarly, the Behcet Disease
Research Committee Japan has defined disease criteria into major and minor. Based
on this classification, patients will be categorised as having complete, incomplete
Behcet or being disease suspect. Please see Table. 1-8 below. (Suzuki Kurokawa and
Suzuki 2004).
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Table 1-8 Diagnostic System for Behcet Information from Behcet disease Research Committee
of Japan. Behcet disease: a guide to the diagnosis of Behcet disease. Jpn J Ophthalmol.
1974;18:291-294
Diagnostic System for Behcet’s disease

Major criteria
•

Recurrent oral aphthous ulcer

•

Skin lesions( erythema nodosum, acneiform pustules, folliculitis)

•

Recurrent genital ulcers

•

Ocular inflammatory disease

Minor criteria
•

Arthritis

•

Gastrointestinal ulceration

•

Epididymitis

•

Systemic vasculitis or associated complications

•

Neuropsychiatric symptoms

Types of Behcet disease
•

Complete (4 major criteria)

•

Incomplete (3 major criteria)

•

Suspect (2 major criteria with no ocular involvement)

•

Possible (1 major criterion)

1.3.10.1.2.1 Clinical manifestations
In general, inflammatory eye disease develops after oral ulceration, which is the most
frequent finding in BD, and it is present in around 70% of patients in Japan (Namba,
Goto et al. 2015). Patient suffers from recurrent painful mucosal ulcers which appear
on the lips, tongues and palate and have a white base with an erythematous rim.
These ulcers reappear every 5-10 days and last for about 7-10 days. Skin lesions
include recurrent erythema nodosum (which could be tender), acne vulgaris or
folliculitis (frequently appears on the upper chest or face). Around 40% of patient
develop a positive pathergy test (a sterile pustule at the site of needle prick or
venepuncture but it is not pathognomonic for Behcet disease. Genital ulcers leave
scars and may occur even without acute symptoms (Evereklioglu 2005).
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Systemic vasculitis develops in 25% of patients and it could involve any artery or vein
in the body. Systemic vasculitis can be complicated by arterial occlusion or aneurysm,
and venous occlusion, varices and thrombosis. Gastrointestinal ulceration is also
frequent, and pulmonary involvement can present as aneurismal dilation of the
pulmonary artery. Arthritis develops in 50% of patients, with the knee being the most
commonly affected joint. Neuro-Behcet is the most serious among all other
presentations and may occur in 10% of patients, but this increase to 30% in those with
ocular involvement. Neuro-Behcet mainly involves the motor control, and it may also
present as a headache due to widespread cerebral vasculitis. The mortality rate is
10% in patients with neuro-Behcet, but the introduction of immunomodulatory therapy
had led to a lower mortality rate. Neuro-ophthalmic involvement includes cranial nerve
palsies, central scotoma and visual field defects caused by papilitis or papilledema
which is caused by increased intracranial pressure secondary to superior sagittal sinus
thrombosis or other sinuses (Evereklioglu 2005).
1.3.10.1.2.2 Ocular manifestation
Ocular manifestations occur in 70% of patients with Behcet disease. They bear severe
consequences because they result in permanent damage to the ocular tissue.
Because of the aggressive and recurrent nature of these relapses (Verity, Wallace et
al. 2003), severe vision loss can occur in 25% of patients. Men tend to be affected
more than women and have a more aggressive disease course (Tugal-Tutkun, Onal
et al. 2004), and a higher risk of sight loss (Kitaichi, Miyazaki et al. 2007). The
intraocular inflammation is necrotising non-granulomatous occlusive vasculitis which
can involve any or all portions of the uveal tract (Holland, O'Connor et al. 1996).
Anterior uveitis in Behcet disease includes recurrent iridocyclitis with or without
hypopyon. The hypopyon is transient and occurs in 25% of patients. The frequent
symptoms are redness, light sensitivity and blurred vision. The hypopyon can shift with
patients head movement, and severe episodes of inflammation can lead to the
development of anterior and posterior synechia, with angle closure glaucoma. The
course of BD is of explosive nature, and can develop over a few hours (Kitaichi,
Miyazaki et al. 2007).
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Behcet disease has a high propensity to involve the posterior segment of the eye, and
can be extremely sight-threatening (Atmaca 1989). The two most commonly
encountered complications are branch retinal vein occlusion (BRVO) with ischaemia
and CMO. BRVO is a significant factor for visual morbidity (P<0.001) (Graham,
Stanford et al. 1989, Okada 2000, Sakane and Takeno 2000). Behcet disease
associated posterior and panuveitis are the most significant risk factors for sight loss.
Visual impairment in one or both eyes occur in a high proportion of patients (82%) and
legal blindness (VA<6/60) is reported in about 25% of cases (Kaçmaz, Kempen et al.
2008). In addition to branch retinal vein occlusion (BRVO), a branch retinal artery
occlusion or combination of both can develop, and vascular sheathing with vitritis,
retinitis with retinal haemorrhages (Namba, Goto et al. 2015). BRVO was documented
in 64% of patients with ocular BD and severe vision loss was significantly associated
with BRVO at the macula. Intraretinal infiltrates are a unique finding in Behcet’s eye
disease (33%), and they appear as white deep retinal infiltrate in the absence of
infection (Graham, Stanford et al. 1989), and are usually associated with adjacent
retinal haemorrhages (El-Asrar, Herbort et al. 2010). Figure 1-14.

Figure 1-14 Posterior segment finding in Behcet's disease, areas of retinitis at the fovea in both
eyes. RE (left side image) superior branch retinal vein occlusion (BRVO). Source Moorfields
Eye Hospital.

Retinitis affecting the fovea and extending
superiorly with an associated BRVO (superior
vascular arcade)
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Retinitis affecting the fovea
associated with areas of
haemorrhages

The increased frequency of ocular attacks showed a significant negative correlation
with the final visual acuity (Takeuchi, Kezuka et al. 2014). The three main factors that
lead to poor visual outcome are; an average of three or more relapses per year,
exudates within the retinal vascular arcade, and dense vitreous opacities (Takeuchi,
Hokama et al. 2005). Similar findings reported in another study, where poor final visual
outcomes were associated with recurrent ocular attacks, which were observed in 54%
of patients over ten years follow-up (Kaburaki, Araki et al. 2010). In the latter study,
the main reason for poor vision was ischemic retinochoroidal atrophy at the macula.
Retinal ischaemia due to occlusive vasculitis can lead to neovascularization of the
retina and the iris with resultant vitreous haemorrhage and neovascular glaucoma.
Following recurrent attacks of retinal vasculitis and closure of retinal vessels, these
vessels will appear white and sclerotic. Finally, the optic nerve is involved in 25% of
patients in the form of papillitis. However, progressive optic atrophy ensues after
repeated attacks of occlusive vasculitis affecting arterioles around the optic nerve
head (O'Connor 1982).
Disease complications such as vitreous haemorrhage, retinal detachment, retinal or
optic disc neovascularization often require complex medical and surgical
management, and they have a significant impact on the final visual acuity. The
presence of posterior synechia, hypotony, persistent disease activity and increased
ocular pressure are poor prognostic factors for final visual acuity (Kaçmaz, Kempen et
al. 2008).
Therefore, the aim of treating Behcet patients is to achieve rapid control of ocular
inflammation and prevent future disease relapses to help preserve vision (Hatemi,
Silman et al. 2008). To this aim, early treatment with corticosteroids and a second-line
immunosuppressive agent is warranted. Classical treatment involves a combination of
corticosteroids and second line immunosuppressive agent such as azathioprine and
cyclosporine, but with variable response.
The diagnosis is clinical and based on the international criteria. Laboratory testing for
inflammatory markers, HLA typing and the pathergy test are of little diagnostic value.
FFA reveals diffuse retinal vascular leakage, occlusion and dilation of involved vessels
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which stain late in the angiogram. Also, disc leakage, macular oedema, areas of
capillary non-perfusion and neovascularization can be shown on the angiogram
(Atmaca 1989). Faint vascular leakage can precede disease activity and may help with
adjusting the therapy and aborting an inflammatory attack. OCT shows structural
alterations such as macular oedema and disruption of retinal layers in response to
vascular occlusion and ischaemia.
Several clinical and laboratory data suggest a crucial role for TNFα in Behcet disease
pathogenesis. For example, there are increased levels of TNFα, TNFα soluble
receptors, TNFα producing cells in the peripheral blood of patients with active Behcet
disease, and the levels of TNFα, IL2, 6 and 8 correlates with disease activity (Turan,
Gallati et al. 1997, Evereklioglu, Er et al. 2002). Ocular fluid samples from patients
with active Behcet disease showed increased levels of several pro-inflammatory
cytokines, such as interferon-γ, (IL-2, -6 and -17), and TNFα, whereas, in anti-TNFα
treated patients these inflammatory markers were undetected (Sugita, Kawazoe et al.
2012). Additionally, the authors reported that active CD4+T cells were producing a
large amount of TNFα and IL-17 before infliximab, while failed to do so after infliximab
therapy. Moreover, Th17 cells exposed to infliximab significantly failed to produce IL17. The authors believed that TNFα blockers effectively suppress the differentiation of
the effector T cells, particularly T helper 17, in Behcet disease related uveitis.
The efficacy and safety of anti-TNFα agents have been reported in the treatment of
refractory cases of Behcet disease (Hatemi, Silman et al. 2008) (Vitale, Emmi et al.
2017). However, due to the accumulating evidence regarding the superior efficacy of
anti-TNFα in Behcet disease patients, recently, an expert panel recommended TNFα
blockers as first, or second-line treatment, in Behcet uveitis (Levy-Clarke, Jabs et al.
2014).
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1.3.10.1.3

Vogt-Koyanagi-Harada disease (VKH)

VKH is an idiopathic inflammatory disease when an autoimmune reaction, triggered
by genetic factors, is set against the melanocytes. The ocular presentation is of
bilateral granulomatous panuveitis combined with exudative retinal detachment,
Figure 1-15, and hyperaemic optic discs, Figure 1-16. There are extraocular signs
associated with this disease such as auditory, meningeal and cutaneous
manifestations. The CNS signs include headache, signs of meningeal irritation and
rarely focal neurological signs with CSF pleocytosis (abnormal increase in CSF
lymphocytes). The auditory signs include tinnitus and hearing loss. The cutaneous
manifestations may develop during the chronic phase of the disease, and they include
vitiligo, alopecia and poliosis (whiting of the eyelashes, eyebrows and scalp hair). High
dose corticosteroid is initially used, then a second-line immunosuppressive agent is
added. However, a chronic recurrent course may develop after the acute attack
resulting in loss of melanocytes and a characteristics sunset glow fundus appearance.
With recurrent inflammation, there is a high risk of ocular complications including
cataract, glaucoma, CNV, and subretinal fibrosis (Moorthy, Inomata et al. 1995).
Figure 1-15 Extensive serous retinal detachment in VKH disease. Photo courtesy of professor
Lightman. Source Moorfields Eye Hospital.

Serous retinal
detachment
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Figure 1-16 Disc hyperemia in VKH disease Photo courtesy of professor Lightman. Source
Moorfields Eye Hospital.

Hyperaemia of
Optic disc

Choroidal
granulomas

1.3.10.1.4

Multiple sclerosis (MS)

Multiple sclerosis is a chronic inflammatory disease of the central nervous system,
with more than 2 million people being affected worldwide; It is three times more
common in females compared to males (Reich, Lucchinetti et al. 2018). The disease
is characterised by recurrent episodes of neurological disability which could be
partially or wholly reversible with episodes usually lasting between few days to several
weeks. The typical presentation of the disease includes optic neuritis resulting in
monocular vision loss, limb weakness and sensory disturbance due to transverse
myelitis, ataxia due to cerebellar lesions or double vision due to brainstem dysfunction.
However, after 10-20 years a progressive clinical course ensues in many patients
leading to the impairment of the mobility and cognition. 15% have a progressive course
at the disease onset (Brownlee, Hardy et al. 2017).
The diagnosis of MS is based on demonstration of plaque-like sclerotic lesions that
are disseminated in time and space. The documentation of the evolution of this
disease over-time was made possible by the advent of modern technologies such as
MRI and immunohistochemistry. The MS lesions can involve any part in the CNS.
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However, it’s more easily identified in the white matter region as areas of
demyelination and inflammation. The tissue damage in MS is a consequence of a
complex and dynamic interaction between the immune system, glia (myelin
synthesising cells (oligodendrocytes and their precursors, astrocytes and microglia)
and neurons (Reich, Lucchinetti et al. 2018).
Helper CD4+ and Cytotoxic CD8+ T cells have both been identified in MS lesions
(Lassmann 2014), and drugs that restrict the access of T cells to the CNS have
reduced the development of new MS lesions (Reich, Lucchinetti et al. 2018). B-cells
are also implicated in the pathogenesis of MS and antibody depleting B cells was
successful in reducing new MS lesions and clinical disease activity. The role of B cells
in MS lesion can be attributed to a particular type of antibody production (oligoclonal
band). Moreover, other functions of B cells such as antigen presentation to T helper
cells and cytokines production can also contribute to the formation of MS lesions.
Finally, blood-borne macrophages are implicated in disease pathogenesis.
Macrophages reach CNS to engulf myelin debris and inflammatory by-products in
inflammatory sites (Michel, Touil et al. 2015, Reich, Lucchinetti et al. 2018).
Another factor in MS development is abnormal vascular permeability. In experimental
autoimmune encephalitis EAE (an animal model of demyelination similar to MS) the
first step in disease development was vascular leakage (Maggi, Macri et al. 2014) a
similar finding reported in humans with MS (Absinta, Nair et al. 2015).
The ocular manifestations of MS patients may be the first presenting sign of this
disease. These include anterior uveitis, intermediate uveitis (snowballs), retinitis,
periphlebitis and optic neuritis, Figure 1-17 (Engell and Andersen 1982, Arnold,
Pepose et al. 1984, Graham, Francis et al. 1989, Vine 1992, Towler and Lightman
2000). Retinal periphlebitis is the most common ocular manifestation in MS patients
with a prevalence of 11.5 %. Figure 1-18. These lesions can progress to vascular
occlusion, ischaemia and neovascularization (Towler and Lightman 2000). The
presence of retinal vascular sheathing is a strong predictor to future MS development
with a relative risk of 14.4 (Lightman, McDonald et al. 1987).
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Figure 1-17 Ocular manifestations in MS Optic neuritis with optic nerve head involvement.
Source Moorfields Eye Hospital.

Inflammation
of the optic
nerve head in
optic neuritis

Figure 1-18 Focal periphlebitis in MS with fluorescein leakage on dye test. Photo courtesy of
professor Lightman. Source Moorfields Eye Hospital.

Focal leakage
of fluorescein
due to focal
periphlebitis
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1.3.10.1.5

Granulomatosis with polyangiitis (Wegner’s granulomatosis)

GPA is a granulomatous necrotising vasculitis affects the upper and lower respiratory
tract primarily. If untreated it carries a high risk of mortality. The definitive diagnosis
can be made by demonstrating inflammation and necrosis of small and medium
vessels with granuloma formation (Haynes, Fishman et al. 1977). Laboratory tests
help to confirm the diagnosis and may reveal increased ESR, positive rheumatoid
factor and c ANCA (antineutrophil cytoplasmic antibody) being the most sensitive and
specific test to confirm the disease (Jayne, Gaskin et al. 1995). The eye is commonly
involved and up to 60% of affected patients present with orbital inflammation, retinal
vasculitis and ischemic optic neuropathy. Anterior segment findings include scleritis,
episcleritis, conjunctivitis and peripheral ulcerative keratitis (Haynes, Fishman et al.
1977).
1.3.10.1.6

Idiopathic retinal vasculitis

Retinal vasculitis is an inflammatory disorder of the retinal blood vessels, and it is
usually associated with inflammation of the uveal tract and the vitreous. It could be
idiopathic or more commonly associated with infections such as TB, toxoplasmosis
and viral retinitis. Other causes that lead to retinal vasculitis include neoplastic and
inflammatory disorders such as, MS. Systemic vasculitis such as Behcet disease, and
sarcoidosis can present with retinal vasculitis. Ocular inflammatory disease such as
Birdshot chorioretinopathy, IU and panuveitis also present with retinal vasculitis
(Palmer, Zaman et al. 1995). In this section will discuss primary (idiopathic) retinal
vasculitis. Primary retinal vasculitis by definition is not associated with systemic
vasculitis or systemic inflammation. It is much less frequent than secondary retinal
vasculitis due to Birdshot and other causes, and most commonly seen in young adults
with women more affected than men. Because the retinal capillaries are frequently
involved with the loss of the integrity of endothelial tight junctions there will be leakage
of fluid and CMO with subsequent loss of vision. Macular oedema was documented in
60% of patients with idiopathic retinal vasculitis (Graham, Stanford et al. 1989).
Inflammation usually causes perivascular sheathing, and this represents an
inflammatory cell infiltration in the perivascular space. Diffuse capillary leakage and
CMO are also signs of active disease on FFA. Subsequently, perivascular scarring
develops following active disease, and this is evident by a clearer and smoother outline
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of perivascular sheathing and usually accompanied by atrophy or the RPE and outer
retinal layers and scarring. Some patients will develop vessel shutdown and
ischaemia. The presence of retinal and disc neovascularization increases the risk of
recurrent vitreous haemorrhage, retinal detachment and neovascular glaucoma
(Jones and Jones 2012).
The diagnosis of retinal vasculitis is made by fundoscopic examination which shows
retinal vascular sheathing and leakage which is confirmed by fluorescein angiography.
Sheathing of the retinal vessels was the most common finding in association with
isolated retinal vasculitis. Vitritis usually accompanies retinal vasculitis and sometimes
anterior uveitis is also present. Retinal ischaemia, neovascularization and vitreous
haemorrhage are well-recognised complications of this disease.
Although primary retinal vasculitis is apparently a disease that is confined to the eye,
there is evidence to support a systemic vasculitic process is also implicated and these
patients are at a significant risk of systemic morbidity. A study by Plamer and coauthors found that approximately half of the patients diagnosed with idiopathic retinal
vasculitis developed systemic diseases subsequently, with a high frequency of
coronary heart disease, myocardial infarctions and cerebrovascular accidents. The
cardiovascular disease had occurred in subjects with idiopathic retinal vasculitis
despite lacking other risk factors, such as diabetes, hypertension and dyslipidaemia.
Similarly, a significant proportion of patients with leakage only retinal vasculitis
developed multiple sclerosis and other undetermined neurological diseases (Palmer,
Zaman et al. 1995).
The visual prognosis is mainly dependent on whether the disease causes vascular
occlusion or not, and if it does, heavy immunosuppression is warranted. In the majority
of patients, corticosteroid treatment alone was insufficient for disease control, and
corticosteroid-sparing agent was required. Therefore, long-term disease control with
the introduction of second-line immunosuppressive agents, is necessary. There is no
consensus on which agent is preferred, however, azathioprine was proven effective in
these patients. Visual acuity has improved or been maintained in 64% of patients, and
the number of relapses reduced on azathioprine. However, the corticosteroids sparing
effect was partial (Greenwood, Stanford et al. 1998).
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1.3.10.1.7

Polyarteritis nodosa

Polyarteritis nodosa is an idiopathic form of necrotising vasculitis that involves mainly
medium-sized arteries with a tendency to form microaneurysms.

In contrast to,

Wegener’s granulomatosis, the lungs are not affected, and this disease does not
cause granulomatous inflammation. It is associated with hepatitis B virus infection in
some patient (personal communication with professor Lightman). The ocular features
include retinal vasculitis, non-granulomatous uveitis, scleritis and PUK (Akova, Jabbur
et al. 1993).
1.3.10.1.8

Seronegative Spondyloarthropathy

Human cells express a cell surface glycoprotein called major histocompatibility
complex (Human leukocyte antigen). This cell surface marker plays an essential
immunological function because it controls the binding capacity of APC and thus the
subsequent stimulation of T lymphocytes. There are six different families of HLA:
MHC class I: HLA -A,-B, -C
MHC class II: HLA-DR, -DP, DQ
Spondyloarthropathies are a group of chronic inflammatory disorders strongly
associated with HLA-B27. They include reactive arthritis, ankylosing spondylitis,
psoriatic arthritis, and inflammatory bowel disease (Crohn’s disease and ulcerative
colitis) (Braun and Sieper 2007), ankylosing spondylitis being the most common. The
pathogenesis of this autoimmune condition remains unknown. However, many cases
of reactive arthritis and anterior uveitis follow gram-negative bacillary dysentery or
chlamydial infection which raises the possibility of bacterial lipopolysaccharideinduced immune reaction. Another speculation is that chronic intracellular chlamydial
infection triggers an adaptive immune response with CD4+ T lymphocytes that
indirectly damage the eye while trying to eliminate the microorganism. Another
hypothesis is the presence of molecular mimicry between the bacterial antigen and
some amino acid sequences of HLA-B27. Studies analysing the ocular fluids of HLAB27 patients suggest that a CD+4 Th1 mediated delayed hypersensitivity reaction
possibly responding to bacteria-derived antigens is responsible for this disease.
Conversely, the endogenous autoantigens of the anterior uvea (perhaps melanin
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associated antigen, type I collagen, or myelin-associated protein) may be involved in
this disease process. HLA association only describes patients at risk but is not a
diagnostic marker, and the clinical diagnosis is as reliable as the association with HLA
(Levinson 2005).

1.3.10.2

HLA-B-27 associated uveitis

HLA-B27 is frequently associated with acute anterior uveitis, and it mainly affects
young adults in their second and third decade of life, with males being affected more
than females in a 2:1 ratio and men tend to have more severe disease (Braun and
Sieper 2007). Up to 50 % of patients with recurrent episodes of AAU have the HLAB27 gene (Brewerton, Hart et al. 1973, Russell, Lentle et al. 1979, Rothova, van
Veenedaal et al. 1987).
HLA-B27 associated uveitis classically presents with acute, unilateral anterior uveitis
that usually develops in one eye but can have a bilateral asymmetrical presentation.
The inflammation can be more intense than the one seen in idiopathic anterior uveitis
and can lead to fibrinous reaction and hypopyon. Sometimes the inflammation
becomes chronic leading to vision-threatening complications such as cystoid macular
oedema, cataract, and glaucoma. They are usually treated with short courses of
topical steroids and cycloplegics and respond well (Rothova, van Veenedaal et al.
1987). Patients have generally 1-2 attacks per year which usually takes about six
weeks to resolve, but can last up to three months (personal communication with
professor Lightman).
Ankylosing spondylitis is present in 1 per 1000-2000 of the white population. It can
affect both sexes, but males tend to have a more severe disease. In some patients,
the eye manifestations predate the joint disease. It typically presents with lower back
pain associated with morning stiffness, large joint inflammatory disease and enthesitis
(sites where tendons attach to the bones). A lumbosacral X-ray is helpful to diagnose
sacroiliitis manifesting as sclerosis and obliteration of joint space and a sclerosed
spine giving a characteristic “bamboo spine appearance”. MRI scan is superior now in
diagnosing joint manifestations. HLA-B27 occurs in approximately 90% of patients and
the reported prevalence of anterior uveitis in patients with ankylosing spondylitis range

118

from 30-40% (Wyngaarden and Smith 1992, Nussenblatt, Whitcup et al. 1996, Gran
and Skomsvoll 1997).
Although patients usually present with frequent attacks of acute anterior uveitis, HLAB27 associated disease can cause severe sight-threatening posterior segment
inflammation in 17% of patients, such as severe diffuse vitritis, papillitis (inflammation
of the optic nerve), and retinal vasculitis. Cystoid macular oedema and epiretinal
membrane were the most common causes of visual impairment in these patients, and
these patients often require aggressive systemic immunosuppressive therapy to
preserve sight (Rodriguez, Akova et al. 1994).
Inflammatory

bowel

disease

is

commonly

associated

with

seronegative-

spondyloarthropathy and is HLA-B27 positive (Rankin, Watts et al. 1979). Similarly,
posterior segment inflammatory manifestations such as severe bilateral neuroretinitis,
retinal vasculitis, ischemic optic neuropathy, optic neuritis and pars planitis have been
described in patients with inflammatory bowel disease (Heuer, Gager et al. 1982,
Sedwick, Klingele et al. 1984, Duker, Brown et al. 1987).
1.3.10.2.1

Systemic lupus erythematosus (SLE)

SLE is multisystem connective tissue disease of unknown aetiology. Heart, kidney,
CNS and skin can be involved in this disease. The most common ocular features are
dry eye disease. However, it can cause ischaemic occlusive vasculitis without
significant ocular inflammation (Dammacco 2017).
1.3.10.2.2

Serpiginous choroiditis

Serpiginous choroiditis (geographic or helicoid choroidopathy is a chronic progressive
inflammatory condition occurring equally in adult women and men in their second to
seventh decades of life. It is a rare disease of unknown aetiology but 50% of patients
have associated systemic tuberculosis and in the other half of patients, no evidence
of TB could be found. An immune-mediated process with occlusive vasculitis is
thought to play a part in the disease pathophysiology. In those without TB treatment
is with immunosuppressive therapy. Serpiginous choroiditis is not associated usually
with others types of systemic or infectious disease (Gupta, Gupta et al. 2003). Figure
1-19.
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Figure 1-19 Left eye with serpiginous choroiditis, areas of geographic atrophy are seen around
the fovea. Source Moorfields Eye Hospital.

Serpiginous choroiditis usually advances with multiple relapses, and new lesions tend
to develop at the edge of previous scars (interval between attacks is months to several
years), leaving atrophic retinal, RPE and choroid behind along with subretinal fibrosis
and RPE hyperplasia (hyperpigmentation). Therefore, over a disease course, the
scarring enlarges unpredictably and results in loss of vision (Jones and Jones 2012).
The visual prognosis is guarded and 38% will have a poor visual acuity (between 6/60
and counting fingers) (Christmas, Oh et al. 2002).Patients usually present with
painless, visual field defects (paracentral scotoma) and reduced central vision. On
examination, there is often a quiet anterior chamber and minimum vitreous
involvement, but the striking abnormality is the presence of pseudopodial or
geographic lesions emanating from the optic nerve at the posterior segment of the eye
which is usually bilateral. Active lesions appear as grey-whitish lesions at the level of
RPE. CNV develops in one quarter of patients. The disease course is progressive with
centrifugal extension with a notable asymmetry between the two eyes.
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The diagnosis is clinical, and there are several tests help documenting disease activity.
Fluorescein angiography shows blockage of the normal choroidal background early in
the angiogram and staining of the active border later in the angiogram. Opposite to
early hyperfluorescence and late leakage later on in case of CNV. ICG shows
hypofluorescence of the lesion throughout all phases of the angiogram. Fundus
autofluorescence is a sensitive tool for detecting damage to the RPE and documenting
the disease course. For instance, hypoautofluorescence relates closely to areas of
inactive disease, while hyperautofluorescence features area of active pathology.
Finally, OCT shows increased reflectivity of the outer retinal layer, RPE layer also
appears disrupted on OCT when the disease is active. Eventually, atrophy of both the
retina and the RPE occur when the disease quiescences (Bansal, Gupta et al. 2012).
Excluding serpiginous-like choroiditis (TB related) is imperative. Therefore, patients
need a tuberculin skin test, or interferon-gamma assay and chest x-ray to exclude TB
infection (Gupta, Gupta et al. 2003). Also, other entities such as sarcoidosis, syphilis
and herpetic choroiditis may give a similar clinical picture (Khanamiri and Rao 2013).
Corticosteroids are given systemically, periocularly and intravitreally to treat visionthreatening disease, but are often ineffective and even the addition of systemic
immunosuppressive therapy can be insufficient. Cyclosporine alone has been used
successfully in a small number of cases. Similarly, azathioprine as part of triple therapy
(corticosteroids, cyclosporine and azathioprine) can help with disease control (Hooper
and Kaplan 1991). Long-term treatment is required as most patients relapse when
these drugs are tapered. Cytotoxic therapy with cyclophosphamide and chlorambucil
have been reported to induce disease remission (Akpek, Jabs et al. 2002).
Alternatively, injection of a steroid implant into the vitreous can be used in patients
intolerant to systemic therapy.
1.3.10.2.3

Masquerade

Retinal detachment and Lymphoma. These subjects are beyond the scope of this
thesis.
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1.3.10.3

Disease with ocular involvement only

1.3.10.3.1

Birdshot chorioretinopathy BSCR

Birdshot chorioretinopathy is bilateral posterior uveitis of unknown aetiology (Shao,
Menezo et al. 2014). It commonly affects people of Northern European descent, and
it is strongly associated with the HLA-A29 gene with a sensitivity of 96% and specificity
of 93% (224 times increase in relative risk) (Levinson, Brezin et al. 2006). It affects
people past their fourth decade of life and represents 6-8 % of cases with posterior
uveitis. It is a progressive disease leading to retinal dysfunction (Shah, Levinson et al.
2005, Levinson, Brezin et al. 2006).
The presenting symptoms include blurred vision, floaters, night blindness and impaired
colour perception. Because of widespread retinal dysfunction, visual complaints are
usually out of the proportion to the measured Snellen acuity (Levinson, Monnet et al.
2009). Minimal anterior segment activity is noticed, however, vitritis is a common
finding. Fundoscopy reveals a characteristic multiple creamy coloured oval lesions
distributed throughout the posterior pole in a fashion similar to Birdshot pellets. Figure
1-20, (Shah, Levinson et al. 2005). Retinal vasculitis, CMO are sight-threatening
complications of this disease, while, optic atrophy and ERM are late complications of
this disease (Thorne, Jabs et al. 2005).
Figure 1-20 Birdshot lesions in the posterior pole (Left) Birdshot disease complicated by CNV
and haemorrhage at the fovea (Right). Photos are courtesy of professor Lightman. Source
Moorfields Eye Hospital

Creamy white lesions in Birdshot
disease

Subfoveal CNV lesion in Birdshot
disease
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There are still gaps in our knowledge regarding the definitive immune mechanism
involved in Birdshot disease. However, studies have shown that it is a T cell-driven
disease particularly Th-17 which secrete IL-17. Also, several immune mediators
known to promote Th17 such as IL-21, IL-23 and TGF β1 were upregulated in
treatment naïve Birdshot patients (Kuiper, Mutis et al. 2011, Yang and Foster 2013).
Different tools help with the diagnosis of Birdshot. ICG is more sensitive in
characterising the Birdshot lesions compared to FFA which is of limited value
especially in the early stages of the disease (Papadia and Herbort 2013). However,
FFA is good at showing retinal vasculitis and CMO which are reported as being the
most common cause of vision loss in these patients (Taylor, Lightman et al. 2012).
Furthermore, in patients with BSCR disease progressive thinning of the outer retina
on OCT scan corresponds to the loss of vision (Papadia, Jeannin et al. 2012).
Electrodiagnostic studies and visual field testing are more sensitive measures to
detect disease progression. ERG shows a decrease in scotopic b wave amplitude in
early disease. However, delayed 30Hz flicker implicit time appears the most sensitive
measure of disease activity and response to treatment (Holder, Robson et al. 2005,
Kiss, Ahmed et al. 2005, Gordon, Monnet et al. 2007). Treatment relies on systemic
corticosteroids, but BSCR is not fully responsive to corticosteroid alone and early
initiation of immunomodulatory therapy is warranted. Long-term immunosuppressive
treatment is also essential given the chronic disease course (Kiss, Ahmed et al. 2005,
Tomkins-Netzer, Taylor et al. 2014).
1.3.10.3.2

Multifocal choroiditis (MFC) and panuveitis

MFC is an idiopathic inflammatory disease of unknown aetiology affecting young,
myopic females. This disease involves the retina, choroid and the vitreous with
asymmetrical presentation between the two eyes. Symptoms include floaters, flashing
lights (photopsia), reduced vision and enlargement of the physiological blind spot.
Ophthalmic exam reveals the presence of multiple white-yellow dots which appear as
punched-out, atrophic lesions (50-200µm) around the optic disc, mid-periphery of the
retina and anterior to the equator. Acute lesions appear creamy and become atrophic
with a variable degree of hyperpigmentation with time. There is a degree of anterior
segment and vitreous inflammation (Dreyer and Gass 1984) which excludes other
entities such as, PIC and ocular histoplasmosis syndrome (Essex, Wong et al. 2013).
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Structural complications can be present at the time of diagnosis, and these include
cataract, CMO, ERM and CNV. These complications can also develop during the
disease course and are responsible for vision impairment in these patients (Kedhar,
Thorne et al. 2007). Vision loss can occur in up to 70% of patients, and most commonly
due to the development of CNV which affects about one-third of eyes (Dreyer and
Gass 1984, Brown, Folk et al. 1996).
The diagnosis is that of exclusion since many ocular diseases can mimic MFC such
as TB, sarcoidosis, syphilis, but it is usually made clinically with the aid of imaging
modalities. Fluorescein angiography shows hypofluorescence early and staining late
in acute active lesions. While atrophic lesions show early hyperfluorescence which
fades with time. CNV and macular oedema show early hyperfluorescence and late
leakage. ICG often shows multiple hypofluorescent lesion corresponding to active
choroiditis, and they cluster around the optic nerve (Slakter, Giovannini et al. 1997)
which explains the enlarged blind spot on a visual field test. On OCT these lesions
appear as sub RPE deposits with overlying disruption of the outer retina (Spaide,
Goldberg et al. 2013). Fundus autofluorescence (FAF) may show numerous punctate
hypofluorescence spots that correspond to areas of chorioretinal atrophy. Active
lesions display hyperautofluorescence spots that vanish after treatment. Therefore,
FAF can be used to monitor response to treatment (Yeh, Forooghian et al. 2010).
Without treatment, the visual prognosis is generally poor, with irreversible vision loss
occurring in 75% of patients due to the complications that result from chronic and
recurrent inflammation. Treatment with systemic and periocular steroids can help with
disease control especially with CMO and even regression of CNV complex in some
patients. Due to the chronic and recurrent nature of the inflammation corticosteroidsparing agents are usually needed (Michel, Ekong et al. 2002). This treatment has
succeeded not only in controlling the inflammation but also in reducing the risks of
posterior pole complication (CMO, ERM and CNV) with 83% to 92% reduction in the
risk of severe vision loss (≥ 6/60) in the affected eye (Kedhar, Thorne et al. 2007).
Therefore, treatment with immunosuppressive drugs appears very effective in
preventing disease complications and sight loss (Michel, Ekong et al. 2002).
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1.3.10.3.3

Punctate Inner Choroidopathy (PIC)

PIC is idiopathic posterior uveitis that was first reported by Watzke in 1984 (Watzke,
Packer et al. 1984). In his series, the disease was described as small yellow lesions
at the posterior pole in young myopic females Figure 1-21. Patients usually present
with blurred central vision, paracentral scotoma and flashing lights. These lesions heal
with atrophic scars and are commonly complicated by a choroidal neovascular
membrane.
Some authors claimed that PIC and MFC are two spectra of one disease because
both are idiopathic inflammatory disorders which occur predominantly in young myopic
and white women (Spaide, Goldberg et al. 2013). However, these are two different
entities for several reasons. Firstly, PIC presents at a younger age compared to MFC
(29 versus 45 years, respectively). Secondly, compared to MFC, PIC lesions are
smaller and rarely extend beyond the mid-periphery of the retina and are never
associated with vitritis. Thirdly, PIC lesions progress to atrophic scars with a halo of
pigmentation around them, and they appear deeper and more punched out than MFC.
Finally, with the exception of CNV, PIC patients tend to have much less structural
complications such as cataract, CMO and ERM than those with MFC. A difference,
undeniably attributed to the presence of chronic intraocular inflammation in MFC
(Kedhar, Thorne et al. 2007).
Fluorescein angiography shows early hypofluorescence and late staining in active
lesions. When early hyperfluorescence is seen one should suspect a CNV. CNV is the
most common sight threating complication and as high as 69% and 75% of patients
develop CNV (Gerstenblith, Thorne et al. 2007, Patel, Birnbaum et al. 2011).
Visual prognosis is good when there is no CNV and scaring at the fovea. Treatment
options include corticosteroids either periocular or systemic with the addition of
corticosteroid-sparing agents when there are acute lesions threaten the fovea. The
primary treatment of active CNV lesions is intravitreal injections with anti-VEGF
(Leung, Moradi et al. 2014).
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Figure 1-21 TOP left PIC disease with active CNV, top right PIC scarring. Lower images FFA
shows leakage from the CNV lesion. Photos are courtesy of Dr. Talat. Source Moorfields Eye
Hospital.
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1.3.10.3.4

Non-infectious posterior, intermediate and panuveitis

Non-infectious posterior, intermediate and panuveitis are a heterogeneous group of
ocular inflammatory conditions, uncommon, autoimmune in nature, commonly
associated with systemic inflammatory diseases. These diseases collectively
responsible for 19% to 40% of non-infectious uveitis cases, with a worldwide
prevalence of 38/100,000 people. These disorders could be isolated to the eye or
associated with systemic disease such as Behcet disease, VKH, sarcoidosis. They
carry a significant risk of sight loss (Jabs, Nussenblatt et al. 2005). These diseases
are largely unpredictable mandating frequent health care visits, periodic checking and
expensive medication. Recent reports estimated that patients with these uveitides
have a 10-fold increased risk of blindness or low vision compared to the normal
population (Engelhard, Patel et al. 2015, Dick, Tundia et al. 2016). Therefore, early
and successful long-term control of inflammatory activity appears to play a key role in
reducing the risk of ocular complication and preventing sight loss. Corticosteroid
represents the first-line treatment because they achieve rapid control of inflammation
in these sight-threatening conditions. However, their long-term use is limited by their
wide range of side effects, therefore patients usually receive immunomodulatory or
biologic therapy to achieve control of inflammation and a reduced dose of
corticosteroid.
1.3.11 Management of uveitis
The control of inflammation and preventing the visual loss which can result from the
cumulative damage to ocular structures remains the most critical step in the
management of uveitis. In the majority of cases, inflammation in uveitis is idiopathic,
and the mainstay of treatment is corticosteroid with an additional immunosuppressive
agent(s) if required. High dose corticosteroid is used initially to achieve rapid control
of the inflammation but are not suitable for long-term therapy due to well-known side
effects. On the other hand, lower doses of corticosteroids ≤7.5 mg per day are often
ineffective for long-term disease control, and therefore, immunosuppressive agents
should be instituted early in disease management (Jabs 2017). Corticosteroid and
corticosteroid-sparing immunosuppressive drugs are used to treat the vast majority of
patients with non-infectious uveitis (intermediate, posterior and panuveitis), in addition
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to cases of JIA-associated anterior uveitis. Clinical data suggest superior visual
outcome lower sight-threatening complications are attained with immunosuppressive
agents.
“If many cures are suggested for a disease, it means that the disease
is incurable”
Anton Chekhov.
Treatment of non-infectious uveitis is driven mainly by the anatomical class of uveitis,
disease course and natural history. For example, topical corticosteroids are the
treatment of choice in anterior uveitis; intermediate uveitis is managed initially by
regional corticosteroids, and systemic therapy is introduced in bilateral, chronic
disease with transient or no response to local treatment; systemic immunosuppression
is usually instituted in posterior and panuveitis. Disease course on the other hand
influences treatment, with diseases of chronic relapsing nature such as Behcet’s
disease, sarcoidosis, VKH and Birdshot chorioretinopathy being better managed with
long-term systemic immunosuppressive therapy to control the inflammation.
Therefore, non-infectious chronic uveitis mandates long-term treatment to suppress
the inflammation. Conversely, HLA-B27-associated uveitis which presents with
recurrent attacks, is typically treated only with local corticosteroids drops during the
acute attack (Jabs 2017).
The decision to treat uveitis always balances the risk and benefits of therapy, and not
all patients require treatment. For example, Fuch’s chronic anterior uveitis does not
respond to treatment and treatment is typically not given. Similarly, a quarter of
patients with pars planitis have mild disease, with good vision and no complications;
therefore, they do not require treatment (Raja, Jabs et al. 1999). Nonetheless, when
treatment is needed the aim is to achieve complete suppression of inflammation
(grade 0 inflammation) in SUN criteria (Jabs, Nussenblatt et al. 2005) for anterior and
intermediate uveitis to reduce the risk of sight loss. Posterior chorioretinal diseases
usually require multimodal imaging including fundus autofluorescence, which has
shown good agreement with disease activity, to judge response to treatment and
resolution of inflammation (Jabs 2017).
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1.3.11.1

Why long-term control of inflammation is better?

Studies from JIA associated uveitis show that any inflammation doubles the risk of
visual impairment (VA<6/18) and triples the risk of blindness (VA≤6/60). Also, the more
the severe the inflammation, the higher the risk of vision loss (Thorne, Woreta et al.
2007). Likewise, the results from the SITE study indicate that active uveitis in Behcet’s
disease patients is associated with a 2.5 fold risk of visual impairment and 2.7 fold risk
of blindness (Kaçmaz, Kempen et al. 2008). The use of immunosuppressive therapy
reduced the risk of ocular complications and blindness in JIA-associated uveitis
patients (Thorne, Woreta et al. 2007).
Long-term disease control appears superior to short courses of corticosteroids used
to manage ocular complications. For example, in Birdshot disease the use of
intermittent immunosuppressive therapy to control complications such as CMO is not
sufficient to prevent visual deterioration, because the chronic inflammatory status in
Birdshot leads to progressive decline in retinal function even when VA is normal. Only
repeat electroretinograms, and visual field tests show signs of retinal involvement and
the visual acuity measurements remain normal until late in the disease course (Oh,
Christmas et al. 2002). Therefore, the optimum treatment in patients with uveitis
should aim for no inflammation in the eye, and this should be sustained for an
extended period to avoid complications and loss of sight.
1.3.12 Therapy for uveitis

1.3.12.1

Non-steroidal anti-inflammatory drug NSAID

NSAIDs are used to treat mild inflammatory joint disease. They act by blocking the
cyclooxygenase (COX) pathway and hence inhibit the synthesis of prostaglandins
(PG). There are two COX pathways, COX1 which is present in most tissues and COX
2 which is upregulated during inflammation. NSAID are either nonselective and inhibits
both COX 1 and 2, or selective (blocking only COX2 pathway). The most common side
effects associated with their use are gastrointestinal disturbances such as nausea,
vomiting and peptic ulceration. Also, in severe cases NSAID can lead to renal
dysfunction and fluid retention.
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NSAIDs is the first-line treatment for scleritis, particularly indomethacin and
flurbiprofen but the success rate varies between subjects (Sainz de la Maza, Jabbur
et al. 1994, Jabs, Mudun et al. 2000). Interestingly, patients with HLA-B27 associated
uveitis using systemic NSAIDs have been shown to have fewer flare-ups, and those
patients needed fewer corticosteroids (any form) or other immunosuppressive agents
to control their inflammation (Teasley, Christen et al. 2007). There are
recommendations to use these medicines as adjuncts to corticosteroids in patients
with inflammatory bowel disease and uveitis or juvenile idiopathic arthritis JIAassociated chronic anterior uveitis (Olson, Lindsley et al. 1988, Soukiasian, Foster et
al. 1994).
However, these medications are not routinely used by ophthalmologists for patients
with intraocular inflammation, since their efficacy is inferior to corticosteroids and are
not ideal when rapid control of inflammation is desired to decrease ocular tissue
damage. Moreover, the addition of NSAID to steroids will increase the risk of
gastrointestinal side effects especially peptic ulcer disease. Finally, topical formulas of
NSAID can produce local irritation to the ocular surface resulting in a burning sensation
and conjunctival hyperaemia and corneal melt (not uncommon but serious
complication). As a result, the use of NSAID is limited to a mild form of episcleritis and
scleritis and to reduce the risk of inflammation post cataract surgery (Kim, Flach et al.
2010).

1.3.12.2

Corticosteroid (steroids)

Corticosteroid, has revolutionised the treatment of ocular inflammation since their first
use by Gordon and Mc Lean in 1950. Corticosteroids achieve their anti-inflammatory
and immunosuppressive effects via several mechanisms (Fauci 1978, Nussenblatt,
Whitcup et al. 1996): Firstly, while it increases the neutrophil populations in the bone
marrow, it decreases the adherence of neutrophils and macrophages to vascular
endothelium thereby, reducing the number of inflammatory cells reaching the sites of
inflammation. Secondly, it causes lymphocytopenia through redistributing the
lymphocytes, mainly T cells from the intravascular to the extravascular compartment
such as the spleen, bone marrow and lymph nodes. Moreover, at higher doses it
reduces the antibody production from B cells.
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In addition, corticosteroids cause a reduction in the number of circulating eosinophils,
monocytes and basophil and inhibits the bactericidal activity of macrophages and
monocytes. Moreover, it stabilises the cell membrane of mast cells and eosinophils
and prevents the degranulation and subsequent release of their inflammatory
cytokines such as histamine and bradykinin. More importantly, corticosteroid inhibits
the transcription of essential inflammatory cytokines necessary for chronic
inflammation such as IL-1 INFα granulocyte macrophage colony-stimulating factor
(GM-CSF), among other inflammatory cytokines. Finally, corticosteroid stabilises
capillaries and reduces their permeability and dilation in response to inflammation
(Rhen and Cidlowski 2005).
Corticosteroids, have been widely used in the management of uveitis and were given
via different routes orally, topically and periocular administration. Also, intravenous
corticosteroid therapy has been advocated in severe sight-threatening conditions such
as Behcet, VKH and sympathetic ophthalmia. Oral corticosteroids generally preferred
for posterior segment disease. The topical route can achieve higher concentrations in
the aqueous compared to systemically administered corticosteroids due to the bloodocular barriers (Leopold and Maylath 1952).
1.3.12.2.1

Topical corticosteroid therapy

Topical corticosteroids drops are used primarily to treat inflammation in the anterior
chamber. There are different types of topical corticosteroids, and these vary in their
potency and ocular tissue concentration. Recent work looked at the penetration of
different corticosteroid compounds and their efficacy, have found that prednisolone
acetate 1% and dexamethasone alcohol 0.5% have a higher concentration in the AC
and maximal anti-inflammatory effects (Awan, Agarwal et al. 2009). Therefore these
drops have been used to treat severe AC inflammation whether isolated or in
association with posterior, IU or panuveitis. Some authors have postulated that these
drops may be of benefit in treating vitritis or CMO in aphakic or pseudophakic patient
(Lee, Bajwa et al. 2014). Nevertheless, Weijtens et al. reported that the penetration of
dexamethasone drops into the vitreous after repeated installation was negligible
(Weijtens, Schoemaker et al. 2002). Less potent topical steroids such as rimexolone
and loteprednol may be used to treat mild inflammation and in steroid-responders,
owing to their minimum effect on IOP elevation (Foster, Kothari et al. 2016).
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1.3.12.2.2

Periocular corticosteroid administration

Periocular corticosteroid therapy is preferred when the patient has a unilateral disease,
unresponsive or poorly compliant to systemic treatment or for pregnant patients.
Examples are methylprednisolone sodium succinate 40 mg/mL (Depo-Medrol) or
triamcinolone acetonide-10–40 mg/mL suspension (Kenalog). Excluding any
infectious aetiology, is a must, before commencing this treatment approach. Also, a
special attention should be paid to patients known to have high IOP with corticosteroid
therapy or those with necrotising scleritis. The choice of using local therapy also
depends on the patient’s preference. These agents can be used as adjuncts, but they
cannot replace immunomodulatory therapy in patients with sight-threatening disease
(Foster, Kothari et al. 2016).
Local corticosteroids are delivered by two techniques, either by orbital floor route using
a 27 gauge needle, or sub-Tenon injection with 25 gauge needle. Both are equal in
terms of efficacy and side effects (cataract formation and increase in IOP). These
techniques are associated with increased risk of periorbital haemorrhage and
penetration of the globe. Also, dropping of the upper eyelid is one of the complications
related to the sub-Tenon approach, while orbital fat prolapse occurs with orbital floor
injection (Foster, Kothari et al. 2016).
1.3.12.2.3

Intravitreal steroid injection

Intraocular steroid injections are used to control the inflammation in patients with noninfectious intraocular inflammation complicated by cystoid macular oedema and
vitritis. It is the preferred treatment modality in patients with unilateral disease, severe
disease, intolerant or unresponsive to systemic corticosteroids/immunosuppressive
agents or periorbital steroids. The bioavailability of intravitreal corticosteroids
injections is 100%, as these injections bypass all the ocular barriers and achieve a
higher therapeutic concentration to the site of inflammation which helps with rapid
disease control. Another advantage of Intravitreal therapy is the elimination of the side
effects of systemic corticosteroid. They are effective in reducing the amount of CMO
and improve the visual acuity in patients with non-infectious uveitis (Kok, Lau et al.
2005).
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However, some intraocular corticosteroid implants have a limited duration of action.
Therefore, patients often need repeated injections to control the inflammation (Foster,
Kothari et al. 2016). There are different steroid formulations used for intravitreal
injections. Triamcinolone acetonide is commonly used at a dose ranging from 2 to 4
mg per 0.1 ml and lasts up to 3 months. A sustained release device such as, (Ozurdex)
which is a biodegradable dexamethasone implant (0.7 mg) or Retisert, fluocinolone
acetonide (0.59 mg), usually lasts longer, generally 3-6 months and 2.5 years,
respectively.
Recently, the POINT trial compared the effect of triamcinolone (Intravitreal or orbital
floor injection) with the Intravitreal steroid implant (ozurdex) for the treatment of uveitic
macular oedema. All treatment modalities were effective in reducing the amount of
fluid at the macula. However, the intravitreal treatment groups achieved a significantly
better reduction in CMO and improvement in BCVA compared to periorbital treatment.
The risk of an increase in IOP was higher in the intravitreal treated groups, but no
difference was seen between IVTA and ozurdex with regards to IOP elevation (Thorne,
Sugar et al. 2018).
Cataract and increased intraocular pressure are the main side effects associated with
local corticosteroid injections and the risk increases with repeated doses or longer
duration of action (Thompson 2006, Haghjou, Soheilian et al. 2011). Also, other
complications such as injury to the eye, bleeding, infection, trauma to the lens, and
sterile endophthalmitis due to the accumulation of drug crystal in the anterior chamber,
in case of triamcinolone, have been reported. The Multicentre Uveitis Steroid
Treatment Trial (MUST) reported a four-fold increase in IOP rise and glaucomatous
optic nerve damage in implant treated patients compared to those on systemic
treatment (Friedman, Holbrook et al. 2013). Thus, patients need to be monitored
closely for the rise in IOP, and a low threshold for surgical intervention for glaucoma
is warranted.
1.3.13 Why systemic therapy with immunosuppression appears superior to local
corticosteroids treatment ?
There are several treatment options for patients with non-infectious uveitis. Initially,
corticosteroids can be given orally or administered locally into the eye, and then there
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is the option of combining corticosteroid with other immunomodulatory therapy.
Traditionally, corticosteroid-sparing agents, such as tacrolimus, cyclosporine,
azathioprine, mycophenolate mofetil (MMF), methotrexate, chlorambucil, and
cyclophosphamide have all been used to control the inflammation in uveitis patients
(Jabs, Rosenbaum et al. 2000). To answer the question of whether systemic, or local
therapy, is superior, a Multicentre Uveitis Steroids Treatment (MUST) trial began over
seven years ago.

1.3.13.1

MUST TRIAL

The MUST Trial was a comparative effectiveness randomised trial, comparing the
efficacy of systemic corticosteroids with or without immunosuppressive medication to
the local corticosteroid implant (fluocinolone acetonide, Retisert®) among patients
with active non-infectious IU, posterior or panuveitis (Kempen, Altaweel et al. 2010).
At 54 months follow-up, the study showed similar visual acuity outcomes in the two
groups. Regarding the uveitis activity, there was a statistically significant difference
favouring implant therapy from 6 months through 54 months, but the difference was
not statistically significant after that (Kempen, Altaweel et al. 2017).
The 7-year results from MUST trial (obtained from approximately 70% of uveitic eyes
in each treatment group who initially participated in the trial) favour systemic treatment
with regards to better long-term visual acuity outcomes. Despite a significant initial
improvement in vision at six months in the implant group, with longer follow-up (7
years) patients on systemic therapy achieved better BCVA, (p-value= 0.045 and
0.006, at 6 and seven years, respectively). The mean change in visual acuity from
baseline was 7.2 (95%CI, 2.1-12) letters more on systemic therapy. The proportion of
patients with legal blindness decreased from baseline by 1% in the systemic therapy
group while in the local therapy group the proportion increased by 8%. The disparity
in BCVA was attributed mainly to more irreversible chorioretinal scarring in implant
given patients (52% in implant versus 31% in systemically treated patients, (CI 2%39%), (p-value=0.02). Glaucoma did not differ significantly as a cause of severe vision
loss between the two groups. With regards to macular oedema, there was a
statistically significant difference at 6 months (favour implant), but at 72 months the
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data shows that systemic therapy is superior to the corticosteroid implant (fewer eyes
with CMO on systemic treatment).
More uveitis reactivation occurred in eyes treated by local therapy, which have
resulted in a decline in visual acuity from irreversible chorioretinal damage, whereas,
patients on systemic treatment enjoyed more stable disease control. The authors
speculated that scheduled replacement of the implants (re-implantations) might have
had a better outcome. However, this approach would have several impracticalities.
Firstly, the duration of the effect of the implant varies, and most groups replaced the
original implant only when disease relapsed. Secondly, the frequent ocular side effects
from the first implant may restrict or even prevent the re-implantation in some cases.
Finally, more medical and surgical interventions were required in the implant group to
maintain favourable vision (Kempen, Altaweel et al. 2017).
Systemic treatment is the preferred initial treatment in patients with bilateral disease.
Because the risk of complications from the local therapy is higher in these patients
(Kempen, Altaweel et al. 2015). Besides, the high cost for implants in this cohort
(Sugar, Holbrook et al. 2014). Approximately two-thirds of eyes on systemic therapy
in the MUST trial required one or two adjunctive corticosteroid injections for uveitic
CMO (Kempen, Altaweel et al. 2015).
Although, superior control of inflammation initially with implant group, cataracts, ocular
hypertension, glaucoma and glaucoma filtration surgery were higher in the implant
group. At seven years, 45% of eyes in the implant group underwent glaucoma filtration
surgery compared to only 12% in the systemic therapy group. Similarly, 90% of eyes
in the implant group had cataract surgery versus 50% of patients in the systemic
treatment arm.
The MUST study demonstrated that local therapy with fluocinolone acetonide (retisert)
was associated with an 81% increase risk in the odds of blindness compared to
systemic therapy. This disparity appeared to be due to the retinal damage form relapse
of uveitis before re-implantation (Kempen, Altaweel et al. 2017). Therefore, with each
relapse, there was cumulative damage to the eye, and even with some initial recovery
with local treatment, the long-term visual outcome was inferior to that of systemic
therapy (Jabs 2017).
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Finally, there was no significant increase in the risk of systemic side effects with
systemic therapy for a minimum of 7 years follow-up. MUST study has shown that
systemic therapy proved safe and effective for long-term disease control (up to 7 years
follow-up). There was no increase in the risk of side effects with systemic therapy
compared to regional treatment and the only statistically significant difference was
more antibiotic use for infections for the systemic treatment group compared to the
implant group (Kempen, Altaweel et al. 2017). Importantly, the authors reported that
systemic therapy was well-tolerated by the majority of patients, who continued low
dose corticosteroids for many years. In agreement with this, the Systemic Treatment
for Eye Disease Cohort Study (SITE) study also reported that on long-term the
systemic treatment approach with antimetabolites and calcineurin inhibitors is safe
(Gangaputra, Newcomb et al. 2009, Pasadhika, Kempen et al. 2009, Daniel, Thorne
et al. 2010).
In summary, systemic immunosuppressive therapy in non-infectious intermediate,
posterior and panuveitis is a better initial treatment option as multiple relapses occur
with local treatment. The use of local treatment is reserved for patients intolerant to
systemic treatment or when such treatment is ineffective (Jabs 2017).
1.3.13.1.1

Systemic corticosteroid therapy

Corticosteroids are invaluable in the rapid control of inflammation, and they should be
used in acute management but are not suitable at higher doses for long-term therapy.
In sarcoid associated uveitis, for example, studies have shown that oral corticosteroid
therapy is associated with a 93% reduction in the odds of visual impairment (Dana,
Merayo-Lloves et al. 1996). Prednisolone is the most commonly used drug, and the
starting dose is 1-2 mg/kg per day tapered gradually over the next 2-4 weeks.
Alternatively, a pulse of 1 gm methylprednisolone daily for three days can be used
initially followed by oral corticosteroids for sight-threatening conditions.
Low dose corticosteroid therapy can help to maintain disease control in patients with
sight-threatening uveitis. However, if the patient requires long-term corticosteroid
therapy, the target dose is <7.5 mg per day. Systematic reviews of studies in
rheumatoid arthritis patients showed no increased risk of corticosteroid side effects at
this dose over the course of months to years. However, there is an increase in
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cardiovascular morbidity and mortality with large cumulative doses of prednisolone
(risk is seen at doses of prednisolone at 5 mg per day for 22 years or 7.5 mg for 15
years) (Jabs 2017). Therefore, in patients receiving long-term corticosteroid treatment,
subsequent reduction of corticosteroid dose should be made with successively smaller
decrements to minimise the risk of disease relapse and corticosteroid withdrawal.
A steroid-sparing agent should be initiated if higher doses of corticosteroids are
needed to achieve control of inflammation, and this generally occurs in patients with
chronic sight-threatening uveitis, especially when associated with systemic
inflammation. Special consideration to gastric protection should be given due to the
high-risk of peptic ulcer disease. Also, Dual Energy X-ray bone scans (DEXA) should
be requested for high-risk patients along with supplementing their diet with calcium
and vitamin D tablets (Foster, Kothari et al. 2016). Besides, regular checks for blood
sugar levels and body weight.
Corticosteroids have a wide range of side effects as they can adversely affect almost
any organ in the human body (Lee, Bajwa et al. 2014). Systemic side effects of
corticosteroid are given in Table 1-9.

137

Table 1-9 Side effects of systemic corticosteroids therapy (Stanbury and Graham 1998)

Dermatological
1. Corticosteroids cause skin fragility.
2. Increase body hair
3. Easy bruising, facial erythema, increased sweating,
4. Acne, striae and delayed wound healing. Therefore, care must be exercised
to avoid injury.
Haematological
1. Corticosteroids increase total white blood cells count, particularly PMN
(Neutrophils),
2. Decrease

lymphocyte

population,

mainly

T

cells.

B

cells

and

immunoglobulin production is also reduced with corticosteroid use.
3. Reduce monocytes and eosinophils.
4. Corticosteroid enhances blood coagulation.
Fluid and electrolytes
1. The use of corticosteroids is associated with water and sodium retention,
thus increase blood pressure, which can lead to the development of heart
failure.
2. CS is associated with loss of potassium.
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Endocrine
1. Corticosteroids are notoriously known to cause Cushing’s syndrome (moon
face, central obesity and increase fat content at the back of the neck).
However, subject’s susceptibility to CS is variable with some having
cushingoid features on 15 mg per day, while for others higher doses can
lead to Cushing’s syndrome. Additionally, weight gain is a common side
effect of CS.
2. Corticosteroids increase gluconeogenesis and blood glucose by 10-20%
while decrease sensitivity to insulin. Patients must have their blood sugar
checked every visit since one-fifth of patients may develop ‘steroid induced
diabetes’ which may necessitate the initiation of hypoglycemic medications.
This form of diabetes is reversible once corticosteroid treatment is
discontinued. Diabetes is not a contraindication to CS therapy, however,
patients should be aware of the fact that their blood sugar control is likely
to deteriorate.
3. Interestingly hypophyseal pituitary adrenal axis can be suppressed even
with a small amount of CS. Treatment for two or more weeks above
physiological levels (greater than prednisolone 7.5 mg/ day), will cause
impairment of endogenous corticosteroids synthesis which could be overt
in acute stress such as trauma or surgery. Therefore, patients must not stop
their CS suddenly.
4. Sex hormones are usually reduced on CS therapy. Sex hormones
(estrogen and progesterone) play an important role in bone metabolism and
they are co-factors in the development of corticosteroid-induced
osteoporosis. Corticosteroids increase serum lipids both total cholesterol
and triglycerides.
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Pregnancy and lactation
1. CS has been reported to increase the risk of cleft lip and palate in animals.
Intrauterine growth retardation in humans has also been reported. CS is
secreted in breast milk in small amounts which can lead to an adrenal
suppression in an infant.
2. CS inhibits growth, the mechanism is fully known, however, it may involve
both, reduction in growth hormone production and direct inhibition on bone
and connective tissue. Low doses of CS (below 10-15 mg) on alternating
days did not lead to a significant growth retardation (unlike other side
effects). However, at such low doses, the efficacy of CS in controlling the
ocular inflammatory disease is lost.
Musculoskeletal
1. After a few years of CS treatment, patients will have an increased risk of
osteoporosis and fracture. Patients given CS have an increased incidence
of fracture (between 10% and 20%). The highest rate of bone loss occurred
within the first 6 months of CS treatment and the rate of bone loss continued
as long as CS is administered. Therefore, patients undergoing long-term
CS therapy should have their bone mineral density checked annually using
dual energy X-ray absorptiometry.
2. Osteonecrosis,

formerly

known

avascular

necrosis

is

a

serious

complication of CS and affects between 5 to 25% of patients and seldom
seen in the first six months. The risk increases with time and dose of
corticosteroid. The head of the femur is commonly involved; however all
large joints could be affected. The earliest symptoms are joint pain and
stiffness, and these should raise the alarm for this dreadful complication.
3. CS reduces muscle protein production and increase protein catabolism
leading to loss of muscle bulk and weakness and in advanced cases
‘steroid myopathy’ develops (mainly in proximal muscles). This side effect
may persist even after stopping CS therapy.
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Behavioural changes
1. The most common side effects are euphoria, mood swings and depression.
2. CS can worsen pre-existing psychiatric problems and, even previously
stable personalities can experience severe depression and become
suicidal (Carpenter and Gruen 1982).
3. Sleep disturbances and insomnia are well-recognized complications.
4. Psychosis usually occurs after two weeks at doses greater than 40 mg
prednisolone per day.
Infection
1. CS increase susceptibility to infections and also infections may be masked
or present in an atypical way and advances to septicemia in patients on CS
therapy.
2. Reactivation of latent TB and varicella infection (shingles).
Gastrointestinal
The three main GI side effects are;
1. Peptic ulcer disease,
2. Candidiasis and
3. Pancreatitis.
Therefore, for practical reasons patients on corticosteroids are prescribed
prophylactic treatment with H2 receptor blocker or proton pump inhibitor, such as
omeprazole.

1.3.13.2

Immunomodulatory therapy for uveitis

Immunomodulatory treatment (IMT) can offer uveitis patients a corticosteroid-sparing
effect with more therapeutic efficacy. Because these agents act by targeting one or
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more aspects of the immune response two agents from different classes can be used
simultaneously. The main indications for starting IMT therapy are shown in table.1-10.

Table 1-10 Indications for initiating systemic non-corticosteroids immunomodulatory therapy
(Dick, Rosenbaum et al. 2018).

Ocular indications
•

Therapeutic indications

An acute sight-threating disease

•

that severe enough to compromise

corticosteroids injections or topical

vision, increase in vitreous haze of

corticosteroids.

2 or more on SUN criteria, or

•

Chronic

and

Presence

of

30 mg per day or more

persistent
•

inflammation
•

Active uveitis while on higher doses
of systemic corticosteroids, such as

relapse of CMO
•

Failure to respond to periocular

exudative

Relapse of uveitis after reducing
the daily corticosteroids to ≤ 10 mg

retinal

detachment

•

Corticosteroids intolerance.

•

Posterior and macular involvement

•

Need

•

Binocular sight-threating disease

for

corticosteroid-sparing

effect.

Certain diseases such as JIA when there are poor prognostic factors for vision loss
such as reduced visual acuity at presentation, posterior segment involvement, the
presence of uveitis complication (cataract, glaucoma, synechiae and ocular hypotony)

1.3.14 Types of immunomodulatory therapy:

1.3.14.1

Antimetabolite: (methotrexate, azathioprine and mycophenolate

mofetil)
Antimetabolites act by inhibiting nucleotide and DNA synthesis thus suppresses
rapidly proliferating cells, such as lymphocytes.
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Azathioprine
Azathioprine is a synthetic, purine analogue. Its mechanism of action is poorly
understood. However, it’s thought that one of its active metabolites, the 6-thioguanine
nucleotides, has a similar structure to guanine and binds to DNA leading to its
fragmentation (Derijks and Hommes 2006, Patel, Swerlick et al. 2006). This effect is
marked in T lymphocytes since these cells rely on the de novo synthesis of purine for
DNA replication (Tiede, Fritz et al. 2003). Thiopurine methyltransferase (TPMT)
enzyme testing is essential before starting azathioprine therapy since patients deficit
with this enzyme, which is involved in azathioprine metabolism, are prone to develop
life-threating severe bone-marrow toxicity (Sayani, Prosser et al. 2005).
The dose of azathioprine is 1mg/kg up to 2.5 -4 mg/kg per day (Jabs, Rosenbaum et
al. 2000). The side effects commonly associated with azathioprine use are
gastrointestinal upset such as loss of appetite, nausea, and diarrhoea. Other side
effects are fatigue and bone marrow suppression (leukopenia, thrombocytopenia, and
anaemia). Nevertheless, azathioprine is well tolerated in patients with ocular
inflammatory diseases (Tamesis, Rodriguez et al. 1996).

Mycophenolate mofetil (MMF) (CellCept®)

MMF is a prodrug of mycophenolic acid, and it is widely used in treating ocular
inflammation. MMF has two main mechanisms of action; firstly, it selectively inhibits
the proliferation T and B lymphocytes so that it suppresses cell-mediated immune
responses and antibody production. This action mediated by reversible blocking of
enzyme inosine 5 monophosphate dehydrogenase involved in the biosynthesis of
purine (Allison 2005). The second mechanism of action is repressing the glycosylation
and the expression of adhesion molecules, thereby reducing the number of
inflammatory cells reaching the site of inflammation (Allison, Kowalski et al. 1993).
MMF also reduces NO synthesised by activated macrophages, and therefore, reduces
tissue destruction (Senda, DeLustro et al. 1995).

MMF was initially used to prevent graft rejection in organ transplantation (Cho,
Danovitch et al. 1995). Then it was used to treat various autoimmune disease, such
as SLE and Crohn’s disease (Adu, Cross et al. 2001, Miehsler, Reinisch et al. 2001).
143

The first published reports for the use of CellCept in ocular inflammation have reported
success in a small cohort of patients (Kilmartin, Forrester et al. 1998, Larkin and
Lightman 1999, Lau, Comer et al. 2003). The control of ocular inflammation with MMF
and reduction of steroid dose ≤10 mg per day was achieved in 82% of patients’ with
chronic non-infectious uveitis (Thorne, Jabs et al. 2005). Analysing data from six
different studies on 241 patients with chronic recalcitrant uveitis showed stability or
improvement in visual acuity, improved inflammatory parameters and reduction in the
number of disease relapses in most patients (Pato, Muñoz-Fernández et al. 2011).

The most common adverse reactions associated with MMF use, are gastrointestinal
upset, leukopenia and increased risk of opportunistic infection (Behrend 2001). Also,
there is an increased risk of lymphoma and other malignancies with an observed
percentage of 0.4 to 1% of patients on MMF. There was a slightly higher incidence of
non-melanoma skin cancer (1.6 - 4 %) (Group 1995, Keown, Häyry et al. 1996).
Contrary to this, in a comprehensive review, MMF was not associated with increased
cancer risk or mortality (Kempen, Gangaputra et al. 2008, Kempen, Daniel et al. 2009).
The recommended daily dose in inflammatory ocular disease is 1 to 3 gm per day.

Methotrexate

Methotrexate is a folic acid analogue that inhibits dihydrofolate reductase enzyme. It
inhibits purine synthesis and thereby inhibits the synthesis of DNA, RNA and other
proteins genes. However, other mechanisms such as suppression of the activity and
the synthesis of inflammatory cytokines and adhesion molecules have also been
reported (Segal, Mozes et al. 1989, Cronstein 1996, Johnston, Gudjonsson et al.
2005). Therefore oral supplements with folic acid are essential to limit drug toxicity.
Methotrexate dose ranges between 7.5- 25 mg weekly, with folic acid 1 mg daily.

Among all other antimetabolites, methotrexate is the most extensively used agent in
ocular inflammatory disease, and it has a long-term efficacy and safety profile both in
children and adults. The lower cost and convenience of use (once weekly
administration) has positioned this drug to be a first-line steroid-sparing agent for many
systemic and ocular inflammatory disease. The main side effects associated with
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methotrexate use are gastrointestinal upset, bone marrow suppression, liver toxicity
and pulmonary fibrosis (Foster, Kothari et al. 2016).

The SITE study (a large retrospective study on 639 eyes in the US, between 1979 and
2007) examining the efficacy of methotrexate in ocular inflammatory disease reported
that methotrexate has a moderate effectiveness in controlling the ocular inflammation
and achieving a corticosteroid-sparing effect (prednisolone ≤ 10 mg/d) (Gangaputra,
Newcomb et al. 2009). In the SITE study, methotrexate was discontinued by 52% of
patients, and side effects were responsible for 16%, and these occurred early in the
treatment course. By one year, methotrexate was discontinued due to lack of efficacy
in 15.5% of patients. Some authors suggested that methotrexate may have better
efficacy in some ocular inflammatory conditions such as JIA (Foeldvari and Wierk
2005), and non-JIA uveitis in childhood. Intravitreal methotrexate at 400 micrograms
in 0.1 ml was successful in improving vision and reducing the amount of CMO in some
patients with uveitis (Taylor, Habot-Wilner et al. 2009, Taylor, Banker et al. 2013).
To conclude, methotrexate has modest efficacy in ocular inflammation. Compared to
anterior uveitis, control of inflammation and corticosteroid-sparing success occurred
less frequently in IU, posterior and panuveitis. Methotrexate therapy was well-tolerated
by most patients, and the risk of severe side effects was little.

1.3.14.2

Calcineurin inhibitors

(T

cells

inhibitors):

cyclosporine

A,

tacrolimus and sirolimus.
Calcineurin inhibitors act by suppressing T-cell signalling, activity and growth.
Cyclosporine is the most commonly used agent in this class at doses ranging from
1-5 mg per kg per day. Cyclosporine suppresses antigen triggered T lymphocytes and
inhibits the expression of pro-inflammatory lymphokines, particularly IL-2, which is
essential for proliferation and maturation of T lymphocytes and amplifies immune
reactions. Cyclosporine also inhibits INF-γ which is necessary for activation of
macrophages (Kacmaz, Kempen et al. 2010).
The analysis of data regarding the efficacy of cyclosporine CsA in non-infectious
posterior intermediate and panuveitis showed varying results concerning drug
efficacy. A study examined the effect of cyclosporine in 56 subjects with posterior,
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intermediate and panuveitis treated with either oral corticosteroid or cyclosporine, did
not show differences between the two groups regarding improvement in visual acuity
or level of inflammation. The inflammation was controlled in approximately 50% of
patients in each group. The efficacy of cyclosporine was not superior to
corticosteroids, however, hypertension and increased creatinine were higher in the
CsA group (Nussenblatt, Palestine et al. 1991). In the same study patients who failed
each drug alone gained additional improvement in disease control when used a
combination of both. However, this was Sandimmune where the bioavailability of
cyclosporine in this formulation was poor.
Doses between 151-250 mg are successful in controlling ocular inflammation. Major
side effects include bone marrow suppression, renal toxicity, hypertension,
hyperlipidemia, gum hypertrophy, hirsutism, and haemorrhage (Foster, Kothari et al.
2016). In the SITE study, drug-related toxicity on cyclosporine was reported in 10.7%
of patients, with renal toxicity and hypertension being the most common side effects.
Interestingly, subjects > 55 years of age were three times more likely to develop drugtoxicity compared to younger subjects (Kacmaz, Kempen et al. 2010).
Tacrolimus
Tacrolimus is a natural metabolite of the bacterium Streptomyces tsukubaensis. The
dose of tacrolimus ranged from 0.05 to 0.2 mg/kg per day. Both tacrolimus and
cyclosporine have a similar action in modulating the immune system, but tacrolimus
has a more potent immunosuppressive effect. Both drugs modulate the activity of
CD+4 T cells via the suppression of interleukin 2 (IL-2) production (Peters, Fitton et al.
1993) an action that is relevant to treating non-infectious uveitis which is a T cellmediated disease. However, in non-infectious uveitis tacrolimus has similar efficacy to
cyclosporine, and was better tolerated. A study compared the effectiveness of
tacrolimus and cyclosporine in posterior uveitis did not find any differences in visual
acuity and improvement in ocular inflammation. However, the side effects of
cyclosporine were higher (hypertension and increase cholesterol levels) (Murphy,
Greiner et al. 2005).
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1.3.14.3

Alkylating agents: chlorambucil and cyclophosphamide
1. Chlorambucil 0.15 mg/kg per day
2. Cyclophosphamide 1 mg/kg per day

These are more potent immunomodulatory agents and are usually reserved for uveitis
unresponsive to other immune suppressive therapies, and are rarely used now.
Cyclophosphamide has a cytotoxic effect on rapidly dividing cells by alkylating
nucleotide bases within the DNA and inducing damage to its structure, thereby
interfering with DNA replication. Cyclophosphamide used as cancer chemotherapy
and for inducing remission in autoimmune diseases such as GPA, polyarteritis nodosa
and kidney disease associated with systemic lupus erythematosus (Durrani,
Papaliodis et al. 2004). It can be given as an intravenous infusion and orally. However,
it is associated with a variety of toxic side effects including sterile haemorrhagic
cystitis, bladder carcinoma, other secondary malignancies, bone marrow suppression
and sterility. Therefore, weekly blood tests monitoring is warranted to screen for drug
toxicity and severe bone marrow suppression (Foster, Kothari et al. 2016).
Studies looking at the effect of chlorambucil in Behcet’s disease, sympathetic
ophthalmia, serpiginous choroiditis and other uveitides showed improvement in
inflammation and stability or improvement in visual acuity (Pato, Muñoz-Fernández et
al. 2011). Cyclophosphamide did not appear useful in Behcet disease (Ozyazgan,
Yurdakul et al. 1992). However, it was effective in controlling other intraocular
inflammatory conditions such as serpiginous choroiditis, none had disease recurrence
while on therapy, and most patients (7 out of 9) achieved prolonged drug-free
remission from 15 to 96 months (Akpek, Jabs et al. 2002). The side effects reported
were: transient bone marrow suppression, nausea, fatigue, and bladder cancer in one
patient. Another study looked at the effect of cyclophosphamide in patients with ocular
inflammatory conditions mainly related to rheumatoid arthritis, and systemic lupus
erythematosus showed favourable outcome (Durrani, Papaliodis et al. 2004). The
vision was maintained in 66% of patients and improved in 21%, and
cyclophosphamide achieved corticosteroid-sparing effect in all patients. However, due
to severe systemic toxicities, these agents are not used currently for ocular
inflammation.
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1.3.14.4

Biologics

A biologic is a therapeutic medical product formed by biological processes, and this
involves a recombinant DNA. Biologics fall into three main categories.
1. Monoclonal antibodies such as, infliximab and adalimumab are known to target
TNFα, rituximab against CD20, which is primarily found on the surface of B
cells. The suffix –mab refers to all monoclonal antibody while the prefix can be
anything. lim in adalimumab relates to the immune system, u is for a human.
The xi in Infliximab and rituximab, is for chimeric (both human and mouse
portions). The tu in rituximab is for a miscellaneous tumour since rituximab was
initially used against B cells, non-Hodgkin’s lymphoma.
2. Fusion proteins of a known receptor added to an immunoglobulin segment, an
example is etanercept which is a TNF receptor attached to IgG1 (Fc)
3. Signalling molecules reproduced via biosynthesis. An example is an interferon.
With regards to targeting cells and signals, biological agents can deplete cells, e.g.
Rituximab anti-CD20, inhibit or modulate function. A biologic agent can also interfere
with signalling molecules (cytokines) in two ways, either inhibit function, e.g. infliximab
and adalimumab or utilise function, e.g. interferon.
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1.3.14.4.1

TNFα and its role in immune responses

TNFα is a potent proinflammatory cytokine that is mainly produced by macrophages
and activated T cells. Other retinal cells also participate in TNFα syntheses such as
microglia, REP, and Müller cells. TNFα is a protein that composed of three identical
polypeptide units. It is present in two forms, transmembrane and soluble. When TNFα
is synthesized its membrane-bound, however, matrix metalloproteinases (MMP)
results in proteolytic cleavage and releases the soluble forms. These two forms will
interact with two types of receptors TNFR1 (p55) and TNFR2 (p75). It was proposed
that p55 receptor is implicated in pro-apoptotic and inflammatory pathways, whereas
p75 is involved in cellular proliferation (Rodrigues, Farah et al. 2009). These receptors
are found on the surface of most body cells. Once the TNFα interacts with the
receptors it initiates a complex intracellular transduction cascade. The outcome of this
interaction depends on many factors including cell and receptor types. TNF receptors
can also present in a soluble form to neutralize TNF, so they act as a natural inhibitors
(Pleyer and Foster 2007).
Classically, TNFα plays a crucial role in the induction and maintenance of an
inflammatory response. TNFα induces proliferation and activation of T cells and
macrophages and upregulates several inflammatory cytokines. Further, TNFα
upregulates the expression of adhesion molecules such as E-selectin and ICAM
(Mulligan, Varani et al. 1991). However, biological roles of TNF α is complex and TNF
can also serve as a mediator of immune regulation. For example, TNF α is implicated
in apoptosis of tumour cells, suppression of autoreactive T lymphocytes, and is a main
cytokine involved in granuloma formation thereby helps containing infectious
pathogens such as mycobacteria.
TNFα is a pleiotropic cytokine that can mediate a wide variety of immune reactions.
These different functions of TNFα can be explained by the type of the receptor
stimulated by TNFα. For example, TNFRp55 is necessary for the inflammatory
reaction in autoimmune diseases, whereas TNFRp75 mediates normal lymphoid
development and immune regulatory functions of TNFα (Kollias 2005). Alternately, the
timing, quantity of TNF α in a specific environment can have a significant influence on
its biological role (Kollias, Douni et al. 1999).
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The role of TNF as a key pro-inflammatory cytokine and has been extensively studied
in experimental autoimmune uveoretinitis (EAU). EAU is a CD4+Th1 mediated
autoimmune reaction against the soluble retinal antigens. This immune response is
mediated by infiltration of antigen-specific T cells and macrophages, and lead to
severe inflammation. The administration of TNFα worsens disease activity while
blocking TNFα resulted in suppression of inflammation. Moreover, the neutralisation
of TNFα activity with TNFp55 fusion protein, inhibits Th1 activity, suppresses the
activity of macrophages and limits tissue damage. Additionally, blocking TNFα in the
retina resulted in a shift in T cell responses from Th1 to Th2, which implies an
immunomodulatory effect (Dick, Forrester et al. 2004).

1.3.14.5

Biologic response modifiers (biologics)

Biologic response modifiers are recombinant proteins or antibodies that aim to target
the inflammatory mediators such as, cytokines/chemokines or their receptors. They
help reduce the inflammation and achieve better disease control. There are different
classes of biologics, including anti TNF agents, anti-IL agents, anti B cell agents,
interferons, anti-vascular endothelial growth factor and antibodies against specific IL
receptors (Levy-Clarke, Jabs et al. 2014) The two extensively studied agents in the
field of ocular inflammatory disease are infliximab and adalimumab, both are antiTNFα monoclonal antibodies (Bhatt, Tucker et al. 2016) (Lee, Bajwa et al. 2014).
The 5 TNFα blockers are:
1.3.14.5.1

Etanercept (Enbrel®)

Etanercept is a fusion protein that neutralises the activity of TNFα and TNFβ
(Lymphotoxin α) by binding to soluble and transmembrane TNF. It consists of an
extracellular ligand-binding portion of TNFRp75 attached to Fc domain of human IgG1.
Etanercept is commonly used at a dose between 20-50 mg once or twice weekly (Zhou
2005). It has been used successfully to treat joint disease in rheumatoid arthritis, but
its efficacy in uveitis patients is not seen (Foster, Tufail et al. 2003, Schmeling and
Horneff 2005). In a randomised controlled trial on 20 patients with recurrent uveitis,
there was no difference in the rate of disease recurrences or visual acuity between
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etanercept and placebo (Foster, Tufail et al. 2003). Similarly, Smith and co-authors
showed no therapeutic benefits with etanercept in patients with JIA related chronic
anterior uveitis (Smith, Thompson et al. 2005) Furthermore there were reports of
uveitis and scleritis occurring on etanercept (Lim, Fraunfelder et al. 2007) (GaujouxViala, Giampietro et al. 2012). Therefore, etanercept is not suitable for non-infectious
uveitis.
The effect of etanercept in ocular inflammation was less impressive when compared
to other anti-TNFα agents, such as infliximab and adalimumab. The differences in
molecular structure between these agents might explain the reduced efficacy of
etanercept. Firstly, etanercept is a fusion protein whereas infliximab is a monoclonal
antibody. Secondly, unlike infliximab, etanercept makes unstable complexes with
TNFα and dissociates quickly leaving active biologic forms of TNF α behind, thus, its
effect in neutralizing TNFα is transient. Thirdly, one receptor binding site on TNFα
molecules remains open even in the abundance of etanercept. Therefore,
theoretically, TNF α molecule has still one active site. Finally, the interaction between
etanercept and transmembrane TNFα is inconsistent and therefore etanercept blocks
the soluble form of TNF α molecule only while infliximab and adalimumab block both
forms (transmembrane and soluble). Thus, etanercept may have a small effect on
signalling pathway via TNFRp75 (Pleyer and Foster 2007).
1.3.14.5.2

Infliximab (Remicade)

Infliximab is a chimeric monoclonal antibody (Calabrese 2003). The antigen binding
(Fab domain) is of mouse origin whereas the (FC portion) is of human origin. It
neutralises the action of TNFα by binding to its soluble and transmembrane forms.
Once infliximab binds to both types of TNFα, it forms stable complexes preventing the
interaction of TNFα and its receptors hence counteracting its biological action
(Scallon, Cai et al. 2002). Further, Infliximab, as well as adalimumab, can destroy cells
that continually express transmembrane TNFα, by complement-mediated cytotoxicity.
Also, they have the ability to activate the complement-dependent cytotoxicity and
induce lysis of activated T cells and macrophages via the membrane attack complex
through the classical pathway (Mitoma, Horiuchi et al. 2008).
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The serum half-life of infliximab is approximately 9.5 days which is longer than
etanercept (4.25 days). Infliximab has FDA approval for rheumatoid arthritis, Crohn’s
disease, ulcerative colitis, ankylosing spondylitis and psoriasis in adults (Levy-Clarke,
Jabs et al. 2014). The commonly used dose is 5-20 mg /kg given as an intravenous
infusion at 0, 2, and six then every eight weeks. It is recommended as a combination
therapy with methotrexate to reduce antibody formation (Lee, Bajwa et al. 2014, LevyClarke, Jabs et al. 2014).
Since infliximab has a mouse portion within its structure, there is a potential for the
development of human anti-chimeric antibodies (HACA), and these can reduce the
efficacy of the treatment after repeated infusions. It is not possible to check for these
antibodies while a patient is on therapy because infliximab in serum counteracts the
test results (Maini, Breedveld et al. 1998). Therefore, these can only be tested after
stopping the treatment. Maini and co-workers showed that concomitant administration
of low-dose methotrexate reduced the percentage of HACA from 53% in patients with
infliximab alone, to 0% when used with methotrexate. Clinical trials have shown that
approximately 10% of patients on infliximab were antibody positive and were more
prone to develop allergic reactions Remicade® (infliximab) leaflet.
In non-infectious uveitis, there is an increasing body of evidence regarding the efficacy
of infliximab in treating ocular manifestations of Behcet’s disease and juvenile
idiopathic arthritis resistant to other immune modulatory agents (Galor, Perez et al.
2006, Al Rashidi, Al Fawaz et al. 2013).
1.3.14.5.3

Adalimumab (Humira®)

Adalimumab is the first fully humanised IgG1 antibody that neutralises TNFα. It acts
like infliximab, by binding to soluble and transmembrane TNFα (Weinblatt, Keystone
et al. 2003). Adalimumab is delivered by subcutaneous injection at doses of 40 mg
every other week or even weekly if necessary aiming for better control of the disease
activity. The mean half-life is approximately two weeks, ranging from 10 to 20 days
Table 1-11(Diaz-Llopis, Garcia-Delpech et al. 2008, Levy-Clarke, Jabs et al. 2014).
Adalimumab is FDA approved for treating rheumatoid arthritis, ulcerative colitis,
psoriatic arthritis, ankylosing spondylitis, Crohn’s disease and plaque psoriasis in
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adults and recently has been approved to treat uveitis in the US. It was used for ocular
inflammation secondary to sarcoidosis, JIA and Behcet’s disease (Callejas-Rubio,
Ortego-Centeno et al. 2006, Vazquez-Cobian, Flynn et al. 2006, Mushtaq, Saeed et
al. 2007). Because of subcutaneous administration, adalimumab has a more stable
delivery and is conveniently administered by patients at home, whereas, infliximab is
given by intravenous infusion in hospitals. Please see Table 1-11.
Since Adalimumab is fully humanised, it appears less immunogenic than infliximab
and theoretically it is associated with less production of Ab and have a better safety
profile. However, there is still a potential for the development of anti-adalimumab
antibodies, and these were responsible for the enhanced clearance of adalimumab.
The concurrent therapy with methotrexate led to decreased adalimumab clearance by
29 % and 44 % after single and multiple dosing, respectively (Tabrizi, Tseng et al.
2006).
Adalimumab was successful in patients with non-infectious uveitis who failed multiple
drug therapy. A higher success rate was reported in paediatric patients with JIA
associated uveitis with 88% responding to treatment; the response was defined either
one or two relapses less than before adalimumab (Biester, Deuter et al. 2007).
Vazquez-Cobian et al. reported reduced inflammation in 80% of patients (9 JIA and
five idiopathic uveitis) for an average of 18 months on adalimumab therapy (VazquezCobian, Flynn et al. 2006).
1.3.14.5.4

Vedolizmab

Vedolizumab is a monoclonal anibody that binds to α4β7 integrin on T helper
lymphocytes, and used mainly in inflammatory bowel disease at doses of 300mg at
0, 2, 4 weeks then every 8 weeks. BNF.NICE.org.UK.
1.3.14.5.5

Golimumab

Golimumab is another fully humanised monoclonal antibody IgG1 anti-TNF α. It has
identical amino acid sequences in both heavy and light chains to infliximab, but unlike
infliximab, it’s fully humanised. Golimumab is given subcutaneously at a dose of 50
mg once a month; however, the treatment can be increased to 100 mg in unresponsive
or patients over 100 kg body weight (Cada, Levien et al. 2009).
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1.3.14.5.6

Daclizumab (IL-2 inhibitor)

Daclizumab is a humanised monoclonal antibody works by binding to CD25, the alpha
subunit of the IL-2 receptor of T cells. The dose is 1-2 mg/kg/IV. A randomised
placebo-controlled trial looked at the effect of Daclizumab in Behcet’s patients found
that Daclizumab lacked efficacy in disease control and corticosteroid-sparing effect
(Buggage, Levy-Clarke et al. 2007). The authors reported that the placebo group had
less

relapses

in

ocular

inflammation,

and

more

significant

reduction

in

immunosuppressive medication compared to daclizumab. This drug was withdrawn
later from the market due to reports of drug-induced autoimmune fulminant
hepatopathy and encephalitis (Perez-Miralles 2018).
Table 1-11 Key features and differences between different types of TNF α agents adopted from
(Pleyer and Foster 2007)

Characteristics

Infliximab

Adalimumab

Etanercept

Type of the drug

Monoclonal ab
Chimeric

Monoclonal ab
Fully humanised

Fusion protein

TNF α interaction
TNF α and drug High-affinity stable High-affinity stable
binding
Membrane TNFα
Good
Good
Blockage
Administration

Unstable
Poor

Route

Intravenous

Subcutaneous

Subcutaneous

Periodicity

0,2,6 then 6
weekly

Weekly to 2 –
weekly

Twice a week to
weekly

3, 5 or 10 mg/kg

20 mg/week to 40
mg/2-weekly

25 mg biweekly,
50 mg /week

10 days

14 days

4 days

High
Increased
Reported
Common

High
Increased
Reported
Common
(less than
infliximab)

low
Increased
Reported
Common
(rare)

dose

Half-life
Side effects
Tuberculosis risk
Lymphoma
Demyelination
Autoantibodies
/anti-drug
antibodies
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1.3.14.5.7

Side effects of anti-TNFα agents

Anti-TNF agents are well-tolerated. However, they can cause several adverse events,
and these include increased risk of infection, development of autoimmune diseases
while on therapy, and immune-mediated resistance to treatment. These antibodies
can be immunogenic (perceived as foreign bodies leading to immune reaction)
resulting in immune reactions against them shortly after their administration (Presta
2006). The spectrum of this immune reaction ranges from local inflammation at the
site of injection, flu-like symptoms, pyrexia to acute anaphylaxis which could be lifethreatening (Chung 2008).
Infection is one of the most important and serious side-effect associated with antiTNFα use. Treatment with biologics will cause a state of acquired immunodeficiency
which predisposes patients to different types of opportunistic bacterial, fungal, and
viral infections. Reactivation of latent TB is a well-recognised complication of infliximab
therapy (Accorinti, Pirraglia et al. 2007), and severe infection with fatal sepsis have
also been reported (Singh, Wells et al. 2010, Levy-Clarke, Jabs et al. 2014). The
predisposition for latent TB reactivation illuminates the fact that TNF plays a
fundamental role in immunity and protective granulomas that contain Mycobacterium
tuberculosis (Keane 2005). In line with this, in Denmark, it has been reported that antiTNF drugs increase the risk of TB reactivation four-fold compared to the general
population (Nordgaard-Lassen, Dahlerup et al. 2011).
Albeit, TNFα antagonists vary in their risk of TB reactivation. A survey of all adverse
events reported with TNFα over a span of 4 years found 129 per 100,000 infliximabgiven patients in comparison to 60 per 100,000 for etanercept (p-value <0.001) (Wallis
and Ehlers 2005). This variation in the risk of TB reactivation reflects the differences
in efficacy between anti-TNFα agents. Infliximab neutralises all biologically active
TNFα. Further, infliximab was shown to induce apoptosis of monocytes and T cells
specifically active against mycobacterial antigens (Wallis and Ehlers 2005). For this
reason, the patient’s tuberculosis (TB) status should be checked before the
commencement of any anti-TNF agent.
TNFα inhibitors have been associated with the development of new or worsening of
pre-existing demyelinating disease, particularly multiple sclerosis MS (van Oosten,
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Barkhof et al. 1996, 1999). Therefore, great caution should be exercised in patients
with intermediate uveitis since some may have, or develop MS (Cunningham and
Zierhut 2010). Interestingly, higher levels of TNFα in CSF of patients with active MS
lesions was shown, and the trial of anti-TNFα in animal studies showed reduced
disease activity (Selmaj, Raine et al. 1991). These findings highlight the dual effect of
TNFα in neuronal disease (Akassoglou, Probert et al. 1997).
Also, cardiac adverse events including congestive heart failure and angina have been
reported with anti-TNFα use. (Hansel, Kropshofer et al. 2010). Moreover, the use of
anti-TNF is associated with the development of antinuclear and anti-double-strand
DNA antibodies which can be a sign of SLE-like syndrome (Ramos-Casals, BritoZeron et al. 2007). However, the development of lupus-like syndrome and
musculoskeletal symptoms is rare, and these generally disappear after discontinuation
of the therapy (Haraoui and Keystone 2006). A lupus-like illness was documented in
some patients who developed polyarthropathy and were positive for anti-ds DNA Ab
(Suhler, Smith et al. 2009). Other rare autoimmune diseases reported with TNFα
blockers are sarcoidosis, inflammatory bowel disease, psoriasis and anterior scleritis
(Levy-Clarke, Jabs et al. 2014).
Finally, because TNFα plays an important role in CD8 lymphocytes function, which
participate in the destruction of tumour cells, there is a potential risk for malignancy in
patients on TNFα blockers. Some patients developed fatal solid tumours on Infliximab,
but the causal relationship was unclear (Suhler, Smith et al. 2009). Also, lymphoma
development in the paediatric population was reported with the use of infliximab (de
Vries, van Oijen et al. 2008). However, Kempton and co-authors in their critical review
and analysis on large observational studies have refuted this notion. Nonetheless, they
have reported that TNFα blockers may allow the pre-existing malignancy to grow faster
but their use do not induce cancer (Kempen, Gangaputra et al. 2008). In line with these
results, a meta-analysis on 29,423 patients on biologics reported that the risk of
malignancy was similar in comparison to other disease-modifying anti-rheumatic drugs
and placebo, with only (0.72%) developing malignancy (Lopez-Olivo, Tayar et al.
2012). However, biologics were reported to increase the risk of lymphoma by 2-3 fold
a risk that is higher infliximab compared to etanercept (Mariette, Tubach et al. 2010).
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TNFα blockers are associated with increased risk of treatment failure, which can be
partly attributed to the immunogenicity of anti-TNFα agents and development of
antidrug antibody (de Vries, Wolbink et al. 2007, Bartelds, Krieckaert et al. 2011).
While the incidence of anti-drug antibody increases with the longer duration, these
antibodies can shorten the clinical response time and increase the risk of infusion
reactions and subsequent discontinuation of the treatment (Plasencia, PascualSalcedo et al. 2012). A meta-analysis of 856 patients with autoimmune inflammatory
diseases, the antibodies against infliximab and adalimumab reduced drug response
by 68%, nevertheless, the simultaneous use of methotrexate or azathioprine
decreased the frequency by almost 50% (Garces, Demengeot et al. 2013).
Contraindications to use of anti-TNFα agents include evidence of active infection,
previous lymphoproliferative disorders, moderate to severe heart failure, chronic
hepatitis B and C, pneumonitis and presence of any demyelinating disorder (LevyClarke, Jabs et al. 2014). Therefore, before initiating anti-TNFα blockers, baseline
laboratory screening including complete blood count, liver function tests, renal function
tests and electrolytes, screening for tuberculosis and hepatitis C and B viruses are
performed.
The anti-TNFα blockers are only approved for systemic administration. There are
several, pilot studies on the use of infliximab via the intravitreal route to treat uveitis,
CMO and macular degeneration. However, it was toxic on the retina, and this was
documented by a decline in electroretinogram amplitude, worsening in microperimetry
and even the development of de novo uveitis (Giganti, Beer et al. 2010).

1.3.14.6

Interferon α (INFα)

Interferon is a cytokine that is secreted by virus-infected cells to help these cells in
resisting viral infections, by causing degradation of viral messenger RNA and inhibition
of protein synthesis. INFα has antiviral, antiproliferative and immunomodulatory
effects. The most common side effects are flu-like symptoms, leukopenia, thyroid
hormone dysregulation and alopecia. There are two different recombinant human INFα s (INF-α2a and INF-α2b). They differ in 1 amino acid only (Foster and Finter 1998)
(Lin and Young 2014). INF-α alters the immune responses towards Th1 stimulating
the activity of cytotoxic cells and natural killers and increases the expression of MHC
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class I antigen on lymphocytes and antigen presenting cells (Belardelli and Gresser
1996, Belardelli, Ferrantini et al. 2002). All of these mechanisms might help in clearing
the offending antigen such as viruses (Kötter, Günaydin et al. 2004). Additionally, other
immunosuppressive effects of INF-α include interfering with the adhesion of T cells to
vascular endothelium, reduction of the ability of neutrophils to phagocytose and freeradicals formation, and reduction of IL-8 secretion by endothelial cells (Kötter,
Günaydin et al. 2004). These actions are relevant to patients with Behcet’s disease
who have hyperactive neutrophils (Accardo-Palumbo, Triolo et al. 2000). Therefore,
the most common uveitis being treated with INFα is Behcet’s disease. Analysis of data
combined from several clinical trials on 215 Behcet’s disease patients with ocular
disease showed that 75% of patients achieved complete remission, 19% partial
remission, 0.5% remained stable, and only 4% deteriorated (Kötter, Günaydin et al.
2004). The same study reported a higher rate of remission with INF-α2a than INF-α2b,
the figures were 91% and 6%, respectively.

1.3.14.7

Anti CD 20 antibody Rituximab

Another important biological agent is rituximab which is a chimeric monoclonal
antibody directed against the CD20 protein. The CD20 molecule is present on mature
B cells but is not expressed on pre-B lymphocytes or plasma cells. Rituximab acts on
CD20 by two main mechanisms: antibody-dependent cell mediated cytotoxicity, and
complement-mediated lysis and apoptosis. Transient depletion of B cells for about 6 9 months, follows the administration of rituximab (Lee, Bajwa et al. 2014, Bhatt, Tucker
et al. 2016).
In ophthalmology, this therapy was tested and proved efficacious in ocular
inflammatory conditions such as cicatricial pemphigoid, scleritis associated
antineutrophil cytoplasmic antibody vasculitis, peripheral ulcerative keratitis and
granulomatosis with polyangiitis (Kurz, Suhler et al. 2009).
There is a small number of studies in the ophthalmic literature regarding the use of
rituximab in uveitis. Eight patients with JIA-related uveitis, and failed anti-TNFα, had
rituximab. Rituximab reduced the level of inflammation and the concomitant use of
steroids for a follow-up time of 15 months. 7 out of 8 achieved clinical remission
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(Miserocchi, Pontikaki et al. 2011). Rituximab achieved clinical remission in 10 patients
who had ophthalmic manifestations of GPA, six of those patients either had recalcitrant
scleritis or had granulomas compressing the optic nerve head or both (Taylor, Salama
et al. 2009). A case report study describes one patient with chronic anterior uveitis
who failed all the immunosuppressive therapy but responded well to rituximab
(Tappeiner, Heinz et al. 2007). However, infusion reactions were as high as 35% and
to minimise this risk some authors advocated the use of methylprednisolone and
antihistamine with paracetamol before and during the infusion (Taylor, Salama et al.
2009).

1.4 Aims of this thesis
This thesis looked at different therapies in two distinct areas in ocular inflammation
(non-infectious and infectious), where the recurrent inflammation or its complications
have a significant risk of vision loss. The research was undertaken to find better ways
to improve disease control, visual outcomes in patients with recurrent uveitis,
particularly those with intermediate, posterior and panuveitis, and those with recurrent
toxoplasma retinochoroiditis. Firstly, the role of biologic agents in disease control and
corticosteroid dose in patients with intermediate, posterior and panuveitis. Specifically,
disease control and corticosteroid dose on different biologics, and the long-term
efficacy of these agents with regards to visual function and disease relapse rate.
Secondly, examining the immunomodulatory effect of high dose simvastatin on oral
corticosteroid dose in patients with intermediate, posterior and panuveitis. Finally, the
role of co-trimoxazole as a chemoprophylactic agent in patients with recurrent
toxoplasmic retinochoroiditis.
Adopting a therapeutic strategy aims to prevent or significantly reduce the risk of
disease recurrence in patients with sight-threatening uveitis may lead to superior
outcomes compared to treating the inflammatory attacks only. We hypothesise that
this strategy minimises the concomitant dose of immunosuppressive therapy, and
improves long-term visual outcomes in patients with sight-threatening diseases.
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2 Chapter Two Role of biological agents in
patients with non-infectious intermediate,
posterior and panuveitis (NIIPPU)
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2.1 Introduction
Commonly, the treatment of non-infectious uveitis starts with corticosteroids (topical,
or systemic). However, patients with non-infectious intermediate, posterior and
panuveitis (NIIUPPU) require heavy systemic immunosuppression to achieve disease
control and prevent future relapses. A study by Tomkins-Netzer and co-workers
showed that approximately half of the patients needed systemic corticosteroid to
control their inflammation (525 out of 1076 patients), and around 60% of patients
required a dose higher than 40 mg per day, and approximately 25% of patients had
one or more second-line agent to control their inflammation (Tomkins-Netzer, Talat et
al. 2014).
Corticosteroid-based immunosuppression is required for a long-term. However, if the
patient requires daily prednisolone dose more than 10 mg to control ocular
inflammation, a corticosteroid-sparing agent is added to help reduce concomitant
corticosteroid dose while maintaining disease control. Also, second-line agents are
introduced if corticosteroids are poorly tolerated, or the underlying disease will likely
need a long-term treatment such as Birdshot, VKH and Behcet disease, (Martel,
Esterberg et al. 2012). Lastly, second-line immunosuppressive agent(s) may help with
disease control in corticosteroid unresponsive cases.
In NIIUPPU lower doses of corticosteroids are usually ineffective, therefore, patients
require long-term high dose to control disease manifestations. For example, in
Birdshot disease high dose oral corticosteroid is used to treat macular oedema and
when the dose drops below 15 mg daily, CMO usually recurs. Since too high
corticosteroid dose for long-term control is required, a second-line agent is imperative.
The concomitant immunosuppression in Birdshot patients resulted in an 83%
reduction in risk of macular oedema (Thorne, Jabs et al. 2005). Therefore, prolonged
immunosuppression in Birdshot disease is warranted, and studies have shown that
long-term treatment reverses visual field loss and the retinal damage seen on optical
coherence tomography (Forooghian, Gulati et al. 2010).
Similarly, in multifocal choroiditis (MFC) and panuveitis, treatment with corticosteroid
alone required doses higher than 10 mg/day to maintain disease control and reduce
the risk of ocular complications such as CMO and CNV. Lower doses (safer) of
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corticosteroid were ineffective in controlling disease manifestations. Therefore,
treatment with corticosteroid-sparing, second-line immunosuppressive drugs is
necessary to reduce the risk of ocular complications and vision loss. A study by Thorne
and co-workers have shown that immunosuppressive second-line drugs decreased
the risk of CMO and CNV by 83% and blindness by 92% (Thorne, Wittenberg et al.
2006). Studies in late-stage VKH confirm the superior results of systemic
immunosuppression in reducing the risk of ocular complications evident by 67% and
92% reduction in the risk of visual impairment and blindness, respectively
(Bykhovskaya, Thorne et al. 2005). In the SITE study, complete suppression of
inflammation decreased the risk CNV by 50% compared to eyes with active uveitis.
The presence of minimally active disease carries the same risk of CNV as the active
one (Baxter, Pistilli et al. 2013). Therefore, a significant portion of patients with NIIPPU
will start immunomodulatory therapy.
However, in the SITE study (large study in the US looked at the effectiveness of
different IMT in uveitis) the corticosteroids-sparing (prednisolone ≤ 10 mg per day)
was only achieved in 36% of patients on cyclosporine at 1-year follow-up. Similarly, in
patients with posterior and panuveitis, on methotrexate, corticosteroid dose dropped
to a safe level in only 21% and 39%, at 6 and 12 months follow-up, respectively.
Likewise, only 47% and 55% of patients on azathioprine and mycophenolate,
respectively, managed to reach safe doses of prednisolone at or before one year
follow-up.
Recently, the safe dose of daily prednisolone dropped to ≤7.5 mg, and the previous
cut-off dose of ≤ 10 mg is not safe for long-term disease control. Therefore, even after
the addition of second-line agents, a significant proportion of patients are still on
relatively high dose of corticosteroid. Moreover, some agents require several months
to show full effect which prolong the time to reduce the corticosteroids. For example,
methotrexate requires several months before reaching its full therapeutic effect, and
patients needed high doses corticosteroids to keep disease under control. Also,
treatment with second-line immunosuppressive agents can be ineffective in controlling
ocular inflammation (patients would normally wait for three months before switching to
another agent and disease is managed solely by corticosteroids). Alternatively, IMT
may be poorly tolerated due to side effect or development of systemic toxicities. At this
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stage biologic agents can be considered. A biologic is a therapeutic drug
manufactured by a biological process that involves a recombinant DNA technology.
The term biologics or biologic response modifiers will be used in this chapter to refer
to infliximab, adalimumab, etanercept, rituximab, and vedolizumab.

2.2 Role of anti-TNFα in ocular inflammation
Research has led to a better understanding of the pathophysiological mechanisms in
uveitis particularly the role of different cytokines in inflammation. But because ocular
inflammatory diseases are heterogeneous and have varying immune response, one
therapeutic agent might not have a similar efficacy across different diseases. For
example, TNFα seems to play a more significant role in inflammatory response in
Behcet disease compared to other uveitides, and therefore Behcet patients respond
better to TNFα blockers. Therefore, a more targeted therapy toward the mediators of
inflammation is now in development and use, and this will created more opportunities
for patients with sight-threatening ocular inflammation.
The advent of agents that interfere with TNFα, whether a monoclonal antibody or a
soluble receptor form, was a significant development in the treatment of autoimmune
disease. Because of the unprecedented success of these agents in conditions such
as rheumatoid arthritis and Crohn’s disease. TNFα is a potent, pro-inflammatory
cytokine that is primarily produced by activated monocytes and macrophages. Other
cells such as T helper cells, neutrophils, mast cells, eosinophils, RPE, microglia, Mϋller
cells, and activated endothelial cells can also contribute to the production of TNFα
(Levy-Clarke, Jabs et al. 2014). It is hypothesised that activated cells release cytokines
that activate transcription factors in the nucleus, which leads to the formation of the
transmembrane form of TNFα which in turn binds to TNFα receptor-1.
TNFα promotes the inflammation in several ways. TNFα induces the production of
potent inflammatory cytokines such as IL-1, IL-6 and chemokines (O'Shea, Ma et al.
2002). Moreover, it induces overexpression of adhesion molecules, and increases the
adherence of neutrophils among other inflammatory cells to vascular endothelium and
makes them more sensitive to IL-1 and IL-6 (Eigler, Sinha et al. 1997, Heiligenhaus,
Thurau et al. 2010). In addition to secretion of effector molecules, TNFα enhances the

163

inflammation by promoting the secretion of growth factors, proliferation factors,
immunoglobulins, and metalloproteinases (Levy-Clarke, Jabs et al. 2014).
Experimental studies showed that there is considerable evidence regarding the role of
TNFα in inducing retinal damage, particularly apoptosis of retinal cells (Dick, Forrester
et al. 2004, Robinson, Ho et al. 2011). The inhibition of TNFα has led to a
demonstrable benefit in Experimental Autoimmune Uveitis (EAU) due to a reduction
in T cell polarisation, INFγ production and lowering the levels of cellular activation,
which led to less target organ damage (Dick, McMenamin et al. 1996).
In autoimmune diseases, TNFα has been reported to be over-expressed in rheumatoid
arthritis, multiple sclerosis and other autoimmune disorders, of particular interest, is
the ability of TNFα to cause erosive arthritis and synovial tissue proliferation even in
the absence of lymphocytes (Kollias, Douni et al. 1999, Owens, Wekerle et al. 2001).
In uveitis, TNFα plays a crucial role in ocular inflammatory diseases. Higher levels of
TNFα were reported in serum and aqueous humour of patients with active uveitis
compared to controls and higher levels of TNFα were associated with recurrent
disease relapse (Santos Lacomba, Marcos Martin et al. 2001). Blocking TNFα in
patients with posterior segment intraocular inflammation resulted in shifting of CD4
cytokine profile in peripheral blood, from pro-inflammatory to anti-inflammatory and
this was associated with significant improvement in visual acuity (Greiner, Murphy et
al. 2004). However, there is evidence that TNFα has a dual mechanism, it downregulates and up-regulates the immune system. For example, MS patients treated with
anti-TNFα showed worsening disease activity and increased demyelination (Kollias,
Douni et al. 1999). Further, blocking the TNFα have enhanced production of other
antibodies such as anti-DNA, nuclear antibodies and anticardiolipin antibodies,
resulting in drug-induced lupus (O'Shea, Ma et al. 2002).
The use of biologics namely infliximab began in rheumatology with unprecedented
success in controlling systemic inflammatory diseases (Weinblatt, Keystone et al.
2003). Several cohort studies and case reports have demonstrated the efficacy of
these agents in non-infectious ocular diseases (Ohno, Nakamura et al. 2004, Sfikakis,
Kaklamanis et al. 2004) (Tugal-Tutkun, Mudun et al. 2005). Recently, biologics are
being prescribed more frequently in ocular inflammatory disease, and the two most
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extensively studied biologics are infliximab and adalimumab. The efficacy of infliximab
was tested in several ocular inflammatory conditions (Behcet panuveitis and vasculitis,
JIA and HLA-B27 associated uveitis, scleritis and Birdshot chorioretinopathy).
2.2.1 VISUAL I, II and III
Recently, two randomised controlled trials (VISUAL I & II) reported better disease
control with adalimumab compared to placebo which led to its approval in noninfectious uveitis (Jaffe, Dick et al. 2016, Nguyen, Merrill et al. 2016). However, the
design of these studies does not relate to the clinical practice since patients on secondline agents had to stop their treatment before enrolling into these trials. Also, these
studies did not report the long-term corticosteroids sparing effect of adalimumab
because corticosteroids were tapered in a relatively short period of time to challenge
the disease and assess the time to relapse on adalimumab (defined as treatment
failure). Moreover, these studies have relatively short follow-up time, and therefore,
the long-term efficacy of adalimumab remains to be proven.
The VISUAL-I and II studies are landmark trials examined the effect of adalimumab
versus placebo in patients with active (VISUAL-I) (Jaffe, Dick et al. 2016) and inactive
(VISUAL-II) (Nguyen, Merrill et al. 2016)non-infectious intermediate, posterior and
panuveitis whom inflammation was controlled on systemic steroids before enrolment.
The aim of the VISUAL I study was to achieve quiescence in eyes with active disease
whereas, in the VISUAL II, the purpose was to assess the ability of adalimumab to
maintain disease quiescence. Both trials reported a significant improvement of median
time to treatment failure on adalimumab compared to placebo. Treatment with
adalimumab significantly reduced the risk of treatment failure by 50% and 43%, in the
VISUAL I and the VISUAL II, respectively.
VISUAL-1 study included patients with active disease, the primary endpoint was time
to treatment failure which was defined as new chorioretinal inflammatory foci, new
vascular inflammatory lesion, increase in anterior chamber cells grade and or vitreous
haze grade and change in vision. The results showed a significant improvement in
time to treatment failure in the adalimumab group compared to the placebo group.
Patients on adalimumab had few treatment failures compared to placebo group, HR
0.5 95% CI, 0.36-0.70; p-value <0.001. Adalimumab reduced the risk of treatment
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failure by 50%, the median time to treatment failure was 13 weeks and 24 weeks for
the placebo and adalimumab group, respectively. Also, the secondary endpoints
(increasing in vitreous haze and anterior chamber cells, and worsening in visual acuity)
were significantly less frequent in adalimumab group compared to placebo (pvalue≤0.01).
In VISUAL I vitreous haze (primary endpoint), was the most common cause of
treatment failure (36%) in the placebo group. Conversely, in the adalimumab group,
the vitreous haze was significantly the least frequent cause for treatment failure (15%),
whereas, increase in anterior chamber activity was the most common. In subgroup
analysis, the efficacy of adalimumab versus placebo was only significant in patients
with idiopathic uveitis and patients without a history of second-line agent use prior
adalimumab treatment. Patients with Birdshot disease or those who used second-line
agent prior commencing adalimumab showed the least favourable response to
adalimumab treatment.
The VISUAL II study, recruited patients with an inactive disease for at least 28 days
before enrolment, and on higher than the recommended dose of corticosteroids (1030 mg prednisolone). The aim was to assess corticosteroid-sparing effect of
adalimumab while maintaining disease quiescence (preventing uveitis relapse). The
primary endpoint was time to treatment failure, which encompassed four different
elements of inflammation (vitreous haze, AC cells, new inflammatory chorioretinal or
vascular lesions, and change in best corrected visual acuity) to examine the efficacy
of adalimumab across different aspects of ocular inflammation.
Treatment failure rates were 55% and 39% in the placebo and the adalimumab groups,
respectively. The median time to treatment failure was not estimated for the
adalimumab group because more than half of the subjects in the adalimumab group
did not relapse, therefore, it was estimated to be over 18 months, while median time
to treatment failure in the placebo group was 8.3 months. The 40th percentile for
treatment failure were 4.8 and 10.2 months in the placebo and the adalimumab
groups, respectively, hazard ratio HR 0.57%, CI 0.39%-0.84%, (p-value 0.004).
Adalimumab resulted in a 43% risk reduction in treatment failure compared to the
placebo. Therefore, adalimumab almost halved the risk of treatment failure and
doubled the time to failure in patients with non-infectious intermediate, posterior and
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panuveitis. The study reported a similar risk of adverse events between the two
groups.
Interestingly, in the VISUAL II trial, the difference in visual acuity between the two
groups was not only the largest, but also the only significant difference among other
endpoints (AC activity, vitreous haze, new chorioretinal and new vascular lesions).
Time to treatment failure due to drop in visual acuity has significantly improved in
adalimumab-treated patients compared to placebo HR 0.33% (95%CI 0.16-0.70%) pvalue= 0.002.
Nonetheless, there are several issues with VISUAL studies that need careful
consideration.
Systemic corticosteroids were the primary therapy used to control the inflammation in
these studies, and patients had to undergo a mandatory taper of prednisolone dose to
zero within 15 weeks in the VISUAL I and 20 weeks in the VISUAL II study. In the
VISUAL I study at day 0 (starting biologics) all patients had 60 mg prednisolone. This
approach substantially contradicts the clinical practice in uveitis for two reasons.
Firstly, treatment with corticosteroids (prescribed as needed) usually undergo a slow
taper and then the dose is adjusted in accordance with inflammatory activity (Jabs,
Rosenbaum et al. 2000). Secondly, even with a gradual taper of corticosteroid, it is not
uncommon to keep patients on a low dose of corticosteroids for more-extended
periods to maintain disease control. Furthermore, in the VISUAL I study, because
patients had a burst of high dose oral prednisolone at the time of starting biologics,
time to disease activity (in both arms) might have been influenced, in other words, time
to treatment failure might be confounded by the high prednisolone dose initially.
Moreover, patients in VISUAL I and II had to stop their second-line immunomodulatory
therapy before starting treatment. Also, both studies excluded patients on two secondline immunosuppressive agents at baseline which might have a selection bias since
patients with more aggressive disease, which require two IMT, were excluded. In
clinical practice, most patients with sight-threating uveitis would have been on an
immunosuppressive corticosteroid-sparing agent(s) before trying biologics and
treatment on a second-line agent is maintained for at least 6 to 12 months before being
gradually tapered if the disease remains well-controlled. By stopping the second-line
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agent prior treatment with adalimumab, these studies did not assess the efficacy
adalimumab on the concomitant use of second-line immunomodulatory therapy, which
is commonly used in uveitis treatment. Therefore, the application of these results in
the real world is quite challenging. Also, these studies did not report the response to
biologics in different uveitis aetiologies, as there is well-recognised heterogeneity
within NIIUPPU groups. Finally, both trials have had a relatively short follow-up time
in a chronic disease, and increase in inflammatory activity was a sign for treatment
failure, which meant that the patient is no longer in the trial. Therefore, the real
assessment of long-term effects of adalimumab in non-infectious intermediate,
posterior and panuveitis was not applicable.
Recently the VISUAL III, a phase 3 open-label study, (it is an extension from the
previous VISUAL studies), ascertained the efficacy and safety of adalimumab in
patients with non-infectious posterior intermediate and panuveitis with active or
inactive disease (Suhler, Adán et al. 2018). At 78 weeks, adalimumab achieved
disease quiescence, improved visual acuity and reduced corticosteroid dose in
patients with active disease, while those with inactive disease continued to have
disease quiescence, stable vision and the vast majority (93%) of those patients were
corticosteroids free at week 78.

2.3 AIMS
Recently, two prospective randomised double-masked trials (VISUAL-I and VISUALII) demonstrated the effectiveness of adalimumab in patients with non-infectious
intermediate, posterior and panuveitis, which has led to the FDA approval for
adalimumab in these patients when treatment with corticosteroids is insufficient for
disease control. However, these studies do not correlate to standard clinical practice,
because patients in these studies had to undergo mandatory corticosteroid reduction
in a considerably short period. Also, it excluded the second-line immunosuppressive
agents from the analysis. Therefore, these trials did not give an insight into the
corticosteroids and second-line immunosuppressive agent sparing, nor did they
analyse the response to biological agents in different diseases aetiology such as
Behcet’s disease, since non-infectious intermediate, posterior and panuveitis is a
group of heterogeneous disorders with well-recognised differences in pathological
immune response.
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Moreover, in addition to adalimumab, which is licensed for uveitis after the VISUAL I
and II trials, infliximab has also been proven effective non-infectious uveitis in many
retrospective and prospective open-label studies. Both are effective in disease control
and corticosteroids sparing, and there is no clear evidence on which one has a better
disease control and superior drug-retention rate. Therefore, comparing their effect is
of great interest for uveitis specialist, because a direct comparison between several
biologics reported inconsistent results. Similarly, studies have reported varying
responses to biologic treatment. For example, rituximab was reported to have a minor
effect on disease control, while etanercept increases the risk of uveitis. Finally, the
question remains with regards to their long-term efficacy, particularly their ability in
maintaining disease control while sparing corticosteroids dose and allowing the
reduction of other immunosuppressive agents.
The study aimed to assess long-term treatment outcomes on biologics in patients with
non-infectious intermediate, posterior and panuveitis refractory to conventional
immunomodulatory therapy. In particular, this work will look at the corticosteroidssparing effect of biologics, dose of second-line immunosuppressive agents, best
corrected visual acuity, the number of disease relapses pre and post biologics and
time to treatment failure (stopping biologics due to poor disease control or
development of side effect). Also, the impact of disease aetiology (especially Behcet
disease), and anatomical location on treatment outcome will be analysed.

2.4 Hypothesis:
Biologic response modifiers help reduces the dose of corticosteroids and second-line
immunosuppressive medications required by patients with sight-threatening noninfectious uveitis and preserve sight.
The primary endpoints that relate to this question
Corticosteroid dose and second-line immunosuppressive drug levels (therapeutic
dose or below therapeutic dose) at baseline, 3, 6, 9 and 12 months, then at 2, 3, 4 and
five years. Finally, the effect of biologic treatment on the best corrected visual acuity
in LogMAR units at these time points.
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Null hypothesis: The mean differences in prednisolone dose would be unchanged
following treatment with biologic response modifiers.
Alternative hypothesis: Prednisolone dose will change significantly following treatment
with biologic agents.
What will be the primary statistical analysis of that endpoint?
Different statistical methods were employed, and these were based on the question to
answer and the type of data being analysed. Please see the statistical section below.
Secondary (exploratory analyses)
1. Comparing disease control and corticosteroid-sparing on adalimumab and
infliximab.
2. Time to prednisolone dose less than 10 mg per day.
3. Time to treatment failure on biologics, (time to stopping or switching to another
biologic due to poor disease control or development of side effect, with direct
comparison between adalimumab and infliximab.
4. Effect of biologics on Behcet versus non-Behcet disease patients with regards
to disease relapse and safe corticosteroid dose.
5. Report the safety of biologics in uveitis patients.

2.5 Methods
This is a retrospective study aiming to examine the effect of biologics on patients with
non-infectious, non-anterior uveitis. Ethical approval for this project was obtained from
the Department of Research and Development at Moorfields Eye Hospital (MEH)
under (ROAD16039) (Visual loss in uveitis). Patients with a history of non-infectious
uveitis presented to MEH from May 1995 to June 2018 were identified by searching
the database for the following terms; biologics and Humira, infliximab, adalimumab,
rituximab, TNFα, anti-TNF alpha in any context within the letter body on OpenEyes
system). This search was performed by the data management division at MEH on
OpenEyes software (Electronic database for Moorfields patients). Uveitis has been
classified according to the Standardization of Uveitis Nomenclature (SUN) Working
Group criteria (Jabs, Nussenblatt et al. 2005). Chest radiographs, Mantoux and/or
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Quantiferon tests were performed for all patients to ensure no current TB infection.
Also, patients were screened for malignancy and present infection prior starting
biologic response modifiers.

2.6 Data collection
Data were obtained retrospectively from medical records and included patient
demographics (age, gender, and ethnic background), age at first presentation, eye
involved and whether the patient has a unilateral or bilateral disease, systemic
association, anatomical location of the uveitis (Intermediate, posterior or panuveitis)
and disease aetiology (if known). The number of disease relapses before biologic
treatment, time of initiation of biologics, type of biologics, indication for the biologics
treatment (ocular versus systemic), time of stopping or switching to another biological
agent and reason. The number of flares during treatment with biologics and time of
first disease relapse were recorded for relapse-free survival analysis along with the
date of first and last visit. Corticosteroid dose, and type and dose of second-line
immunosuppressive agent, best corrected visual acuity were recorded for each patient
in the study at time of presentation, starting biologics (baseline), 3 months, 6, 9
months, 1, 2, 3, 4 and five years, and at last follow-up visit or last visit on biologics if it
was stopped. The BCVA, was recorded at each pre-specified time points in Snellen
format (pinhole or manifest refraction), and this was collected and transferred to the
logarithm of the minimal angle of resolution (LogMAR) for statistical analysis. Visual
acuity at last follow-up visits was recorded and classified into moderate vision loss
(MVL) VA ≥6/15 and < 6/60, severe vision loss (SVL) defined as ≥ 6/60, and the cause
of vision loss was recorded. For Snellen visual acuity outside the values presented in
Table 2-1, the LogMAR equivalents were obtained from an online website, Figure 2-1
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Table 2-1 LogMAR and Snellen equivalent for BCVA

LogMAR

Snellen Equivalent

1.0

6/60

0.9

6/48

0.8

6/38

0.7

6/30

0.6

6/24

0.5

6/19

0.4

6/15

0.3

6/12

0.2

6/9.5

0.1

6/7.5

0.0

6/6

-0.1

6/5

-0.2

6/4

-0.3

6/3

Figure 2-1 Snellen to LogMAR online calculator

Web address http://www.myvisiontest.com/logmar.php
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The initial survey from Jan 2001- August 2016 at MEH revealed 898 patients, (the run
date was 12/08/2016). After manually surveying all patients we identified 329 who had
no biologics given and 569 who had biologics treatment. From those on biologics 165
and 118 patients had biologics for corneal/scleral and orbital disease, respectively. Of
the remaining 286 patients, 4 had biologics for lymphoma and others were given
biologics for other illnesses such as haemolytic anaemia. The remaining 280 patients
had their biologics for uveitis. We reviewed patients with uveitis again and those with
anterior uveitis (188 patients) or inadequate data (10 patients) were excluded, and
only 82 patients (200 eyes) were eligible for analysis.

2.7 Definitions
2.7.1 The non-therapeutic dose of immunomodulatory agent
Non-therapeutic dose for each of the second-line immunosuppressive agent is
shown below:
•

Azathioprine <150 mg per day

•

Methotrexate <10 mg per week

•

Mycophenolate mofetil <1000 mg per day

•

Cyclosporine < 3 mg per kg per day

•

Tacrolimus < 3 mg per day.

Because biologics (perceived as foreign antigens) can trigger an immune reaction,
sometimes a lower than optimal dose of second-line immunosuppressive agent is
used with them. This aims to reduce the risk of development of anti-drug (biologic)
antibodies which helps prolong drug efficacy and also reduces the risk of occurrence
drug reactions and other auto immune diseases while on biological therapy. In these
situations and after achieving disease control mainly by biologic agent the IMT dose
is significantly reduced but not completely stopped. The IMT is not taken primarily to
achieve an immune modulation due to lower than recommended doses. Therefore, a
lower than the usually recommended dose of IMT is used to help prolong drug efficacy
and these doses are regarded as non-therapeutic as shown above. However, an
immunosuppressive effect cannot be ruled out even with lower doses of IMT.
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2.7.2 Relapses
Relapses are defined as new ocular inflammation or worsening of pre-existing
inflammation necessitating treatment intensification, as per previous study (Vallet,
Seve et al. 2016).
1. Increase in disease activity (one step or more according to the sun criteria) (AC
activity, vitreous activity with or without CMO or chorioretinal or vascular
lesions. New area(s) of retinitis in patients diagnosed with Behcet disease or
2. Recurrence of CMO of worsening of preexisting one (increases in central retinal
thickness)
3. Reduction in visual acuity that cannot be explained by any cause other than
inflammation.
4. Increase or initiation of oral/topical periocular or intravenous corticosteroids
(methylprednisolone) administration.
5. Addition of another immunosuppressive agent or increasing the dose after
being on a maintenance dose.
2.7.3 Treatment failure
1. Inadequate or poor response to treatment (persistent disease activity and or
frequent flare-ups that requires an increase in corticosteroid dose or use of
periocular steroids injection) that ultimately resulted in stopping or change to
another biologic agent.
2. Development of allergic reactions.
3. Treatment-related side effects (demyelination).
2.7.4 Disease control (remission)
Disease control was defined as disease quiescence for at least three months (time to
first relapse ≥ 3 months after starting biologics).

2.8 Inclusion criteria
1. Patients with non-infectious intermediate, posterior and panuveitis.
2. At least three months of follow-up.
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3. Treatment with biologics was primarily indicated for ocular disease, and
patients with uveitis who have had their biologic treatment for inflammatory
bowel or joint disease were also included.
4. No age limit for patient selection

2.9 Exclusion criteria
1. Patients with infectious uveitis
2. Biologics indicated for anterior uveitis, corneal disease, orbital pathology or
scleritis.
3. Treatment stopped early (less than three months). Early discontinue of
treatment due to funding issues or allergic reaction or reactivation of miliary TB
(1 case).

2.10 Statistical tests
Descriptive statistics were used including sample size, percentages, and standard
errors. Assessment for normality of distribution was performed using graphical
methods and Shapiro-Wilk test. Continuous data are presented as means± standard
error of the mean (SEM). Non-continuous data are presented in median and
interquartile range (IQR). The accepted level of significance for all tests was α ≤0.05.
The Kaplan-Meier estimator was used to examine survival from the recurrence of
ocular inflammation, treatment failure and achieving a prednisolone dose of 10 mg per
day with log-rank (Mantel-Cox) to compare the survival analysis curves.
Generalised estimated equation (GEE) was used to compare the change in mean
BCVA and the number of flare-ups per year throughout the follow-up time, adjusting
for the time of follow-up and correlations between the two eyes of the same patient.
Repeated measure ANOVA and Bonferroni adjusted for type I errors as post hoc
analysis (after rejecting the null hypothesis) was used to analyse change in dose of
prednisolone over time.
Chi-square and Fisher’s exact tests to compare the proportion of patients who had a
therapeutic versus nontherapeutic dose of the second-line immunosuppressive agent.
Multivariate analysis and odds ratio (OR) with 95% confidence interval (CI) for
treatment failure was calculated using Cox regression model while adjusting for
175

correlation between the two eyes of the same patient and accounting for the variable
follow-up. Only factors with a significance level of at least 0.1 on univariate analysis
were included in the multivariate model. SPSS (Version 24, IBM, USA) was used for
analysis.

2.11 RESULTS
2.12 Demographics
This study included 82 patients (32 females and 50 males), 76% of patients were
white. Age at the time of diagnosis was 33.9 ± 1.7 SEM years (range 4.4 - 69.5 years),
74 patients (90%) had bilateral uveitis whereas, a unilateral disease was observed in
only eight patients (10%), 156 eyes were included (80 right), 42 diagnosed as
intermediate uveitis, 31 posterior uveitis and 83 with panuveitis. In 116 out of 156 eyes
(74.3%), uveitis was associated with a specific systemic disease such as, Behcet
disease and HLA B-27 spondyloarthropathy among others, whereas in the remaining
(25.7%), the diagnosis was idiopathic uveitis in 32 eyes (20.5%), and 8 (5.2%) had a
known ocular disease without known systemic involvement namely; PIC, MFC,
Birdshot and idiopathic serpiginous choroidopathy. Table 2-2 summarises the
demographic information regarding eyes treated with all biologic agents, and Table 23 displays disease aetiologies
Mean follow-up duration was 8.67 years ± 5.54 SD, range from 0.79 - 26.1 years.
Average age at starting biologics (baseline) was 37.8±1.8 years (range 5.5-69.9
years). The median follow-up after initiation of biologics was 4.30 years, IQR 1.676.26 years. The mean length of follow-up after baseline was 5.1±0.49 SE years (388
eye-years). For 29 patients (35.4%) follow-up was longer than five years, mean followup was 8.56 ± 0.58 SEM (range 5.09-16.61 years). The first biologic agent was
infliximab in 76 eyes; adalimumab in 60 eyes; etanercept in 4 eyes; rituximab in 14
eyes and vedolizumab in 2 eyes Table 2-4. The mean duration of treatment with
infliximab was 3.09 ± 0.38 SEM years, and for the adalimumab, the mean treatment
duration was 3.08± 0.34 years. Table 2-5 includes demographic data for those only on
infliximab and adalimumab.
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Table 2-2 Patients demographics and anatomical type of uveitis.

Patient’s demographics

Number (%)

Female

32 (39.02)

Right eye

80 (51.28)

Ethnicity
White

53 (64.6)

Asian

11 (13.4)

African

1 (1.3)

Others

17 (20.7)

Age at baseline, years, mean ± SEM

37.8±1.8

Prednisolone dose at base line, mg/day, mean ± SEM

16.4±1.7

Anatomic type of uveitis
Intermediate uveitis

42 (26.9)

Posterior uveitis

31 (19.9)

Panuveitis

83 (53.2)

Second-line immunosuppressive drugs
None

24 (29.25%)

Mycophenolate

28 (34.25%)

Methotrexate

19 (23%)

Azathioprine

6 (7.5%)

Tacrolimus

2 (2.5%)

Cyclosporine

3 (3.5%)
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Table 2-3. Disease aetiology

Disease aetiology

Number of eyes (%)

Behcet disease

51 (32.7)

Vasculitis

8 (5.1)

HLA-B27 related uveitis

25 (16.0)

Vogt Koyanagi Harada syndrome

6 (3.8)

Sarcoidosis

8 (5.1)

Systemic lupus erythematosus

3 (1.9)

Serpiginous choroiditis

2 (1.3)

Takayasu vasculitis

1 (0.6)

Punctate inner choroidopathy

2 (1.3)

Rheumatoid arthritis

4 (2.6)

Multifocal choroiditis

2 (1.3)

Idiopathic uveitis

32 (20.5)

Juvenile idiopathic arthritis

6 (3.8)

Blau syndrome

2 (1.3)

Birdshot chorioretinopathy

2 (1.3)

Multiple sclerosis related uveitis

2 (1.3)

Table 2-4 First biologic drug and the corresponding number of eyes

First biologic drug

Number of eyes (%)

Infliximab

76 (48.7)

Adalimumab

60 (38.5)

Etanercept

4 (2.6)

Rituximab

14 (9.0)

Vedolizumab

2 (1.3)
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Table 2-5. Demographic data for patients treated with infliximab and adalimumab

INFLIXIMAB
Number of eyes
Age years± SEM
Gender
Treatment duration
Disease aetiology
Behcet disease
Idiopathic uveitis
HLA B 27
Rheumatoid arthritis
Sarcoidosis
JIA
PIC
Birdshot
MFC
Blau syndrome
Serpiginous chroiditis
Idiopathic vasculitis
VKH
Anatomical location
Intermediate
Posterior
Panuveitis

BCVA
Corticosteroid dose
Second line agent
MMF
CYC
TAC
MXT
AZA
None

ADALIMUMAB

76 EYES
39 patients
35.02± 2.43
Females 14 (35.9%)
3.08 ± 0.53

60 EYES
31 Patients
37.46± 2.66
Females 14 (45%)
3.08± 0.34

18 (46)
7 (18)
4 (11)
1 (2.5)
2 (5)
0
0
0
1 (2.5)
1 (2.5)
2 (5)
1 (2.5)
3 (7)

8 (26)
8 (26)
7 (23)
1 (2.5)
2 (5)
3 (10)
1 (2.5)
1 (2.5)
0
0
0
0
0

7
8
24

10
3
18

0.44±0.07
15.57±2.30

0.44±0.07
17.78± 2.86 mg

11
1
1
11
5
1

11
1
2
11
3
3

P-value

0.5*

0.39 **

MMF(mycophenolate mofetil), CYC (cyclosporine), TAC (tacrolimus), MXT (methotrexate), and AZA
(azathioprine). MFC (multifocal choroiditis), VKH (Vogt Koyanagi Harada disease), JIA (Juvenile
idiopathic arthritis).

*independent t test
** Mann Whitney
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For non-Behcet disease cohort, the study included 56 patients (105) eyes. The mean
age at first presentation was 34.07 ± 2.38 SEM years, range from 4.38- 69.55 years,
the median was 36 years, and IQR was 19-48 years. The mean follow-up duration was
9.45 ± 0.78 years, the median follow-up time was 8.09 years, IQR 4.72-13.85 years,
and range from 1.34 to 26.10 years. There were 31 males (55.4%) and 25 females
(44.6%). The anatomical location of uveitis was as follows; 24 patients (42.9%) had
panuveitis, 11 patients (19.6%) had posterior uveitis and intermediate uveitis in 21
patients (37.5%). With regards to patients’ ethnicity 34 patients (61%) were white,
eight patients were Asian/Indian (14%), one patient (2%) was African and 13 patients
(23%) ethnicity was not stated. Mean corticosteroid dose at starting biologics was
14.69 mg ± 2.00 SEM, median 10 mg, and IQR 3.25-20 mg. Mean best-corrected
visual acuity (BCVA) at presentation was 0.40 LogMAR unit ± 0.05 SEM, median 0.17
LogMAR unit, (IQR 00.0-0.47).
For Behcet’s disease cohort, the study included 26 patients (51) eyes. The mean age
at first presentation was 33.46 ±1.59 (SEM) years, range from 20- 50 years, the
median was 33 years, IQR 28- 40 years. The mean follow-up duration was 7.09 ± 0.84
years, the median follow-up time was six years, IQR 3.50-10.67 years, and range from
0.89 to 15.69 years. There were 20 males (77%) and six females (33%), with a male
to female ratio of approximately 3:1. The anatomical location of uveitis was as follows;
19 patients (73%) had panuveitis, six patients (23%) had posterior uveitis and
intermediate uveitis in one patient (4%). With regards to patient’s ethnicity, 19 patients
(73%) were white, three patients were Asian (12%), and four patients (15%) the
ethnicity was not stated. Mean corticosteroid dose at starting biologics was 18.55 mg
± 2.84 SEM, median 15 mg (IQR 10-20 mg). Mean best-corrected visual acuity (BCVA)
at presentation was 0.38 LogMAR unit ± 0.56 SD, median 0.17 LogMAR unit, (IQR
00.0-0.60).
Eyes with posterior uveitis constitute 19.9% of the total number of eyes included in the
study. The different disease aetiologies presented with posterior uveitis include
vasculitis, multifocal choroiditis MFC, systemic lupus erythematosus (SLE), punctate
inner choroidopathy (PIC), serpiginous choroiditis, Takayasu arteritis, Birdshot
disease and Behcet patients (6). 42 eyes (22) patients had intermediate uveitis
(26.9%), the most common diagnosis was idiopathic intermediate uveitis (pars planitis)
in 9 patients, followed closely by seronegative spondyloarthropathy 6 patients
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(ankylosing spondylitis, psoriasis and ulcerative colitis) and 1 patient with each of the
following (Behcet disease, sarcoidosis, ANCA+ vascualitis and JIA), one patient had
initially intermediate uveitis and developed multiple sclerosis later on, and two patients
had rheumatoid arthritis. Most patients with seronegative spondyloarthropathy and
rheumatoid arthritis had their biologic treatment started for their systemic disease.
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2.13 Corticosteroids dose analysis
The average prednisolone dose for all the study population at baseline was 16.4±1.7
SEM mg/day. The mean reduction of oral prednisolone dose from baseline and over
the five years period of follow-up was analysed using One-Way repeated measure
ANOVA with Greenhouse- Geisser correction for significance. Mean corticosteroid
dose reduced by six months to 6.48 ± 0.69 SEM mg/day (p<0.001), and remained
stable for up to five years follow-up. Figure 2-2. The mean prednisolone dose, at five
years on biologics, stayed stable at 6.25 ± 2.0 SEM. There was a significant difference
in mean prednisolone dose between the baseline (time starting biologic treatment) and
all the other time points (3, 6, nine months, and 1-5 years), using Post hoc testing
(pairwise comparisons). The mean difference in oral prednisolone dose between
baseline and three months was 2.61 (p-value were 0.019), then the difference became
highly statistically significant, from 6 months onwards with mean difference ranging
from 6.1 to 8 mg, the corresponding p-values range between <0.001 and 0.005, Table
2-6.
Table 2-6 Mean reductions of oral prednisolone dose from baseline. The result was statistically
significant at three months and remained highly statistically significant from 6 months up to five
years follow-up. * Statistically significant, ** highly statistically significant.

Baseline vs

Mean difference

Standard Error

P-value

Three months

2.615*

1.073

*.019

Six months

7.052*

1.451

**.000

Nine months

6.469*

1.992

**.002

One year

7.698*

1.759

**.000

Two years

7.969*

1.819

**.000

Three years

6.385*

1.956

**.002

Four years

6.177*

1.793

**.001

Five years

6.698*

2.252

**.005
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Figure 2-2 Mean change in prednisolone dose on biologics over five years follow-up. At starting
biologics, the mean daily prednisolone dose was 16.4 mg. However, on biologics the mean
prednisolone dose reduced significantly from 3 months follow-up. Then mean prednisolone
dose remained significantly lower compared to the baseline dose at all follow-up times. *
Statistically significant, ** highly statistically significant. Please refer to table 2-6 for the mean
differences and the corresponding p values.

When comparing the dose of prednisolone at three months’ with all other time points,
there was still a statistically significant difference. However, this effect was lost from 6
months onwards (there was no statistically significant difference between mean
prednisolone dose at 6 and nine months up to 5 years follow-up. Between the nine
months and one year, there was a statistically significant difference between mean
prednisolone doses; however, this was only marginally significant (p-value 0.043).
Similarly, there was a substantial difference between two and four years follow-up (pvalue =0.037) but not at any other time points. Finally, at last follow-up visit on biologics
mean prednisolone dose was 4.91 ± 0.76 SEM, comparing the mean reduction of oral
prednisolone dose from baseline (initiation of biologics) and last visit on biologics
showed a highly statistically significant difference, with a mean difference of 11.38 ±
1.74 SEM; (95% CI 7.90 - 14.85), (p-value<0.001, paired sample t-test), Figure 2-3.
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Figure 2-3. Prednisolone dose at baseline (starting biologics) and last follow-up visit on biologic.
There was a significant reduction in mean daily prednisolone dose on biological therapy (pvalue<0.001, paired sample t-test).

Moreover, among those with follow-up longer than five years, prednisolone dose
remained stable and the mean daily prednisolone dose at ten years was 5.8 ± 3.07
SE mg/day and 4.14 ± 1.01 mg at last visit on biologics. Not only was the dose of
prednisolone reduced, but also the proportion of patients on less than 10 mg
prednisolone per day was also significantly reduced, with 92% of patients achieved a
daily prednisolone dose of less than 10 mg by a median of 3 months, Figure 2-4,
interquartile range IQR 0-9 months. The proportion of patients on daily prednisolone
dose of < 10 mg per day at three and six months were 52.4% and 63.4%, respectively.
At the time of starting biologics, 72% of patients had daily prednisolone dose of 10 mg
and above, whereas at last follow-up visit on biologics the proportion of patients on ≥
10 mg prednisolone dropped to only 18.7%, (p-value <0.001, McNemar, two-sided
test).
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Figure 2-4. The proportion of patients on daily prednisolone dose less than 10 mg per day. After
starting biological therapy, 92% achieved daily prednisolone dose of < 10 mg by a median of 3
months
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2.13.1 Comparing Behcet versus non-Behcet disease patients with regards to
corticosteroid dose reduction
The analysis of daily oral prednisolone dose in Behcet disease (BD) shows, from three
months onwards, a highly statistically significant reduction in oral prednisolone dose
which was persistent across all study visits. Whereas, for non-Behcet disease patients,
the initial decrease in oral prednisolone dose was less impressive (marginally
significant) and also a non-significant difference of prednisolone dose compared to
baseline was recorded at one and three years follow-up, Figure 2-5 and Table 2-7.

Figure

2-5

reduction

in

mean

prednisolone dose in Behcet disease
(BD)

versus

non-Behcet

disease

patients.
(Top)

Non-Behcet.

There

was

a

statistically significant (*) reduction in
mean daily prednisolone dose at three
months on biologics. But the reduction
became none significant compared to
baseline at one and three years followup.
(Bottom) BD showed a higher baseline
prednisolone dose compared to other
diseases.

However,

a

superior

corticosteroid sparing was achieved on
biologics, and the reduction in mean
prednisolone

dose

was

highly

statistically significant (**) at all followup visits. Also, the mean prednisolone
was less than 5 mg/ day at last followup.

Please refer to

table 2-7 for

corresponding p values.
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Table 2-7 Prednisolone dose for Behcet and non-Behcet disease patients, the reduction in mean
oral prednisolone dose was consistently highly statistically (**) significant from three months
until the last follow-up in Behcet patients compared to a non-Behcet disease.

Comparing prednisolone at baseline versus other follow-up visits
TIME

Behcet disease

Non-Behcet disease

(Months)

(P-value)

(P-value)

Three months

** 0.001

*0.03

Six months

**<0.0001

**<0.0001

Nine months

**<0.0001

**0.005

12 months

**<0.0001

0.12

24 months

**<0.0001

**0.001

36 months

**<0.0001

0.08

48 months

**<0.0001

**<0.0001

60 months

**<0.0001

**<0.0001

* Statistically significant, ** highly statistically significant

2.13.2 Time to prednisolone dose less than 10 mg/day
We analysed the time to prednisolone dose < 10 mg per day, this analysis included
55 patients (those whose prednisolone dose was below 10 mg (23 patients) or
unknown (4 patients) at time of starting biologics were excluded). Out of 55 patients,
22 have a diagnosis of Behcet disease, and 33 patients were non-Behcet disease
patients. On biologics, 47 out of 55 patients (85%) achieved a daily prednisolone dose
less than 10 mg at an estimated mean of 1.59 ± 0.36 SEM years; 95%CI 0.88 - 2.30
median time was 0.52 ± 0.10; 95%CI 0.32-0.73 years. Figure 2-6.
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Figure 2-6 For all study population, the estimated mean time to prednisolone dose less than 10
mg per day, was 1.97 ± 0.30 SEM years; 95%CI 1.37-2.56.

The estimated mean time to prednisolone < 10 mg per day for the non-Behcet disease
patients was 1.99 ± 0.54 years; 95% CI 0.92 - 3.05, median time 0.67 ± 0.12 SEM;
95% CI 0.43 - 0.92. For Behcet disease patients the estimated mean time was 1.02 ±
0.34; 95%CI 0.35-1.69, median time is 0.49±0.22 SEM; 95%CI 0.06-0.93. Although
the mean time for Behcet patients is almost half than those with non-Behcet disease
patients, a comparison between the two groups did not show a statistically significant
difference in time to prednisolone to less than 10 mg per day, (p-value =0.19, Log
Rank, Mantel-cox, Test), Figure 2-7.
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Figure 2-7 Comparison between BD and none BD patients in mean time to prednisolone dose
<10 mg/day shows a statistically non-significant difference between the two groups (p-value=
0.19).

Analysing data from 70 patients, 39 (47.7%) on infliximab and 31 (37.8%) on
adalimumab. The median time to prednisolone dose of less than 10 mg daily for the
infliximab group was six months versus three months for the adalimumab group, but it
was non-significant (p-value 0.32), Log-Rank test, Figure 2-8. The estimated mean for
the infliximab group was 13.60 ± 5.55SEM, 95%CI 2.71- 24.48, median 6.34± 0.99
months, while for the adalimumab group the estimated mean was 7.78 ± 2.21, 95%CI
3.44- 12.11, estimated median 3.02 months. Patients on rituximab achieved a safe
dose of prednisolone (<10mg/day) by nine months. The numbers for etanercept and
vedolizumab, were 6 and three months, respectively, however, the number of cases
was relatively small compared to other biologics. Time to prednisolone <10 mg/day on
different biologics is displayed in Table 2-8.
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Figure 2-8 Infliximab versus adalimumab in time to prednisolone dose under 10 mg per day. There
was no statistically significant difference in time to prednisolone dose less than 10 mg per day, (p
value 0.32, Log-Rank test).

Table 2-8 median time to prednisolone less than 10 mg per day among different biologic agents.

Time to prednisolone <10mg/day, months,

Median (95% CI)

Infliximab

6.0 (3.37-8.63)

Adalimumab

3.0 (1.77-4.23)

Etanercept*

6.0

Rituximab

9.0 (0.68-17.32)

Vedolizumab*

3.0

CI- confidence interval
* Few cases, unable to generate 95% CI.
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For non-Behcet disease patients, the median time for prednisolone dose less than 10
mg per day on infliximab was three months (95%CI 0-12), and for adalimumab, the
median was three months (95%CI 0-9). There was no statistically significant difference
in median time to prednisolone dose less than 10 mg per day between these two
biologics, (p-value= 0.45). Figure 2-9. Similarly, for Behcet disease patients the
median for infliximab was six months and for adalimumab was three months, but there
was no statisticaly significant difference between these two biologics (p-vaue= 0.42).
Figure 2-10.
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Figure 2-9 Comparing infliximab versus adalimumab in time to prednisolone under 10 for nonBehcet. The median for infliximab was 3 months (95% 0-12); adalimumab median 3 months (95% CI
0-9), (p-value=0.45)

Figure 2-10 Time to prednisolone under 10 mg adalimumab versus infliximab in Behcet disease
subjects. The median for infliximab was 6 months (95%CI 3-9 months), adamilumab median 3
months (95%CI 3-6) (p-value=0.42)
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2.13.3 Mean reduction in daily prednisolone dose on infliximab versus
adalimumab
The third analysis compared the mean dose of corticosteroids on both infliximab and
adalimumab at baseline and subsequent follow-up visits on biologics. This analysis
included 70 patients (39 on infliximab and 31 on adalimumab). The mean prednisolone
dose at baseline for patients on infliximab was 15.57± 2.30 SEM and for adalimumab
group was 17.78± 2.86 mg. There was no significant difference in mean prednisolone
dose between the two biologics at baseline (p-value=0.54, Mann Whitney U test, twosided). Figure 2-11.
Figure 2-11 Analysing the mean prednisolone dose at baseline (starting biologics) shows no
significant difference between infliximab and adalimumab (p-value=0.54, Mann Whitney U test,
two-sided).
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At last follow-up visit on biologics the mean prednisolone dose for infliximab group was
4.57± 0.78 mg, and for the adalimumab group, it was 3.29± 0.71 mg. There was no
significant difference between these two biologics at last visit, (p-value =0.29, Mann
Whitney U test, two-sided). Figure 2-12.
Figure 2-12 Analysing the mean daily prednisolone dose between infliximab and adalimumab at
last follow-up visit shows no statistically significant difference (p-value=0.29, Mann Whitney U
test, two-sided). Both drugs seems to have similar efficacy with regards to corticosteroid sparing.

Similarly, there was no statistically significant difference between these two biologics
at all follow-up visit. Please see table 2-9 and Figure 2-13.
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Table 2-9 Mean prednisolone dose at all study follow-up visits for infliximab and adalimumab
groups. There was no statistically significant difference between the two groups (p-value >0.05).

Mean prednisolone dose (mg)

P-value

Infliximab

±SE

Adalimumab

±SE

Baseline

15.6

2.3

17.8

2.9

0.547

Three months

10.6

1.6

8.8

2.4

0.071

Six months

7.3

1.0

5.0

1.0

0.110

Nine months

5.8

0.9

6.6

1.7

0.906

One year

9.2

2.6

8.4

2.6

0.656

Two years

4.7

1.0

8.2

4.1

0.963

Three Years

6.3

2.1

11.3

4.3

0.375

Four Years

6.5

2.1

4.6

1.2

0.653

Five Years

6.4

2.4

7.5

3.9

0.799

Last Follow-up

4.7

0.7

3.5

0.7

0.297

Figure 2-13 Change in mean daily prednisolone dose on infliximab and adalimumab at all
follow-up visits shows no statistically significant difference between the two anti TNFα agents.
25.0

Infliximab
20.0

15.0

10.0

5.0

0.0
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Adalimumab

2.14 Best corrected visual acuity
Best corrected visual acuity at baseline was 0.5±0.05LogMAR, improving significantly
to 0.4±0.05LogMAR at six months (p=0.006, Generalized Estimating Equation GEE),
Table 2-10, and remaining unchanged for the remainder of 60 months follow-up,
Figures 2-14, 2-15. While statistically significant the improvement is not clinically
significant, therefore BCVA was regarded as stable. Among those with follow-up
longer than five years, BCVA remained stable and was found to be 0.3±0.09LogMAR
at ten years.
From 4 years follow-up vision showed a decline toward baseline visual acuity, and at
five years the mean visual acuity was 0.5 LogMAR, which is similar to baseline vision.
However, there were only 48 eyes at five years follow-up, of which 19 eyes (40%) had
a visual impairment and this dropped to only 12 at five years, and the vision in 7 eyes
improved. Therefore, the decline in vision was transient and attributed to either
development of cataract or a relapse of the inflammatory condition.
Table 2-10 Mean BCVA at baseline and subsequent follow-up visits on biologics

BCVA (LogMAR)

Mean

± Standard

Minimum

Maximum

error
Baseline

0.5

0.05

-0.07

2.9

Three months

0.4

0.05

-0.18

2.9

Six months

0.4

0.05

-0.17

2.9

Nine months

0.4

0.05

-0.18

2.9

One year

0.4

0.06

-0.09

2.9

Two years

0.4

0.07

-0.17

2.9

Three years

0.4

0.07

-0.17

2.9

Four years

0.4

0.08

-0.07

2.9

Five years

0.5

0.11

-0.07

2.9

Last Follow-up

0.4

0.05

-0.22

2.9
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Figure 2-14 Change in BCVA on biologics during the follow-up visits (*) statistically significant
difference compared to baseline at 3, 6, 9 months and 2-year follow-up.

Figure 2-15 BCVA in LogMAR units at baseline, 3, 6, 9 and 1-5 years, Boxplots, there is a
statistically significant improvement in vision at 3, 6, nine months and two years compared to
baseline.

197

Baseline visual acuity compared to subsequent follow-up visits are displayed in table
2-11.

Table 2-11 Comparing baseline BCVA at baseline with different follow-up time points.

Follow-up visits (Months)

BCVA (GEE**)
P-value

Three months

*0.02

Six months

*0.006

Nine months

*0.02

12 months

0.1

24 months

*0.048

36 months

0.184

48 months

0.51

60 months

0.53

** GEE Generalized Estimating Equation
BCVA Best Corrected visual acuity
* Statistically significant
2.14.1 Analysing BCVA in non-Behcet disease versus Behcet disease patients.
The analysis of BCVA in non-Behcet disease patients shows a statistically significant
improvement at six months compared to baseline. The BCVA remained stable
afterwards, and the mean difference in BCVA at the following study visits remained
stable (non-significant difference) compared to baseline. Behcet disease, on the other
hand, had a sustained improvement within the first two years follow-up, a statistically
significant improvement at nine months and two years. However, the mean BCVA
increased after two years follow-up, but with wider confidence intervals the difference
from baseline was non-significant. Table 2-12 and Figure 2-16.
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Table 2-12 Comparing baseline BCVA (Log MAR) versus different time points (p-values), (*)
statistically significant.

TIME (Months)

Behcet’s disease

Non-Behcet
disease

Three months

0.076

0.1

Six months

0.12

*0.02

Nine months

*0.04

0.07

12 months

0.21

0.17

24 months

*0.04

0.14

36 months

0.43

0.28

48 months

0.19

0.78

60 months

0.53

0.63

Figure 2-16 Behcet vs non-Behcet
disease patients with regards to BCVA
on biologics

(TOP)
None BD, BCVA shows a statistically
significant difference at 6 months
only.

(Bottom)
BD patients, BCVA shows a
statistically significant difference at 9
and 2-year follow up compared to
baseline. At 5-year there was no
significant difference in BCVA
compared to baseline. The wide CI
reflects the variability in BCVA and
small number of subjects (the analysis
included only 8 eyes with only 3 have
visual impairment).
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2.14.2 Causes of vision loss on biologic treatment
At baseline 94 eyes (62.7%) avoided vision loss (BCVA<6/12), 31 eyes (20.7%) had
moderate vision loss, and 25 eyes (16.7%) had severe vision loss. At months six, nine
and 24 a significantly greater percent of eyes avoided vision loss (70.5%, p=0.004;
68.4%, p=0.4; 74.8%, p=0.01, respectively, Figure 2-17. There was no difference in
the rates of vision loss at all other time points. At the final follow-up, 20 eyes had MVL,
45% caused by macular scarring and 26 eyes had SVL, 42.4% caused by macular
scarring. The number of eyes with moderate vision loss, severe vision loss and no
vision loss along with the total number of eyes at all follow-up visits are displayed in
table 2-13.
Figure 2-17 percentage of eyes with no loss of vision, moderate vision loss and severe vision
loss during follow-up periods. The proportion of eyes without vision loss rose significantly
from 62.7% at baseline to 70.5% and 74.8% at 6 months and 2-year, respectively (p values =
0.004 at 6 months and 0.01 at 2-year.
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Table 2-13 Number of eyes with or without visual impairment at baseline and subsequent visits
on biologics

Time

MVL (n=)

SVL (n=)

No
visual Total (n=)
impairment
94
150

Baseline

31

25

Three-months

26

25

98

149

Six-months

23

20

103

146

Nine-months
One year

24
23

19
20

93
90

136
133

Two years
Three years
Four years
Five years
Last follow-up

14
13
11
8
23

16
9
7
11
25

89
53
40
29
108

119
75
58
48
156

MVL moderate vison loss (6/15 >BCVA <6/60)
SVL severe vision loss (BCVA ≥ 6/60)

Macular scarring was the most common cause of irreversible moderate and severe
vision loss followed by chronic or recalcitrant CMO. Table 2-14.
Table 2-14 Causes of vision loss on biologics. Macular scarring was the most common cause
for both moderate ad severe vision loss, whereas, CMO came second to macular scarring.

Causes of vision loss

MVL, n (%)

SVL, n (%)

Macular Scarring

9 (45)

11 (42.4)

ERM*

1 (5)

0 (0)

Amblyopia

1 (5)

0 (0)

RD**

2 (10)

5 (19.2)

CMO***

5 (25)

7 (26.9)

Macular ischaemia

1 (5)

0 (0)

Optic neuropathy

1 (5)

2 (7.7)

0

1 (3.8)

20 (100%)

26 (100%)

Phthysis
Total

MVL moderate vision loss. SVL severe vision loss
*ERM epiretinal membrane.**RD retinal detachment.
***CMO cystoid macular oedema

201

2.15 Second-line immunosuppressive agent
At baseline 58 out of 82 patients (70.73%) were receiving 2nd-line immunosuppressive
treatment, 28 treated with mycophenolate mofetil, 19 treated with methotrexate, six
treated with azathioprine, 3 with cyclosporine and 2 with tacrolimus. Of those, 56
(97%) were receiving treatment at a therapeutic dose. By 12 months follow-up 67%
were still receiving therapeutic doses of 2nd-line agents, the remainder (33%) had
either stopped treatment or reduced to a non-therapeutic dose (p<0.0001, Fisher’s
Exact test). By 24 and 60 months follow-up 45% and 62% respectively, had either
stopped 2nd-line treatment or reduced to a non-therapeutic dose (p<0.0001). Figure 218 and table 2-15.
Figure 2-18 Change in the percentage of patients on second-line agents after 20, 40 and 60
months on biologics. Significantly lower proportion of patients receiving therapeutic dose of
second line agents after starting biologics compared to baseline. (**) highly statistically
significant difference at 2 and 5 years follow-up (p-value < 0.0001) Fisher’s Exact test.
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Table 2-15 Percentage of patients on therapeutic dose and a non-therapeutic dose of secondline agents.

Time

Percentage

of

percentage

of

Number

of

patients

on

patients on non-

patients

on

therapeutic

Therapeutic

Exact

dose IMT

IMT

test)

therapeutic
IMT

dose

Total

P-value
(Fisher’s

Six months

0.80

0.20

44

55

0.03

One year

0.67

0.33

34

51

0.0001

Two years

0.55

0.45

23

42

0.0001

Three years

0.61

0.39

14

23

0.0001

Four years

0.50

0.50

9

18

0.0001

Five years

0.38

0.62

5

13

0.0001
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2.16 Disease relapse
Before baseline (starting biologics) eyes had an average of 4.6±0.32 flares (1.8±0.14
flares/year), while after baseline this reduced to an average of 1.6±0.22 flares
(0.6±0.08 flares/year, p<0.0001, GEE). 42.3% of eyes (n=66) had flares after baseline
at an estimated median time to the first relapse of 5.41 years; 95% CI 2.16-5.41,
Kaplan Meir, the mean time to disease relapse was 7.08±0.55 SEM years; 95% CI
5.99-8.16. Figure 2-19. Disease control (remission) (defined as ≥ 3 months of no
disease activity after starting biologics) was achieved in 87.18% (136 out of 156 eyes).

Figure 2-19 the proportion of eyes that flared on biologics was 42.3% (n=66). The estimated
median time to first disease relapse was 5.41 years.
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2.16.1 Survival to the first disease relapse on Infliximab versus adalimumab
Time to the first flare for all patients on infliximab and adalimumab was analysed. The
mean time to first disease relapse on infliximab was 8.02±0.76; 95%CI 6.53-9.51,
while on adalimumab the mean time to first flare 4.06 ±0.55 SEM years; 95%CI 2.985.14, there was no statistically significant difference between the two biologics in terms
of time to first flare, (p-value= 0.097, Log-Rank test). Figure 2-20.

Figure 2-20 Survival from flare on adalimumab versus infliximab in all patients. No statistically
significant difference between infliximab and adalimumab with regards to time to the first
disease relapse (p-value =0.097, Log-Rank test).
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With regards to time to first relapse for non-Behcet patients, there was no significant
difference in time to first flare between infliximab and adalimumab (p-value= 0.42, LogRank test). Figure 2-21. The mean time to first flare for patients on infliximab was
5.9±0.99SEM; 95%CI 3.96 -7.85 years and for adalimumab, the mean time to first flare
2.81 ± 0.4SEM; 95% CI 2.02-3.59 years.
Figure 2-21 Survival from flare infliximab versus adalimumab in non-Behcet’s disease patients.
there was no significant difference in time to first flare between infliximab and adalimumab (pvalue= 0.42, Log-Rank test).
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With regards to Behcet disease patients, 51 eyes were included 35 on infliximab and
16 on adalimumab. Only eight eyes developed disease relapse on anti TNFα agents.
For the infliximab group, the mean time to first disease flare was 9.19±0.63SEM;
95%CI 7.94-10.43 years and for the adalimumab group, it was 6.90±0.85 SEM; 95%CI
5.23-8.57. There was no significant difference in time to first flare between these two
biologics (p-value =0 .58, Log-Rank test). Figure 2-22.

Figure 2-22 survival to the first disease relapse on infliximab and adalimumab. There was no
significant difference in time to first flare between these two biologics (p-value =0 .58, Log-Rank
test)

2.16.2 The relapse rate for Behcet and non-Behcet disease patients on biologics
Another analysis involved 51 eyes of Behcet’s disease patients regarding the number
of disease relapse pre and post biologics. Before biologics 49 eyes (96%) have had
disease relapse, on biologics the percentages of eyes with disease relapse dropped
to only eight eyes (15.6%), mean time to disease relapse 0.44±0.08 SE years, from
0.10 to 0.69 years, median 0.50 years, IQR 0.17-0.66 years. Before biologics the mean
number of disease relapse per year was 1.89±0.25 SE, 95%CI 1.37-2.40. During
treatment with biologics the mean number of disease relapse per year dropped
significantly to 0.21± 0.08 SE, 95%CI 0.05-0.37 (p-value <0.001, Wilcoxon Signed
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Rank Test, two-sided). The rate of disease relapse decreased by nine folds on biologic
treatment.
For non-Behcet disease patient, the analysis included 105 eyes, the average number
of disease relapses before starting biologics was 1.8± 0.16 SE, median 1.38, IQR
0.60-2.52, reduced significantly on biologics to 0.76±0.11 SE, median 0.40, IQR 01.10. There was a significant reduction in the mean number of disease relapse per
year, (p-value <0.001, Wilcoxon Signed Rank Test, two-sided). During biologics 58
eyes (55%) develop disease relapse, mean time to first disease relapse was
1.11±0.15, median 0.67, IQR 0.25-1.84 years. Before biologics there was no
significant difference in the average number of disease flares per year in Behcet and
non-Behcet disease patients (p-value=0.81, Mann Whitney U Test, two-sided).
However, after starting biologics, the mean number of disease relapse per year was
significantly less in Behcet disease patients. There was a statistically significant
difference between the two groups in the average number of relapses per year, (pvalue<0.001, Mann-Whitney U test, two-sided). Figure 2-23.
Figure 2-23 a statistically significant difference in the average number of disease relapse on
biologics in Behcet versus non-Behcet disease patients, (p-value<0.001). Mann-Whitney U test,
two-sided).
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For non-Behcet disease patients, the mean time to the first flare was 5.53 ±0.64 SEM
years, 95%CI 4.27-6.80 median 2.16±0.56 years, 95% CI 1.04-3.27 years. While
Behcet disease patients had a mean survival time to first disease relapse of 9.02±0.55
years, 95%CI 7.94 -10.10 years, median time could not be calculated due to the small
number of eyes with disease relapse on biologics (<50%). Kaplan Meir survival
analysis shows a highly statistically significant difference between the two groups (pvalue<0.001, Log-Rank test). Figure 2-24.
Figure 2-24 Kaplan Meir analysis for survival to first disease relapse for Behcet versus nonBehcet disease patient, shows a highly statistically significant difference between the two
groups (p-value<0.001).
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To assess for the size of the difference between time to first disease relapse on
biologics between Behcet disease and non-Behcet disease patients, we performed a
Cox regression analysis, which showed a highly statistically significant difference
between the two groups with a hazard ratio HR of 0.25; (p-value of <0.001; 95%CI
0.11-0.52). A 75% relative risk reduction for disease relapse on biologics treatment for
Behcet disease patients compared to other uveitides. Figure 2-25.

Figure 2-25 Cox regression analysis, which showed a highly statistically significant difference
between the two groups with a hazard ratio HR of 0.25; (p-value of <0.001).
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2.16.3 Disease relapses on other agents

2.16.3.1

Etanercept

With regards to etanercept 7 out of 10 eyes developed disease relapse and two of
these seven eyes did not have uveitis prior commencing etanercept. The mean time
to first disease relapse was 1.82 ±0.76 SEM; 95% CI 0.32-3.33 years, estimated
median time 0.82 years and IQR 0. 23-1.46 years. Figure 2-26.
Figure 2-26 Disease relapse on etanercept. The mean time to first disease relapse was 1.82 ±0.76
SEM; 95% CI 0.32-3.33 years, estimated median time 0.82 years and IQR 0. 23-1.46 years.
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2.16.3.2

Rituximab

The mean time to first disease relapse on rituximab was 4.18±0.78; 95% CI 2.64-5.71.
Median was not calculated. Only five patients out of 14 (35.7%) have had disease
relapse on rituximab. Figure 2-27.

Figure 2-27 Disease relapse on rituximab. The mean time to first disease relapse was 4.18 years.
Median was not calculated due to small number of eyes with disease relapse.
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2.17 Treatment failure
Among 82 patients, treatment with biologics failed (stopping or switching to another
biologic due to inadequate or poor response to treatment, or drug-related side effects)
in 23 patients (28%). The median to treatment failure was 1.65 years, IQR 0.72-2.19,
range 0.19-4.42 years, mean time to treatment failure was 1.65±0.16 SEM years.
Kaplan Meir analysis shows an estimated mean to treatment failure of 9.44 years
±085; 95%CI 7.76- 11.11, the median was not calculated as it did not reach 50%.
Figure 2-28.
Figure 2-28 Treatment failure on biologics. Only 28% (23 out of 82 patients) failed their first
biological treatment. Estimated mean time to treatment failure was 9.44 years ±085; 95%CI 7.7611.11, the median was not calculated as it did not reach 50%.

2.17.1.1

Treatment failure on different biologics

Out of 76 eyes treated with infliximab 32 (42%) failed treatment at a mean time of
1.38±0.16 SEM years, median 1.64 years, whereas for eyes treated with adalimumab
(n=60) only 10 (16.7%) failed treatment, the mean time was 2.54±0.42 years, median
2.27 years and for etanercept (n=4) all eyes failed treatment, the average time to
treatment failure was 1.58±0.20, median 1.58. Finally, with rituximab, no treatment
failure was noted.
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Due to small numbers for eyes on etanercept (n=4) we have only analysed time to
treatment failure between infliximab and adalimumab. This analysis involved a total of
136 eyes (76 on infliximab and 60 on adalimumab). For all patients, 32 (42.1%)
developed treatment failure in the infliximab group versus only 10 (16.7%) patients in
the adalimumab group. Significantly fewer patients failed treatment with adalimumab
compared to infliximab (p=0.001, Chi-Square test, test value 10.16).
Kaplan Meir analysis shows that infliximab-treated group had a mean time to treatment
failure of 7.54±0.87 SEM; 95%CI 5.83-09.25, median 3.22 years and for adalimumab
the mean time to treatment failure 9.31 ± 0.80; 95%CI 7.70-10.92. There was a
significant difference between infliximab and adalimumab (p-value = 0.003, Log-Rank
Test). Figure 2-29. Cox regression analysis shows a Hazard Ratio of 0.35, (p-value=
0.004; 95%CI 0.17-0.72). Figure 2-30.
Figure 2-29 comparing survival to treatment failure on infliximab and adalimumab. There was a
statistically significant difference in time to treatment failure between the two biologic (pvalue=0.003, Log-Rank test). Adalimumab has superior drug retention rate compared to
infliximab
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Figure 2-30 Cox regression analysis for treatment failure on infliximab and adalimumab. Hazard
Ratio 0.35, p-value =0.004.

2.17.1.2

Treatment failure with Behcet versus non-Behcet disease

Subgroup analysis performed for non-Behcet’s disease patients (56 patients) and (85)
eyes on either infliximab (n=41) or adalimumab (n=44). 18 eyes out of 41 (44%) on
infliximab had treatment failure, the mean time to treatment failure on infliximab was
1.95±0.18 years, median 1.83 years IQR (1.64-1.83). Whereas, for those treated with
adalimumab only 6 out of 44 (13.6%) have failed treatment with a mean time to
treatment failure of 2.01± 0.49 years, median 1.65 and IQR (0.88-3.50). A highly
statistically significant difference in the proportion of patients who experienced
treatment failure on infliximab compared to adalimumab (p-value = 0.002, Chi-square
test, two-sided, test value 9.95). For non-Behcet disease patients, mean time to
treatment failure on infliximab was 7.57 ±1.10 SEM; 95% CI 5.40-9.75, median
3.22±0.66 SEM; 95%CI 1.91-4.53 whereas for adalimumab mean time to treatment
failure was 10.06± 0.84 SEM; 95% CI 8.41-11.72, median was not calculated due to
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small number of eyes who failed treatment. Kaplan Meir analysis shows a statistically
significant difference between these two biologics with regards to time to treatment
failure (p-value =0.01, Log-Rank test), Figure 2-31.
Figure 2-31 Treatment failure for non-Behcet disease patients, a statistically significant
difference between infliximab and adalimumab in time to treatment failure (p-value =0.01, LogRank test).

For Behcet disease patients (n=51 eyes), 35 eyes treated with infliximab and 16
treated with adalimumab. For the infliximab group, 14 patients out of 35 (40%) failed
treatment, mean 0.65±0.13SEM, median 0.37, IQR 0.25-1.08 years. 4 out of 16 (25%)
failed therapy on adalimumab with a mean of 3.34±0.62, median 3.34, IQR (2.27-4.42)
years. One patient was due to poor disease control and one due to demyelinating
disease. There was no statistically significant difference in the proportion of eyes with
Behcet disease who failed treatment on either infliximab or adalimumab (p-value
=0.38, Fisher’s Exact test, two-sided).
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Kaplan Meir analysis, an estimated mean time to treatment failure for infliximabtreated patients was 6.32±0.91 SEM; 95%CI 4.53-8.11, and for the adalimumab, the
estimated mean time was 3.88±0.38; 95%CI 3.13-4.62. There was no significant
difference between infliximab and adalimumab in time to treatment failure (pvalue=0.23, Log-Rank Test). Figure 2-32.

Figure 2-32 For Behcet disease patients there was no significant difference between infliximab
and adalimumab in time to treatment failure (p-value=0.23, Log-Rank Test).

Comparing Behcet and non-Behcet disease patients with regards to treatment failure.
A total of 136 eyes were analysed (85 eyes with non-Behcet diseases and 51 eyes
with Behcet disease). Although only 18 patients (35.3%) with Behcet disease have
failed treatment with anti-TNFα in patients versus 24 patients (28.2%) in non-Behcet
disease group, there was no significant difference in the proportion of eyes who failed
the therapy in both groups (p-value=0.38, test value 0.74, Chi-Square, two-sided). The
estimated mean time to treatment failure for non-Behcet disease patients was 9.39 ±
0.81 SEM; 95% CI 7.79-10.99 and for Behcet disease patients mean time to treatment
failure was 6.05± 0.87; 95% CI 4.34-7.77. There was no significant difference in time
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to treatment failure between Behcet and non-Behcet disease patients, Kaplan Meir
survival analysis, (p-value =0.10, Log-Rank test). Figure 2-33.
Figure 2-33 Survival to treatment failure in Behcet and non-Behcet disease patients. There was
no significant difference in time to treatment failure between the two groups,( p-value =0. 10
Log-Rank test).

For eyes treated with infliximab and adalimumab, we conducted a multivariate
analysis, using the Cox Linear Regression model examining factors related to
treatment failure (Table 2-16). Treatment with infliximab and younger age were
borderline significant risk factors for treatment failure in univariate analysis. However,
when analysed together no risk factors were identified as related to an increased risk
of treatment failure.
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Table 2-16 Multivariate analysis for factors associated with treatment failure on infliximab and
adalimumab.

Male gender
Laterality
Anatomical type of
Uveitis*
Treatment with
adalimumab
Age at beginning of
biologics, years
Treatment for
systemic disease
Corticosteroid dose
at end of follow-up,
mg
Treatment with 2ndline
immunosuppression
Aetiology

Crude 95% CI
OR
0.6
(0.3-1.2)
1.1
(0.56-2.18)
0.75 (0.33-1.69)

Pvalue
0.6
0.78
0.48

Refined 95% CI
OR

pvalue

0.5

(0.23-1.06)

0.07

0.4

(0.18-0.89)

0.03

0.98

(0.96-1.00)

0.09

0.97

(0.95-0.996)

0.03

1.91

(0.96-3.81)

0.07

3.22

(1.46-7.07)

0.004

1.03

(0.96-1.11)

0.41

0.97

(0.44-2.16)

0.94

1.0

(0.0 2997)

0.406

OR odds ratio
CI Confidence interval
*Reference set as IU

2.17.1.3

Switching between infliximab and adalimumab

Thirteen patients (26 eyes) treated initially with infliximab have switched to
adalimumab. Among eyes that failed treatment with a 1st-line biologic agent (n=37),
32 switched to an alternative biologic agent, 26 to adalimumab, 6 to infliximab, 6 to
etanercept 2 to tocilizumab and 2 to golimumab. Of these eyes treatment failed
(Inadequate or poor response to treatment, allergic reactions or drug-related side
effects) in 6 eyes treated with etanercept (100%), 2 eyes treated with golimumab
(100%), 2 eyes treated with tocilizumab (100%), 5 eyes treated with infliximab
(83.33%) and 4 eyes treated with adalimumab (25%).
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A total of 26 eyes (13 patients) who had failed treatment with infliximab switched to
adalimumab the causes were poor disease control and infliximab related side effects
(itching). Treatment failure on adalimumab was only recorded in 3 patients (6 eyes)
(23%). Kaplan Meir analysis shows an estimate mean of 6.12±0.83 SEM; 95%CI 4.497.76 years, the median time was not calculated. Figure 2-34. The reason for treatment
failure was poor disease control. Eight patients (61.5%) did not stop their adalimumab
treatment until their last follow-up visit, and two patients (15%) discontinued treatment
due to disease control.
Figure 2-34 Survival to treatment failure on adalimumab.

Kaplan Meir analysis shows a median time to treatment failure on infliximab of
1.65±0.17 SEM years; 95% CI 1.31-1.99 years, whereas on adalimumab the median
was not calculated due to very few numbers of patients who failed the treatment. The
mean survival time on infliximab was 2.68±0.53SEM; 95%CI 1.63-3.72, while on
adalimumab the mean survival time was 6.12±0.83; 95%CI 4.49-7.76. There was a
highly statically significant difference in mean survival time to treatment failure (pvalue<0.001, Log-Rank test). Figure 2-35. The mean time on infliximab was 1.78±0.13
SEM years, median 1.65 years and on adalimumab, the mean time was 2.25±0.35,
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the median was 2.39 years. A paired t-test for time to treatment failure for patients who
failed both drugs was not statistically significant (p-value 0.43, paired t-test, two-sided).

Figure 2-35 Time to treatment failure after switching form infliximab to adalimumab. The median
time to treatment failure on infliximab was1.65 years; 95% CI 1.31-1.99 years, whereas on
adalimumab the median was not calculated due to very few numbers of patients who failed the
treatment.

2.18 Periocular corticosteroids injections
The mean of periocular steroids injections before biologics was 0.68± 1.2 SD, range
from 0 to 8 injections; (95% CI 0.49- 0.87), and after commencing biologic treatment
this dropped to a mean of 0.24± 0.74 SD, (95%CI 0.12-0.35), range from 0 to 4
injections, a statistically significant difference (p-value <0.001, Wilcoxon Signed Rank
Test, two-sided). Figure 2-36.
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Figure 2-36 comparing the number of local corticosteroid injections before and during biologics,
shows a statistically significant difference, (p-value<0.001).

2.19 Safety of biologic response modifiers
Concerning the safety of biologics in our cohort, biologics were safe and well tolerated
by the majority of patients. While no serious infection was reported in patients on
biologics treatment, one patient had miliary TB after treatment with biologics, and it
was stopped after one month, this patient was excluded from the analysis due to very
short follow-up time on biologics. However, no case of TB reactivation was recorded
(0%) for all the 82 patients during the treatment period. With regards to malignancy on
biologics treatment, only two female patients have had breast cancer (2.5%). The
demyelinating disease was reported in 2 patients (2.5%) one male and one female,
after 4.4 and 2.5 years of adalimumab and infliximab treatment, respectively. Both
were initially diagnosed with Behcet disease. Finally, one patient had liver cirrhosis
(1.2%)
Treatment discontinuation due to adverse drug-reaction was documented in 5 out of
82 patients (6%), one had severe anaphylaxis, two had allergic reactions, and itching
and facial swelling was reported in the last two patients. None had heart failure or
lupus-like autoimmune disease.
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2.20 Discussion
Non-infectious ocular inflammatory diseases in the form of intermediate, posterior and
panuveitis (NIIPPU) have chronic courses and a high tendency to relapse. The
persisting nature of these uveitides increases the risk of sight-loss subsequent to
cumulative damage to ocular structures. The structures critical to vision in the eye can
be directly involved with inflammation in conditions such as multifocal choroiditis and
serpiginous choroiditis, and the vision may also deteriorate due to secondary
complications of inflammation such as cystoid macular oedema and choroidal
neovascular membrane (Tomkins-Netzer, Talat et al. 2014). Therefore, treatment of
NIIPPU aims to control inflammatory episode and a long-term course is necessary to
reduce the risk or future relapse and maintain the vision. However, due to the chronic
nature of the inflammation, varied response to treatment and drug-related side effects,
the management of these uveitides can be quite challenging.
Treatment involves local and or systemic corticosteroids with or without second-line
immunosuppressive agent(s). The exact mechanisms through which diseases
respond to treatment remain unclear. Corticosteroid, the cornerstone drug in treating
uveitis, is not ideal for long-term disease control due to myriad side effects which are
both

dose

and

time-dependent.

Corticosteroid-sparing

second-line

immunosuppressive agent(s), on the other hand, are not always successful, and a
significant proportion of patients will fail this treatment due to either lack of efficacy or
side effects. Biologics are the third-line agents, and are increasingly being used to
treat ocular inflammation. Biologics were used to help with disease control when
moderate corticosteroids dose+/- 2nd line agent have failed to do so due to inadequate
response to treatment, frequent recurrent disease relapse or intolerance to these
drugs.
This work was undertaken to explore the effects of different biologics on long-term
disease control, looking specifically at their corticosteroids-sparing effect, ability to
reduce the dose of the second-line immunosuppressive agent and maintain vision.
Also, we explored the rate of disease recurrence and treatment failure on different
types of biologics and among patients with various diseases (Behcet versus nonBehcet disease). The analysis of long-term control of ocular inflammatory disorders

223

on biologics and the effect of these drugs on concomitant immunomodulatory therapy
will help improve treatment outcomes in patients with uveitis.
This study is a retrospective study on patients with non-infectious uveitis refractory to
conventional treatment. In this research, we measured the reduction in daily
corticosteroid dose and second-line immunosuppressive agents. Also, we assessed
the long-term visual acuity outcomes on biologics. Moreover, the number of disease
relapses were measured to assess disease control with respect to different types of
biologics. We have found that biologics have a significant corticosteroid-sparing effect,
and this occurred early in treatment course (from three months onwards). Treatment
with biologic response modifiers maintained visual acuity and improved long-term
disease control. Interestingly, Behcet disease patients have a more favourable
response to biologic treatment compared to non-Behcet disease patients, this was
confirmed by the substantial reduction in the number of disease relapses on biologics
in Behcet disease compared to other uveitis aetiologies. Comparing different antiTNFα drugs shows that adalimumab has superior drug retention rate compared to
infliximab, and was better tolerated.

2.21 Demographics
Our study shows that the mean age at the time of diagnosis was 34 years. However,
all age groups could be affected and the youngest age recorded in this study was 4.5
years for a patient with a congenital granulomatous disease and panuveitis (Blau
syndrome; dermatitis, arthritis and uveitis). In almost three-quarters of uveitic eyes
(74.3%) there was an association with systemic disease and this figure is close to a
previous report (Fabiani, Vitale et al. 2018). The most common presentation was
bilateral disease in 90% of patients, and the most common diagnosis was Behcet
disease. The proportions for males and females are 68% and 32%, respectively. There
is a high male to female ratio in this study compared to other studies. Because our
data was skewed by the larger number of patients with Behcet disease, which affects
more males than females. Also, because of the aggressive nature of this condition and
relatively quick positive response to biologic therapy compared to other ocular
inflammatory diseases, there is a low threshold to start biologic treatment in Behcet
disease compared to other disease aetiologies.
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With regards to the anatomical location of inflammation, most of our patients presented
with panuveitis 53% followed by intermediate uveitis 27% and posterior uveitis 20%.
Panuveitis is the second most common type of uveitis after anterior uveitis. Also,
specific disease aetiologies that most commonly present with panuveitis such as,
Behcet disease, idiopathic panuveitis, sarcoidosis, VKH and Blau syndrome, make
collectively over 63% of our data set. Most Behcet patients in our study presented with
panuveitis (73%) followed by posterior uveitis 23% and only one patient had Behcet
disease related intermediate uveitis 4%.
More than two-thirds of patients had a second-line IMT, and the most commonly used
drug was mycophenolate mofetil (MMF) followed by methotrexate. Several reports
support the efficacy of MMF in uveitis particularly the relative faster action and superior
safety profile in comparison to other agents. MXT, on the other hand, has been widely
used in ocular inflammatory disease with variable response rate. Other less prescribed
drugs were calcineurin inhibitors (cyclosporine and tacrolimus), these agents are
usually effective in uveitis however they are associated with significant side effects,
mainly renal toxicity.
All patients included in our study have an aggressive form of uveitis whether the
inflammation is only in the eye, or (most commonly) the ocular inflammation is part of
systemic disease such as systemic vasculitis which includes; Behcet disease, ANCA
associated vasculitis, Takayasu’s arteritis and systemic lupus erythematosus with
posterior segment involvement. Other systemic diseases with ocular involvement were
Vogt-Koyanagi Harada disease and sarcoidosis. The ocular diseases without known
systemic association are punctate inner choroidopathy, multifocal choroiditis,
serpiginous choroiditis and Birdshot chorioretinopathy. These uveitis entities usually
have a significant risk of vision loss directly from inflammation that damages the retina
and underlying choroid or from secondary complications namely choroidal
neovascular membrane and cystoid macular oedema. Therefore, long-term
immunosuppression is needed to achieve disease quiescence and preserve sight.
In biologic response modifiers naïve patients, there were five different types of
biologics used. Anti-TNFα drugs were the most commonly used agents (infliximab
followed by adalimumab). These agents have been used widely in treating noninfectious ocular inflammatory diseases. Only two patients treated with etanercept and
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the indication was systemic joint disease due to either psoriatic or seronegative
arthritis. Etanercept has been proven effective in rheumatic joint disease but not in
uveitis. Therefore, when patients usually placed on etanercept and develop uveitis that
does not respond to treatment or become recurrent, the ophthalmologist usually
requests stopping etanercept and switching to another biologic, since etanercept was
associated with a high incidence of uveitis, both patients had their etanercept stopped
and switched to another agent due to poor control of ocular inflammation. Rituximab
was mainly used for ANCA+ve vasculitis and granulomatosis with polyangiitis. Two
patients had SLE and one had Takayasu arteritis were also treated with rituximab.
Similarly, rituximab was used for one patient with MS and one with intermediate
uveitis. Finally, one patient had ulcerative colitis and intermediate uveitis and was
placed on vedolizumab.

2.22 Disease control
The principal aim in treating uveitis is to achieve disease quiescence because as
previously mentioned when the inflammation is not controlled the risk of vision loss is
high due to damage to the ocular tissue directly from the inflammation or its secondary
complications. On biologics, patients with refractory uveitis have achieved better longterm disease control, and this was evident by the substantial reduction of daily
corticosteroid dose and immunosuppressive drugs, stability of visual acuity, and
significantly lower rates of disease relapses/year.
2.22.1 Corticosteroids sparing
Treatment with adequate corticosteroid-sparing agents, while maintaining disease
under control is one of the key aims in the management of non-infectious uveitis
(Suhler, Adán et al. 2018). Our results show that biologics have a significant
corticosteroid-sparing effect, with more than 60% reduction of daily corticosteroid dose
at six months. Moreover, patients treated with biologics continued to reduce their oral
corticosteroid dose, and disease control was maintained on lower doses for extended
follow-up time. In the present study, the average daily dose of corticosteroids at the
time of starting biologics was relatively high (16.4mg/day). The mean prednisolone
dose was reduced significantly from three months on biologics, (p-value= 0.019) and
the difference became highly statistically significant from 6 months up to 5 years
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follow-up (p-value<0.0001). The mean prednisolone dose reduced to 6.5 mg at six
months, then the prednisolone dose remained stable at 4.14 mg at five years followup. Moreover, for patients with longer than five years follow-up, prednisolone dose
remained low and was 5.8±3.07 mg/day at ten years follow-up.
Similarly, the French Uveitis Network multicentre study reported a significant
corticosteroid-sparing effect with biologics. At starting biologics, the median daily
prednisolone dose was 20 mg/day which dropped to 10 mg and 7 mg per day at six
and 12 months, respectively (both p-values <0.0001). There was a 50% reduction in
the amount of corticosteroid used at six months. These results were concordant with
the published literature (Suhler, Smith et al. 2005, Díaz-Llopis, Salom et al. 2012,
Dobner, Max et al. 2012, Suhler, Lowder et al. 2013, Kruh, Yang et al. 2014).
Interestingly, our study has shown that patients on Adalimumab achieved a
prednisolone dose of less than 10 mg per day at a median of 3 months which was
shorter than patients on infliximab six months, but it was not significant.
Equivalently, the trend for the mean reduction in corticosteroid dose in patients with
active disease in the VISUAL III was similar to our results. VISUAL III trial reported a
mean corticosteroid dose at the time of starting adalimumab treatment of 13.6 mg
which was reduced to 6.1 mg/day at three months and to 2.6 mg at week 78 (1.5 years)
(Suhler, Adán et al. 2018). Patients with inactive disease continued on a low dose of
corticosteroid throughout the trial. Figure 2-37. However, corticosteroid dose at
baseline was slightly less than what was reported in our study. This is because some
patients who entered the VISUAL III study had adalimumab treatment under the
VISUAL I and II trials, whereas the majority of patients in our study were biologicnaïve. Also, in contrast to VISUAL III, our study included different biologics such as
infliximab etanercept and rituximab, in addition to adalimumab.
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Figure 2-37 Trend for daily corticosteroids dose for patients with active disease, inactive disease
and overall study population on adalimumab in VISUAL III study.

2.22.1.1

Corticosteroid-sparing in Behcet versus non-Behcet disease

patients

In BD uveitis, treatment aims to abort the acute inflammatory attack and prevent
subsequent

recurrences.

Therefore,

high

dose

corticosteroid-based

immunomodulatory therapy must be promptly initiated in patients with sightthreatening Behcet uveitis involving the posterior segment to minimise the risk of
severe vision loss (Zierhut, Abu El-Asrar et al. 2014). However, conventional
immunosuppression is not always successful in treating ocular manifestations of BD.
High dose oral corticosteroids, are classically used in treating acute attacks of BD.
However, there are concerns that the disease is becoming corticosteroid resistant
(Benezra and Cohen 1986). More importantly was that the long-term treatment with
corticosteroids failed to prevent vision loss in BD patients (Chajek and Fainaru 1975).
On the other hand, colchicine which is the first-line treatment for BD disease in Japan,
is only useful in mild cases with mucocutaneous manifestations, and its clinical efficacy
was not established in all BD patients particularly in controlling the ocular disease
(Matsumura and Mizushima 1975).
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Treatment results with other conventional immunosuppressive agents in ocular Behcet
were inconsistent. Azathioprine, for example, was found initially useful in preserving
the visual acuity in patients with established disease and was also effective in
controlling other systemic manifestations such as oral, genital ulcers and arthritis
(Yazici, Pazarli et al. 1990). However, approximately a quarter of patients (22%) on
azathioprine developed a relapse of uveitis (Yazici, Pazarli et al. 1990). The same
study reported that azathioprine was ineffective in restoring visual acuity. Another
study described different responses with azathioprine among patients with Behcet
disease with complete response in only 51 % of patients (Saadoun, Wechsler et al.
2010).
Similarly, a study evaluating the effect of azathioprine in different etiologies or retinal
vasculitis (mostly idiopathic retinal vasculitis and Behcet disease associated vasculitis)
found that a higher proportion of Behcet disease patients required an increase in their
corticosteroid dose compared to the rest of the group (45% versus 24%) (Greenwood,
Stanford et al. 1998). The increment was primarily driven by disease progression
despite being on azathioprine. Systemic corticosteroid increased in 45% and remained
unchanged in 27%, therefore 77% of patients on azathioprine remained on high
corticosteroid dose. Half of patients in this study developed lymphopenia on
azathioprine therapy and about a quarter of patients required an additional
immunosuppressive agent (most commonly, cyclosporine) due to insufficient disease
control with a combination of corticosteroid and azathioprine therapy. Therefore,
azathioprine was insufficient to achieve a satisfactory corticosteroid-sparing effect in
this cohort of patients.

Cyclosporine, on the other hand, was reported to have limited success in Behcet
disease and was only effective in BD uveitis at higher doses (10 mg/kg) (Nussenblatt,
Palestine et al. 1985). However, at such high dose renal toxicity was inevitable and
when lower (safer) doses were adopted, the drug efficacy was compromised
(BenEzra, Cohen et al. 1988). Subsequent studies have shown that a combined
regimen of low-dose cyclosporine and steroids are more effective in controlling
disease activity than each drug alone (Whitcup, Salvo et al. 1994). A combination of
cyclosporine and azathioprine was also successful, however, patients needed to
continue on therapeutic doses of cyclosporine as disease recurrences were inevitable
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at lower doses (Foster, C.S., Baer, J.C. and Raizman, M.B., 1991). Moreover,
cyclosporine has been reported to increase the risk of neurotoxicity and accelerate the
development of central nervous system disease in Behcet patients (Kotake, Higashi
et al. 1999). Finally, a rebound phenomenon has been noticed in patients on
cyclosporine when the drug was stopped abruptly (Hayasaka, Kawamoto et al. 1994).
Therefore, immune suppressive drugs in BD are not always successful in inducing
disease remission and preventing further relapses. Alkylating agents such as
chlorambucil and cyclophosphamides were found useful in the treatment of BD, but
they carry a significant risk of systemic complications (Zierhut, Abu El-Asrar et al.
2014) and are not used now.
In the era of biologic treatment, trials have confirmed the efficacy of infliximab in
achieving rapid and long-term disease control (Zierhut, Abu El-Asrar et al. 2014).
Infliximab has shown an impressive suppressive effect on the acute attack (Namba,
Goto et al. 2015) and was successful in reducing the number of severe attacks (Ohno,
Nakamura et al. 2004). The European league against Rheumatism has recommended
the use of azathioprine with corticosteroids as first-line treatment for ocular BD and
cyclosporine and infliximab are second-line treatment. Recently, an expert panel in the
US recommended anti-TNFα therapy (infliximab or adalimumab) as first-line or as a
second-line corticosteroid sparing-agent in BD uveitis (Levy-Clarke, Jabs et al. 2014).
In our study comparing Behcet and non-Behcet disease patients with regards to
corticosteroid-sparing on biologics have revealed exciting results. Firstly, Behcet
patients have started biologics with slightly higher doses of oral prednisolone
compared to non-Behcet disease patients despite being on conventional
immunosuppressive therapy. Secondly, treatment with biologics in Behcet disease
patients showed a substantial and faster reduction in mean daily prednisolone dose
early on, from three months onwards, compared to non-Behcet patients. Moreover, in
Behcet disease patients, the differences in mean corticosteroids compared to baseline
remained highly statistically significant at all follow-up times. Additionally, in Behcet
patients, the mean prednisolone dose reached below 5 mg per day after 20 months
follow-up and remained stable at a low level throughout the study visit until five years
follow-up.
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In non-Behcet disease subjects, the reduction in daily oral prednisolone dose was only
statistically significant at 3, 6 and nine months and the difference became nonsignificant at one year and three years follow-up. Also, non-Behcet disease patients
had spikes of high doses of oral prednisolone approaching the 10 mg per day
threshold. Moreover, although the mean daily oral prednisolone dose was significantly
reduced at 4 and five years follow-up compared to baseline, the daily dose remained
above 5 mg per day at all follow-up times. These differences between Behcet and nonBehcet patients imply better disease control on biologics for patients with Behcet
disease, evidenced by less corticosteroid needed for Behcet disease patients.
In accordance with our data, Accorinti and associates, in a prospective trial reported
a significant reduction in the daily corticosteroid dose required by Behcet disease
patients after approximately two years follow-up. The corticosteroids dose on
infliximab treatment reduced from 24 mg per day to 8.9 mg, (p < 0.001) (Accorinti,
Pirraglia et al. 2007). However, this study included only 12 patients. Recently, MartinVarillas et al. reported a successful corticosteroid-sparing on adalimumab in 65 BD
patients, mean prednisolone dose dropped from approximately 25 mg/d to less than 5
mg/d after two years follow-up (p-value<0.01) (Martín-Varillas, Calvo-Río et al. 2018).
Achieving a safe prednisolone dose (less 10 mg per day) is one of the key aims of
therapy in uveitis, and the faster the time to bring prednisolone below this threshold
the less the risk of side effects. As per the recommendations of an expert panel in the
US on the use of immunosuppressive therapy in chronic non-infectious uveitis (Jabs,
Rosenbaum et al. 2000), a safe corticosteroid dose is 10 mg/day or less. But less than
7.5 mg is now recommended by many uveitis specialists. This threshold is regarded
safe for long-term disease control because the rate of side effects associated with it,
is low.
The systemic immunosuppressive therapy for eye disease SITE study reported that
only 20 to 40% of patients on second-line (corticosteroid-sparing) immunosuppressive
agents, were able to reduce their daily corticosteroids below 10 mg per day at 6
months (discussed below in more details) (Gangaputra, Newcomb et al. 2009,
Pasadhika, Kempen et al. 2009, Kacmaz, Kempen et al. 2010). Our data show that at
six months more than 63% of patients on biologics achieved a safe daily corticosteroid
dose (below 10 mg). A similar finding was reported by another study where over 60 %
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of patients on anti-TNFα drugs were able to reduce their daily corticosteroid dose
below 10 mg (Martel, Esterberg et al. 2012). These figures are higher compared to the
SITE study suggesting that biologics have a superior corticosteroid-sparing effect.
In the SITE study, patients with intermediate, posterior and panuveitis have shown
less favorable response to methotrexate, compared to those with anterior uveitis.
Methotrexate achieved better control of ocular inflammation (55.6%) and
corticosteroid-sparing (46.1%) in patients with anterior uveitis, while at six months,
methotrexate achieved sustained control of inflammation (≥ 28 days) in only 38.6% of
patients with posterior/panuveitis and 47.4% in those with IU. Moreover, even lower
proportion of these patients had their corticosteroid dose reduced to a safe level,
(20.7%) in posterior/panuveitis and (41.3%) for those with IU. The corticosteroidsparing effect continued to increase in patients with anterior uveitis (62.6%),
intermediate uveitis (68.8%), and posterior/panuveitis (39.1%) at or before 1-year.
However, many months were required to achieve these objectives (Gangaputra,
Newcomb et al. 2009).
Similarly, cyclosporine in the SITE study, achieved corticosteroid-sparing success in
only 22.1% at six months and 36.1% at one year. Concerning the anatomical type of
uveitis, corticosteroid-sparing was 28.5% in patients with anterior uveitis, 24.1% in
patients with IU, and only 16.2% among those with posterior/panuveitis. Sustained
control of inflammation on cyclosporine (no inflammatory activity in two-visits spanning
over 28 days period) was only achieved in 33.4% and 52% of patients at six and twelve
months, respectively. With regards to the type of uveitis, complete and sustained
control of inflammation was achieved by six months in 30.4% of patients with anterior
and 39.3% among those with IU. The figure for posterior/panuveitis was even lower
(29.2%).
By contrast, in patients with intermediate, posterior and panuveitis our data shows that
a significant proportion of patients (92%) had their oral prednisolone dose reduced to
a safe level (<10 mg per day) by a median of three months. Over 75% of patients have
reached a safe corticosteroid level before ten months of follow-up. The proportion of
patients on less than 10 mg prednisolone increased significantly from 28% at baseline
to 72.7% at five years follow-up. Biologics not only help significantly reduce daily oral
corticosteroid dose but do that in a relatively short time. For the entire cohort, the
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average time to reach this therapeutic target was three months, 95%CI 1.28-4.72. With
adalimumab, this target was achieved at an average of 3 months, which was lower
than that of infliximab, six months, however, the difference was non-significant. With
regards to disease aetiology (Behcet versus non-Behcet disease patients), comparing
the efficacy of infliximab and adalimumab did not show a significant difference in time
to prednisolone dose less than 10 mg per day. Therefore, both infliximab and
adalimumab have similar corticosteroid-sparring success.
In most patients oral corticosteroid dose was tapered down in a very similar fashion.
After initial control of inflammation with high dose corticosteroid such as, 80 or 60 mg
for a week, patients usually instructed to start reducing the dose by 10 mg every week
and then at 30 or 20 mg per day the dose will be further reduced by 5 mg every week
till reaching 15 or 10 mg per day. If the ocular inflammation is under control a further
slow taper of corticosteroid dose to reduce the dose below 10 mg per day or even stop
it entirely after good disease control for several months. But, if the disease relapses
then a re-increase of corticosteroids dose is employed to try quickly to bring the
disease under control again. Most uveitis experts follow this protocol and the main
drive for this is the disease activity, and it would not be affected by the type of biologic.
We have compared the time to prednisolone dose below 10 mg per day for Behcet
and non-Behcet disease patients. The mean time to the safe threshold was lower for
Behcet disease patients compared to non-Behcet disease (1.02 versus 1.99 years)
but was not statistically significant (p-value=0.19). However, after starting biologics,
Behcet disease patients had lower mean prednisolone dose compared to non-Behcet
patients due to a significantly lower rate of disease relapses on biologics in Behcet in
comparison to non-Behcet patients.
With regards to the type of biologic therapy, there was no statistically significant
difference in mean time to prednisolone dose below 10 mg per day between infliximab
and adalimumab (p-value= 0.32). However, the mean time was more 50% less in
patients receiving adalimumab compared to those on infliximab (2.32 versus 1.03
years).
With regards to corticosteroid-sparing between infliximab and adalimumab, there was
no significant difference in mean prednisolone dose at last follow-up (p-value =0.29).
233

Similarly, analysing the mean prednisolone dose between these two anti-TNFα
blockers at all follow-up time points did not reveal a statistically significant difference
(p-value> 0.05). Another analysis with regards to time to daily prednisolone dose less
than 10 mg showed no statistically significant difference between infliximab and
adalimumab, and the two drugs had similar corticosteroid sparing efficacy in ocular
inflammatory diseases.
Fabiani and co-authors in their study reported that both infliximab and adalimumab
have similar efficacy with regards to visual acuity, the number of disease relapses and
second-line immunosuppressive sparing. However, the study reported superior
corticosteroid-sparing with infliximab compared to adalimumab (Fabiani, Vitale et al.
2018). In their study at last follow-up visit, the mean daily corticosteroid dose was
significantly higher in the adalimumab-treated group versus infliximab (pvalue=0.008). Nonetheless, this may be due to a shorter follow-up period in the
adalimumab group (2 years for those on adalimumab versus five years for patients on
infliximab). Moreover, there was an imbalance in group size between these two
biologics (62% of patients on adalimumab versus 38% on infliximab), and patients in
the adalimumab group had higher disease relapses before biologic treatment
compared to those on infliximab, which may reflect a more aggressive disease course
in that group. After starting adalimumab the frequency of disease recurrence was
lower in adalimumab administered patients compared to infliximab, 84.2% reduction
in disease relapses on adalimumab versus 66.7% on infliximab but was not statistically
significant (p-value=0.09).
Finally, with regards to local corticosteroids which are used as an adjunct for disease
control in patients with NIIPPU, our data show that treatment with biologics has
significantly reduced the number of periocular corticosteroids injection required (pvalue <0.001) owing to the better disease control on biologics.
There was a significant and consistent reduction in mean prednisolone dose early on
with biologics. Furthermore, significantly more patients achieved a safe corticosteroid
level within the first years of biologic therapy. More importantly, our data show that the
corticosteroid-sparing effect of biologics was maintained during an extended follow-up
period. Contrary to the previously held perception that biologic agents lose their
efficacy due to the development of anti-drug antibodies, this study shows a sustained
234

efficacy of biologics up to 5 years follow-up. Moreover, patients with ten years followup on biologics have continued on a low dose of prednisolone, and this decline in
corticosteroid dose reflects good disease control.
2.22.2 Immunomodulatory dose
Second-line immunosuppressive agents are routinely used in organ transplantation to
reduce the risk of graft rejection and in systemic autoimmune disease reduce the
concomitant corticosteroid dose. In uveitis, they are commonly used as corticosteroidsparing agents, however, their use in uveitis is off-label (Suhler, Adán et al. 2018).
For non-alkylating conventional immunosuppressive therapy (antimetabolites and
calcineurin inhibitors), the SITE cohort study, showed that these agents were able to
achieve control of inflammation in 52%-73% of patients at 12 months depending on
specific agent used, with cyclosporine appearing the least successful whereas,
mycophenolate was associated with the highest success rate (73%). However, as
previously discussed, their corticosteroid sparing-effect was less pronounced and a
prednisolone dose < 10 mg per day occurred only in 36-58% of patients at one-year
follow-up. Cyclosporine was the least effective with corticosteroid-sparing, with only
36% of patients achieving this compared to 58% in patients taking methotrexate.
However, methotrexate and azathioprine appeared to be the least tolerated drugs and
they were associated with a high discontinuation rate due to side effects (Jabs 2017).
Mycophenolate mofetil was found effective in controlling the inflammation in posterior
uveitis and reducing the daily prednisolone dose below 10 mg at 2 years follow-up;
however, 77% needed higher doses (>2 gm daily), and 21% of patients needed
another second-line agent to control their disease activity with only 11% were able to
stop prednisolone (Goldberg, Lyu et al. 2014). This study only included patients with
multifocal choroiditis which is known to have a favourable response to conventional
immunosuppression.
Our findings confirms the results of the previous open-label studies on biologics, where
treatment with biologics enabled a significant proportion of patients to reduce the dose
or even stop their immunomodulatory therapy while maintaining disease under control
in patients with corticosteroid-resistant uveitis (Díaz-Llopis, Salom et al. 2012, Suhler,
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Lowder et al. 2013). Our study has demonstrated that the proportion of patients
receiving a therapeutic dose of the second-line immunosuppressive agent at the time
of starting biologics reduced significantly at one-year follow-up. At baseline (initiation
of biologics) 70.73% of patients were receiving second-line immunosuppressive
agent(s), and the vast majority of patients (97%) were using therapeutic doses. These
include mycophenolate mofetil, methotrexate, cyclosporine, azathioprine and
tacrolimus. The proportion of patients on therapeutic doses dropped to 67% and 55%
at one and two years, respectively. In other words, the proportion of patients who
stopped or dropped their second-line agent below therapeutic level rose from 3% at
baseline to 45% and 62% at 2 and five years follow-up, respectively (P-value< 0.0001).
This remarkable reduction in the number of patients on therapeutic doses of the
second-line immunosuppressive agent was coupled with a substantial reduction of
concomitant corticosteroids due to better disease control on biologics.
VISUAL III reported a 26% reduction in dose of immunomodulatory therapy (IMT) in
patients with active disease and 15% reduction in dose of IMT in patients with inactive
disease. Almost half of the patients (47%) with active disease managed to reduce their
dose of immunosuppressive treatment by ≥ 50% while in those with inactive disease
only 13% have managed to reduce ≥ 50% of their initial immunosuppressive dose. It
is difficult to compare these results to our data since in VISUAL III study reported IMT
as a combination of corticosteroids and second-line immunosuppressive agents. Also,
we have used a cut off for therapeutic and non-therapeutic doses of IMT while in
VISUAL III, the reduction was compared to the baseline dose.
Biologic response modifiers are highly effective in treating ocular inflammatory
conditions, and have a remarkable corticosteroid-sparing effect. It also appears that
these agents have a greater ability to reduce the concomitant daily corticosteroid dose
compared to other second-line immunosuppressive drugs and achieve this faster
(Martel, Esterberg et al. 2012). Moreover, we have demonstrated that biologic
response modifiers also reduce significantly the amount of IMT therapy needed for
patients with refractory uveitis.
Because of their superior efficacy and better disease control compared to conventional
agents, it would be reasonable to conclude that these agents should be the preferred
initial option in patients with NIIPPU. This will not only improve treatment outcomes
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but will also reduce significantly the risk of side effects associated with conventional
immunotherapy especially when higher doses or more than one IMT agent is used to
control ocular inflammation.
2.22.3 Best Corrected Visual Acuity (BCVA)
Benezra et al. reported that visual acuity is regarded as, the best single determinant
of disease activity in uveitic eyes (Benezra, Forrester et al. 1991). Similarly, in the
VISUAL II study, the most significant parameter of increased inflammatory activity was
deterioration in vision in placebo given patients. Therefore, the objective of
immunosuppressive treatment in uveitis is to maintain a patient’s vision. Although VA
does not reflect the entire spectrum of the disease, it is a very sensitive measure to
the change in ocular inflammatory status.
Vision in uveitic eyes can be affected in several ways. For example, vitritis which is a
common manifestation in most forms of non-anterior uveitis can reduce the vision,
especially when inflammatory cells and debris get deposited in the vitreous cavity and
obscure the visual axis. Moreover, uveitis related complications such as CMO,
choroidal neovascularization are visually threatening and can damage the vision
permanently if left untreated due to macular scarring. Furthermore, long-term
complications such as retinal ischaemia, cataract, and glaucoma can also lead to
significant visual impairment (Tomkins-Netzer, Talat et al. 2014). These complications
are prevalent and usually result from poor disease control or side effects of disease
treatment (corticosteroids particularly/topically or systemically). Therefore, proper
disease control is crucial in maintaining vision in patients with uveitis since it could
prevent the development of sight-threatening complications.
Our results show an initial and significant improvement in BCVA during the first year
on biologics. There was an initial improvement in BCVA from 0.5± 0.05 LogMAR at
baseline to 0.4±0.05 LogMAR at three months (p=0.005), and BCVA remained stable
for the entire follow-up period of 5 years, even in those patients with longer follow-up
(10 years) the BCVA remained stable (0.3±0.09) LogMAR. There was a statistically
significant improvement in BCVA at 3, 6, nine months and two years follow-up
compared to baseline. However, at 1, 3, 4 and five years the results did not show a
statistically significant difference. The stability of BCVA reflects the long-term efficacy
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of biological agents in controlling ocular inflammatory conditions that would damage
structures critical to vision if left poorly controlled. Alternatively, the better control of
inflammation on biologic agents reduced the risk of secondary ocular complications
that would usually occur in poorly treated uveitis and would compromise the vision
such as CMO, glaucoma and cataract.
The mean improvement in BCVA was 0.1 LogMAR at six months follow-up, although
it was statistically significant, from the clinical point of view, the improvement was less
than one line on the visual acuity chart, and therefore BCVA was considered stable.
Since corticosteroids are quicker to control inflammation compared to other
immunosuppressive agents including biologics, patients with sight-threatening
inflammation would initially be placed on a high dose corticosteroids (oral or
parenteral) to achieve a rapid anti-inflammatory response to rescue vision. The main
aim to start biologic treatment was to achieve a corticosteroid-sparing while
maintaining disease quiescence.
Our results have shown an initial improvement in vision after commencing biologic
treatment, and this may represent an additional disease control on biologics in patients
already taking corticosteroids and second-line agents. However, we cannot disregard
the fact that some patients have started biologic treatment with active uveitis despite
being on high dose corticosteroids with or without second-line agents. But, treatment
with biologics has achieved better control of inflammation which translated in improved
vision.
Our data shows stability of best-corrected visual acuity (BCVA) on biologic agents in
this high-risk group of patients and this represents an agreement with the three
VISUAL studies. Likewise, the French Uveitis group reported stability in BCVA after
initial improvement at 1 and two years follow up (Vallet, Seve et al. 2016). Our data
has shown that the visual acuity remained stable for longer follow-up times (5 years).
These results are consistent with VISUAL trials I, II and III, where treatment with
biologics led to a significant reduction in the risk of disease recurrence or worsening
in BCVA in patients with non-infectious uveitis.
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For both Behcet and non-Behcet disease patients, BCVA showed similar trends,
however, a wider confidence interval in patients with Behcet disease reflects the
greater differences in BVCA within Behcet disease subjects compared to non-Behcet
disease patients. For example, patients could have a very low vision (at counting finger
level) or normal visual acuity, and this occurs because Behcet disease usually
presents with necrotizing occlusive vasculitis and if it involves the posterior pole of the
eye (optic nerve and the fovea), ischaemia and permanent structural damage will
ensue and the vision remains poor even when adequate control of inflammation is
established with biologics. In non-Behcet patients, the BCVA was less variable, and
the vision is usually reduced due to increase inflammatory activity in the vitreous or
most commonly cystoid macular oedema and both are reversible. Therefore, visual
improvement is not uncommon in those entities when the disease is well-controlled.
Moderate vision loss was defined as BCVA<6/15 whereas severe vision loss is ≤ 6/60
(SUN criteria). The most common cause for moderate and severe vision loss was
macular scarring followed closely by cystoid macular oedema. Retinal detachment
was the third most common cause of severe vision loss. Other causes of vision loss
are optic neuropathy, ERM, macular ischaemia. The inflammation and ischaemia lead
to damage of photoreceptors cell layer and retinal pigment epithelium. Also, the
persistent fluid at the macula in the form of CMO or subretinal fluid interferes with the
normal physiological function of the retina and leads to loss of photoreceptors. The
RPE and outer retinal structures are closely related in both anatomy and function and
damage to one layer will result in loss of the other leading to scarring and atrophy.
Macular scarring was the most common cause of both, moderate and severe vision
loss, and this depends on the density and the extent of scarring at the fovea. The
denser and closer the scar to the fovea the more severe the vision loss is. In contrast
to previously reported figures, where CMO was accounting for 41% of causes of vision
loss (Rothova, Suttorp-van Schulten et al. 1996). Our study shows that chronic CMO
was responsible for 25% of both moderate and severe vision loss. Due to better
disease control on biologic response modifiers, CMO was less frequent cause of vision
loss. An earlier study showed than TNFα plays a key role in the pathogenesis of CMO
and high TNFα levels led to perpetuation of CMO (Markomichelakis, Theodossiadis et
al. 2004). One of the possible mechanisms is that TNFα induces vascular leakage at
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the fovea either directly or via the up-regulation of other pro-inflammatory cytokines.
Anti-TNFα was shown to have an antiangiogenic properties and treatment with
infliximab induced vascular regression in psoriatic arthritis associated inflammation.
Infliximab significantly reduced the expression of VEGF and its receptors which are
produced in response to TNFα. But it upregulated angiopoietin 2 which is responsible
for vascular stability (Canete, Pablos et al. 2004).
A retinal detachment causes twice as many patients to have severe vision loss
compared to moderate vision loss, (19% versus 10%). This depends on the extent of
the detachment and the amount retinal damage even after surgical repair.
Additionally, at baseline (at the time of starting biologics) almost two-thirds of patients
(62.7%) 94 eyes did not have a visual impairment. Patients not only maintained good
vision but some have their vision improved on biologic response modifiers. The
percentage of patients without visual impairment rose to 70.5% and 74.8% at six and
24 months on biologics. The increased number of eyes achieving vision better than
6/12 from baseline was statistically significant at six months (p-value 0.004) and two
years (p-value 0.01) and remained stable afterwards. Therefore, treatment with
biological agents not only maintained the vision in the vast number of patients, but
also significantly improved the vision in eyes with visual impairment (VA <6/12).
VA will continue to be used as a marker for inflammatory activity and as a reliable
indicator of disease control. Any deterioration in visual function has substantial longterm consequences on patients ability to lead a normal life, and it can affect their
mobility and productivity (Tomkins-Netzer, Talat et al. 2014). The long-lasting
favourable visual outcome demonstrated in the present study supports the efficacy of
these agents in disease control and maintaining the visual function in patients at high
risk of vision loss.
2.22.4 Disease relapses
One of the essential features of non-infectious intermediate, posterior and panuveitis
is recurrent disease relapse, and these recurrences can cause damage and scarring
to the ocular tissue which could lead to irreversible loss of sight. Therefore, treatment
usually aims not only at controlling the acute disease episode but also reducing the
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risk of future relapses. Thus, long-term disease control is a crucial issue in uveitis
management.
Our study shows that before beginning treatment with biologics, patients with noninfectious posterior, intermediate and panuveitis have had recurrent disease relapses,
with an average of two relapses per year, despite being placed on relatively high daily
dose corticosteroids and second-line immunosuppressive agents. The mean number
of disease relapses before biologics was 4.6 flares and the average disease relapse
per year was 1.8, whereas after biologics these figures significantly dropped to 1.6 on
average, with a mean rate of disease relapses of 0.6 per year of (p-value <0.0001).
Treatment with biologics resulted in a significant reduction (four-fold) in the rate of
disease relapse per year in all patients. Only 42% of eyes had a relapse of uveitis after
starting biologics and more than half of eyes in our study did not develop a disease
recurrence throughout the follow-up time which spans over five year period.
Before biologics, the relapse rate was high, and disease was not under control.
Interestingly, biologics did not only significantly reduce the rate of disease relapse, but
they also extended the mean time to first disease relapse in the 42% of eyes that had
a recurrence of uveitis after starting biologics, the median time to the first relapse was
5.4 years. The significant reduction in disease relapse on biologics paralleled the
substantial decrease in concomitant daily corticosteroid dose, which reflects the
potency of this class of immunosuppressive drugs in disease control in uveitis. On
these

grounds,

treatment

with

biologics

seems

superior

to

conventional

immunosuppressive agents with regards to preventing disease relapses.
In the French Study Group, event-free survival (defined as no disease relapse,
treatment failure or serious side-effects), at six months, 12 months and 24 months
were 90%, 70% and 59%, respectively. With longer treatment duration, there was a
trend for increase in drug-related treatment failure of any cause (Vallet, Seve et al.
2016). The comparison between infliximab and adalimumab in the French study Group
revealed similar drug efficacies and event-free survival, however the graphs show data
in favour of adalimumab. The event-free survival and cumulative incidence of serious
side effect were better in the adalimumab group compared to infliximab, and these
approximate statistical significance (p-value = 0.08). Figure 2-38 B &C.

241

Figure 2-38 Infliximab versus Adalimumab in the Treatment of Refractory Inflammatory
Uveitis: A Multicenter Study From the French Uveitis Network (Vallet, Seve et al. 2016)

Figure A (Cumulative incidence of
complete response to treatment)
shows no difference between
infliximab and adalimumab.
Therefore both are equally
effective in achieving disease
control.

Figure B (Cumulative incidence of
event-free survival*) shows a
difference between infliximab and
adalimumab, however, was not
statistically significant.
*Event-free survival (survival
without relapse, serious side effect
or treatment failure due to any
other cause)

Figure C (Cumulative incidence of
serious side effects) shows a
difference between infliximab and
adalimumab but was not
significant. Therefore Adalimumab
is better tolerated and associated
with less risk of serious adverse
events compared to infliximab.
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2.22.4.1

Relapse rate on biologics among different diseases (Behcet versus

non-Behcet disease).

In Behcet disease there is a pronounced T cell-mediated inflammation which can result
in significant damage to the ocular structures and vision. Studies have shown that
TNFα is upregulated in patients with Behcet disease and high levels were associated
with disease relapse (Turan, Gallati et al. 1997) (Santos Lacomba, Marcos Martin et
al. 2001, Evereklioglu, Er et al. 2002). Others have also shown a central role of TNFα
in disease pathogenesis. We performed a separate analysis comparing Behcet versus
non-Behcet disease patients with regards to survival to first disease relapse.
Before the initiation of biologics, there was no significant difference between Behcet
and non-Behcet disease patients with regards to the rate of disease relapse per year.
Nonetheless, after starting biologics, Behcet disease patients experienced
significantly lower rates of disease relapse compared to non-Behcet disease subjects
(p-value<0.001).
For Behcet disease patients the mean survival time to first disease relapse was more
than eight years versus 2.5 years in non-Behcet patients, a highly statistically
significant difference between the two groups (p-value<0.001). There was a dramatic
decrease in the number of disease relapses among patients with Behcet disease after
starting biologic therapy. Also, our data show that biologic therapy has reduced the
risk of disease recurrence by 75% in BD compared to other patients. Behcet disease
patients showed a very favourable response to treatment with biologics compared to
non-Behcet disease subjects. Similar findings were reported by the French Uveitis
group, where Behcet disease increases the likelihood of response to biologics
(infliximab and adalimumab) (Vallet, Seve et al. 2016). In this study, univariate analysis
showed that BD was associated with a three-fold increase in the rate of complete
response to anti TNFα (p-value=0.004), with both Infliximab and adalimumab having
equivalent efficacy.
This superior sensitivity to anti-TNFα drugs for Behcet disease patients compared to
non-Behcet disease may be due the crucial role of TNFα in the pathogenesis of Behcet
disease as shown in previous studies where high levels of TNFα where present in the
ocular fluid of BD patients and no inflammatory cytokines were detected in the ocular
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fluids in BD patients treated with TNFα. The authors concluded that anti-TNFα agents
block the differentiation of effector T cells particularly Th17(Sugita, Kawazoe et al.
2012). In non-Behcet disease patients, other inflammatory mediators might also be
involved in the inflammatory cascades and to a greater extent. Therefore, blocking
only TNFα does not achieve full control of inflammation in non-Behcet patients.
In agreement with our study, Takeuchi et at. reported a significant decrease in the
frequency of ocular attacks per year after treatment with infliximab in 164 patients with
Behcet disease-associated uveitis (5.3±3.0 to 1.0±0.3; p<0.05) and improvement in
visual acuity after treatment. Uveitis relapsed in 59.1% of all patients after infliximab
therapy, and about 80% of relapses occurred within the first year of treatment
(Takeuchi, Kezuka et al. 2014), On infliximab therapy, the majority of these relapses
(69%) needed only topical corticosteroids to control disease activity which implies a
milder form of disease recurrence compared to patients without biologics therapy.
Alternatively, shortening of the interval between infusions in addition to topical
corticosteroids was enough to control these flare-ups in 22%, and only 7% and 2%
required

an

increased

dose

of

infliximab

and

treatment

with

systemic

immunomodulatory therapy, respectively, to control the attacks.
In the above study, the mean duration from treatment with infliximab to the first relapse
was 8.5±7.1 months (ranging from 1 month to 2 years), and 93% of patients were
receiving systemic immunosuppressive drugs at baseline, and this decreased to 62%
after initiation of therapy. In the same study, the percentage of patients receiving
cyclosporine reduced from 44.5% to 25.6%, and for those with corticosteroids the
proportion decreased from 39.66 to 29.3%. Since some ophthalmologists advocate
the concomitant use of immunosuppressive drugs with infliximab to reduce the risk of
autoantibody formation, it is difficult to assess with accuracy the actual sparing effect
of infliximab on the second-line immunosuppressive agents (Takeuchi, Kezuka et al.
2014).
In Takeuchi et al. study, the data show a reduction in the rate of relapse of BD uveitis
on biologics, but the proportion of patients who relapsed on treatment was relatively
high (59.1%) compared to our findings, where only (15.6%) of eyes with BD had a
relapse of uveitis. One of the reasons is that infliximab was the only anti-TNFα agent
used whereas our study has also included patients on adalimumab which may have
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better efficacy in controlling BD uveitis. Also, there was a noticeable variation in the
amount and type of concomitant immunosuppressive therapy in Takeuchi et al. study.
For example, colchicine was the most commonly used drug in a significant proportion
before and during infliximab therapy. It is known that colchicine, has poor efficacy in
controlling ocular manifestations of Behcet disease. Moreover, a small number of
patients were placed on corticosteroids before (39%) and during infliximab therapy
(29%), and few patients had IMT. Concomitant use of corticosteroids and
immunosuppressive drugs enhances the response to anti-TNF α drugs (infliximab and
adalimumab) (Vallet, Seve et al. 2016). Therefore, less response to biologics was
encountered in the Takeuchi at el study compared to our findings and other reported
figures in the literature (Vallet, Seve et al. 2016).
Infliximab was extensively studied in ocular manifestations of Behcet disease namely,
retinal vasculitis and panuveitis and retinitis. When compared to corticosteroids or
cyclosporine, infliximab demonstrated superior efficacy in disease control and a
significant reduction in the number of disease relapse. A single infliximab infusion
versus corticosteroids in Behcet disease panuveitis resulted in faster resolution of
inflammation,

macular

oedema

and

retinitis

compared

to

corticosteroid

(Markomichelakis, Delicha et al. 2010). Another study was comparing the effect of
Infliximab versus cyclosporine in refractory Behcet disease uveoretinitis, and found
better efficacy with infliximab after six months follow-up. The number of disease
relapses was significantly lower in the infliximab group compared to the cyclosporine
group (p-value <0.005) (Yamada, Sugita et al. 2010). Moreover, both studies reported
a better safety profile for infliximab compared to corticosteroids or cyclosporine.
Similarly, Tabbara et al. reported a significant decrease in inflammation and ocular
complications and improvement in vision in 43 Behcet patients treated with infliximab
compared to patients on conventional treatment. Better disease control with a
significant reduction in the number of disease relapse was achieved in the infliximab
group compared to the conventional therapy (prednisolone with cyclosporine or
azathioprine and methotrexate) (p-value <0.0001). Also, the visual acuity was
significantly better in infliximab treated patients compared to conventional therapy at
two-year follow-up (p-value =0.0059) (Tabbara and Al-Hemidan 2008).
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Interestingly, infliximab was successful in treating retinal neovascular membranes not
associated with capillary drop-out but driven primarily by inflammation. These
membranes regressed after eight months of treatment, with a complete resolution of
ocular inflammation (Giansanti, Barbera et al. 2004). Also, infliximab was effective in
treating chronic, resistant CMO in Behcet patient without clinically evident ocular
inflammation (Markomichelakis, Theodossiadis et al. 2004).
Okada et al. studied 63 patients with ocular Behcet treated with infliximab
prospectively, and 69% of patients showed full improvement, 23% had partial
improvement, and only 8% showed no improvement. The mean number of ocular
attacks reduced from 2.66 at baseline to 0.44 during the first six months after starting
infliximab. The 92% improvement whether complete or partial was paralleled with
improvement in visual acuity (Okada, Goto et al. 2012). Golimumab in 17 Behcet
patients with systemic and ocular manifestations showed 94% of patients had their
disease quiescent with better results when combined with other immunomodulatory
therapy at three months (Vitale et al., 2017a).
A meta-analysis of anti-TNFα agents in 369 patients with Behcet disease, reported a
very high clinical response rate with >90% improvement in all disease manifestations
(mucocutaneous, ocular, gastrointestinal and central nervous system) in patients
inadequately controlled with conventional immunosuppressive agents (Arida,
Fragiadaki et al. 2011). The same study also reported that combination therapy of
infliximab with azathioprine with or without cyclosporine resulted in superior efficacy
compared to monotherapy with infliximab alone. The combination of infliximab and
cyclosporine was superior to all other drugs in achieving long-term ocular remission in
Behcet disease uveitis. In the same review, improvement rates in patients with ocular
Behcet were 89% and 100% for those treated with infliximab and adalimumab,
respectively. The study reported that adalimumab achieved better disease control in
Behcet disease patients compared to infliximab. However, the number of patients
treated in the infliximab group was much higher than that of adalimumab, 262 versus
16 patients.
Another study by Niccoli and co-authors, in Behcet patients with posterior and
panuveitis, reported complete remission in 75% (9 out of 12 patients) after 12 months
follow-up. The number of recurrences decreased from 40 attacks before infliximab to
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only five after cessation of therapy (Niccoli, Nannini et al. 2007). However, the effect
of biologics was not sustained, and patients needed to continue on these medications.
Accorinti and associates observed that some patients who had stopped or delayed
their therapy because of infections, had developed relapses after a mean time of 16.5
days, which were worse than during initiation of infliximab therapy (Accorinti, Pirraglia
et al. 2007).
Several studies on repeated infliximab infusions to prevent ocular relapses in Behcet
disease reported stability in visual acuity, and reduction in immunosuppressive therapy
(Ohno, Nakamura et al. 2004, Sfikakis, Kaklamanis et al. 2004) (Tugal-Tutkun, Mudun
et al. 2005). A quick and impressive improvement in visual acuity after 24 hours of
infliximab initiation was reported, unless permanent damage to the eye has occurred
before treatment (Arida, Fragiadaki et al. 2011). Fabiani and associates reported that
Behcet patients (40 patients 70 eyes) treated with infliximab had their visual acuity
improved, and a corticosteroid-sparing effect was achieved in most patients p<0.0001.
The study also reported that there were no differences in drug survival between those
with concomitant second-line immunosuppressive agents or not after ten years followup (Fabiani, Sota et al. 2017). Quality of life also significantly improved in patients with
Behcet disease after infliximab therapy. This paralleled improvement in inflammatory
activity demonstrated by a reduction in numbers of uveitis flares and improvement in
extraocular disease manifestations (Sakai, Watanabe et al. 2013). Similarly, infliximab
therapy was effective in controlling the inflammation, resolving the CMO and
improvement in visual acuity (Al Rashidi, Al Fawaz et al. 2013).
A study reported that infliximab treatment resulted in good response in 76.7% (56 out
of 73) of Behcet disease patients and the concomitant use of azathioprine at the start
of treatment with infliximab was significantly associated with achieving a good
response (D'Angelo, Leccese et al. 2015). Similarly, treatment with infliximab resulted
in significant reduction in or complete cessation of systemic immunosuppressive
agents in Behcet associated uveitis, and all patients achieved remission, with 73.7%
of patients not requiring systemic corticosteroids. All patients achieved complete
remission and 5 out of these 19 patients achieved drug-free remission with a mean
duration of 24.6±5.5 months (Al Rashidi, Al Fawaz et al. 2013). Treatment was safe,
and 94.7% continued treatment with infliximab without significant adverse events. The
same study reported detectable titres of autoimmune antibodies (ANA and anti247

dsDNA) but without clinical disease in 53%of patients and only one patient developed
a severe infusion reaction.
Stopping infliximab infusions after achieving long-term complete remission was
achieved in 9 out of 15 patients with the interval from drug initiation to treatment
withdrawal ranging from 22 to 87 months (mean of 55.7 ± 22.8 months). Four patients
developed a flare after cessation of infliximab therapy with an interval ranging between
3 to10 months (mean of 6.3±2.9 months), and had to restart infliximab therapy (Al
Rashidi, Al Fawaz et al. 2013).
The efficacy of Infliximab in sarcoidosis patients, with severe ocular involvement, has
been reported in several case series studies (Levy-Clarke, Jabs et al. 2014). Similarly,
adalimumab has also been used to treat severe sight threating posterior segment
sarcoidosis. Of 26 (41 eyes) sarcoid patients refractory to treatment, 85% achieved
improvement in the ocular inflammatory signs while the remaining were stable at one
year (Erckens, Mostard et al. 2012). Conversely, etanercept in sarcoidosis not only
failed to control the ocular inflammation or achieve corticosteroid-sparing at six months
when compared to placebo, but it also induced a granulomatous reaction in the setting
of sarcoidosis and enhanced the development of sarcoid-like granulomas. Therefore,
an expert panel recommended against the use of etanercept in sarcoid patients
(Erckens, Mostard et al. 2012). Etanercept is inferior to both infliximab and
adalimumab in treating ocular inflammtory diseases. One of the possible mecahnism
is the mocular structre of etanercept which is composed of fusion protein that
neutralizes only sulable TNFα, unlike inflixmab and adalimamb where both forms of
TNFα (soluable and transmembarne) are effectivly blocked. Please refere to page 151
first paragrah for other mechanisms.

2.22.4.2

Time to first relapse on different biologics

Comparing the efficacy of adalimumab and infliximab in relation to time to disease
relapse has shown no significant difference. Similarly, subgroup analysis for patients
with Behcet and non-Behcet disease separately did not show a statistically significant
difference in time to first disease relapse for patients on infliximab or adalimumab.
Fabiani and associates also reported recently similar efficacy between these two
248

biologics in controlling disease relapses in patients with non-infectious intermediate,
posterior and panuveitis (Fabiani, Vitale et al. 2018). Conversely, diagnosis (Behcet
versus non-Behcet) has a significant impact on time to first disease relapse under
biologics treatment, with better survival time from disease recurrence in Behcet
disease subjects. However, the type of anti-TNFα agent did not show any difference.
As previously shown, the results of our small cohort of patients treated with etanercept
suggest it is associated with a worse outcome in uveitis control. Analysing ten eyes
with different disease aetiologies on etanercept showed a high rate of disease
relapses (70%). Furthermore, two eyes without prior uveitis developed uveitis during
etanercept therapy, which was commenced for systemic autoimmune disease.
Treatment with rituximab, on the other hand, was effective for uveitis, and disease
control was achieved in approximately 65% of patients.

2.23 Treatment failure
Generally, biologics were effective and well-tolerated by most patients. Treatment
failure as previously defined as stopping of biologic treatment or switching to different
biologic due to lack of efficacy or treatment-related side-effects occurred in only 28%
of patients. Median time to treatment failure was approximately 1.65 years. Among
patients who failed their first biologic, the vast majority (86.5%) were switched to
another biologic agent (either same or different class). The most common reasons
were poor efficacy or drug-related side effects such as infusion reactions or rarely
demyelination. The reasons for treatment failure on infliximab were drug-related
allergic reactions and inadequate response to treatment, while all patients on
etanercept failed treatment due to poor disease response.
Our data show that a significantly higher proportion of patients failed treatment with
infliximab (42%) compared to adalimumab (17%) (p-value = 0.001). Survival analysis
shows a significant difference in time to treatment failure between these two biologics
(p-value =0.003). In all patients, the drug retention rate was significantly higher on
adalimumab compared to infliximab. Treatment with adalimumab was associated with
a significantly lower risk of treatment failure compared to infliximab, a relative risk
reduction of treatment failure of 65% on adalimumab in comparison to infliximab (pvalue= 0.004).
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Subgroup analysis in non-Behect disease patients shows similar trends with a
significantly higher proportion of patients failing infliximab treatment compared to
adalimumab. Survival analysis displays a significant difference in time to treatment
failure on infliximab versus adalimumab (p-value = 0.01). The data confirm that drug
retention rate was significantly better for patients receiving adalimumab compared to
those on infliximab therapy. Similarly, in Behcet disease, a higher proportion of
patients failed treatment with infliximab compared to adalimumab. However, the
results were not significant (p-value 0.23), and this may be due to the imbalance in the
number of patients on the biologics, with a higher number of patients on infliximab
compared to adalimumab. Comparing treatment failure on infliximab and adalimumab
in Behcet versus non-Behcet disease revealed a non-significant difference (p =0.10).
Therefore, treatment failure was primarily due to the type of biologic used (infliximab
versus adalimumab), and disease aetiology was not that significant in the development
of treatment failure.
In contrast, Fabiani and associates reported similar drug retention rate between
adalimumab and infliximab in 80 Behcet disease patients out of 107 (74%) patients
(subgroup analysis) (log-Rank p-value= 0.07). Likewise, analysing all study
populations (108 patients) did not show a statistically significant difference in drug
discontinuation rate between these two biologics (p-value=0.22) (Fabiani, Vitale et al.
2018). These results contradict our finding where infliximab was associated with a
significantly higher drug discontinuation rate. This divergence could be due to different
groups of patients included in the studies since the vast majority of patients in Fabiani
et al. study were Behcet disease patients, and it was not clear from the above study
whether patients with non-Behcet disease will behave in a similar way to those with
Behcet with regards to drug retention rate. Additionally, a shorter duration of follow-up
in patients on adalimumab compared to infliximab might have played a role in these
results. However, in the above study, a trend toward significance, with regards to drugretention, was observed in favour of infliximab among Behcet patients (p-value 0.07).
The key message from this trial is that these biologics remained effective for long
follow-up time, and this applies to whether treatment was given intravenously or
subcutaneously (infliximab or adalimumab).
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Our results showed that adalimumab is superior to infliximab with regards to treatment
failure in uveitis. There was a significantly shorter time to treatment failure with
infliximab compared to adalimumab. This may be because unlike adalimumab,
infliximab is a chimeric molecule which might possess a higher risk in triggering an
immune reaction that causes drug allergy, or infliximab loses its efficacy due to the
development of antidrug antibodies. VISUAL I trial reported very low immunogenicity
of adalimumab.
It has been reported that anti-TNFα drugs lose their efficacy owing to the development
of antidrug antibody which is responsible for increasing drug failure rates after multiple
infusions (Maini, Breedveld et al. 1998). Nonetheless, our data show that treatment
was effective for extended follow-up times and was continued by the majority of
patients (72%) at the five-year follow-up. Similarly, two studies have reported excellent
long-term retention rates with infliximab in Behcet disease patients approaching up to
75% at five-year follow-up (Cantarini, Talarico et al. 2017, Fabiani, Sota et al. 2017).
In Behcet disease patients the retention rate of adalimumab at 1 and four years followup were 76.9 % and 63.5%, respectively, among 54 patients and 82 eyes (Fabiani,
Sota et al. 2018). On the other hand, the retention rate on infliximab was reported to
be 89% at one year and 47% at ten years (Fabiani, Sota et al. 2017). Likewise, a study
comparing the retention rate between adalimumab and infliximab showed these rates
to be 65% in adalimumab group versus 75% in infliximab group at 5-year follow-up
assessment in 64 Behcet disease patients (Cantarini, Talarico et al. 2017).
To determine factors related to treatment failure, a multivariate logistic regression
analysis was conducted only on patients treated with infliximab and adalimumab
because the number of eyes on other biologics were insufficient for the analysis. The
results showed that adalimumab was associated with a significantly lower rate of
treatment failure, odds ratio for treatment failure on adalimumab was 0.4 (95%CI 0.180.89, p=0.03). On the other hand, biologic agents given for systemic disease are three
times more likely to lead to treatment failure compared to the ocular disease alone,
odds ratio (OR) of 3.22 (1.46-7.07, p=0.004). Finally, for each year increase in age the
risk of treatment failure was reduced by 3%.
In the multivariate analysis in our study, gender, anatomical location of uveitis,
aetiology of uveitis, laterality, treatment with corticosteroids or IMT did not have a
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significant association with treatment failure. Fabiani et al in their study reported similar
findings, and they also reported that whether biologics were used alone or in
combination with other immunosuppressive agents, there was no statistically
significant effect on the long-term effectiveness of adalimumab and infliximab (Fabiani,
Vitale et al. 2018). Furthermore, in Fabiani and associates study treatment with
adalimumab and infliximab in biologic-naïve patients or previously switched from other
biologics did not have a statistically significant difference on drug discontinuation rate.
2.23.1 Switching from infliximab to adalimumab.
Among those who initially failed infliximab (13 patients) who switched to adalimumab,
the majority were due to allergic reactions (itching) and a minority due to inadequate
response to treatment. Those patients had a favourable response to adalimumab, and
only three patients (23%) failed the second biologic, and this was due to inadequate
response to treatment. There was a significant improvement in mean survival time to
treatment failure on switching to the second biologic (adalimumab) (p-value<0.001).
Those who switched from infliximab to adalimumab had an improved treatment
success rate and less than a quarter of patients had to stop adalimumab due to an
inadequate response, and none had drug-related allergic reactions. Almost two-thirds
(61.5%) continued their treatment on adalimumab till last follow up visits and (15.5%)
stopped treatment due to disease control. Adalimumab was effective and welltolerated by over 75% of these patients.
Several studies have reported successful switching from infliximab to adalimumab. In
ankylosing spondylitis and psoriatic arthritis anti-TNFα agents were associated with
high drug persistence rate and switching to another agent due to lack of efficacy or
adverse reactions can be a valid option. However, this study was for only six months
of follow-up (Fabbroni, Cantarini et al. 2014).
With regards to the efficacy of anti-TNFα in biologic-naïve patients, Fabiani et al.
reported a better drug survival when infliximab was employed as a first biologic and
claimed that BD patients are more likely to have better results, if they were biologics
naïve (Fabiani, Sota et al. 2017). In contrast, Vallet and co-workers reported equivocal
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results between infliximab and adalimumab whether used as first or second agents
(Vallet, Seve et al. 2016).
Our data shows that adalimumab was still effective in patients previously treated with
infliximab. Similarly, several studies in Behcet patients showed continued disease
control upon successful transition from infliximab to adalimumab in patients who were
previously controlled on infliximab and flared-up after stopping treatment (Van Laar,
Missotten et al. 2007), or had to stop infliximab due to development of an allergic
reaction (Takase, Ohno et al. 2011) or switched during disease remission (Mushtaq,
Saeed et al. 2007). In Takase et al. study adalimumab induced fast clinical remission
in Behcet patients. Similarly, other studies have reported similar efficacy between
infliximab and adalimumab. However, adalimumab was better tolerated and was
associated with less adverse reactions (Martel, Esterberg et al. 2012). Likewise, Bhatt
and co-authors, reported that allergic reactions at the injection site were the most
commonly reported side effects on adalimumab (Bhatt, Tucker et al. 2016).
Adalimumab appears to have a superior safety profile, and seems better tolerated
compared to infliximab in patients with refractory ocular inflammatory diseases. In
agreement with this Takase and Ohno reported that adalimumab was shown to be
more effective and associated with fewer hypersensitivity reactions in Behcet disease
patients switched from infliximab to adalimumab (Takase, Ohno et al. 2011).
Finally, our analysis shows that all patients failed treatment with etanercept.
Etanercept was reported to be useful for the mucocutaneous manifestations of Behcet
disease, but, was less effective in controlling other systemic manifestations
(Melikoglu, Fresko et al. 2005), and better control of systemic disease was achieved
after switching to infliximab (Estrach, Mpofu et al. 2002).
2.23.2 Is adalimumab is superior to infliximab in treating NIIPPU?
Studies comparing the efficacy of infliximab and adalimumab reported conflicting
results. Adalimumab was reported superior to infliximab, and it was better in
maintaining disease remission over three years in a comparative cohort study on antiTNFα in sight-threatening uveitis in childhood (Simonini, Taddio et al. 2011). However,
the French Uveitis group reported that adalimumab is equivalent to infliximab
regarding the efficacy in patients with non-infectious refractory uveitis (Vallet, Seve et
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al. 2016). In the French Uveitis group, the overall response rose significantly with both
anti-TNFα drugs from 87% at six months to 93 and 95%, at 1 and two years,
respectively. The median time to treatment response was two months among
complete responders, and the response rate was 97% in the infliximab group and 95%
in the adalimumab group.
Two studies compared the efficacy of both infliximab and adalimumab in chronic
anterior uveitis in children. The first study reported a superior long-term remission with
adalimumab compared to infliximab in childhood chronic anterior uveitis (Simonini,
Taddio et al. 2011). However, both drugs were similar in time to achieve disease
remission and discontinuation of corticosteroid. The second study reported a
significantly higher remission rates with adalimumab in comparison to infliximab at one
year, in JIA associated uveitis (67.5 % versus 42%, p-value= 0.025) (Zannin, Birolo et
al. 2013).
2.23.3 Role of adalimumab in NIIPPU
Adalimumab In a retrospective study in patients with chronic uveitis refractory to
treatment was effective in controlling the inflammation in 35% of patients who were
refractory to previous treatment with etanercept and infliximab (Tynjälä et al., 2008).
However, this was conducted on patients with JIA-related chronic anterior uveitis.
Factors that have a favourable response were: younger age and shorter disease
duration. Adalimumab was given in a prospective pilot study on 19 treatment-resistant
uveitic patients, half of them diagnosed with idiopathic intermediate/panuveitis and the
remaining were either Behcet’ patient, Vogt Koyanagi Harada disease or Birdshot
chorioretinopathy. Adalimumab controlled inflammation in 63% of patients, and after
one year there was a complete resolution of CMO in 55% of patients. Adalimumab
led to an improvement in their visual acuity and achieved better control of inflammation
with a 50% reduction of the concomitant immunomodulatory therapy from baseline
(Diaz-Llopis, Garcia-Delpech et al. 2008). However, in this study, the authors used a
single numeric grading system from 0 to 9 for each drug (apart from mycophenolate
0-7). The dose of each drug is given a score on the scale and if two drugs were used
a combined score is given. We have used a simplified approach by categorising the
dose of each drug into therapeutic and non-therapeutic dose based on pre-specified
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cut-off values for each drug. Also, this study included a small number of patients and
had a relatively short duration of follow-up (1 year). Around 42% had at least one
disease relapse during the follow-up period which was treated with periocular
corticosteroids.
Likewise, Martel and co-workers in a retrospective case series of non-infectious uveitis
reported that a combination of corticosteroid-sparing effect (daily prednisolone ≤10
mg) and sustained inflammatory control was achieved on adalimumab in 38% and
57% of patients at 3 and 12 months respectively (Martel, Esterberg et al. 2012). The
figures for infliximab were 33% and 61% at 3 and 12 months, respectively. However,
half of the patients included in this study were diagnosed with anterior uveitis. Also,
the median follow-up was shorter in adalimumab 0.9 years versus 1.2 years in the
infliximab group. Moreover, the authors did not stop the immunomodulatory therapy
as a precautionary measure against the development of anti-biologic antibody.
Similarly, adalimumab in an open-label non-comparative prospective trial in 31 with
non-infectious uveitis refractory to treatment, demonstrated clinical improvement in
68% of patients at ten weeks, and 12 patients (39%) had sustained response after one
year (Suhler, Lowder et al. 2013). However, shorter duration of follow-up is unlikely to
reveal the full treatment efficacy. Longer follow-up is better in demonstrating the drug
resistance which was claimed to be a reason for treatment failure.
A multicentre prospective study of 131 patients with refractory uveitis (39 JIA, 16 pars
planitis, 13 Behcet and 27 idiopathic uveitis) intolerant or failed to respond to
prednisolone and at least one IMT received reported significant reduction in the
anterior and posterior chamber inflammation, improvement in VA and reduction in the
immunosuppression load on adalimumab 40 mg every two weeks. There was a
significant reduction in corticosteroid dose (Díaz-Llopis, Salom et al. 2012). Those
patients who had lost response to infliximab and etanercept have responded to
adalimumab. Forty-four patients (33.6%) had chronic anterior uveitis, nine patients
(6.9%) had intermediate uveitis, five patients (3.8%) had posterior uveitis, and 57
patients (43.5%) had panuveitis. The remaining 16 patients had combined anterior
and intermediate uveitis (n = 9) or combined posterior and intermediate uveitis (n = 7).
There was a marked decrease in intraocular inflammation after six months, and 50
patient (38%) experienced reactivation of uveitis
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When adalimumab was given to 10 patients with refractory uveitis of different
aetiologies, all patients responded to treatment by showing improvement in intraocular
inflammation and visual acuity. There was a significantly lower percentage of relapses
20%, and this may be due to the fact that treatment with methotrexate was maintained
throughout the follow-up period which has a synergistic effect on reducing the relapses
rate (Callejas-Rubio, Sánchez-Cano et al. 2008). Treatment with methotrexate was
maintained in 80% of patients. In this series-most of the patients had panuveitis.
Adalimumab is licensed in the United States for the treatment of non-infectious uveitis,
intermediate uveitis, posterior and panuveitis in adult patients. In Europe, adalimumab
is indicated for the treatment of non-infectious uveitis in patients who have
demonstrated an inadequate response to corticosteroids, patients who need
corticosteroid-sparing, or in whom the treatment with corticosteroids was not
appropriate (Dick, Rosenbaum et al. 2018).
The efficacy of adalimumab as a combination therapy with methotrexate in JIA
associated anterior uveitis showed superior reduction in treatment failure and delay in
time to treatment failure compared to methotrexate alone (Hazard ratio 0.25: 95%CI,
0.12-0.49; P <0.0001). Also, there was significant corticosteroids sparing with
combination therapy (P=0.02) (Ramanan, Dick et al. 2017). Another study reported
that the co-administration of disease modifying anti-rheumatoid drugs (DMARDs) did
not affect the clinical efficacy of adalimumab, in 100 Behcet patients. Adalimumab was
reported as effective and induced a good clinical response in 81 patients with a mean
time of 7± 3 weeks. 30% relapsed after 22 months ±1.5 month. At two years 67/100
were still using adalimumab, There was a significant difference in the number of flareups treatment discontinuation at 24 months (Vitale, Emmi et al. 2017).

2.24 Safety of biologic response modifiers
Our data shows that biologics were well tolerated by most patients with low rates of
severe infection and demyelinating disease. Adalimumab was better tolerated than
infliximab, and there were significantly fewer treatment failures due to adverse drug
reaction on adalimumab compared to infliximab. The French Uveitis Group reported
that infliximab was associated with a higher rate of serious adverse events compared
to adalimumab (16% versus 6%) including more infections, hypersensitivity reactions,
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autoimmune disease and neoplasia (Vallet, Seve et al. 2016). In the previous study
factors associated with severe adverse events were older age, and those with greater
than five flares before starting biologics. The higher frequencies in autoimmune
diseases and allergic reactions could be explained by the fact that infliximab is more
immunogenic than adalimumab due to the mouse portion within its structure. However,
the two drugs were similar concerning serious side effects (Vallet, Seve et al. 2016).
Interestingly, biologics were reported to have a superior safety profile compared to
other immunomodulatory therapy. Abásolo and associates in their 10-year follow-up
study reported that systemic treatment was suspended in over 50% of cases with noninfectious uveitis. The three most common causes of treatment discontinuation were
adequate clinical response to treatment, followed by lack of efficacy and lastly
treatment-related side effects. Not surprising, this paper reported that combination
therapy was associated with higher rates of drug discontinuation owing to clinical
efficacy compared to monotherapy. The discontinuation rate due to adverse reactions
was the lowest among TNFα blockers compared to other immunomodulatory agents
(cyclosporine, methotrexate and azathioprine). Finally, the drug discontinuation rate
due to adverse drug reactions was highest with cyclosporine followed by azathioprine.
Also, the combination with azathioprine and another non-biologic agent such as
cyclosporine was associated with a higher rate of adverse drug reactions which had
led to discontinuation of the treatment (Abásolo, Rosales et al. 2016).
For patients with intermediate uveitis, MRI and neurological assessment would be
important to exclude a demyelinating disease especially MS. However, MS may
develop years after treatment with biologics, one patient in our study had been
diagnosed with intermediate uveitis initially and was treated with biologic then had a
diagnosis of both Behcet disease and MS. Anti-TNF alpha agent was stopped, and
the patient commenced an interferon treatment.
The VISUAL III trial on long-term efficacy and safety of adalimumab reported a low
incidence of adverse events. The most common were infections particularly
reactivation of latent TB (3.8%), malignancies were reported in 2.9%, with nonmelanoma skin cancer being the most commonly encountered cancer followed by
solid organ cancer such as, rectal and pancreatic, and breast cancer. The incidence
of demyelinating disorders was low (1.2%). Liver disorder and liver failure were
257

reported in 2.4% of patients. Finally, A study on 315 patients with AS using
adalimumab for 24 weeks reported that there were no cases of reactivation of latent
TB, exacerbation of congestive heart failure, demyelinating disease or onset of
malignancies (van der Heijde, Pangan et al. 2008).

2.25 Overall conclusion and the major impact of the study
In our study, the majority of patients with non-infectious, non-anterior uveitis refractory
to conventional immunosuppression (were not controlled with multiple drugs, including
prednisolone, and one or two second-line agents) responded favourably to biologic
therapy. There was a marked reduction in the annual rate of disease relapse, and this
better disease control on biologics allowed the dose of other immunosuppressive
drugs to be significantly lowered.
In accordance with previously published data, this study shows that treatment with
biologics achieved a significant and consistent reduction in mean daily corticosteroid
dose early on. There was a significant reduction in the daily prednisolone dosage after
three months on biologics. Also, the percentage of patients on corticosteroids dose ≤
10 mg (safe threshold) increased remarkably. Similarly, a significantly less proportion
of patients either stopped second-line agent(s) or dropped below the therapeutic dose.
Our data also shows that the reduction in dose of immunosuppressive therapy was
maintained for prolonged follow-up period (5 years and beyond). Therefore, biologic
agents are still effective for extended follow-up time, contrarily to the previously help
perception that biologic agents lose their efficacy with time.
With regards to anti-TNFα drugs, our study proves the fact that etanercept has poor
efficacy in controlling ocular inflammatory diseases and should be avoided in these
conditions. Conversly, both infliximab and adalimumab are effective in ocular
inflammatory diseases. Our data shows that they both have similar corticosteroidsparing action, but treatment failure due to drug-related allergic reactions was
significantly higher in infliximab-treated patients. This might be attributed to the
molecular diffreneces between these two anti-TNFα (adalimumab is fully humanised
whereas infliximab contains a mouse protien, and therefore is more likely to induce an
immune reaction). Examining factors related to poor response to infliximab and
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adalimumab shows that treatment for systemic disease was associated with three
times increase in risk of treatment failure compared to ocular disease alone.
Importantly, in the current study, Behcet disease patients with ocular involvement are
more sensitive to TNFα blockers compared to other disease etiologies. Behcet
disease patients treated with biologics had significantly lower rate of disease. In
subjects with Behcet disease, biologic treatment reduced the risk of uveitis recurrence
by 75% compared to non-Behect’s patients. This interesting finding may be attributed
to the central role of TNFα in Behcet disease pathogenesis. Therefore, BD patients
should be offered a biologic treatment early on in disease course.
Finally, with regards to safety of biologics, malignancy rates were meager in our study,
and only two patients developed demyelinating disease. None of the patients in this
study developed lupus-like disease which could be explained by the fact that the
majority of patients were taking immunosuppressive agents in addition to their biologic
treatment. Although, in the current study biologic treatment was safe and well tolerated
by the majority of patients, it is difficult to ascertain these findings due to small smaple
size. A randamised-controlled trials are needed to provide evidence regarding the
saftey and efficacy of biolodics in large number of patients.
Implications and recommendations
•

Biologics (excluding etanercept) should be used to treat patients with noninfectious intermediate, posterior and panuveitis managed on high dose
corticosteroids and second-line immunosuppressive agents.

•

Adalimumab has a superior safety profile and also easily administered by
patients, therefore, it should be the initial preferred choice for patients with
refractory non-infectious uveitis. Switching to a different biologic is a valid option
and patients switched from infliximab to adalimumab had good response and
treatment was well tolerated.

•

Behcet disease patinets with vital organ involvement (including the eye) must
start anti TNFα therapy as soon as possible to achieve rapid disease control
and reduce the risk of severe visual impairment.

•

Looking at treatment failure rates in patients on biologics with and without IMT.
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Limitations
The study is retrospective in nature, and patients in this cohort do not represent
patients with ocular inflammtory diseases. The data were collected in a tertiary care
centre thus a referral bias might exist because it is more likely to encounter more
severe cases and patients who are doing well and their uveitis is well-controlled are
unlikely to get referred. Also, patients had variable follow-ups and there was
incomplete data for some patients. Moreover, there were small number of patients on
some biologics such as rituximab and vedolimumab. Finally, the inherent
heterogeneity of uveitis makes studying therapeutic agents challenging Therefore, our
results must be interpreted with caution.
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3 Chapter Three Statins in inflammatory eye
disease
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3.1 Introduction
Treatment with oral corticosteroid is essential in controlling the inflammation in almost
all forms of sight-threatening uveitis. This treatment is not curative, but suppresses the
inflammation and herein reducing the ocular tissue damage. After achieving
successful control of inflammation with high dose corticosteroid, treatment then aims
to keep the inflammatory drive under control with the lower effective dose possible and
patients commonly adhere to therapy for an extended period.
One of the challenges in uveitis management is that there are no means in
differentiating treatment-induced disease remission from disease quiescence on
immunosuppressive therapy. Therefore, slow withdrawal of treatment with close
monitoring for any signs of increase inflammatory activity is the only clinical
management approach currently available. When the disease relapses, which is
inevitable in most forms of non-infectious IU, posterior and panuveitis, corticosteroid
dose is then increased to a higher dose to re-establish disease control. Therefore,
uveitis

management

usually

involves

long-term

treatment

with

systemic

corticosteroids and or second-line immunosuppressive agents (corticosteroidsparing), until the disease goes into remission.
However, the use of these agents is a double-edged sword; significant toxicity can
counteract their beneficial effect. The toxicity of corticosteroids is dose-dependent and
even with lower doses the toxicity is minimised but not eliminated. Higher doses are
associated with significant increase in the risk of death from all-causes and particularly
from cardiovascular disease (del Rincón, Battafarano et al. 2014). Corticosteroids are
known to cause dyslipidaemia and increase the risk of cardiovascular morbidity and
mortality. Thus, second-line immunosuppressive agents are added primarily to
achieve corticosteroids sparing effect. Nonetheless, second-line immunosuppressive
therapy requires several weeks to months to achieve a full effect which leads to delay
in reduction of corticosteroid dose to a safe level. Moreover, agents such as
cyclosporine have also cardiovascular risks including hyperlipidaemia and
hypertension (Murphy, Greiner et al. 2005). Consequently, immunosuppressed uveitic
patients are at higher risk of developing cardiovascular diseases.
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Research is always attempting to discover a safer and more effective treatment option.
Statins, which are classically prescribed to reduce serum cholesterol levels and
improve clinical outcomes in patients with cardiovascular disease, have been shown
to have pleiotropic immunomodulatory effects in several studies. There is an
increasing body of evidence with regards to the efficacy of statins as
immunomodulatory agents in many in vitro and in vivo studies. In animal models of
uveoretinitis statins have shown a good response and decreased score of ocular
inflammatory markers. Moreover, two observational studies have shown a protective
effect of statins against the development of uveitis. Given the relatively low side effect
profile of statins, when compared to other immunosuppressive medications (Smeeth,
Douglas et al. 2009), statins seem suitable option for treating ocular inflammatory
diseases due to their immunomodulatory effect, relative safety profile and ease of
administration.
If the anticipated effect of simvastatin on the daily corticosteroid dose required to
control the intraocular inflammation is equivalent to its impact on disease progression
in the multiple sclerosis study, the detection limit of change in mean dose of
corticosteroids was set at 2.5 mg. The smallest difference that we want to detect
should match the smallest effect that would be of a real practical significance.
However, is a 2.5mg reduction in daily dose of prednisolone of any clinical and
practical significance? (In other words) Is the effect size of simvastatin of 2.5 mg
reduction is big enough to be of any clinical importance? The answer to this question
comes from studies in rheumatoid arthritis which have shown that cardiovascular
disease and mortality increase with increasing daily and cumulative doses of
prednisolone. The study by Del Rincon and associates on a large cohort of patients
with rheumatoid arthritis have shown that the exposure to corticosteroids is associated
with a dose-dependent increase in death from all causes. After the threshold of 8 mg
per day, the number of fatalities increases in a dose-dependent manner with a hazard
ratio of 1.07 per each mg of prednisolone per day (95%CI; 1.05-1.08) (del Rincón,
Battafarano et al. 2014). The previous study also reported a safe threshold for the
cumulative dose of corticosteroids to be 40 gm and doses higher than 40 are
associated with a significant increase in the risk of death. For example, patients on 5
mg daily prednisolone dose, would reach this threshold (40gm) in approximately 22
years whereas those exposed to 10 mg a day would be at significant risk faster (11
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years). Since uveitis is a chronic disease and it is associated with systemic
inflammation in 30% of cases such as, with sarcoidosis and Behcet’s disease, these
durations of exposure are easily reached. Therefore, as small as, a 2.5 mg reduction
of daily prednisolone dose, would be clinically significant with regards to the decrease
in risk of all-cause mortality and death due to cardiovascular disease. Moreover,
simvastatin would offer an additional benefit by reducing the LDL cholesterol and
improve the cardiovascular outcomes in patient with ocular inflammatory disease
exposed to the toxic effect of immunosuppressive therapy. This chapter will examine
alternative approach aiming at using simvastatin to reduce corticosteroid requirement
by patients with non-infectious uveitis.

3.2 Background of statins

Statins, also known as 3-hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase
inhibitors, have long been used for controlling blood cholesterol levels and reducing
the risk of cardiovascular morbidity and mortality. While their mechanism of action in
vascular disease is established, the evidence is accumulating regarding alternative
immunomodulatory roles that may enhance their cardiovascular effect, as well as play
a role in treating inflammatory disorders (Jain and Ridker 2005).

Statins were discovered in the early 1970s from Penicillium citrinium cultures (Endo,
Kuroda et al. 1976). Further research showed that these molecules strongly inhibit the
rate-limiting enzyme in cholesterol biosynthesis, HMG-CoA reductase, which is
responsible for the conversion of HMG-CoA to L-mevalonate and finally to farnesyl
pyrophosphate (FPP, is the precursor for cholesterol synthesis). Because statins have
higher affinity to the binding site of this enzyme, they inhibit endogenous cholesterol
synthesis (Istvan and Deisenhofer 2001). This blocking of cholesterol synthesis leads
to overexpression of low-density lipoprotein (LDL) receptors on hepatocytes in the liver
which leads to enhanced clearance of LDL from the circulation (Goldstein and Brown
1990) (Graaf, Richel et al. 2004).
Another product of the L-mevalonate pathway is geranylgeranylpyrophspohate
(GGPP), which is synthesised from FPP. FPP and GGPP are both essential
isoprenoids and serve as lipid attachments for various intracellular proteins such as
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small guanosine triphosphatases (GTPases) which are thought to have an
immunomodulatory effect by acting as adjuncts for different intracellular signalling
processes. GTPases are critical regulators in various biological function within the cell,
such as gene transcription, and adhesion. Furthermore, they serve as essential
biochemicals for actin cytoskeleton which mediates a variety of essential biological
functions, such as, cellular movement and division (Hall 1998).

3.3 Statin’s immunomodulatory effect
While statins are commonly used for cardiovascular disease to lower blood cholesterol
levels, studies have demonstrated they may have additional effect irrespective of this
(Sacks, Pfeffer et al. 1996). Endothelial function studies (Jarvisalo, Toikka et al. 1999)
as well as clinical trials from organ transplantation (Kobashigawa, Katznelson et al.
1995) and stroke prevention (Sever, Dahlof et al. 2004), support their additional
immunomodulatory effect unrelated to lowering cholesterol (Jain and Ridker 2005).
Statin has been shown to maintain the endothelial function in coronary arteries and
increase myocardial perfusion in porcine hypercholesterolemia model which was
unrelated to their lipid-lowering effect (Wilson, Simari et al. 2001). They were also
found to reduce the incidence of cardiac and renal graft rejection rates in patients,
increase survival and lower incidence of vasculopathy after one year of pravastatin
treatment, a member of statin family, (Katznelson, Wilkinson et al. 1996)
(Kobashigawa, Katznelson et al. 1995). Leading to a recommendation to give cardiac
transplant patient statins irrespective of their blood cholesterol levels, (Kittleson and
Kobashigawa 2013) (Jain and Ridker 2005).
Early evidence of immune suppressive effects of statin comes from studies on Creactive protein CRP in patients with myocardial infarction. CRP is a systemic
inflammatory biomarker, and individuals with elevated serum CRP levels >3 mg/L
have an increased risk of cardiovascular events. Statins resulted in a reduction of CRP
levels in those patients, independently, of their cholesterol level (Musial, Undas et al.
2001, Albert, Glynn et al. 2003). This has found support in their effect in what are
regarded as more classic inflammatory conditions, such as, multiple sclerosis and
rheumatoid arthritis, demonstrating their role as inhibitors of the production of several

266

pro-inflammatory cytokines, tumour necrosis factor α TNFα, interleukin 1β (IL-1β), IL6 and IL-8 (Nagashima, Okazaki et al. 2006).
Statins have different actions on immune system. There is a mounting body of
evidence regarding the efficacy of statins in suppressing the immune system in
experimental autoimmune disease with exciting results. However, the influence of
statin on the immune pathway and the relation to improving clinical outcome is poorly
understood (Greenwood, Steinman et al. 2006).
The immunomodulatory effect of statins is exerted either directly on cells, such as
interfering with T lymphocyte proliferation (Chakrabarti and Engleman 1991, Cuthbert
and Lipsky 1991), inhibiting the expression of co-stimulatory molecules CD80 and
CD86 on B cells (Youssef, Stuve et al. 2002). Or through inhibition of cellular
interactions and signalling molecules such as tumour necrosis factor α (TNF-α)
(Sadeghi, Tiglio et al. 2001), a potent pro-inflammatory cytokine that induces apoptosis
of retinal cells (Robinson, Ho et al. 2011). By influencing the cytokine balance from
pro-inflammatory to anti-inflammatory, statins modulate the immune response and
achieve an immunosuppressive effect (Youssef, Stuve et al. 2002) (Kwak, Mulhaupt
et al. 2000). Additionally, statins block the intercellular adhesion molecule 1 (ICAM1)
pathway which is responsible for the interaction between the vascular endothelium
and lymphocytes, therefore statins interfere with transvascular migration of
lymphocytes (Yoshida, Sawada et al. 2001), thereby reducing the number of
lymphocytes reaching the sites of inflammation. For a description of statin
immunomodulatory pathways, please refer to figure 3-1.
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Figure 3-1 effects of statins on T cells and antigen presenting cells (Greenwood, Steinman et al.
2006)

APC antigen presenting cells
STAT4 signal transducer and activator of transcription 4
GATA3 GATA binding protein 3
Th2 T helper
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3.4 Anti-inflammatory effect of statin at the cellular level
The cholesterol synthesis pathway and protein prenylation produce many intermediate
compounds called isoprenoids which are involved in posttranslational modification of
essential proteins such as, Ras Rac Rho. Statins reduce the availability of these
intermediate metabolites and thus interfere with the activity of key signalling molecules
necessary for immune cell function among other cells. Experiments conducted in vitro
and animal models suggest that statins modulate the immune system through
alterations in cell surface molecules, cellular interactions, signalling proteins and
nuclear factor expression and function (Jain and Ridker 2005). Statins effect on the
prenylated proteins modulates the immune pathway in several ways:
1. Statins interfere with leukocytes motility.

2. Statins interfere with antigen uptake, processing and presentation.

3. Leukocytes activation proliferation and function is affected by statin therapy.
HMG-CoA reductase inhibitors interfere with T lymphocytes proliferation by
blocking essential biological compounds necessary their differentiation
(Chakrabarti and Engleman 1991, Cuthbert and Lipsky 1991). Statins used in
experimental autoimmune uveoretinitis significantly suppressed lymphocytes
proliferation and the production of INFγ, statins resulted in 77% and 87%
reduction in INFγ in rats treated with atorvastatin and lovastatin, respectively in
comparison to control group (Kohno, Sakai et al. 2007).
Similarly, statin administered in vivo, inhibited the induction of T helper1 cellmediated autoimmune disease and shifted the cytokine profile of T cells from T
helper 1 (pro-inflammatory) to T helper 2 (anti-inflammatory) (Youssef, Stuve
et al. 2002) (Aktas, Waiczies et al. 2003, Nath, Giri et al. 2004). Nonetheless,
this finding was not universal, and some studies have shown that lovastatin and
simvastatin have a significant suppression on Th1 cells but no effect on Th2
cytokines (Greenwood, Steinman et al. 2006).

4. Statins inhibit the production of pro inflammatory cytokines. Pahan et al. found
that in vitro treatment of macrophages and CNS resident APC (microglia and
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astrocytes) with lovastatin, resulted in reduced expression of pro-inflammatory
cytokines such as TNFα, INFγ, IL1β and IL6 from macrophages and antigen
presenting cells APC in vitro (Pahan, Sheikh et al. 1997). Lovastatin inhibited
transcription factor T-bet (molecules present in Th1 and is a master switch for
INFγ synthesis). Moreover, statins inhibition of Nuclear Factor-kB, which
controls the translation of various pro-inflammatory cytokines, resulted in an
anti-inflammatory effect on APC by inhibiting TNF α synthesis and induce the
expression of IL-10 (Nath, Giri et al. 2004).
TNF α, a potent pro-inflammatory cytokine, has been shown to induce retinal
vascular tortuosity in addition to functional and structural alterations in retinal
blood vessels and structures. The most important of which was the induction of
apoptosis of retinal ganglion cells, Inner nuclear layer and inner plexiform layer.
A novel study demonstrated that fluvastatin counteracts the effects of TNF α in
experimental rat model, where, fluvastatin showed a protective effect on retinal
microvessels with reversal of retinal damage at the ganglion cell layer and also
it has the ability to suppress VEGF-A expression in the retina of TNFα injected
rats (Robinson, Ho et al. 2011). Similarly, simvastatin exerted a protective effect
on retinal ganglion cells after ischaemia reperfusion model, and the effect is
mediated by its ability to modulate apoptotic pathways (Ko, Chen et al. 2011).

Statins not only have an antiproliferative effect on lymphocytes but it also alters
the function of T cells and APC. This inhibition of key pro-inflammatory
molecules might benefit patients with autoimmune disease. Sing et al. have
found that lovastatin inhibited mononuclear cells infiltrating the brain and it
improved the clinical signs of EAE. Simvastatin, lovastatin and mevastatin
inhibited in a dose-dependent manner the proliferation of peripheral blood
mononuclear cells in patients with multiple sclerosis (Neuhaus, Strasser-Fuchs
et al. 2002).

Statins affect the synthesis of isoprenoids and subsequently the small GTPases
activity among other prenylated proteins. However, not all of these proteins are
not beneficial and some can act as inhibitors of inflammation and blocking these
can have an adverse effect and result in pro-inflammatory action instead. There
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are reports of pro-inflammatory responses after using statins. A paradoxical
effect of statin was reported where statins had upregulated the secretion of INF
gamma and IL-12 production (Neuhaus, Strasser-Fuchs et al. 2002).

5. MHC Class II expression. T cells mediate many autoimmune diseases and
statins were found to inhibit the expression of MHC type II molecules by APC
in response to INF gamma, and stopped antigen presentation to T cells. Kawk
et al. have found that atorvastatin inhibits the expression of MHC II molecules
more than lovastatin and pravastatin (Kwak et al., 2000). MHC plays an
essential role in the pathogenesis of autoimmune diseases such as multiple
sclerosis, rheumatoid arthritis and SLE. (Bottazzo, Pujol-Borrell et al. 1983).
The transactivator CIITA mediates the activation of MHC class II, and statins
inhibit the inducible promotor I of the transactivator CIITA (Steimle, Siegrist et
al. 1994). However, mature and professional APC are mostly unaffected by this
inhibition (Greenwood, Steinman et al. 2006).

Another alternative theory is that statin may affect the expression of MHC II in
a cholesterol-dependent manner via altering the integrity of cell membrane lipid
structure which serves as a platform for the accumulation of signalling proteins.
Simvastatin was found to disturb these microdomains and affecting their
function (Kuipers, Biesta et al. 2005) (Greenwood, Steinman et al. 2006).
However these data were not confirmed in vivo, and T cell content of cholesterol
remained unchanged when exposed to atorvastatin (Dunn, Youssef et al.
2006).

6. The expression of co-stimulatory molecules (CD40, CD80 and DC86). These
molecules are necessary for adequate T cells response and usually accompany
MHC class II APC. Simvastatin and atorvastatin inhibited cytokine-induced
maturation of these molecules which resulted in a marked decrease in
proliferation of T cells. All of these actions are cytokine mediated. This action is
particularly relevant to SLE where atorvastatin was found to inhibit the
expression of MHC II and B cells expression of co-stimulatory molecules CD
80 and CD86 needed for T-cell activation (Greenwood, Steinman et al. 2006)
(Sadeghi, Tiglio et al. 2001).
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7. Leukocytes adhesion to vascular endothelium and transvascular migration lies
at the heart of the pathogenesis of autoimmune disease. BRB normally restricts
the movement of lymphocytes into the retina, while, in ocular inflammation,
there is a massive increase in cellular migration across the BRB. Experimental
studies have shown that increase permeability of the BRB followed lymphocytic
infiltration into the retina, and the penetration occurred via the cytoplasm of
endothelial cells whereas the RPE allowed for a minimal inflammatory cells
infiltration despite massive infiltration to the adjacent choroid (Greenwood,
Howes et al. 1994). On the contrary, the RPE cell layer was found to be involved
in inflammatory cell migration into the retina via the ICAM-1 (Devine, Lightman
et al. 1996).

Under inflammatory condition vascular endothelial cells express abundance of
Vascular Cell Adhesion Molecule-1 (VCAM1) and Intercellular Adhesion
Molecules (ICAM;CD54) which interact with Lymphocyte Function-associated
Antigen (LFA1) to facilitate leucocytes movement from the bloodstream to the
vessel wall, particularly, monocytes and T-lymphocytes (Male, Rahman et al.
1994) (Cybulsky and Gimbrone 1991) (Wang, Sica et al. 1991, Yla-Herttuala,
Lipton et al. 1991). The integrity of BRB is compromised in ocular inflammatory
disease in response to pro-inflammatory cytokines, mainly the IL-1 beta which
leads to increase permeability and tissue oedema. Also, the infiltration of
leukocytes into the retina leads to changes in blood vessels (Bamforth,
Lightman et al. 1997).

Statins downregulate the expression of adhesion molecules on leukocytes and
endothelial cells (Greenwood, Steinman et al. 2006). Numerous studies
showed statin’s inhibitory effect on lymphocytes migration via inhibition of Rho
prenylation (Etienne, Adamson et al. 1998). A functional Rho GTPase is a
critical step in transmigration of leukocytes (Adamson, Paterson et al. 1992).
Because isoprenoid phosphates is one of the downstream products in
mevalonic acid metabolism, (Greenwood, Walters et al. 2003), thus by blocking
its synthesis, statins has been shown to alter this interaction and abort
lymphocytes adhesion and activation and significantly reduce the number of
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infiltrating leukocytes into the retina (Weitz-Schmidt, Welzenbach et al. 2001,
Miyaki, Matsubara et al. 2009) (Aikawa, Rabkin et al. 2001) (Crisby, NordinFredriksson et al. 2001). Gegg and colleagues have shown that Lovastatin
suppressed leukocytes infiltration into the retina and reduced retinal vascular
leakage in an acute mouse model of autoimmune retinal disease. Also, in the
same study Lovastatin resulted in decrease synthesis of INFγ and IL-10. Statins
vary in their immunomodulatory effect, for example, atorvastatin appears less
efficacious in retinal inflammatory disease while lovastatin demonstrated a
better outcome (Gegg, Harry et al. 2005).

3.5 Statin’s clinical data
Clinical studies in multiple sclerosis (MS) patients showed a positive effect from
simvastatin on brain atrophy, suggesting these drugs cross the blood-brain barrier and
can play a role in controlling inflammatory diseases. (Chataway, Schuerer et al. 2014)
In rheumatoid arthritis, statins have a potential benefit in controlling disease activity
manifesting as improvement in disease activity scores and reducing the numbers of
tender and swollen joints (McCarey, McInnes et al. 2004). Ocular involvement is
frequent in many systemic autoimmune conditions and statins may offer an additional
treatment approach to such patients. A double-masked placebo-controlled trial of 40
mg atorvastatin in 116 patients with rheumatoid arthritis for six months showed a
clinically apparent improvement in disease activity (McCarey, McInnes et al. 2004).
Similar results were reported on 38 patients and for one year of follow-up by another
group (Sarabi, Saeidi et al. 2016). Abud-Mendoza et al. conducted a short-term
simvastatin 80 mg on three patients with SLE for eight days and found a significant
reduction in proteinuria levels (Abud-Mendoza, de la Fuente et al. 2003).

3.6 Statins in uveitis
Statins have been shown to have many anti-inflammatory and immunomodulatory
effects, specifically their ability to reduce key inflammatory cytokines such as IL-6, IL8
and TNF α, as well as prevent leukocyte adhesion to vascular endothelium (Musial,
Undas et al. 2001, Yoshida, Sawada et al. 2001). The role of statins has been
extensively studied in a mouse model of experimental autoimmune uveoretinitis,
where it was found that they reduce the clinical and histological scores of inflammation
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and inhibit T lymphocyte recruitment into the retina (Kohno, Sakai et al. 2007).
Treatment with statins also resulted in improved vascular stability in a rodent model of
lipopolysaccharide-induced liver microvascular dysfunction (La Mura, Pasarin et al.
2013).
In a retrospective population-based study, the use of statins was found to have a
protective effect on uveitis development, throughout two years (Borkar, Tham et al.
2015). The study identified 108 incident cases of uveitis with an incidence of 19%
among statin users, compared to 30% in patients not treated with statins. Another
study also reported a twofold reduction in the risk of ocular inflammatory disease in
male patients who used statins, compared to a control group, over five years (Yunker,
McGwin et al. 2013). Although these findings did not reach statistical significance, the
risk reduction was higher with longer duration of statin use. These studies suggest that
statins have potential benefits in patients with ocular inflammatory disease.

3.7 Why simvastatin?
Simvastatin

proved

useful

in

different

areas

such

as

brain

ischemia,

neurodegeneration and traumatic brain injury. This effect is mediated partly by
improving microcirculation and neural protection (Leeper, Ardehali et al. 2007,
Lewandowski, Sinski et al. 2010). Studies have also shown that simvastatin has better
penetration of the blood-brain barrier BBB and a superior immunomodulatory effect
compared to other statins (van der Most, Dolga et al. 2009).
Moreover, simvastatin has a unique ability to suppress the activity of inflammatory
cells. Jameel and co-workers showed that simvastatin significantly reduced the
intracellular expression of INFγ from CD4+ T cells in vitro, (p-value=0.01) to levels
comparable to those achieved by conventional immunosuppression (dexamethasone,
cyclosporine A, mycophenolate and rapamycin). Simvastatin showed an excellent
inhibitory effect compared to atorvastatin and lovastatin. Nevertheless, all of these
statins reduced IL17 production (p <0.05) (Jameel, Ooi et al. 2013).
In an ischaemia reperfusion model of retinal injury in rat, simvastatin showed a
protective effect on the retina which was mediated via the attenuation of the
expression of TNF α and Nuclear Factor-KB induced by ischaemia/reperfusion and
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prevented apoptosis of cells in retinal ganglion layer and inner nuclear layer (Zhang,
Zhang et al. 2015). Simvastatin also upregulated the anti-apoptotic protein Bcl-2 and
down-regulated the pro-apoptotic one (Bax). Therefore, simvastatin could protect
retinal cells from ischaemic damage and maintain retinal integrity and function in
various retinal diseases that involve inflammation and ischaemia, particularly uveitis.
A fascinating study compared the ability of three statins (simvastatin, lovastatin and
pravastatin) regarding crossing blood-brain barrier and their ability to alter genes
expression in mice. Simvastatin, which is lipophilic compound was able to cross the
blood-brain barrier and discovered in the cerebral cortex of mice in vivo. Furthermore,
when compared to lovastatin and pravastatin, simvastatin showed a most significant
effect on gene expression. Simvastatin was able to alter 23 additional genes, and
these genes are involved in cell growth, signalling and trafficking. Of particular
importance was the expression of genes involved in apoptotic pathways, which could
be a fundamental contributor to immunosuppression (Johnson-Anuna, Eckert et al.
2005). Blood-brain barrier and blood-retinal barriers demonstrated similar transport
and permeation characteristics (Steuer, Jaworski et al. 2005). Therefore, simvastatin
might be able to exert a local immunomodulatory effect in ocular tissue.

3.8 AIMS
The effect of simvastatin as immunosuppressive agents was assessed by measuring
the reduction of daily oral corticosteroid dose required by patients with non-infectious
posterior, intermediate or panuveitis uveitis at one and two years follow-up, besides,
the safety and tolerability of simvastatin. We have undertaken this study to explore
whether simvastatin has an anti-inflammatory effect in ocular inflammatory disease in
humans, which would allow for a reduction in concomitant immunosuppressive
therapy. This would be of great importance in uveitis management given the minimum
side effects of statins compared to conventional immunosuppressive agents.

3.9 Hypothesis
Simvastatin can achieve a 2.5mg mean reduction in the daily amount of oral
prednisolone dose in patients with sight-threatening non-infectious intermediate,
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posterior and panuveitis. Also, statin will help in additional reduction/discontinuation of
second-line immunosuppressive agents.

3.10 Declaration of Helsinki
The study protocol conformed to the tenets of the Declaration of Helsinki and was
approved by the Ethics Committee of Bloomsbury London, UK, and local research and
development department. This study was carried per Good Clinical Practice (GCP)
guidelines.

3.11 Ethical approval
We obtained the ethical approval for the trial on 11 February 2015.
Study title: “Can simvastatin significantly reduce the amount of immunosuppressive
medications required by patients with sight-threatening uveitis? A phase IIb, single
site, randomised, placebo-controlled, double-masked trial.
REC reference: 15/LO/0084. Protocol number: 14/0172
EudraCT number: 2014-003119-13. IRAS project ID: 156966

3.12 Funding
The J P Moulton Charitable Foundation funded this study.

3.13 Methods
Simvastatin in sight-threatening uveitis is a randomised, placebo-controlled, doublemasked trial in patients with intermediate, posterior and panuveitis in the UK, who
require systemic prednisolone at 10 mg per day or above to control intraocular
inflammation with or without a second line immunosuppressive agent. The study site
is Moorfields Eye Hospital, London. The study will compare the effect of simvastatin
80mg once daily on disease control and immunosuppression treatment for two years’
follow-up. Patients on standard therapy will be assigned randomly to receive either
Simvastatin or Placebo (1:1). All patients were followed-up every three months for one
year, and some continued for two years follow-up.
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3.13.1 Inclusion and exclusion criteria
Please see Table 3-1.
Table 3-1 Simvastatin trial inclusion and exclusion criteria

Inclusion criteria
1. Patients must be >18 years and under 80 years.
2. Having non-infectious intermediate, posterior or panuveitis.
3. Patients on systemic steroids±2nd line immunosuppressive agent.
4. The study included both sexes; however, women need proper counselling
about adequate contraception.
Exclusion criteria
1. Patient without systemic disease *
2. Patients who may become pregnant or if they are breastfeeding.
3. Patients are concomitantly taking Ciclosporin, fibrates, amiodarone,
amlodipine, verapamil, CYP3A4 inhibitors (itraconazole, ketoconazole),
erythromycin, telithromycin, diltiazem or anticoagulants. Because these
agents decrease the liver metabolism and by this, there will be a more
circulating level of simvastatin and a higher risk of side effects.
4. Current use of statin
5. A family history of hereditary muscle disease.
6. Active liver disease.
7. Severe renal insufficiency.
8. Persistently elevated serum transaminases.
9. Allergy to simvastatin or placebo.
10. Lactose intolerance.
11. Active involvement in other medical trials
*Initially patients with a systemic disease were excluded from recruitment to
prevent the drive of systemic disease from affecting the treatment of ocular
conditions. However, since the trial medication is systemically administered is
expected to have an ocular as well as systemic effect. Also, that amendment was
necessary to allow us to include more patients in the trial.
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3.13.2 Patient recruitment
The patient’s recruitment started once the “Open to recruit letter” was obtained from
the sponsor of the trial University College London (UCL) in September 2015. Trial
candidates were selected from the pool of patients under the care of one consultant
(SL) at Moorfields Eye Hospital. Eligibility for the trial was assessed before each clinic
by going through the patient’s notes for the diagnosis and daily corticosteroid dose,
and patients with a dose of fewer than 10 mg per day and anterior uveitis patients or
having exclusion criteria were excluded. After identifying possible recruits trial was
offered for suitable patients and a patient’s information sheet (PIS) was given at their
clinic visit. Few days’ later patients were contacted to see if they are willing to
participate in the trial.
Those who accepted the trial were assessed at the Clinical Research Facility (CRF)
at Moorfields Eye Hospital for the baseline visit (screening). A detailed medical history,
along with recording current medications was performed to check if the patient meets
eligibility criteria before a signed consent form was obtained. Initially, we had difficulty
in recruiting patients for the trial, because of the negative press reports regarding
statins at the time starting the trial, there was a risk of not meeting our recruitment
target of 50 patients. Following a statistical approval, the sample size was amended
from 50 initially to 33 patients, and this had slightly reduced the statistical power, from
90% to 80%, but this is still an accepted power for most trials.
At the baseline visit vital signs were recorded (blood pressure and pulse rate), weight
and height, then the best corrected visual acuity (BCVA) was measured, slit-lamp
exam, intraocular pressure check and dilated fundus examination were all performed
for both eyes for each patient. An OCT scan was done to measure the central retinal
thickness and document the presence of cystoid macular oedema. Finally blood tests
including full blood count, blood chemistry, LFT, urea and electrolytes, cholesterol and
triglyceride, and baseline CK enzyme level and urine pregnancy test in females of
childbearing age. At the end of the screening visit, patients were given study numbers
from 1 to 35 with an emergency contact card. The study coordinator (AJ) organised
the study follow-up appointments for each patient, and patients were contacted to
attend their scheduled study visits.

278

3.13.3 Randomisation
An online software package (Sealed Envelopes) was used for the randomisation
process. The study coordinator entered the trial number, and an allocated treatment
code was generated after confirming that the patient meets all the inclusion criteria
and does not meet any of the exclusion criteria. The code generated corresponds to
a list of codes in the pharmacy and depending on the code the trial pharmacist
dispenses either simvastatin tablets or placebo (identical dummy tablets).
3.13.4 Follow-up visits
Follow-up visits were conducted every three months +/- two weeks as per the trial
protocol. There was a total of 9 visits for each patient throughout the two-year followup period. In the subsequent visits, patients were specifically asked regarding any
symptoms of myopathy such as muscle and joint pain and signs of neuropathy and
whether or not there was any health issues, especially hospitalisations. All adverse
events were recorded at each visit in patient’s notes and were logged in the adverse
events log and the Case Report Form (CRF) and trial master file. Serious adverse
events were reported to the sponsor within 24 hours of site notification.
The concomitants medications were reviewed and recorded with their doses in the
patient’s treatment records. Patients hand in their trial medication which was counted
by a dedicated pharmacist to check for drug compliance. At each visit, BCVA was
recorded for each eye separately and then dilating drops were installed before sending
patients for Spectralis OCT scan. Shortly afterwards patients were called into the clinic
for slit lamp examination to assess the ocular inflammatory status and record the
degree of inflammation based on the SUN criteria. Also, treatment would be adjusted
based on the level of ocular inflammation or side-effect. Finally, a new IMP would be
prescribed and given to the patient.
A blood test request was made at each follow-up visit, and these include full blood
count, blood chemistry and electrolytes, Liver enzymes, blood urea and creatinine,
serum lipids and cholesterol and CK enzyme level. Also, a urine test for pregnancy
was performed for all females in child-bearing age group. All were documented at each
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visit in case report forms, and special attention was made for CK level and renal
function tests to monitor for any signs of rhabdomyolysis.

3.14 Statistical analysis
Our analysis falls in the category of the two-sample t-test, and in our sample size
calculation, the minimum change of 2.5 mg corticosteroids daily was set a difference
between the two groups. Previous data in MS patients has demonstrated that
simvastatin has achieved a 43% improvement in disease control and the rate of brain
atrophy. If this translates into a reduction in the corticosteroid dose at 12 months
follow-up the difference between the two groups needs to be at least 2.5 mg to be
detectable. A 2.5mg difference between the two groups is regarded clinically
significant at 12 months follow-up. The standard deviation of the reduction in the
corticosteroids dose estimated to be 2.5 mg using a two-sided 5% significance level
and 80% power. It is calculated that 16 patients per arm are required. To allow for a
possible 10% drop out, a total sample size of 36 patients was required.
The power calculation of the study was based on expert opinion of minimal reduction
of 2.5 mg of corticosteroid with 2.5 mg SD. Finally, the power to be achieved initially
was 90% was based on 50 subjects with 25 in each arm placebo and active. However
getting patients into the trial was challenging. Therefore, we have settled for 80%
power based on 36 patients. The statistical package used to obtain the required
sample size was Stata (version 13.1).

3.15 Primary outcome analysis
The full analysis population included all subjects who met the study eligibility criteria
and were subsequently randomised to one of the two groups. All patients were
included in this analysis regardless as to whether they were compliant with the
treatment or have been withdrawn from the trial for whatever reason. Therefore, the
analysis was an intention to treat analysis. The analysis was adjusted for variables
include disease duration before randomisation and baseline corticosteroid dose.
The primary outcome is the reduction in the amount of prednisolone dose at 12
months. The analysis was performed using the Mann-Whitney U test, followed by
linear regression analysis to take into account other potential confounding factors such
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as disease duration before randomisation. A non-parametric test was used (MannWhitney test to compare the reduction in mean prednisolone dose between the two
groups).
Descriptive summaries of the primary outcome were produced. This was restricted to
patients without missing measurements at baseline and 12 months. Continuous
variables were summarized based on their distribution. Those approximate normal
distribution were presented by mean SD and range. Those where non-normally
distributed were presented in median, interquartile range and data range. Normality
was assessed using graphical methods, histograms and normal probability plots.
Categorical variables are summarized by the frequency of patients in each category
and the percentage of patient in each category with each treatment group.
3.15.1 Outcome measures
The primary outcome is prednisolone dose measured at 12 months. Table 3-2. The
primary statistical analyses will estimate the difference in mean prednisolone dose
between patients randomised to simvastatin and placebo by intention to treat at 12
months. Group difference estimates and corresponding confidence intervals will be
reported.
Initially, prednisolone dose at 12 months will be described for each treatment group
using means and standard deviations. Also, plots will be produced that show dosing
over time (every three months) for each group and the percentage of patients whose
dose is under 10mg (safe dose).
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Table 3-2 Primary and secondary endpoints for simvastatin trial.

Primary end-point:
1. Mean reduction in prednisolone achieved at one-year follow-up visit is
Secondary End-points:
1. Mean reduction in prednisolone achieved at two years follow up visit is.
2. Number and doses of second-line agents by the end of two years.
3. The number of disease relapses by the end of two years.
4. Blood cholesterol and lipid levels at 24 months as compared to baseline.
5. Safety and tolerability of simvastatin.

3.16 Analysis of secondary outcomes
There are four secondary outcomes
1. Dose at 24 months: This will be analysed using the same approach as that used
to analyse the primary outcome.
2. Immunosuppressive agents by 24 months: This will be analysed using a chisquared test. The use of survival analysis (e.g. time to reduction) will also be
considered.
3. Disease relapses by 24 months: This will be analysed using a chi-squared test.
4. Blood cholesterol and lipids at 24 months: This will analysed descriptively.

3.17 3.4

Exploratory analyses

Visual characteristics were recorded every three months. Changes in visual acuity
over time will be described.

3.18 Results
Outline of the study follows in accordance with CONSORT flow diagram. From
September 2015 till July 2018, 35 patients were screened for the trial, and 32 were
analysed.
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CONSORT Flow Diagram

Assessed for eligibility (n=35)

1.1 Enrolment
Excluded (n=2)
♦ Not meeting inclusion criteria

Randomized (n=33)

Allocated to placebo (n=17)
♦ Received allocated intervention (n=16)

1.2 Allocation

Allocated to simvastatin (n=16)
♦ Received allocated intervention (n=16)

Withdrawn (adverse event but still providing data
for primary analysis) (n=1)

Withdrawn (concomitant drugs and
adverse event but still providing data for
primary analysis) (n=3)

1.3 Follow-Up

Excluded Death (n=1)

1.4 Primary Analysis
Analysed (n=16)

Analysed (n=16)

1.5 Secondary Analysis

Analysed (n=10)

Analysed (n=11)
♦

Patient did not reach their two years
visit (n=6)

Patient did not reach their two years visit

♦

(n=5)

283

3.18.1 Patients demographics and baseline characteristics

In total, 35 patients were screened of which 33 were randomized to one of the two trial
arms. Sixteen were randomised to simvastatin group, and 17 were randomised to the
placebo group. All of the patients received allocated interventions. One patient in the
placebo group died due to a sickle cell crisis before the primary endpoint and therefore
was excluded from the analysis. One patient in the simvastatin group withdrew from
the study due to an adverse event however still provided data for primary analysis.
Three patients in the placebo group were withdrawn from the study, one due to a
concomitant drug that was exclusion criteria, the other two patients were due to
adverse reactions but provided data for the primary analysis. Therefore, the intentionto-treat (ITT) analysis was performed for the primary outcome. For secondary
outcome, five patients and six patients were excluded from simvastatin and placebo
group, respectively (did not reach their secondary endpoint).

A total of 32 patients were analysed in this study. An equal number of patients were
present in both groups, 16 patients in the placebo and 16 in the simvastatin group.
The majority of patients were female (20 patients, 62.5%) and 12 were males (37.5%),
there were equal numbers of males and females in each group (10 females and six
males). Twenty-eight patients (87.5%) had bilateral disease at presentation. 14
patients (43.75%) intermediate uveitis, 12 patients (37.5%) had panuveitis, and six
patients (18.75%) posterior uveitis. The mean age at the time of study entry for all
patients was 46.92 ±1.71 (SEM) (range 27- 67 years). For the placebo group, mean
age at study entry was 48.86 ± 2.81, median 45.23 (range 27-67 years), while for the
simvastatin group the mean age at study entry was 44.98±1.92, median age 45.51
(range 30.75-58.43). There was no statistically significant difference in age at first
study visit between the two groups (p-value = 0.26; 95% CI -3.08-10.84, two samples
t-test, two-sided). Characteristics of the study population at presentation are
summarised in Table 3-3.
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Table 3-3 Baseline characteristics for patients in simvastatin and placebo group

Simvastatin

Placebo

P-value

Age (years)
Mean ± SEM

44.98±1.92

48.86±2.81

0.26
Independent
sample t-test

Ethnicity, n (%)

White British 9
(56.25)
Black 4 (25)
Asian 3 (18.75)

White British 10
(62.5)
Black 4 (25)
Asian 2 (12.5)

Baseline criteria

Gender, n (%)

0.88 ChiSquare
1.0 Chi-Square
test

10 females (62.5)
6 males (37.5)
7.22 ±1.20

10 females (62.5)
6 males
(37.5)
11.26 ± 2.32

Unilateral 3 (18.75)
Bilateral 13
(81.25)

Unilateral 1 (6.25)
Bilateral 15
(93.75)

Anatomical location,
n (%)
Intermediate uveitis
Posterior uveitis
Panuveitis

8 (50)
3 (18.75)
5 (31.25)

6 (37.5)
3 (18.75)
7 (43.75)

0.73 ChiSquare test

Associated systemic
disease, n (%)

No 9 (56.25)
Yes 7 (43.75)

No 13 (81.25)
Yes 3 (18.75)

0.25 Fisher’s
Exact test

Prednisolone dose
Mean±SEM

15.0±2.17

16.71±2.36

0.50 Mann
Whitney U test

BCVA (LogMAR)
Mean±SEM

0.40±0.09

0.44±0.10

0.89, MannWhitney U test

Duration of uveitis
(years)
Laterality, n (%)

0.13 two
sample t test
0.60 Fishers
Exact

The most common disease aetiology in this study was idiopathic intermediate uveitis
12 patients (37.5%), followed by idiopathic panuveitis eight patients (25%). Other
disease aetiologies are listed in Table 3-4. The baseline characteristics are generally
balanced for the simvastatin and placebo groups. The disease duration is higher for
the placebo group because two patients in the placebo group reported disease
duration greater than 20 years and one patient who reported disease duration greater
than 30 years.
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Table 3-4 Underlying diagnoses for patients on simvastatin and placebo

Underlying diagnosis

Simvastatin

Placebo

HLA-B27 arthritis*, n (%)

2 (12.5)

0

Sarcoidosis, n (%)

1 (6.25)

1 (6.25)

Idiopathic panuveitis, n (%)

3 (18.75)

5 (31.25)

Idiopathic intermediate uveitis (Pars
planitis), n (%)

5 (31.25)

6 (37.5)

0

1 (6.25)

1 (6.25)

1 (6.25)

Acute multifocal placoid pigment
epitheliopathy, n (%)

0

1 (6.25)

Idiopathic inflammatory disc swelling, n (%)

0

1 (6.25)

Serpiginous choroiditis, n (%)

1 (6.25)

0

Punctate inner choroidopathy (PIC) disease,
n (%)

2 (12.5)

0

Multiple Sclerosis (MS) related intermediate
1 (6.25)
uveitis, n (%)
*HLA Human leukocyte antigen
**ANCA antineutrophil cytoplasmic antibody (+ve) Positive

0

Behcet’s disease, n (%)
**ANCA +VE occlusive Retinal vasculitis, n
(%)

At first presentation, the mean disease duration for all the study population was 8.49
± 1.12 years, median 6.72 years, (range 0.15 - 24.27 years). The mean disease
duration for the placebo group was 9.90± 1.8 SEM years; (95%CI 5.92 – 13.89),
median 8.94 (range 0.27-24.27), whereas for the simvastatin group the mean disease
duration was 7.07; (95%CI 4.48-9.66), median 5.70 (range 0.15-15.58). There was no
significant difference in disease duration between the two groups (p-value =0.21;
95%CI -1.71- 7.83, two sample t-test, two-sided). Figure 3-2.
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Figure 3-2 Disease duration at baseline for patients in both treatment groups. Although patients
on placebo had longer disease duration, there was no statistically significant difference between
the two groups (p-value =0.21, two sample t-test, two-sided).

For the all the study group mean body weight at baseline was 92.2±3.46. For the
simvastatin group; the mean weight was 93.24 ± 5.48 kg and at one year 92.75± 5.41.
There was no statically significant difference between baseline and one-year followup visit, (p= 0.68 value; 95%CI -2.00 - 2.98, paired sample t-test, two-sided). The mean
body weight for the placebo group at baseline was 91.19±4.41, by one-year follow-up
the mean body weight was 90.99 ± 4.19. Similarly, there was no significant difference
between baseline and one-year follow-up (p-value =0.86; 95%CI -2.21-2.61, paired
sample t-test. Between groups at one-year, there was no significant difference
between the two treatment groups (p-value= 0.79, independent sample t-test, twosided).
For all patients in the study, the mean systolic blood pressure at baseline was130.2±
2.52 mmHg and the diastolic blood pressure was 82.25±1.67. For the simvastatin arm,
the mean systolic blood pressure at baseline 131.56±3.40, and at one year 125.06
±3.29, (p-value =0.19; CI -3.72-16.72, paired sample t-test, two-sided), while diastolic
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pressure at baseline 83.87± 2.07, and at one year 79.93±2.07, (p-value=0.10; 95%CI
-0.95-8.83, paired t-test, two-sided). There was no significant difference in mean
systolic and diastolic blood pressure for the simvastatin group at one-year. For the
placebo group, the mean systolic blood pressure at baseline was 128.87± 3.80, and
diastolic blood pressure was 80.62± 2.63. At one year follow-up, the mean systolic
blood pressure was 127.93±3.90, and diastolic blood pressure was 79.25± 2.05.
Likewise, there was no statistically significant difference for systolic and diastolic blood
pressure at one-year compared to baseline, (p-value 0.82;95%CI -7.79-9.66, paired ttest, two-sided) and (p-value= 0.62; 95%CI -4.41-7.16, paired t-test, two-sided) for the
systolic and diastolic blood pressure, respectively.

3.19 Primary outcome analysis
The number of patients included in the primary analysis was 32 (16 from each arm).
The mean prednisolone dose at baseline was 15 mg (SD 8.7), range 10 – 40 mg, the
median was 10 mg for patients in the simvastatin group and 16.7mg (SD 9.5), median
12.5, range 10-40 mg for patients in placebo group. There was no statistically
significant difference with regards to daily oral prednisolone dose between the two
groups, (p-value 0.50) Mann-Whitney U test, two-sided). Figure 3-3.
Figure 3-3 Baseline oral prednisolone dose between the placebo and the simvastatin group.
There was no statistically significant difference with regards to daily oral prednisolone dose
between the two groups, (p–value= 0.50, Mann-Whitney U test two-sided).

288

Also, during all other follow-up visits, there was no statistically significant difference
between the two arms. Table 3-5.
Table 3-5 Mean prednisolone dose at baseline and study follow-up visits shows no significant
difference between the two study arms (p-value> 0.05, Mann Whitney U test).

Mean prednisolone dose
Week

0

12

24

38

52

GROUP

Mean

± (SD)

N

P-value

Std.

Mann-

Deviation

Whitney

Placebo

16.71

9.47

16

Simvastatin

15.00

8.70

16

Total

15.85

8.99

32

Placebo

15.84

11.37

16

Simvastatin

12.65

10.93

16

Total

14.25

11.09

32

Placebo

20.09

23.57

16

Simvastatin

16.09

16.32

16

Total

18.09

20.05

32

Placebo

14.09

17.87

16

Simvastatin

8.75

3.97

16

Total

11.42

13.02

32

Placebo

12.39

11.16

16

Simvastatin

16.15

19.58

16

Total

14.27

15.79

32

0.50

0.25

0.64

0.65

0.75

The mean prednisolone dose at 12 months was 16.2 mg (SD 19.6) for patients in the
simvastatin group and 12.4 mg (SD 11.2) for patients in the placebo group. The
histogram for the mean prednisolone dose at baseline and 12 months for both groups
is displayed in Figure 3-4. In Figure 3-4, the two plots on the left side present the
distribution of prednisolone dose at baseline and 12 months, respectively, for
simvastatin group; the two plots on the right side present the distribution of
prednisolone dose at baseline and 12 months, respectively, for the placebo group. It
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can be seen from the plot that the dose range for most of the patients included in the
trial is 0-20 mg.
Figure 3-4 Distribution of prednisolone dose at baseline and 12 months

The number of patients on 10 mg daily prednisolone and above were 16 in each arm
(100%) (Study inclusion criteria). By three months the percentage of patients still on
10 mg prednisolone and above decreased to 62.5% (10 patients) in the placebo group
and 56.3 % (9 patients) in the simvastatin group, but was not statistically significant,
(p-value =0.71, Chi-Square test). By six months, there were equal numbers in both
groups of patients’ receiving ≥ 10 mg prednisolone, (62.5%, ten patients) (p-value=1.0,
Chi-Square test). By nine months the proportion of patients on 10 mg prednisolone
and above was (56.3%, nine patients) and (62.5%, ten patients) in the placebo and
simvastatin arms respectively, (p-value 0.71, Chi-Square test). At the one-year followup visit, these figures were 62.5% in the placebo and 50% in the simvastatin arm (pvalue=0.47, Chi-Square test, two-sided).
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The mean differences of oral prednisolone from baseline were calculated for placebo
and simvastatin group. There was a trend of reduction in daily oral prednisolone dose
in the simvastatin group, but it was not significant. Table 3-6 and Figure 3-5.

Table 3-6 Mean difference of prednisolone dose for simvastatin and placebo group during firstyear follow-up.

Group

Simvastatin

*Mean
differenc
e At visit
2
-2.34

(SD)

*Mean
difference
At visit 3

(SD)

10.6
1.09
2
Placebo
-0.88
11.8
3.38
0
(*) mean difference from baseline visit
(SD) Standard Deviation

*Mean
difference
At visit 4

(SD)

16.7

-6.25

8.11

*Mean
differen
ce At
visit 5
1.16

19

-2.62

21.31

-4.3

(SD)

20.7
16.5

Figure 3-5 (0) Represents the baseline value (1) Baseline (2) Three months visit (3) six months
visit(4) nine months visit (5) one year

Mean difference in corticosteroid dose from baseline
for simvastatin and placebo group
4

3.38

2
0

0

1
-2

-0.88

2

1.16

1.09

3

-2.34

4

5

-2.62

-4

-4.3

-6

-6.25

-8

Simvastatin

Placebo
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Linear (Simvastatin)

Changes in oral corticosteroids dose over time between the two groups was calculated
using repeated measure ANOVA. There was no significant difference between the
placebo and simvastatin arm at all the time points (baseline, 3, 6, 9 and 12 months),
(p-value 0.47, F value, 0.51). Although the mean prednisolone dose at 3, 6 and nine
months visits was less in the simvastatin group compared to the placebo group, it was
not statistically significant.
The mean prednisolone dose at 12 months was 16.2 mg ±19.6 SD for patients in the
simvastatin group and 12.4 mg ± 11.2 SD for patients in the placebo group. The mean
dose then decreased to below 8 mg at 104 weeks for both groups. The trend for
prednisolone dose at each study visit (every three months) and the percentages and
the number of patients whose dose is below 10 mg per day (safe dose) for both groups
from baseline to 104 weeks are displayed Table 3-7.
Table 3-7 Trend in prednisolone dose and the percentage of patients whose dose is below 10mg
over 12 months by treatment group

Mean dose (SD), mg

Number (percentage) of patients
whose dose is below 10mg (%),
N=16

Week

Simvastatin

Placebo

Simvastatin

Placebo

0

15 (8.7)

16.7 (9.5)

0

0

12

12.7 (10.9)

15.8 (11.4)

7 (43.8)

6 (37.5)

24

16.1 (16.3)

20.1 (23.6)

6 (37.5)

6 (37.5)

38

8.8 (4.0)

14.1 (17.9)

6 (37.5)

7 (43.8)

52

16.2 (19.6)

12.4 (11.2)

8 (50)

6 (37.5)

104*

7.7 (6.2)

7.8 (2.5)

5 (45.5)

5 (50)

*Please note that at 104 weeks, the total number of patients is 11 and 10 for
simvastatin and placebo group, respectively
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The trend of prednisolone dose every three months is graphically shown in Figure 36, which reflects the figures in Table 3-7. The 95% confidence interval is wide given
the heterogeneity of the data.
Figure 3-6 Mean dose for simvastatin and placebo group from baseline up to 52 weeks. There
was no significant difference between the two study arms.

At baseline, no patient reported having the safety dose whereas at 52 weeks, the
percentage increased to 50% and 37.5% for the simvastatin and placebo group,
respectively Figure 3-7.
The scatter plot of prednisolone dose at 12 months versus baseline is shown in Figure
3-8. Points above the dashed line indicate patients who have a higher dose at 12
months compared with baseline dose whereas points below the dashed line indicate
patients who have a lower dose at 12 months compared with baseline dose. It can be
seen from the plot that most of the patients have a lower prednisolone dose at 12
months compared with baseline.
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Figure 3-7. Percentage of patients with prednisolone dose below 10mg (safety dose). There was
no significant difference in proportion of patients on less than 10 mg prednisolone daily between
the two groups at 3,6,9, and 12 months. (0) represents baseline where all patients were ≥10 mg
and above (study inclusion criteria)

Figure 3-8. Scatter plot of prednisolone dose at 12 months versus baseline. At one year the
majority of patients in the study have had their prednisolone dose reduced below 10 mg per day.
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The regression analysis adjusted for baseline dose suggests no significant difference
at 12 months, i.e. patients in simvastatin group have higher prednisolone dose, and
the mean difference is 3.62mg (95% CI: -8.15 to 15.38) with a p-value of 0.54. Table
3-8.
Table 3-8 Regression analysis for primary outcome
Variable

Estimates

95% Confidence Interval (CI)

P-value

Simvastatin group

3.62

(-8.15, 15.38)

0.54

Baseline dose

-0.09

(-0.75, 0.58)

0.79

Adjusted analysis
The analysis further adjusted for disease duration (there is an indication of imbalance
between the simvastatin and placebo group) shows similar results, i.e. the mean
prednisolone dose was higher in simvastatin group (3.74mg, 95% CI: -8.89 to 16.38,
P=0.55).
Subgroup analysis for patients with ocular disease only and those with ocular
and systemic disease
Analysing only patients with ocular disease, total of 22, (13 in the placebo and 9 in the
simvastatin groups), shows no statistically significant difference in mean prednisolone
dose at one-year follow-up (p-value 0.49, Mann Whitney U test, two-sided). Similarly,
there was no significant difference between patients with a systemic and ocular
disease (p-value = 1.0, Mann Whitney U test, two-sided). Similarly, examining only
patients on simvastatin (those with and without systemic association were 7 and 9,
respectively, shows no significant difference at 1-year follow-up, (p-value=0.39, Mann
Whitney U, two-sided test).
Subgroup analysis for patients only under 20 mg prednisolone daily at baseline
A total of 23 patients were included in the analysis. By three months those still on 10
mg prednisolone and above were nine patients (56.25%) in the placebo group and
four patients (57.1%) in simvastatin group, (p-value =1.0, Fisher’s Exact test). By six
months the figures were 62.5% and 57.1% in placebo and simvastatin group
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respectively, (p-value =1.0, Fisher’s Exact test). At nine months these proportions
were 68.8% for the placebo group and 57.1% for simvastatin group (p-value =0.65,
Fisher’s Exact test) and by one year it was 62.5% and 57.1% for the placebo and
simvastatin group respectively, (p-value =1.0, Fisher’s Exact test). Figure 3-9.
Figure 3-9 Prednisolone analysis for patients with less than 20 mg at the initial study visit shows
no significant difference in proportion of patients on less than 10 mg per day prednisolone at
all follow-up visits between the two study arms.

3.19.1 Time to prednisolone <10 mg per day
For all study population, the mean time to prednisolone dose less than 10 mg was
0.85±0.14 SEM years; 95%CI 0.57-1.12, median time 0.28 ±0.42 SEM years; 95%CI
0.0-1.12.
For the placebo group, mean time to prednisolone dose less than 10 mg per day was
0.79 ± 0.21(SEM) years; 95% CI for the mean is 0.37-1.20, median time was
0.21±0.06; 95%CI 0.08-0.35, and for the simvastatin group, the mean time was
0.90±0.19 years; 95%CI 0.53-1.27, median time 0.87±0.73; 95% CI 0.0-2.31. There
was no significant difference between the two groups with regards to time to daily
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prednisolone dose below 10 mg. Cox regression analysis showed a hazard ratio of
0.93, (p-value = 0.87; 95%CI 0.41-2.12), (P-value = 0.87, Log-Rank test). Figure 3-10.

Figure 3-10 Time to prednisolone dose less than 10 mg per day for simvastatin and placebo
group. There was no significant difference between the two groups with regards to time to daily
prednisolone dose below 10 mg (p-value = 0.87, Log-Rank test).

3.20 Secondary analysis
3.20.1 1. Prednisolone dose at 24 months
The number of patients included in the secondary analysis is 11 and 10 for simvastatin
and placebo group, respectively. The results from the regression analysis suggest that
there is little difference in mean prednisolone dose between the groups at 24 months
(difference: -0.3 (Simvastatin.-Placebo.) 95% CI: -4.7 to 4.0, P = 0.87). Table 3-9.
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Table 3-9 Regression analysis for secondary outcome

Variable

Estimates 95% Confidence Interval P-value
(CI)

Simvastatin group

-0.34

(-4.71, 4.03)

0.87

Baseline dose

-0.13

(-0.35, 0.09)

0.24

The regression analysis adjusted for baseline dose suggests that at 24 months,
patients in the simvastatin group have lower prednisolone dose and the mean
difference is 0.34mg. However, this is not statistically significant (p>0.05).
3.20.2 2. Reduction in 2nd line immunosuppressive agents by 24 months
At baseline 16 patients (50%) were receiving oral prednisolone only (9 and 7 in
placebo and simvastatin arm, respectively). The other 50% had a second-line
immunosuppressive agent in addition to corticosteroid. Mycophenolate mofetil (MMF)
being the most commonly used agent, (n= 13 patients, 40.6%, 8 in the simvastatin
group and 5 in the placebo) and three patients were taking methotrexate
(9.37%).Table 3-10.

Table 3-10.Number of patients on second-line immunosuppressive agents in both, simvastatin
and placebo group at baseline

Therapies

Simvastatin

Placebo

Total

Methotrexate

1

2

3

Cyclosporine

0

0

0

Mycophenolate mofetil

8

5

13

Infliximab

0

1

1

Interferon beta-1a

0

1

1

Adalimumab

1

0

1
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For placebo group at baseline, nine patients (56.25%) were on oral prednisolone only.
The remainder seven patients were receiving a second-line immunosuppressive agent
in addition to the oral prednisolone (five patients were receiving MMF, two patients on
methotrexate, and infliximab 5mg/kg infusion every eight weeks and the other patient
was taking 20 mg methotrexate weekly and interferon beta-1a (44µg) 3 weekly
injections. For the simvastatin group seven patients were only receiving oral
prednisolone dose at 10 mg per day, the other eight patients were receiving in addition
to oral prednisolone another immunosuppressive agent (five patients were on 2 gm
daily, two were on 1 gm daily, and the last patient was receiving the maximum dose 3
gm daily). One patient was taking 30 mg of methotrexate weekly in addition to
adalimumab 40 mg subcutaneous injections every two weeks.
The reduction of 2nd line immunosuppressive agents is displayed in Table 3-11. The
total number of patients included in the analysis is 12, with 6 from each of the treatment
arms. The percentages are shown in the bracket.
Table 3-11. The number of patients with a reduction in second-line immunosuppressive agents
(IMT) The chi-square test suggests that there is weak evidence of a difference between the two
groups regarding reduction in the second-line IMT.

Reduction in 2nd Placebo, N (%)

Simvastatin, N (%)

Total

line IMT
No

3 (50)

4 (66.7)

7

Yes

3 (50)

2 (33.3)

5

Total

6

6

12

The chi-square test suggests a test statistic of 0.34 with a p-value of 0.56. The
reduction in second-line immunosuppressive agent does not differ significantly
between the two groups at 5% level.
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3.20.3 3. Disease relapses at 24 months
Disease activity scores at each study visit were analysed for 32 patients 16 in each
arm. At baseline 6 (37.5%) patients in the placebo group had active disease versus
eight patients (50%) in the simvastatin group. (P-value= 0.50, Chi-square test). By
three months the number of patient with active disease in the placebo group increased
to 9 patients (56.3%), while in the simvastatin group it decreased to 7 patients (43.8%),
but this was not statistically significant (p-value 0.50, Chi-square test) (McNemar test
p-value was 1.00). At the six months follow-up visit, the numbers of patients with active
disease were 7 (43.8%) and 8 (50%), in placebo and simvastatin group, respectively,
(p-value =0.12, Chi-square test). At nine months, the number of patients with active
disease in the placebo group was five patients (31.3%) versus six patients (37.5%),
again non-significant, (p-value =0.13, Chi-square test). At one-year follow-up, the
figures were ten patients (62.5%) in the placebo arm and nine patients (56.3%) in the
simvastatin group, (p-value =0.13, Chi-Square test). Figure 3-11.

Figure 3-11 Proportion of patients with active disease for the simvastatin and the placebo group.
There was no significant difference between the two groups at all follow-up visits.
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The number of patients who had disease relapses by 24 months is shown below. The
numbers of patients included in the analysis were 10 and 11 for the placebo and the
simvastatin group, respectively. The proportion of patients who had disease relapse
by 24 months was higher in the simvastatin group (45.5%) compared to that in the
placebo group (10%). Table 3-12.
Table 3-12 Number of patients with relapses by 24 months the chi-square test suggests that
there is weak evidence of a difference between the two groups in disease relapses.

Relapse

Placebo, N (%)

Simvastatin, N (%) Total, N (%)

No

9 (90)

6 (54.5)

15

Yes

1 (10)

5 (45.5)

6

10

11

21

Total

The chi-square test suggests a test statistics of 3.23 with a P-value of 0.072, therefore, the
disease relapse rate does not differ significantly at 5% level.

3.20.4 4. Blood cholesterol and lipid levels at baseline and 24 month
The descriptive statistics of blood cholesterol and lipid levels for both groups at
baseline and 24 months are shown in Table 3-13.
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Table 3-13. Descriptive analysis of blood cholesterol and lipid levels

Baseline, mean (SD)

24 months, mean (SD)

Simvastatin

Placebo

Simvastatin

Placebo

CRP, mg/L

8.08 (12.07)

3.83 (7.6)

11.32 (24.26)

1.16 (0.93)

RBG, mmol/L

6.68 (3.39)

5.25 (1.09)

5.29 (1.12)

5.71 (2.94)

HbA1c,

6.21 (1.77)

5.76 (0.33)

6.16 (1.06)

5.63 (0.41)

5.29 (1.01)

5.59 (1.08)

4.56 (1.48)

9.92 (13.17)

LDL, mmol/L

2.88 (0.68)

3.07 (0.75)

2.14 (1.31)

2.63 (0.86)

HDL, mmol/L

1.76 (0.62)

1.89 (0.61)

1.7 (0.67)

1.84 (0.64)

Triglyceride,

1.42 (0.53)

1.4 (0.58)

1.59 (1.01)

2.15 (0.90)

128.63 (78.88)

136.38

221.7 (198.21)

130.43 (74.0)

mmol/mmol
(%)
Total
cholesterol,
mmol/L

mmol/L
Creatinine,
umol/L

(100.16)
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CRP analysis at baseline of 22 patients (11 in each group) shows a mean CRP level
of 8.08 in the simvastatin group versus 3.83 in the placebo group. There was no
significant difference between the two groups (p-value= 0.15, Mann Whitney U test,
two-sided), Figure 3-12. At one-year follow-up, the mean CRP level in the simvastatin
group dropped to 3.27 ± 0.62. Comparing the CRP level in the simvastatin group at
baseline and one-year follow-up shows a significant difference (p-value 0.042,
Wilcoxon Sign Rank test, two-sided).

Figure 3-12 CRP level at baseline. There was no statistically significant difference between the
two groups
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At one-year follow-up data for only 20 patients were available for analysis. The mean
CRP for the placebo group was 2.66 ±0.84 SEM and for the simvastatin group
2.59±0.69. There was no statistically significant difference between the two groups,
(p-value= 0.87, Mann Whitney U test, two-sided). Figure 3-13.

Figure 3-13 CRP level for placebo and simvastatin group at one-year follow-up. There was no
statistically significant difference between the two groups (p-value=0.87)

In the placebo group, there was no statistically significant difference in CRP level at
baseline and one-year follow-up (p-value 0.61, Wilcoxon Sign Rank test, two-sided)
whereas, in the simvastatin group the difference was significant between baseline and
1-year follow-up.
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3.20.5 Relapse-free survival
Thirty patients developed disease relapses throughout the study, and only two did not
have any relapse of inflammation. Overall mean survival was 0.58±0.09 SEM years;
95%CI 0.38-0.77, median survival 0.27±0.08 SEM years; 95%CI (0.11-0.43). Figure
3-14.
Figure 3-14 Relapse-free survival. For all study population the overall mean survival to first
relapse was 0.58 years.

The mean survival to first disease relapse for the placebo group was 0.40±0.11 SEM
years; 95%CI 0.17-0.63, median survival 0.24±0.02 years; 95%CI 0.20-0.29. For the
simvastatin arm the mean survival was 0.75±0.14 years; 95%CI 0.47-1.02, median
survival 0.64 ± 0.17; 95%CI 0.29-0.98. Although the simvastatin group had a better
mean and median survival, Kaplan Meier survival analysis curve did not show a
statistically significant difference between the two groups, (p-value= 0.089, Log-Rank
test). Figure 3-15. Cox regression analysis between the simvastatin and placebo was
not significant, (HR 0.53; 95%CI 0.25-1.11, p-value 0.09).
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Figure 3-15 Survival to first disease relapse for simvastatin and placebo groups. Kaplan Meier
survival analysis curve did not show a statistically significant difference between the two
groups, (p-value= 0.089, Log-Rank test)

3.20.6 CMO
At baseline, there were 10 out of 31 eyes (33.3%) and 12 out of 29 eyes (41.3%) with
CMO in the placebo and simvastatin groups, respectively. (P-value= 0.46, Chi-Square
test). At, three, six, and nine months there was no statistically significant difference
between the two groups, (p-value =0.31, p-value =0.48, and p-value =0.87, ChiSquare test, respectively. The proportions of eyes with CMO was lower in the placebo
group, ten eyes (32.3%) than simvastatin group, 12 eyes (41.4%), but this was not
statistically significant (p-value =0.46, Chi-Square test). Figure 3-16.
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Figure 3-16 Proportion of patients with CMO in simvastatin and placebo groups. There was no
significant difference between the two arms at all study visits.

Cholesterol data analysis
Mean cholesterol for all study population at baseline was 5.44 ± SEM 0.18 (SD 1.03),
median 5.3, range from 3.70 -7.90. Mean total cholesterol for the simvastatin group at
baseline was 5.29 ±1.0 SEM 0.25), median 5.10, range 4.20-7.90), and for the placebo
group the mean total cholesterol was 5.59±1.08 (SEM 0.27), range from (4.62-6.65).
No significant difference was seen at baseline with regards to total cholesterol
between the two study arms (p-value 0.42, 95%CI -0.45-1.05, independent samples ttest). Figure 3-17. LDL for placebo group was 3.0 SEM 0.18 (SD 0.75), and for the
simvastatin group it was 2.87 SEM 0.17 (SD 0.68), (p-value 0.45; 95% CI -0.32-0.71,
two samples t-test, two-sided). Figure 3-18. HDL cholesterol for the placebo group
was 1.88± 0.15 SEM (SD 0.61), and for the simvastatin group it was 1.76 mean ±0.15
SEM (0.62 SD), p-value= 0.57; (95% CI -0.32-0.57), two-sample t-test, two-sided).
Figure 3-19.
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Figure 3-17 the mean total cholesterol for placebo and simvastatin groups at baseline. There
was no significant difference between the two groups (p-value= 0.42 independent sample t-test)

Figure 3-18 LDL cholesterol level for simvastatin and placebo groups at baseline There was no
significant difference between the two groups (p-value= 0.45 independent sample t-test)
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Figure 3-19 HDL cholesterol level for the placebo and simvastatin groups at baseline. (p-value=
0.57, two-sample t-test)
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At one year the mean cholesterol level for the placebo group was 5.76±0.80 SD,
whereas for the simvastatin group mean total cholesterol was 4.41±1.00 SD. OneWay Repeated measure ANOVA was used to analyse the difference in total
cholesterol between the simvastatin and placebo group at baseline and throughout the
follow-up visits. There was a statistically significant difference in mean total cholesterol
between the two groups, (F value 14.60, p=0.001). Figure 3-20.

Figure 3-20 Change in total cholesterol level for the placebo and simvastatin group during the
first year follow-up, p-value=0.001.

For LDL, the mean LDL level at visit number 5 (1 year) was 3.30±0.47 SD for the
placebo group and 2.05±1.14 SD for the simvastatin group. Repeated measure OneWay ANOVA showed a highly statistically significant difference between the two
groups, (F value =18.34, p-value<0.001). Figure 3-21. For HDL analysis please refer
to Figure 3-22. For triglycerides please refer to Figure 3-23.
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Figure 3-21 Change in LDL cholesterol level for the placebo and simvastatin group during the
first year follow-up. One-Way Repeated measure ANOVA showed a highly statistically
significant difference between the two groups, (F value =18.34, p-value<0.001).

Figure 3-22 Change in HDL cholesterol level for the placebo and simvastatin group during the
first year follow-up HDL did not reveal a statistically significant difference between the two
group, (p-value=0.77, F value=0.082, One-Way Repeated measure ANOVA).
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Figure 3-23 Change in triglycerides level for the placebo and simvastatin group during the first
year of follow-up did not show a statistically significant difference (p-value=0.14 and the F value
is 2.26, One-Way Repeated measure ANOVA).

3.20.7 Safety of simvastatin
The total number of adverse events recorded throughout the trial was 127, 51 in the
placebo group and 76 in simvastatin group: Among these 5 were serious adverse
events, and those were not related to the trial investigational medicinal product. In the
placebo group, two sickle cell crises occurred and the last attack ended in the death
of that patient. The other patient, had a cycling accident and a hip fracture. Whereas
in the simvastatin group, two serious adverse events were reported, and both were
elective surgeries. One patient had a hip replacement for long-standing psoriatic
arthritis; the second patient had elective gallbladder removal. One patient became
pregnant during the trial. Muscle and joint pain was reported 11 times in the placebo
group and 22 times in the simvastatin group
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3.20.8 CK
The mean CK value for the placebo group at baseline was136.37 ± 25.0 SEM, median
101 and for the simvastatin group 128.62±19.7, at one year mean CK was 115.30±
18.52, median 90 for the placebo group, whereas for the simvastatin group it was
148.06± 23.40, median 115. There was no statistically significant difference between
the two group at baseline (p-value=0.83, Mann Whitney U, two-sided test), Figure 324. Similarly, there was no significant difference at one-year follow-up visit, (p-value=
0.42, Mann-Whitney U, two-sided test), Figure 3-25. For the simvastatin group, there
was no significant difference between the CK enzyme level at the baseline visit and
one-year, (p-value=0.33, Wilcoxon Sign Rank, two-sided test).
Figure 3-24 Creatinine kinase (CK) level at baseline for placebo and simvastatin groups, there
was no statistically significant difference between the two groups (p-value=0.83).
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Figure 3-25 Creatinine kinase (CK) level for the placebo and the simvastatin at one year followup, did not show a statistically significant difference between the two groups (p-value=0.42).

3.20.9 Liver enzymes
For the placebo group, there was no significant difference in alanine transaminase
(ALT) and aspartate transaminase (AST) at baseline and one-year follow-up, (p-value
=0.80) and (p-value =0.62), respectively. Alkaline phosphatase (ALK) showed a
significant increase from baseline (p-value=0.008, paired sample t-test, two-sided).
Table 3-14.
Table 3-14 Liver enzyme analysis for the placebo group

Liver enzymes analysis (Placebo)
Mean

N

Std.

Std.

Error

Deviation

Mean

Pair

ALK Baseline

52.50

16

11.60

2.90

1

ALK 1 year

62.75

16

15.69

3.92

Pair

ALT baseline

24.56

16

9.54

2.38

2

ALT 1 year

23.87

16

11.34

2.83

Pair

AST baseline

18.68

16

4.19

1.04

3

AST 1 year

19.43

16

5.68

1.42
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For the simvastatin group
There was no significant difference in alkaline phosphatase and alanine transaminase
at baseline and one-year follow-up, p-values were (0.30) and (0.79), respectively. Only
aspartate transaminase showed a statistically significant difference from baseline (pvalue =0.004, paired sample t-test). Table 3-15. Mean change in ALT, AST and serum
alkaline phosphates are displayed in Figures 3-26, 3-27 and 3-28, respectively.
Table 3-15 Liver enzymes analysis for the simvastatin group

Liver enzyme analysis (Simvastatin)
Mean

N

Std. Deviation

Std.

Error

Mean
Pair

ALK Baseline

73.25

16

18.17

4.54

1

ALK 1 year

78.31

16

20.06

5.01

Pair

ALT baseline

22.37

16

8.00

2.00

2

ALT 1 year

25.43

16

13.93

3.48

Pair

AST baseline

19.12

16

5.61

1.40

3

AST 1 year

21.50

16

6.23

1.55

Figure 3-26 Mean difference in alanine transaminase (ALT) from baseline for placebo and
simvastatin groups

ALT MEAN DIFFRENCES FROM BASELINE
Time

Placebo

Simvastatin

8
6.31

6

5.43

4

3.62

2.93
2

1.87

0
1

2

3

-2
-4

3.06

-4.12

-6
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4 -0.68

Figure 3-27 Mean difference in aspartate transaminase (AST) from baseline for placebo and
simvastatin groups

AST MEAN DIFFRENCE FROM BASELINE
Time

Placebo

Simvastatin

3

2.62

2.5
2

2.37

2.18

2.06
1.87

1.5
1

0.75

0.5
0
1

2

3

-0.043

4

-0.5

-1

-1
-1.5

Figure 3-28 Mean difference in serum alkaline phosphatase (ALK) from baseline for placebo and
simvastatin groups

ALKALINE PHOSPHATASE MEAN DIFFERNCE
FROM BASELINE
Time

Placebo

Simvastatin

12

10.25

10
8
6

5.06

4
2
0

2.81

1.68

1.5
0.437

1.75
0

1

0

0

2

3
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0.93

0

4

3.21 Exploratory analysis of visual acuity BCVA
The mean BCVA at baseline (n=60 eyes, 31 eyes, 51.7% in the placebo group and 29
eyes, 48.3% in the simvastatin group) was 0.42±0.06 LogMAR, the median was 0.18,
range -0.08 to 2 LogMAR units, Interquartile range IGR (0.0-0.73). The mean BCVA
at baseline for the placebo group was 0.44±0.10, median 0.18, range -0.07-2.00
LogMAR, (IQR 0.00-0.78). Table 3-16. The mean BCVA for the simvastatin group at
baseline was 0.40±0.09, median 0.30, IQR (0.00-0.69). There was no significant
difference between the two groups at baseline with best corrected visual acuity, (pvalue =0.89, Mann-Whitney U test, two-sided), Figure 3-29.

Table 3-16 Mean BCVA for placebo and simvastatin groups at study follow-up visits.

BCVA LogMAR unit

Placebo
Mean

Simvastatin
Std.

Mean

Error

Std.
Error

Baseline

0.44

0.10

0.40

0.09

Three months

0.43

0.10

0.49

0.09

Six-month

0.42

0.09

0.44

0.09

Nine Months

0.38

0.11

0.50

0.11

Twelve months

0.42

0.10

0.44

0.08
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Figure 3-29 BCVA for the placebo and simvastatin groups at baseline

Using generalised estimating equations (GEE) (to adjust for BCVA for baseline visual
acuity), there was no significant change in BCVA during follow-up, for both simvastatin
and placebo groups, with no significant difference between the two groups at each
follow-up visit. Table 3-17.
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Table 3-17 BCVA (Log MAR) at baseline and during trial follow-up visits for the simvastatin and
the placebo group.
Simvastatin

Placebo

Between group
difference

Baseline

MD

95%

(SE)

C.I

-

-

P*

MD

95% C.I

P*

(SE)
-

-

MD

P**

(SE)
-

-

-0.17

0.31

(0.16)
12 week

24 week

38 week

52 week

0.11

-0.05 –

(0.08)

0.27

0.69

-0.12-

(0.09)

0.25

0.14

-0.08-

(0.11)

0.38

0.09

-0.11-

(0.10)

0.30

0.18

0.47

0.21

0.35

-0.05

-0.13

(0.04)

0.03

-0.08

-0.21

(0.06)

0.04

-0.16

-0.36

(0.10)

0.04

-0.16

-0.39

(0.12)

0.07

–

0.22

-0.01

0.95

(0.15)
-

0.17

-0.01

0.91

(0.13)
–

0.12

0.13

0.39

(0.16)
–

0.18

0.08

0.54

(0.14)

MD = Mean difference, SE= Standard Error, C.I= Confidence Interval.
*p-value within group calculated using generalized estimating equation
**p-value between groups calculated using generalized estimating equation

The mean visual acuity for both eyes over time is shown in Table 3-18. The graphical
presentation of the mean visual acuity is displayed in Figure 3.30 and 3-31. There is
no considerable change in the mean visual acuity over 12 months. The 95% CI is wide
given the non-homogeneity of the study population.
Table 3-18 Mean visual acuities over time (measured in LogMAR)
Time

Left eye LogMAR, mean(SD)

Right eye LogMAR, mean (SD)

Simvastatin

Placebo

Simvastatin

Placebo

(N=16)

(N=16)

(N=16)

(N=16)

Baseline

0.37 (0.56)

0.47 (0.65)

0.36 (0.40)

0.38 (0.50)

12 week

0.35 (0.44)

0.52 (0.62)

0.54 (0.58)

0.31 (0.58)

24 week

0.41 (0.58)

0.44 (0.59)

0.39 (0.41)

0.39 (0.52)

38 week

0.48 (0.71)

0.41 (0.61)

0.42 (0.47)

0.34 (0.62)

52 week

0.34 (0.53)

0.45 (0.55)

0.45 (0.43)

0.37 (0.62)

319

Figure 3-30 Trend in visual acuity over 12 months for the left eye (measured in LogMAR) shows
no difference between the two study arms.

Figure 3-31 Trend in visual acuity over 12 months for the right eye (measured in LogMAR) shows
no difference between the two study arms.
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3.22 Discussion
Simvastatin in sight-threatening uveitis is the first double-masked, randomised control
trial to compare the effect of 80 mg simvastatin versus placebo on conventional
immunosuppressive therapy in patients with non-infectious intermediate, posterior and
panuveitis. The mean age at presentation in our study was 47 years; there were more
women than men, and this reflects the higher prevalence of uveitis in females
compared to males as previously reported (Gritz and Wong 2004). The study included
patients with intermediate, posterior and panuveitis on 10 mg prednisolone per day
and above, idiopathic intermediate and posterior uveitis constitute 60% of all patients
enrolled in the study. These uveitides have a chronic course with frequent relapses,
which are mostly unpredictable, and due to the aggressive nature of the inflammation
and the common involvement of the posterior pole and with a high incidence of CMO,
patients are usually at high risk of vision loss. Therefore, treatment usually involves
corticosteroid-based systemic immunosuppressive therapy, and these patients were
managed with relatively high doses to achieve disease control and prevent disease
relapse. A second-line immunosuppressive agent was used to achieve corticosteroidsparing. At presentation, 88% of patients had bilateral disease, where systemic
immunosuppressive therapy is usually the preferred option. Almost one-third of
patients had systemic inflammatory conditions associated with uveitis although these
were quiescent and not requiring treatment. With regards to the patient’s ethnicity,
60% of patients were white. Patients recruited in the study have relatively long disease
duration, and patients in the placebo group had longer mean disease duration
compared to the simvastatin group, but this was not statistically significant. Finally,
both groups were balanced with regards to patient’s demographics.
3.22.1 Prednisolone dose analysis
Our results show that 80 mg simvastatin did not have a significant corticosteroidsparing effect in patients with non-infectious intermediate, posterior and panuveitis, at
1 and two years follow-up. The mean prednisolone dose in simvastatin group was 3.62
mg higher compared with the placebo group at 12 months, the 95% confidence interval
includes 0, and the corresponding p-value is relatively large (p = 0.54). Therefore,
there is no significant evidence of a treatment effect at the 5% level.
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However, patients recruited for the trial have a very heterogeneous disease with
varying degree of inflammation and response to treatment. In uveitis, because of the
limited number of patients, most drug trials are usually based on the anatomical
location of the inflammation, and this allows patients with various diseases, different
levels of disease activity and chronicity to be recruited. Even though these diseases
share an underlying immune aetiology, they are different with regards to clinical and
pathological aspects and hence response to therapy.
At initial study visit the mean daily corticosteroids dose used to control the ocular
inflammation was approximately 15 mg, a relatively high dose and not ideal for longterm disease control. This high prednisolone dose was because when these patients
entered the study, they were on a tapering dose of corticosteroid after a recent
increase due to disease relapse, or patients were managed on 10 mg prednisolone
while having disease quiescence and these doses were dropped further during followup.
The addition of simvastatin 80 mg to conventional therapy did not result in a significant
reduction of mean corticosteroids dose at all follow-up times. However, the proportion
of patients on prednisolone dose more than 10 mg per day was less in simvastatin
arm compared to placebo but was not significant. At three months follow-up, the
proportion of patients on daily prednisolone dose <10 mg rose in both groups but there
were more patients on simvastatin versus placebo, 43.8% and 37.5%, respectively,
and at one year half of the patients in the simvastatin arm achieved a safe dose (<10
mg) compared to only 37.5% of patients in the placebo arm. At two years there were
approximately equal numbers of patients on less than 10 mg prednisolone in both
groups. The mean prednisolone dose at 3, 6 and nine months was less in the
simvastatin group compared to the placebo, and comparing the mean differences from
baseline in both groups, shows a trend towards less corticosteroid dose in patients
taking simvastatin.
Regression analysis adjusted for baseline prednisolone dose did not find a statistically
significant difference between the two arms. Similarly, analysis of prednisolone dose
adjusted for disease duration at study entry did not show a considerable difference of
daily corticosteroid dose between the two study arms at one year. Although the mean
prednisolone dose in the regression analysis was higher in the simvastatin group
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compared to placebo, 3.62 mg difference, the results were not statistically significant
(p-value=0.54). In our secondary analysis, at two-years, the difference between the
two groups became minimal at 0.3 mg daily prednisolone. When adjusted for baseline
prednisolone dose, patients on simvastatin had a lower prednisolone dose, mean
difference on 0.34 mg compared to placebo, but the results were not statistically
significant. There was no difference between patients with ocular disease only and
those with ocular and systemic disease at 1-year follow-up.
The current findings show that simvastatin, compared to placebo, did not show a
corticosteroid-sparing at one year follow-up and although at the two-year visit, the
mean prednisolone dose was less in simvastatin arm compared to placebo, but it was
not significant. We could speculate that there was an effect on daily prednisolone dose
at three months, but this was lost later on. Alternatively, simvastatin may take a longer
time to achieve a corticosteroid-sparing since a small effect was detected towards the
end of the study (two-year follow-up visit) or simvastatin has not had a significant antiinflammatory effect in these diseases. However, we cannot exclude a more significant
effect if the eye alone but was not visible. Finally, it may be true that the effect of
simvastatin was minimal and difficult to detect with daily oral corticosteroid dose.
In comparison with the SITE study, methotrexate achieved corticosteroids-sparing
(complete control of inflammation for at least 28 days while on prednisolone ≤ 10 mg
per day) in only 41.3% and 20.7% of patients with intermediate, posterior/panuveitis,
respectively, at six months follow-up. At or before 12 months corticosteroids sparing
was achieved in 69% of patients with IU and 39% of those with posterior/panuveitis
(Gangaputra, Newcomb et al. 2009). However, the discontinuation rate due to
inefficacy was 42%, and for side effect, it was 16% within the first year follow-up.
Similarly, cyclosporine in the SITE study reported corticosteroid-sparing success in
only 22% and 36% of patients at 6 and 12 months, respectively, and only 3.6% and
8.2% of the total study population, were able to stop corticosteroid completely at 6 and
12 months, respectively, and 11% discontinued the drug due to side effects (Kacmaz,
Kempen et al. 2010). By contrast, corticosteroids sparing was higher on MMF, the
proportion of patient were 41% and 55% at 6 and 12 months, respectively, and only
12% had to stop therapy within the first year due to side effects (Daniel, Thorne et al.
2010). Finally, the corticosteroids sparing on azathioprine was 47% at or before one
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year. Nonetheless, the discontinuation rate due to side effect approached 25%
(Pasadhika, Kempen et al. 2009).
In the SITE study, the corticosteroids-sparring was higher in patients with anterior
uveitis compared to other types of ocular inflammation which may point out to the fact
that IU, posterior and panuveitis are more aggressive forms of ocular inflammation
and hence more resistant to treatment.
In patients with pulmonary sarcoidosis, one year treatment with 80 mg atorvastatin
versus placebo did not show a significant difference in corticosteroid-sparing period
between the two groups (the primary endpoint of the study) (prednisolone was tapered
by 90% over 8 weeks periods and time when the prednisolone dose was re increase
was calculated), p-value 0.56 (Moss, Stylianou et al. 2017). Interestingly, there was
82.9% relative risk reduction in pulmonary sarcoidosis flares in atorvastatin given
patients compared to placebo. But this was only in patients with mild and moderate
group, p-value-0.046, Fisher’s Exact test, and no significant difference was noted in
the severe group (patients were stratified into three different groups based on different
parameters to assess disease severity). Also, time to first flare analysis shows a
significant benefit for the atorvastatin group compared to placebo in patients with mild
and moderate group (p-value=0.012. Log-Rank test). It is known that sarcoidosis is
more sensitive to corticosteroid therapy than other ocular inflammatory disease. Also,
atorvastatin in patients with severe disease did not have a significant anti-inflammatory
effect which may implies a weak anti-inflammatory effect of statins.
Among published reports regarding statin immunomodulatory effect in uveitis, there
are no RCTs to explore the impact of statins in humans with ocular inflammatory
diseases. There is only one open-label, pilot study, published in 2017, examining the
role of simvastatin 40 mg per day as an adjunct to conventional therapy
(corticosteroids) versus standard treatment alone in patients with acute non-infectious
uveitis. The study was for two months only and included a total of 50 patients (25 in
each group) (Shirinsky, Biryukova et al. 2017). The effect of simvastatin was measured
on three different outcomes; corticosteroids dose, visual acuity and intraocular
pressure.
The previous study looked at the corticosteroid-sparing effect of simvastatin while
achieving disease control in patients with AAU. The study defined the corticosteroids
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sparing as a daily corticosteroids dose ≤10 mg or ≤ 2 drops per day of prednisolone
acetate eye drops or equivalent, while maintaining inflammatory score of ≤ 0.5 for both
anterior chamber cells and vitreous haze and without active retinal and choroidal
lesions as previously defined in another study (Rathinam, Babu et al. 2014).
With regards to corticosteroids treatment, simvastatin effect was measured across
three different routes: topical drops, oral and sub-conjunctival injections. With systemic
corticosteroids, there was a statistically significant difference between the two groups
at two weeks follow-up only, then results became non-significant at one and two
months, the corresponding p-values are 0.66 and 0.33, respectively. Similarly, the
difference in sub-conjunctival corticosteroids injections between the two groups was
only significant at the two-week follow-up, and the results became non-significant after
that, whereas the difference in topical corticosteroid drops between the two groups
was statistically significantly lower in patients on simvastatin compared to control
group at 4 and eight weeks study visits. The study reported substantially higher rates
of corticosteroids sparing while maintaining disease control in the simvastatin group
compared to conventional treatment alone.Also, there was a significant improvement
in anterior segment inflammatory scores and visual acuities in the simvastatin arm.
Patients well tolerated simvastatin, and there were no serious adverse events. The
authors concluded that simvastatin has a potential role in uveitis treatment. However,
they pointed to the fact that these results are not conclusive, and a double-masked
randomised controlled trial is warranted. The difference in anterior chamber flare was
highly statistically significant at 2, 4 and eight weeks, while the difference in anterior
chamber cells grade was only significant at 2 and four weeks but not at eight weeks in
simvastatin arm compared to controls. There was no significant difference in vitreous
haze and intraocular pressure between the two groups at the three follow-up time
points.
Since the previous study had patients with AAU and short treatment duration, a direct
comparison with our results is difficult. Additionally, the study has several drawbacks.
Firstly, the study was open-label which creates a high chance of bias. Moreover, the
vast majority of patients in the previous study, 45 out of 50 patients (90%), had anterior
uveitis, and only five patients (10%) were diagnosed with intermediate and posterior
uveitis. HLA-B27 was the most common aetiology (70%) in patients with anterior
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uveitis, and there was an imbalance between patients in both groups, there were
significantly more patients with HLA-B27 in the simvastatin group compared to placebo
(17 versus 7) (p-value =0.01).
It is known that in HLA-B27 associated AAU, the disease course, response to
treatment and impact on vision, differ significantly from cases with IU, posterior and
panuveitis, with acute course (approximately one attack per year), better response to
local corticosteroids and much less risk of ocular complications and vision loss, in the
former. The acute and milder course in patients included in the previous study was
reflected by the fact that topical corticosteroid was the primary treatment for all
patients, and none had immunomodulatory therapy. Finally, the trial was conducted
for a short period (2 months). Therefore, it is difficult to draw any conclusions with
regards to the long-term efficacy of simvastatin in patients with non-anterior sightthreatening uveitis.
Simvastatin in other autoimmune diseases showed a positive effect. In patients with
MS, several studies showed that simvastatin 80 mg daily could suppress the disease
activity with a subsequent reduction in neurological disability. A fascinating doublemasked placebo-controlled study on 140 patients with secondary progressive (MS),
randomised to either 80 mg simvastatin or placebo, showed a significant reduction in
brain atrophy (43%) (Imaged by serial MRI scans) in simvastatin receiving patients for
2-year follow-up (Chataway, Schuerer et al. 2014). Vollmer and colleagues reported
similar findings using 80 mg simvastatin for six months on 30 MS patients with
relapsing/ remitting MS. They have found a significant reduction (44%) in the mean
number of contrast-enhanced lesions (Gadolinium) on MRI scans pre and posttreatment (p-value <0.0001) (Vollmer, Key et al. 2004).
However, other studies using simvastatin or atorvastatin showed no effect on relapse
rate or the appearance new lesions on MRI scans in patients with early-stage multiple
sclerosis (Kamm et al., 2012, Sorensen et al., 2011). Similarly, another study
examining the effect of 40 mg atorvastatin in addition to β-interferon on patients with
relapsing/remitting MS did not show any change in relapse rate or evidence of new
lesions on MRI scan (Kamm, El-Koussy et al. 2014). Simvastatin as an add-on
treatment to interferon Beta 1a in patients with relapsing-remitting MS (SIMCOMBIN)
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trial, did not show a significant difference in time to first relapse or the annual relapse
rate (May and Barclay).
Nonetheless, MS studies suggest that these drugs cross BBB, and since BBB and
BRB are both similar in structure and function, it would be reasonable to speculate
that simvastatin passes the retinal vessel walls and achieve an immunomodulatory
effect in the eye.
Statins have a neuroprotective effect (van der Most, Dolga et al. 2009) and were
shown to improve the haemodynamics of cerebrovascular circulation (Giannopoulos,
Katsanos et al. 2012) and ameliorate the vascular endothelial cells dysfunction which
was reported to be involved in the pathogenesis of MS (Greenwood and Mason 2007).
Therefore, the positive effect witnessed in MS studies might be mediated via
immunomodulatory-independent mechanisms. Alternatively, the improvement in
vascular endothelial cell function and neuroprotection on statins might be the main
drives for the positive effect noticed in MS patients. In Chataway et al. study, there
was no difference between the simvastatin and the placebo group with regards to
inflammatory markers (levels of pro-inflammatory cytokines such as, INFγ, and IL-17
on T cells) at any time point, nor there was a difference in anti-inflammatory cytokines
(IL-4, IL-10 or FoxP3 on CD4 T cells) which are regarded as markers for T regulatory
cells. Likewise, in Vollmer and associates study, the beneficial effect of simvastatin
was independent of the immune cells type (Th1/Th2), and the analyses of the cytokine
profile and cells surface markers before and during treatment with simvastatin did not
show a difference (Vollmer, Key et al. 2004).
Moreover, in Chataway et al. study, simvastatin did not have an impact on the
frequency of disease relapse. The authors acknowledged the fact that the results of
simvastatin on MS patient were not fully understood, but these effects were likely to
be attributed to neuroprotection properties of simvastatin. The possible mechanisms
are reducing free radicles formation and preventing the cytotoxic effect of certain
substances. Alternatively, simvastatin might have improved the cerebral vascular
function and thus reduced hypoxic brain damage (Chataway, Schuerer et al. 2014).
Nonetheless, this study was conducted on patients with advanced stage of the disease
where the inflammatory component might be less substantial in driving disease
progression compared to neurodegeneration and vascular dysfunction. All the
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previous studies in MS support a positive effect of simvastatin in patients with MS, and
these benefits were primarily driven by the neuroprotection and improvement in
cerebral circulation, while the immunomodulatory effect was less pronounced.
Conversely, simvastatin in our study (uveitis) did not show a positive effect on
prednisolone dose since this is directly dependent on the anti-inflammatory properties
of simvastatin which were not evident in the previous studies on MS patients. Also,
there are significant differences in structure, microenvironment and immune regulation
between the brain tissue and the eye. Moreover, the interaction between the cerebral
blood vessels and brain tissue parenchyma, and neurodegeneration which are more
amenable to statins are probably more essential in disease pathogenesis in MS.
Additionally, simvastatin’s down-regulation of the adhesion molecules may have a little
effect on immune response in uveitis compared to MS. Immunology studies have
shown that uveitis is a T cell disease, particularly CD4 cells. In sarcoidosis, for
example, there is a predominance of CD4 T cells in the affected tissues, similarly, in
CD4 outnumbered CD8 T cells in intermediate uveitis (Boyd, Young et al. 2001), while
in MS not only CD4 T cells are increased but also CD8 and B lymphocytes (Reich,
Lucchinetti et al. 2018). Different immune cells may have different susceptibility to
statin’s immunomodulatory effect, and therefore, CD4 T cells in uveitis may be less
affected by simvastatin compared to other immune cells.
Furthermore, with regards to immune cells trafficking into the site of inflammation, in
MS there is an increase in circulating lymphocytes particularly CD54 (ICAM-1) (Boyd,
Young et al. 2001), and since statin downregulated the expression of this molecule,
there was a positive response to simvastatin in MS patients. By contrast, in patients
with intermediate and posterior uveitis, the circulating lymphocytes do not necessarily
express this unique marker, and therefore the statins’ immunomodulatory effect was
less evident. Moreover, the immune system may adapt and seek alternative pathways
to achieve effect at the site of inflammation. It has been shown that lymphocytes
migrate via alternative adhesion pathways which are ICAM-1 independent, whereas,
neutrophils which were recently shown to infiltrate the CNS in high proportion in early
MS, (Rumble, Huber et al. 2015) are exclusively depended on ICAM-1 pathway for
transcellular migration (Liversidge, Sewell et al. 1990). As well, immune cells
trafficking into the eye may not represent the main disease drive in chronic ocular
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inflammation, since ocular resident immune cells and other cells such as Muller cells
and RPE might be the main contributors to disease chronicity or even relapse.
Finally, drugs commonly used in uveitis are not used for MS which may imply different
disease pathogenesis and hence response to treatment, and the best example is antiTNFα drugs. TNFα blockers which exacerbate disease activity in MS, and are
contraindicated, are very useful in disease control in non-infectious uveitis. The
efficacy of other immunosuppressive second-line agents in MS is controversial. Small
open-label studies have shown that MMF, alone or in combination with interferon beta
may reduce the annual number of disease relapses, limit new areas of CNS damage
and may slow disease worsening. Azathioprine in MS has given mixed results while
rituximab was found effective in controlling disease relapses in MS (Costello, Halper
et al. 2015).
The beneficial effects of simvastatin seem to vary by the type of disease encountered,
with patients with NIIPPU having minimal or no response to simvastatin compared to
those with MS. The response to simvastatin may be governed by the type of
inflammation, disease severity, and or other factors. Other contributory reasons could
be that statins do not have the sufficient, long lasting immunomodulatory effects
witnessed in vivo and in vitro studies, due to lower concentrations in human compared
to other experimental studies. An early in vitro study suggested that a full or 80%
blockade of isoprenoid production required statin doses that far exceed the clinical
and in vitro dosage (Sinensky, Beck et al. 1990). This was supported by another study
where extremely high doses (up to 200 mg/day) did not alter Ras prenylation in
lymphocytes of leukemic patients (Lewis, Holstein et al. 2005). Moreover, statins might
not have an equal effect on the production of various isoprenoids (Ostrowski,
Wilkinson et al. 2007) nor they have a similar effect in all tissues (Ericsson, Runquist
et al. 1993) or under different conditions such as inflammation. Finally, research in
vitro and mice does not translate into humans because animal models of uveitis are
not identical to humans with regards to organ-specific immune mechanisms.
3.22.2 Second-line immunosuppressive agent
Half of the study population were on second-line immunosuppressive agents in
addition to corticosteroids to control their inflammation. The most commonly
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prescribed second-line agent (40%) was MMF mycophenolate mofetil. MMF has a
shown to be useful in the treatment of non-infectious uveitis and exerts its effect faster
than the other second-line agent of same class such as methotrexate (Daniel, Thorne
et al. 2010). Moreover, this agent was better tolerated than other immunosuppressive
agents. At baseline, three patients were receiving methotrexate, one on a nontherapeutic dose (7.5 mg weekly) due to concomitant use of the biological agent
(infliximab) to reduce the risk of development of anti-drug antibodies which increases
the risk of drug failure. The other two patients were on therapeutic doses of
methotrexate of 20 and 30 mg weekly, one patient with Behcet disease and the other
one has HLA-B27 ankylosing spondylitis.
At the end of the second-year follow-up, there was no significant difference between
the two arms in the reduction of second-line agents, and this coincides with the results
obtained by analysing daily corticosteroids doses. Commonly in uveitis corticosteroid
dose is reduced first and then the second-line agent dose is reduced or stopped based
on patient’s response to therapy. However, small numbers were included in this
analysis, 12 patients with 6 in each arm.
3.22.3 Disease relapse
The proportion of patients with active disease decreased at three months in patients
on simvastatin compared to those on placebo. Similarly, at one-year follow-up, a
smaller proportion of patients had active disease compared to placebo group.
However, the difference was not significant enough to reach statistical significance. At
the two-year follow-up, there were more patients with disease relapse in the
simvastatin group compared to placebo, but the difference was not significant.
Similarly, time to first disease relapse was not significant between the simvastatin and
placebo group.
3.22.4 Visual acuity analysis
When compared to baseline visual acuity, the analyses show stability in BCVA in both
treatment arms, and there was no significant difference in BCVA between groups and
within groups’ at all follow-up visits. Since all patients were treated with high dose oral
prednisolone or local corticosteroids injections to rescue vision when severe disease
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relapse such as vitritis or CMO occurred, there was no difference between the groups.
In the simvastatin study in patients with AAU, a significant improvement in BCVA in
patients in simvastatin group at 2, 4 and eight weeks follow-up was reported. However,
the method for visual acuity assessment was not validated (Shirinsky, Biryukova et al.
2017). Also, the reduction in BCVA in AAU is less common compared to those with
intermediate, posterior and panuveitis which undermines the results of the
aforementioned trial.
Simvastatin 80 mg for six months in a double-masked RCT showed beneficial effects
on long-term visual outcomes in patient with acute optic neuritis (a demyelinating
inflammatory disorder of the optic nerve head and could be a presenting feature of
MS). Simvastatin showed a significant positive effect on visual evoked potential (a test
used to assess the function of the optic nerve by measuring the amplitude and latency
of the signal transmitted through the optic nerve). However, there was no statistically
significant difference between groups in VA or colour perception (Tsakiri, Kallenbach
et al. 2012). The authors attributed the beneficial effect of simvastatin to the
enhancement of the repair mechanism of the axonal damage via promotion or
remyelination of the damaged nerve fibres. Nonetheless, disease pathogenesis in
optic neuritis is different from uveitis.
3.22.5 Cholesterol analysis
At the baseline visit, the mean blood cholesterol level was higher than normal for all
the study population, and approximately 60% of patients had their total cholesterol
level above 5 mmol/l. The most likely reason for that was the effect of corticosteroidsbased systemic immunosuppressive therapy used to treat ocular inflammation.
Systemic immunosuppression in uveitis is known to increase patient’s risk of
cardiovascular disease (Shirodkar, Taylor et al. 2011). Therapy with a systemic
corticosteroid is known to cause dyslipidaemia with a prevalence of more than 80% in
heart transplant patients (Miller 2002). The most commonly increased lipids are, very
LDL (VLDL), LDL and triglycerides, while, HDL is commonly reduced on corticosteroid
therapy. The high level of LDL-cholesterol plays a key role in the development of
atherosclerotic diseases.
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The mechanism by which corticosteroids increases serum lipids is not fully
understood. However, some authors proposed that corticosteroids increase
cholesterol synthesis in the liver by enhancing the action of HMG Co-A reductase
enzyme. Also, impaired lipid catabolism and down-regulation of LDL receptors have
also been reported on corticosteroids therapy (Kobashigawa and Kasiske 1997).
Moreover, increase serum insulin due to corticosteroid-induced hepatic insulin
resistance also contributes to high cholesterol level, which in turn leads to excessive
production of VLDL which subsequently turns to LDL and triglycerides (Sholter and
Armstrong 2000).
The effect of corticosteroids on serum lipids levels is enhanced by the concomitant
use of other immunosuppressive agents which are also known to cause high blood
cholesterol such as cyclosporine and tacrolimus (Miller 2002). Calcineurin inhibitors
upregulate serum lipids, and one of the proposed mechanisms is inhibition of LDL
receptor-mediated clearance in the liver. Other non-LDL receptor-dependent
mechanisms include lipoprotein synthesis, decreased plasma lipoprotein lipase, and
increased plasma apolipoprotein (Kockx and Kritharides 2016).
Chronic inflammation, on the other hand, has been shown to promote dyslipidaemia
and this effect is mediated via the activity of pro-inflammatory cytokines which increase
VLDL, LDL and triglycerides. Also, the inflammatory cascade induces a reduction in
HDL cholesterol and this decrease in HDL could lead to a compensatory increase in
production and accumulation of VLDL and triglycerides. Moreover, chronic
inflammation impairs the function of HDL, which is essential in cholesterol reverse
transport. HDL has antioxidant properties and helps to protect from coronary heart
disease, since oxidized LDL is more atherogenic, (upregulates adhesion molecules
and promote proliferation of smooth muscles), it is more damaging to endothelial cells.
HDL is necessary to neutralise the harmful effects of LDL. An inverse correlation has
been found between inflammatory activity and serum HDL levels (the higher
concentrations of inflammatory cytokines especially IL-6 and TNFα the less the
concentration of HDL. Inflammation also plays a key role in the development of
atherosclerosis and metabolic syndrome (Esteve, Ricart et al. 2005). As a
consequence of atherosclerosis, coronary, cerebral vessels disease ensues thus
increasing cardiovascular morbidity and mortality.
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Therefore, patients with chronic ocular inflammatory disease taking systemic
immunosuppression are at higher risk of developing cardiovascular disease CVD and
the risk is even greater when uveitis is associated with systemic inflammation. This
combined risk in our group of patients compared to that present cardiovascular
disease patients would warrant treatment to reduce high serum cholesterol particularly
LDL, to minimise the risk of CVD in our patients given the long-term exposure to
corticosteroids and second-line immunosuppressive agent.
Lipids are pro-inflammatory, and macrophages engulfing lipid (foamy cells) is a welldocumented finding in atherosclerosis. Thus, when statins down-regulate cholesterol
levels, inflammatory activity reduces as well, and this is reflected by a significant
reduction in CRP level. The immunomodulatory effect of statins is perhaps more
pronounced in coronary artery diseases not only due to blocking the intermediate
metabolites in cholesterol biosynthesis pathway as studies have shown (Greenwood,
Steinman et al. 2006) but also by indirect anti-inflammatory action in human
atherosclerotic disease.
In our study, total cholesterol and LDL reduced significantly in the simvastatin group
at 1-year follow-up. Mean cholesterol reduced from 5.36 ±1.0 SD to 4.41(1.0), p-value
0.002 paired sample test and LDL reduced from 2.91± 0.72 to 2.05± (1.14), (p-value
= 0.006, paired sample t-test, two-sided). Our data shows that intensive lipid lowering
with simvastatin 80 mg has resulted in a 30% reduction in LDL levels. When comparing
the total cholesterol level between patients in both groups, there was a statistically
significant difference in mean cholesterol, patients on simvastatin had lower total
cholesterol compared to those on placebo (p-value =0.001). The reduction was highly
statistically significant early on, and the difference remained significant throughout the
follow-up time. When analysing all the three subtypes of cholesterol (LDL, HDL and
triglycerides), the effect of simvastatin on total cholesterol was only significant in
reducing LDL-cholesterol, which is known to be associated with increased risk of
coronary heart disease. Simvastatin significantly reduced LDL-cholesterol and hence
the risk of cardiovascular diseases in patients with ocular inflammation. Moreover, in
the simvastatin arm, there was a significant reduction in mean CRP level at 1-year
follow-up.
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This reduction of LDL is still valuable in primary prevention from the atherosclerotic
disease in this high-risk group. There is compelling evidence that the lower the LDL
cholesterol level, the better the cardiovascular outcome and these data come from the
reversal of atherosclerosis with aggressive lipid-lowering therapy (REVERSAL) study
(Nissen, Tuzcu et al. 2004), where high dose atorvastatin 80mg was given to patients
with coronary heart disease for 18 months. The study showed that high dose
atorvastatin was able to arrest the atherosclerotic disease evident by intravascular
ultrasound in patients with atherosclerotic disease, patients experiencing mean LDL
level of 2.1 on treatment Similarly, other studies suggest that lower LDL levels are
associated with minimized risk of atherosclerotic progression and coronary heart
disease (Breuer 2005). Treatment to new target (TNT) study showed that intensive
lipid lowering with 80 mg atorvastatin resulted in 22% lower cardiovascular events
compared to those treated with lower doses (LaRosa, Grundy et al. 2005). Therefore,
additional clinical benefits are gained by the aggressive lowering of LDL on simvastatin
in patients with ocular inflammation.
3.22.6 Safety of simvastatin
Simvastatin was safe and was well tolerated by most patients. CK enzyme analysis
showed similar results in both groups. Similarly, there was no significant difference in
liver enzymes between the two groups. Muscle and joint pain were higher in
simvastatin group but these were mild and transient and none of the patients had to
stop their trial medication.

3.23 Conclusion
In this randomised placebo-controlled clinical trial, simvastatin did not have a
significant corticosteroid-sparing effect in patients with non-infectious, intermediate
posterior, and panuveitis, at one and two-year follow-up. Although many in vivo and in
vitro studies showed an immunomodulatory effect of simvastatin, in this study,
simvastatin did not demonstrate anti-inflammatory effect measured by reduction in
daily prednisolone dose. Therefore, there is no evidence to support the
immunosuppressive effect of simvastatin in patients with non-infectious ocular
inflammatory diseases. The heterogeneity of patients with uveitis and the aggressive
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nature of the disease might have contributed to the lack of effect witnessed in the
current study.
On the other hand, studies looking at the immunomodulatory effect of simvastatin in
other inflammatory diseases in humans have reported positive results. A short course
therapy with 80 mg simvastatin was found beneficial in patients with rheumatoid
arthritis and SLE. Therefore, simvastatin might have a short–lived immunomodulatory
effect, and with longer duration of treatment this effect was lost because the immune
system sought alternative pathways to exert an inflammatory response. Therefore, an
intermittent courses of high dose simvastatin in uveitis might show a different results,
and it is worth exploring. Patients with MS treated with simvastatin had lower rate of
brain atrophy compared to placebo. Nonetheless, patients were those with secondary
progressive MS where neurodegeneration is more significant part of the disease
process in comparison to inflammation. Also, other studies looking at the
immunomodulatory effects of statins in patients with relapsing remitting MS where
inflammation is part of the disease process reported conflicting results.
In this cohort, the mean total cholesterol was higher than normal, with 60% of patients
had high serum cholesterol at baseline. Simvastatin significantly reduced total
cholesterol and LDL, which supports the well-established action of simvastatin on
serum lipids, and good compliance with the study medication. This reduction in serum
lipids is important in reducing the risk of atherosclerotic disease in patients with uveitis
on long-term immunosuppressive therapy and might offer patients with chronic ocular
inflammatory disease, exposed to long-term corticosteroid-based immunosuppressive
therapy, a protection from cardiovascular morbidity and mortality.
Finally, data regarding the risks of cardiovascular disease in patients with uveitis is
particularly important in view of the chronic inflammation which could be part of a
systemic disease and the well-known side effects of long-term therapy (corticosteroid
and other immunosuppressive agents). There are no reports in the literature looking
at prevalence and incidence of cardiovascular disease and serum cholesterol among
patients with uveitis. This lack of data can make it difficult to establish the benefit of
lipid lowering in this population, and this highlights the need for further research.
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4 Chapter Four Ocular toxoplasmosis and the
role of long-term, low-dose trimethoprimsulfamethoxazole prophylaxis in recurrent
toxoplasmic retinochoroiditis
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4.1 Background
Ocular toxoplasmosis is caused by infection with Toxoplasma gondii, an obligate
intracellular protozoan (Montoya and Liesenfeld 2004). Felines are the definitive hosts
while humans’ and other vertebrates serve as intermediate hosts (Dubey 2014).
Ocular toxoplasmosis is the leading cause of posterior infectious uveitis worldwide in
both adults and children (Tabbara 1982, Henderly, Genstler et al. 1987, Holland 2003).
It has been reported that 50% of cases of posterior uveitis is attributed to toxoplasma
infection (Soheilian, Heidari et al. 2004), and this can reach up to 80% in some regions,
especially, when toxoplasma infection is endemic (Fernandes and Orewfice 1996).
Infection in immunocompetent individuals is usually self-limiting, but it can lead to
permanent loss of vision if it involves the macula or the optic nerve head (Holland
2004).

4.2 Mode of transmission
The transmission of T gondii to humans and other animals may occur through
accidentally eating food contaminated with oocysts, which are shed in large numbers
in infected-cat faeces and contaminate the environment. These oocysts maturate in
soil and are ingested by the intermediate host or by another cat. Tachyzoites, the
proliferative phase of the disease, travel through the circulatory system to invade all
host tissues. Then these replicating tachyzoites enter a dormant stage (as
bradyzoites) within intercellular tissue cyst in an immunocompetent host which is then
transferred to another species. These cysts have a predilection for the neuronal and
muscular organs, such as the brain, retina and skeletal muscles. Therefore, when
these animals are eaten these tissue cysts get transferred to another warm-blooded
species (American Academy of 2017). The life cycle of toxoplasmosis, Figure 4-1.
Toxoplasmosis infection in human may be either acquired or congenital. The main
route of transmission include:
•

Ingestion of undercooked, infected meat containing tissue cysts.

•

Ingestion of contaminated water, fruit, or vegetables with oocysts.

•

Accidental contact with cat faeces or soil contaminated with oocyst.

•

Primary infection with transplacental transmission during pregnancy.
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•

Blood transfusion or organ transplantation.
(Silveira, Belfort et al. 1988, Vallochi, Muccioli et al. 2005).

Figure 4-1 the lifecycle of toxoplasma gondii/ Source, Image from Sherris Medical Microbiology
1996

4.3 The life cycle of toxoplasma gondii
Toxoplasma gondii has a complex life cycle and occurs in three primary forms:
A. The oocyst or soil form (zygote stage); is 10-12µm in size, and is produced by
the sexual reproduction of the parasite in feline’s intestine before being expelled
in faeces. The oocyst sporulates by dividing into sporocysts within 1-5 days
after excretion, and each sporocyst contains the four sporozoites.

B. The tachyzoites or the infectious forms; are 4-8 µm in size and have a crescent
shape. They can disseminate throughout the body of the intermediate host
within macrophages, lymphocytes, or free in plasma. These tachyzoites keep
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dividing by endodyogeny (a form of asexual reproduction, in which two daughter
cells are generated by internal division within the host cell, which is then
consumed by the offsprings and bursts prior their separation. The liberated
tachyzoites then infect another cell and repeat the process or these infective
tachyzoites may transform to bradyzoites and form a tissue cyst. The trigger for
this transformation is unknown. However, it was hypothesised that an immunemediated process might force tachyzoites to transform to bradyzoites and form
tissue cyst. Nitric oxide (NO) secretion by the parasite-infected macrophages
reduces the multiplication of the parasites and force them to transform to a
bradyzoites stage. Also, other cytokines and immune cells are implicated in this
process (Lyons, McLeod et al. 2002). Figure 4-2.
C. Bradyzoites are slow replicating, encysted form of the parasite. They only
slightly differ from tachyzoites in that the nucleus is situated at the end, while in
tachyzoites the nucleus is centrally located. Also, bradyzoites contain several
amylopectin granules which are very scarce or absent in tachyzoites.
Compared to tachyzoites, bradyzoites are less susceptible to destruction by
proteolytic enzymes than are tachyzoites (Dubey, Lindsay et al. 1998).
Figure 4-2 factors involved in tachyzoites-bradyzoites interconversion (Lyons, McLeod et al. 2002)
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D. The tissue cyst or (latent form) is 10-200 µm in size and contains as many as,
3000 bradyzoites. Figure 4-3. Newly formed cysts are smaller in size, but they
expand to accommodate the increasing parasitic population produced by
asexual replication of bradyzoites. These bradyzoites can divide within the
intact cysts and may not cause any inflammation and remain for life. Tissue
cysts have low immunogenicity because they develop within the host cell
cytoplasm and their wall is not only intimately related to the host cell, but it is
also part of it (Petersen, Dubey et al. 2001). Classically, these cysts rupture
and bradyzoites switch back to tachyzoites, and when these are liberated, they
cause severe inflammation and destruction due to the release of lytic enzymes
and parasitic antigens. Interestingly, a mother cyst can split into several cysts,
and bradyzoites can also move from one cell to infect another leaving the
previous cell intact, implying a mechanism for dissemination even during latent
infection. The parasite then infects other sites and forms new cysts, thus,
maintaining a prolonged infective stage (Petersen, Dubey et al. 2001).
Figure 4-3 Tissue cyst in mouse brain on electronic transmission microscopy A cyst wall, B
bradyzoites (Cenci-Goga, Rossitto et al. 2011). Photo by Dr. Marcello Tosti, Veterinarian, Perugia
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Tissue cyst is a very important step in the life cycle of toxoplasma. Tissue cyst can
form as early as three days in mice after infection with tachyzoites and with time the
number within these cysts increases. With the chronic stage of infection and
development of an immune response in host, more tissue cysts will form, and these
can assume different shapes depending on the site. For example, in the brain, tissue
cyst is usually spheroidal and smaller in size compared to intramuscular cysts which
tend to be larger and more elongated. Older tissue cysts may contain degenerated
bradyzoites (Dubey, Lindsay et al. 1998).
Tissue cysts rupture every now and again and cause tissue necrosis and inflammation.
The host immune status plays a vital role in containing the released parasites by either
directly destroying them or forcing them to form a new tissue cyst. Therefore, the
reactivation of chronic infection may be partly related to interference with the host
immune system responses (Gazzinelli, Denkers et al. 1993).

4.4 Epidemiology
Nearly one-third of the world population is infected with toxoplasmosis, infection is
mainly acquired, and is usually subclinical, but a small proportion of patients will
develop cervical lymphadenopathy or ocular disease (Montoya and Liesenfeld 2004).
The seropositivity among healthy subjects varies dramatically throughout the world
with 3% to 10.8% in the US and 50%-80% in France. Despite high seropositivity for
toxoplasmosis, only 2-3 % of postnatally acquired toxoplasmosis will have an ocular
disease (Fernandes and Orewfice 1996, Vasconcelos-Santos, Machado Azevedo et
al. 2009). Among HIV-infected patients, toxoplasmosis ranges from 15%- 40%
(American Academy of 2017).
This considerable variation in disease prevalence depends on geographic,
socioeconomic and climate factors. For example, in Southern Brazil, toxoplasma
infects between 42-83% of the population, while in Eskimos the seroprevalence is 0%
(Oréfice and Bahia-Oliveira 2005), because, tropical environments encourage the
maturation of the oocyst (Montoya and Liesenfeld 2004). Another factor is the
virulence of the parasite. In the US the prevalence of toxoplasmosis among the
general population is 22.5%, but only 2% of those infected develop an ocular disease.
In contrast, in Southern Brazil where 80% are infected with toxoplasma, 18% of those
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have evidence of toxoplasma retinochoroiditis owing to more virulent strains (Khan,
Jordan et al. 2006).
There are three different strains of T gondii, and these are I, II, and III, in addition to
recombinant atypical genotypes (Ajzenberg, Banuls et al. 2004). These distinct clonal
lineages vary in their virulence. Most infections in humans in North America and
Europe are associated with the type II parasite which is less virulent than type I. In
Brazil where type I is more prevalent (Khan, Jordan et al. 2006), the prevalence of the
congenital disease is very high, 1 in 770 live births and the percentage of ocular
infection reaches up to 80% of those infected (Fernandes and Orewfice 1996,
Vasconcelos-Santos, Machado Azevedo et al. 2009). Moreover, in Brazil, there is a
higher risk of disease recurrences compared to Northern European inhabitants
(Gilbert, Freeman et al. 2008). In this study, Brazilian children with congenital
toxoplasma infection have a five times greater risk of developing new eye lesions that
are bigger and multiple and more likely to affect the central vision than those in
Northern Europe. These differences also support the predominance of the more
virulent strain in Brazil compared to Europe. It is hypothesised that the variation in
ocular involvement and disease severity across the globe may be related to the
virulence of the parasite, with type I having more aggressive disease and higher rates
of ocular involvement (Khan, Jordan et al. 2006).
Initially known as a congenital disease, toxoplasma is now well-recognised as an
acquired (postnatal) infection (Friedman, Luntz et al. 1982). Reports from water-borne
outbreaks in Canada, Brazil and India confirm this (Talabani, Mergey et al. 2010). A
study in southern Brazil reported much higher disease prevalence in older individuals
compared to younger subjects (1-8 years), the figures were (21.3%) and (0.9%) in
older and younger subjects, respectively (Glasner, Silveira et al. 1992). Also, the
development of ocular disease in siblings of an immunised mother is another strong
evidence in favour of acquired disease (Talabani, Mergey et al. 2010). It is becoming
clear that postnatally acquired infection contributes to a significant proportion of ocular
toxoplasmosis in children and adults (Glasner, Silveira et al. 1992, Fernandes and
Orewfice 1996, Oréfice and Bahia-Oliveira 2005). A study reported that two-thirds of
ocular toxoplasmosis is attributed to acquired infection (Vasconcelos-Santos 2012).
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Postnatally acquired disease is usually systemically asymptomatic, and even when
symptoms are present, they are usually mild and nonspecific (including
lymphadenopathy and constitutional symptoms lasting 2-4 weeks). A small proportion
may present with severe disease (meningoencephalitis, arthralgia and maculopapular
rash (Montoya and Liesenfeld 2004). The current estimate of ocular disease in this
setting ranges between 2-3% or maybe even higher in endemic areas (Glasner,
Silveira et al. 1992, Holland 2003).
Distinguishing clinically between congenital and acquired disease can be difficult.
However, bilateral ocular involvement is more common in congenital cases and leads
to a profound vision loss due to frequent macular involvement, whereas, in those with
acquired infection bilateral ocular disease is less common. Delair and associates
reported bilateral disease in only 4% in patients with acquired infection versus 43.5%
in those with congenital disease (p<0.0001) (Delair, Monnet et al. 2008).
The frequency of ocular toxoplasmosis increases with age. A cross-sectional study in
Brazil, where toxoplasma is endemic, found that nearly 50% of subjects above 60
years old have ocular lesions, and elderly patients are at higher risk of developing
ocular involvement after recently acquired infection (Portela, Bethony et al. 2004). In
line with this, another group reported that primarily acquired infection was more
common in older patients whereas disease reactivation (active lesions next to old scar)
were more common in younger patients (P-value <0.001). Moreover, primary infection
with toxoplasmosis in elderly was associated with more severe ocular inflammation (pvalue<0.001) (Bosch-Driessen, Berendschot et al. 2002). Ocular involvement in the
acute phase of infection, which was reportedly higher in elderly patients, is attributed
to a decline in cell-mediated immunity at an advanced age. This finding may explain
why elderly patients have large lesions and poor visual outcomes (Bosch-Driessen,
Berendschot et al. 2002).
A study by Arantes and associates, in a highly endemic area in Brazil, found that 69%
of patients (182 out of 261) with a positive IgM had symptoms of systemic disease.
Among those with infection but without ocular involvement at baseline, more than 60%
developed eye disease within the next ten years, and over 75% of these patients
experienced recurrent toxoplasmic retinochoroiditis. The period for most significant
risk for necrotising retinochoroiditis after acute infection was during 0-48 months when
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0 is time for first IgM positive test, and almost 50% of patients had the disease by the
end of this interval. In those without retinal lesions at baseline, there was a higher risk
of developing ocular disease among older people >40 years compared to younger
subjects (hazard ratio=4.47, 95%CI= 1.67-11.93, (p-value=0.003). Also, these lesions
tend to be larger in older patients. (Arantes, Silveira et al. 2015). The author concluded
that age is a risk factor for developing the ocular disease.
An interesting observation was the finding that early treatment of systemic
toxoplasmosis infection might reduce the risk of ocular involvement. In Arantes and
associates study, patients who received anti-toxoplasma drugs had less risk of ocular
involvement. They have speculated that anti-parasitic treatment may protect against
ocular involvement by reducing the parasite load in the body and therefore making the
ocular infection less likely (Arantes, Silveira et al. 2015). However, the authors
acknowledged the fact that they were not able to determine whether the effect of initial
treatment has long-lasting protection against ocular disease. If such protection exists
this may warrant initial treatment for recently infected patients and assessment of its
long-term benefits. However, identifying those at risk is challenging as the infection is
mostly asymptomatic. Targeted screening for individuals at risk such as family
members of an infected patient could be possible due to the possibility of similar
exposure (Jones, Bonetti et al. 2015).

4.5 Pathogenesis of toxoplasmosis
Acute toxoplasmosis infection in an immunocompetent subject will usually result in an
asymptomatic infection or sometimes produces a picture similar to infectious
mononucleosis (transient lymphadenopathy, fever, malaise and myalgia) (Anderson
and Remington 1975). However, infection early in pregnancy (congenital
toxoplasmosis) or in an immunocompromised individual gives rise to more aggressive
disease which could be even fatal. Because tachyzoites, the active form of the
parasite, are capable of invading all nucleated cells. They replicate and lyse the host
cell before moving to the adjacent ones. Therefore, without a competent host immune
system, the infectious process continues, and more extensive damage will ensue
(Petersen, Dubey et al. 2001). The latent phase of the disease, mediated by the
transformation of tachyzoites into bradyzoites encapsulated within the tissue cyst in
various organs, represents a significant burden of toxoplasma infection. Usually, these
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bradyzoites are slow growing, inactive, and therefore rarely initiate an inflammatory
response (Petersen, Dubey et al. 2001).
Another critical issue in the pathogenicity of this parasite is that it is hidden from the
immune system, particularly the humoral responses (secreted antibodies, complement
proteins and antimicrobial peptides) because the parasites are intracellular. Cellmediated immunity is necessary for disease control, and this process is dominated by
the secretion of interferon-γ (INF-γ) by T cells. INFγ plays a protective effect by being
able to activate macrophages to suppress the replication of the toxoplasma organism.
The role of T cells in combating toxoplasma infection is also supported by the fact that
there is an increased risk of toxoplasma reactivation in Hodgkin’s lymphoma,
immunosuppressed and in HIV infected patients, where a high incidence of
toxoplasmic encephalitis and retinochoroiditis is associated with a decline in the T cell
population. (Petersen, Dubey et al. 2001). Serological studies have also shown that
most toxoplasma infections in AIDS are latent (Israelski and Remington 1992).
Importantly, failure of cell-mediated immune response leads to a fulminant disease
course.
Toxoplasmic encephalitis is common among immunocompromised patients and
infants with congenital infection. The brain and the retina are common places where
cysts can be present in large numbers and reactivate causing local inflammation.
Several factors mediate the infection of these immune-privileged sites. Firstly, the
presence of blood-retinal and blood-ocular barriers, restrict the transvascular
migration of immune system elements such as cells, cytokines and antibodies.
Secondly, in the brain and the eye, there is a lack of lymphatics, along with the scarcity
of MHC complex expression. Finally, the ability of the glial cells to suppress T cells
responses allows the replication of the organism. All these factors make neuronal and
ocular tissue a favourable environment for the tissue cysts to persist and reactivates
(Petersen, Dubey et al. 2001).
Animal studies have shown that even normal looking retina can harbour tissue cysts
(Pavesio, Chiappino et al. 1995). Retinal vasculitis and photoreceptor destruction have
been documented in areas away from the organism. The loss of photoreceptors due
to toxoplasma infection mimicked the picture caused by autoimmune diseases when
the body immune system gets sensitised to retinal antigens (Petersen, Dubey et al.
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2001). Similarly, in man with focal retinochoroiditis, there is widespread retinal
destruction and loss of photoreceptors with pigmentary retinopathy mimicking retinitis
pigmentosa. On histopathological sections, there is a loss of photoreceptors which
may suggest an autoimmune process directed against retinal antigens secondary to
the parasitic infection (Silveira, Belfort et al. 1989).

4.6 Clinical presentation of ocular toxoplasmosis
The signs and symptoms of ocular toxoplasmosis vary with age. For example, children
with congenital infection usually present with reduced vision, strabismus, nystagmus,
leukocoria, choroidal coloboma and microphthalmia (small eye), whereas adults
usually present with reduced vision, floaters and occasionally pain and photophobia.
A mild granulomatous anterior uveitis may also be present. The site of the lesion within
the retina also plays a role. For instance, peripheral lesions with minimal inflammation
may be completely asymptomatic, while central lesions present with severe vision
loss. The associated inflammation in the vitreous also produces blurred vision or
haziness with floaters. The two most common causes of vision loss are macular
scarring and vitreous opacities. Also, up to 20% of patients will develop a rise in
intraocular pressure (Mets, Holfels et al. 1996).
The retina is the primary site for infection, and the choroid is secondarily affected. The
disease usually starts at the inner retina and progresses with time to involve the
choroid or even the sclera and optic nerve (Eckert, Melamed et al. 2007). A severe
acute anterior uveitis might occur with mutton fat keratic precipitates and posterior
synechiae (Nussenblatt and Belfort 1994). Classically, toxoplasma reactivation tends
to occur at the edges of an old pigmented scar, and manifests as a focal area of
necrotising retinochoroiditis with overlying vitreous inflammation. Figure 4-4. These
appear as grey-white areas of retinal necrosis associated with vitritis, which is a
universal finding in active disease and gives to characteristic “headlight in the fog”
appearance. These lesions occur commonly in the posterior pole but it can sometimes
be adjacent to or directly involving the optic nerve, being mistaken for optic neuritis.
Recurrent lesions usually occur at the margin of old retinochoroidal scars. However,
they can also develop at sites distant from the primary lesion (Foster and Vitale 2013).
Retinal vessels may also become inflamed and show perivasculitis with diffuse venous
sheathing and patchy arterial plaques (Kyrieleis arteriolitis).
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Figure 4-4 Classical reactivation of ocular toxoplasmosis at the edge of a previous scar. Source
Moorfields Eye Hospital
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Another less common presentation in ocular toxoplasmosis is punctate outer retinal
toxoplasmosis (PORT). Small, multifocal, grey-white lesions at the level of the outer
retina feature PORT. It is usually associated with subretinal exudation and minimal
overlying vitreous inflammation (Doft and Gass 1985). An atypical presentation such
as papillitis (inflammation of optic nerve head), neuroretinitis and extensive necrotising
retinitis in immunocompromised hosts are also well-known.
Disease duration and severity vary, and the reasons are poorly understood but, the
disease is a product of a complex interaction between parasite, host and
environmental factors (Holland 2004). Larger lesions (more than one disc diameter)
tend to persist longer and have higher rates of complications and vision loss compared
to smaller lesions (Friedmann and Knox 1969). Rothova et al. also reported that more
extensive lesions are associated with a longer duration of inflammation (Rothova,
Meenken et al. 1993).
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4.7 Complications of ocular toxoplasmosis
Ocular complications from toxoplasmosis are not uncommon, and these can result
from the acute infection or the secondary complications. Since there is no curative
treatment, the risk of complications and vision loss increases with each disease
relapse. The most common complication arises from permanent structural damage to
ocular structures (Reich and Mackensen 2015). Toxoplasmosis causes profound
visual impairment if it involves structures critical to sight (fovea and optic disc) leading
to foveal scarring and optic nerve atrophy which usually develops when toxoplasma
lesions directly involve the optic nerve head, the peripapillary area or papillomacular
bundle. Figure 4-5 (foveal scar) (Commodaro, Belfort et al. 2009, Jakob, Reuland et
al. 2009, Petersen, Kijlstra et al. 2012).
Figure 4-5 Toxoplasmosis scar at the macula with permanent loss of vision. Source Moorfields
Eye Hospital.
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Reduction in vision can also result from vitreous debris, which can occur after an
episode of severe inflammation. These take time to resolve, and sometimes vitreous
debris can persist for several years after complete resolution of the inflammation.
Furthermore, severe vitreous inflammation can predispose to posterior vitreous
detachment and even retinal detachment in severe cases (Bosch-Driessen, Karimi et
al. 2000). Proliferative vitreoretinopathy and contraction of fibrous bands maybe
complicated by vitreous haemorrhage and tractional or rhegmatogenous retinal
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detachment (RD). Additional ocular complications which can follow an acute episode
of inflammation include; cataract, cystoid macular oedema, epiretinal membrane,
macular hole and choroidal neovascular membrane (CNV) (American Academy of
2017). Younger patients tend to be at higher risk for these complications (BoschDriessen, Karimi et al. 2000).
Other complications include secondary ocular hypertension and glaucoma which
usually results from mechanical obstruction of the trabecular meshwork with fibrin, or
inflammatory cells and debris (Westfall, Lauer et al. 2005). Retinal vascular occlusion
(mostly venous) can also develop, especially when a retinal vessel crosses an active
toxoplasmic lesion. Choroidal neovascular membrane (CNV) is also associated with
ocular toxoplasmosis secondary to destruction of Bruch’s membrane. Finally, phthisis
bulbi may rarely occur in inadequately treated severe cases of ocular toxoplasmosis
(Bonfioli and Orefice 2005, Oréfice and Bahia-Oliveira 2005).

4.8 Types of ocular toxoplasmosis infection
4.8.1 Congenital toxoplasmosis
Congenital toxoplasmosis has severe complications on the developing foetus and
occurs when the mother becomes infected for the first time during pregnancy. The
parasite disseminates throughout the body, crosses the placenta and infects the foetus
before a sufficiently protective immune response can be mounted. Thus, during the
first trimester of the pregnancy, the parasite can cause substantial damage due to the
immaturity of the foetal immune system whereas later on in pregnancy the immune
system of the foetus can better cope with the infection resulting in subclinical disease.
As a consequence, the risk of disease severity in the baby is inversely related to the
gestational age. Infection early in pregnancy is commonly associated with severe
disease in the foetus and may end in abortion whereas, later in pregnancy, it may
result in subclinical disease (normal appearing infant with latent infection). The rate of
transplacental transmission rises from approximately 10-17 % in the first trimester to
65% in the third trimester (Dunn, Wallon et al. 1999). Chronic or recurrent maternal
infection during pregnancy does not carry a risk of congenital disease owing to
maternal immunity which prevents transplacental infection (Kump, Androudi et al.
2005).
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Congenital infection of the retina is associated with recurrent disease relapses in adult
life. The exposure of the immune system to toxoplasma earlier in life may have altered
the immune responses to the parasite. One theory is that T cells developed tolerance
to toxoplasma antigens after being exposed to the parasite earlier in development and
are therefore inefficient in disease control (Kump, Androudi et al. 2005).
4.8.2 Clinical features of congenital toxoplasmosis
Congenital toxoplasmosis classically includes retinochoroiditis. Other features such as
hydrocephalus or microcephaly, intracranial calcification and cognitive damage
(Sabin’s triad) have been reported in approximately 10% of infected children.
Retinochoroiditis is the most frequent manifestation of congenital toxoplasmosis and
is present in up to 80% of infected newborns. The lesions are typically bilateral in 85%
of children and have a propensity for the posterior pole and macula. Figure 4-6. Nearly
half of these patients might have active lesions at presentation especially if the mother
was not treated during pregnancy (Guerina, Hsu et al. 1994, Kodjikian, Wallon et al.
2006, Vasconcelos-Santos, Machado Azevedo et al. 2009).
Figure 4-6 Congenital toxoplasma infection with retinal scarring. Source Moorfields Eye
Hospital.
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Additional chorioretinal scarring develops in 90% of infected newborns before
adulthood (Koppe, Loewer-Sieger et al. 1986, McLeod, Boyer et al. 2006, Phan, Kasza
et al. 2008) and as many as 85% of infected children will develop retinochoroiditis after
a mean age of 3.7 years and 25% of these become blind in one or both eyes (American
Academy of 2017). Phan et al. reported that between the age of 2-10 years 72%
developed at least one new retinal lesion and over 50% were central in location (Phan,
Kasza et al. 2008). Where with antenatal and postnatal treatment, only 9% had ocular
lesions at birth, and these were mostly at the macula. New lesions developed in only
13% of infected children and were mainly peripheral (Faucher, Garcia-Meric et al.
2012). Therefore, antiparasitic therapy for the newborns with congenital toxoplasmosis
is recommended by most experts during the first year of life to reduce disease burden,
irrespective to the presence of ocular or systemic signs (American Academy of 2017).
4.8.3 Toxoplasmosis in the immunocompromised host
Retinochoroiditis developing in immunocompromised patients can have a very
dramatic presentation with extensive retinal involvement because the host immune
system which limits disease severity is usually defective or even absent (Talabani,
Mergey et al. 2010). Immunocompromised and elderly patients can present with
atypical findings, including, large, multiple and bilateral lesions in the presence or
absence of chorioretinal scars, with a picture similar to viral retinitis (Holland, Engstrom
et al. 1988). A similar picture can also be seen in patients receiving corticosteroids
therapy without antimicrobial drugs (American Academy of 2017).
Immunocompromised patients are at higher risk of toxoplasmosis, and this could be
either due to reactivation of latent disease or recently acquired infection. It usually has
a severe and fulminant course and could be even fatal if left untreated (Montoya and
Liesenfeld 2004). The parasite has a great propensity for the CNS. Therefore,
toxoplasmic encephalitis is prevalent in AIDS patients (Cohen 1999). A relapse of
toxoplasma encephalitis develops in at least 50% of patients without suppressive
chemotherapeutic treatment, and these relapses are usually seen on imaging at the
edge of an old lesion, (Haverkos 1987). Also, AIDS patients not taking antiretroviral
therapy are prone to extensive and recurrent disease (Holland, Engstrom et al. 1988).
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Therefore, treatment is necessary because toxoplasmosis infection is not only sightthreatening but also life-threatening (Talabani, Mergey et al. 2010).
Similarly, elderly subjects and patients on immunosuppressive therapy are at risk of
ocular toxoplasmosis and may present with a picture similar to those with AIDS.
Elderly patients can present with severe vitritis, large and multiple ocular lesions and
a prolonged disease course (Talabani, Mergey et al. 2010). In immunocompromised
patients, the rampant proliferation of toxoplasma gondii appears to be responsible
directly for the retinal damage while the immune reaction from the host is much less
evident (Yeo, Jakobiec et al. 1983).
The lung can be involved in these patients leading to pneumonitis and respiratory
failure (Montoya and Liesenfeld 2004). Concomitant CNS involvement in ocular
toxoplasmosis is reported between 25-50% of patients with AIDS, therefore a
neurological examination is warranted (Cohen 1999) (Gagliuso, Teich et al. 1990).

4.9 Diagnosis
Diagnosis of ocular toxoplasmosis is made clinically by demonstration of an active
retinal lesion adjacent to a pigmented retinochoroidal scar. However, serological tests
help to confirm the diagnosis when ocular toxoplasmosis presents oddly. The SabinFeldman dye test is the gold standard technique to identify anti T.gondii antibodies.
Other tests include complement fixation, hemagglutination and immunofluorescent
antibody tests. The latter is useful for detecting an early rise in serum antibodies and
quantifies IgG and IgM levels. Enzyme-linked immunosorbent assay (ELISA) is the
most commonly used test and has a high sensitivity in detection of IgM antibodies for
several months after acute infection (Montoya and Liesenfeld 2004) (Bonfioli and
Orefice 2005) (Weiss, Velazquez et al. 1990).
Early during the acute infection IgM specific for toxoplasma typically increases in
amount and remains detectable for less than a year, but it does not cross the placenta.
On the other hand, IgG antibodies appear after the first two weeks of infection and
remain for life but with variable levels. The presence of anti-toxoplasmic IgG supports
the diagnosis of infection at some time while a negative test rules out the infection in
most patients. The presence of IgM in a newborn baby confirms congenital infection
353

while in adults it indicates an acquired disease. IgA antibody is also useful in
diagnosing congenital infection but usually disappears after seven months. The
presence of IgG may be indicative of passive transplacental transfer from the maternal
side and during early infancy when the production of IgM may be weak.
Intraocular production of anti-toxoplasma antibody may be measured using
Goldmann-Witmer coefficient, and a ratio of more than 3 is regarded as diagnostic of
local antibody formation. Polymerase Chain Reaction (PCR) is used to detect the
parasite DNA, and this test is useful when patients present with atypical features. Both
aqueous and vitreous samples can be used with a 50% and 25% sensitivity,
respectively (Montoya, Parmley et al. 1999, Garweg 2005).

4.10 Mechanisms of relapsing toxoplasmic retinochoroiditis
Recurrent attacks of necrotising retinochoroiditis characterise ocular toxoplasmosis.
On long-term follow-up, disease relapse occurs in as high as, 79% of patients, and
nearly, one-fourth of patients will develop legal blindness (VA≤ 6/60) in at least one
eye (Bosch-Driessen, Berendschot et al. 2002, Holland 2003). The exact mechanism
of these episodes is not fully understood; however, there are several hypotheses.
Rupture of intraretinal cysts with the release of active parasites and antigenic materials
that trigger an inflammatory reaction and necrosis seems a plausible explanation.
Several mechanical factors may contribute to rupture of tissue cyst. Firstly,
multiplication of the parasite with subsequent enlargement of the parasitic population
within the tissue cyst can stretch the cyst leading to its rupture. Secondly, the release
of toxins or lytic enzymes by the parasite or lysis of the host cell membranes can also
lead to cyst rupture with subsequent release of the parasite or its antigens (Pavesio
and Lightman 1996). Furthermore, an immune-mediated mechanism was proposed
as a cause of recurrent disease. The theory is that retinal S antigens (arise from
previous retinal damage and release of self-antigens) trigger an immune response
(Nussenblatt, Mittal et al. 1989). Alternatively, host immune responses whether cellular
or humoral to toxoplasma antigen can lead to reactivation of ocular disease (O'Connor,
1983).
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Hormonal changes also appear to contribute to rupture of tissue cyst and subsequent
disease reactivations, disease recurrences have been reported to increase in
pregnancy (Garweg et al., 2005). Trauma is another factor, an increased incidence of
recurrences after cataract surgery has been reported (Bosch-Driessen et al., 2002b).
Finally, recirculation of parasites or reinfection with different strains have also been
suggested as causes of recurrent disease (Huskinson-Mark, Araujo et al. 1991,
Bosch-Driessen and Rothova 1999) (Pavesio and Lightman 1996, Araujo, Slifer et al.
1997), or seeding from circulating toxoplasma parasites in the peripheral blood
(Silveira, Vallochi et al. 2011).
Recurrences are associated with progressive ocular damage and a high risk of
blindness particularly if the scar enlarges to involve the fovea or the optic nerve head
(Commodaro, Belfort et al. 2009). Further, vision loss may arise from secondary
complications, such as retinal detachment, choroidal neovascularization or glaucoma.
Therefore, chronic toxoplasmosis is a significant health issue because it leads to
significant visual impairment.
The timing of these recurrences is unpredictable and differs significantly between
individuals (Silveira, Belfort et al. 2002). The risk of disease recurrence varies
throughout a lifetime (Holland, Crespi et al. 2008). Recurrences occur predominantly
in adolescent and young adults (Friedmann and Knox 1969, Bosch-Driessen,
Berendschot et al. 2002, Holland 2004) and occur more frequently after the acute
episode (Holland, Crespi et al. 2008). Garweg and co-authors have also confirmed
that younger patients tend to have a higher risk of developing disease recurrences
than older subjects (Garweg, Scherrer et al. 2008).
The exact reason why younger patients tend to have higher disease relapses is
unknown. However, Holland et al. speculated several mechanisms. Firstly, a greater
parasite burden in young individuals could be responsible for the high risk of
recurrence. Secondly, with time there will be less viable tissue cysts in the retina and
therefore less risk of disease recurrence. Thirdly, it may be that viable tissue cysts are
sequestered in the retina over time by progressive scarring which makes the release
of organisms more difficult. Finally, the stimuli for reactivation may decrease over time.
However, if the reactivation does occur, the retina will be repopulated with new tissue
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cysts resulting in subsequent disease flare-ups which may explain the occurrence of
subsequent relapses in clusters (Holland, Crespi et al. 2008).
In the literature there is a discrepancy between the proportion of patients with
recurrences and this may reflect different disease duration in these populations
(younger patients with the recently acquired disease are at high risk of disease
recurrence compared to those who had the disease for a long time). Rothova et al.
reported a 2.7% cumulative risk of recurrences at one year (Rothova, Meenken et al.
1993), while Bosch-Driessen and co-authors stated that the risk is 29% at one year
(Bosch-Driessen and Rothova 1999). All patients in the Bosch study were to have had
a recently acquired infection while those in Rothova’s study had had a remote infection
when they were first examined (Holland, Crespi et al. 2008). However, in their work
Bosch-Driessen and associates have found that recurrences are not associated with
the primary treatment patients received for acute episodes, mode of transmission
(congenital versus acquired) or the size of the lesions (Bosch-Driessen, Berendschot
et al. 2002). Figure 4-7.
Figure 4-7 Reactivation of macular toxoplasmic retinochoroiditis lesion with subsequent loss of
vision due to foveal involvement in a patient in the control group (without co-trimoxazole
prophylaxis). Source Moorfields Eye Hospital.

Expansion of scar with subsequent reactivation
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Old retinal scar at the macula

The recurrence rate for Europeans ranges between 57%-79% (Bosch-Driessen et al.,
2002a). There is a higher risk of disease recurrences in the first two years after the
first episode. Among Europeans, Garweg et al. reported that disease recurrences are
more common in younger subjects (<21 years) compared to older ones and after each
episode, two-thirds of patients will develop another relapse, with an interval of 1 to 1.7
years between first three successive disease flare-ups (Garweg et al., 2008b).
Recurrences occur in approximately 4 out of 5 patients who had been followed-up for
more than five years (Bosch-Driessen et al., 2002a).
Holland et al. in his study of 143 patients, reported that disease recurrences usually
occur in clusters and the risk of a recurrence was highest immediately after an acute
episode and then diminished as the patients continued without disease relapse. After
the acute episode, the risk of relapse of ocular toxoplasmosis decreases with time,
and longer disease duration since the first episode was strongly associated with
decreased risk of recurrences. Nonetheless, even after an extended period of diseasefree relapse, patients remain at risk of recurrence (Holland et al., 2008a). What is
interesting in the previous study and in agreement with the results of Garweg and
associates was that age more than 40 years (at time of a given episode) was
associated with lower risk of recurrences in univariate analysis. Similarly, the
multivariate analysis suggests that contracting the disease at a later age was
associated with lower risk of recurrences. These studies have important implications
for disease management particularly the need to prevent relapses after an acute
episode especially in young subjects.
Toxoplasma is a life-long disease with recurrent relapses. Since no therapeutic agent
is superior and could prevent disease recurrences, the risk for vision loss increases
with each disease reactivation. Friedmann and Knox noted that the loss of vision is
associated with recurrent episodes of toxoplasmic retinochoroiditis rather than the
initial lesion (Friedmann and Knox 1969). Therefore, it is essential to try to prevent
these recurrences in patients where lesion reside near vision critical structures, such
as the fovea and the optic nerve.
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4.11 Treatment
Toxoplasmic retinochoroiditis in an immunocompetent host is a self-limiting disease,
and peripheral lesions may be left untreated when are not visually threatening.
However, treatment is necessary when the lesions are close to the macula, retinal
blood vessels, optic disc or when associated with severe inflammation (dense vitritis).
Treatment usually involves a course of anti-toxoplasma drugs with or without
corticosteroids at the time of recurrence. The use of combinations of different drugs
is thought to limit parasitic proliferation during active episode (Holland 2004).
There is evidence to support treatment in relapsing toxoplasmic retinochoroiditis.
Recent observations suggest that parasite proliferation is a major cause of tissue
damage (Holland 2004). A combination of pyrimethamine and sulfadiazine have
resulted in a reduction of the final lesion size (Rothova, Meenken et al. 1993). Also,
studies in animal models have reported continuously that antimicrobial drugs are
highly effective in the treatment of toxoplasmosis and antimicrobial therapy resulted in
rapid disease control in the majority of AIDS patients with chronic active disease
(Gagliuso, Teich et al. 1990, Holland 2004).
For these reasons, most uveitis specialists tend to treat acute lesions. However, there
is no consensus with regards to which treatment is best. A survey in 2002 identified a
total of 9 antimicrobial drugs used to treat toxoplasmosis in 24 different strategies
(combinations), with pyrimethamine and sulfadiazine with prednisolone being used in
29% of cases (Holland and Lewis 2002). Clindamycin among others was used, but its
treatment is limited by diarrhoea (Tate and Martin 1977).
However, none of these drugs was shown to reduce disease duration or the incidence
of disease recurrence. Also, none of the currently available anti-toxoplasma drugs is
capable of destroying the bradyzoites within tissue cysts which are responsible for
disease recurrence. A recent report by the American Academy of Ophthalmology
confirms these findings (Kim, Scott et al. 2013). Newer therapeutic agents including
azithromycin and atovaquone have been reported to reduce the number of tissue cysts
in animal studies (Araujo, Huskinson et al. 1991, Huskinson-Mark, Araujo et al. 1991).
However, their short-term use in humans did not prevent recurrences (HuskinsonMark, Araujo et al. 1991) (Pearson, Piracha et al. 1999).
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‘’In ocular toxoplasmosis, no curative therapy exists. Therefore
patients carry a lifetime risk of recurrence’’
(Reich, Ruppenstein et al. 2015)

The indications for treatment are:
1. Active lesion affecting or near the optic nerve or within the temporal arcades.
Figure 4-8.
2. A lesion associated with intense inflammatory reaction and associated with
severe vitreous haze.
3. Multiple active lesions or extensive lesions.
4. Persistent intraocular inflammation for more than two months.
5. Primary infection in pregnancy after liaising with obstetrician about treatment
choices.
6. Congenital toxoplasmosis in the first year of life to reduce the risk of future
retinochoroiditis.
7. Toxoplasmosis in the immunocompromised individual
(Kanski and Bowling 2011).

However, some authorities believe that all active lesions should be treated (Oréfice
and Bahia-Oliveira 2005) because even remote lesions can still affect vision by
causing macular oedema, macular traction, severe vitritis and retinal detachment.
Additionally, these active lesions may give rise to tachyzoites that may disseminate to
other retinal areas and encyst (Foster and Vitale 2013).
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Figure 4-8 Active toxoplasmic retinochoroiditis at the macula and close to the fovea. Source
Moorfields Eye Hospital

Active retinitis

Fovea

Systemic antibiotic treatments for active toxoplasma retinochoroiditis
Multiple chemotherapeutic agents are available to treat toxoplasmosis and these
agents cross the blood ocular barriers, but pyrimethamine and sulphonamides
(sulphadiazine) are commonly used to treat acute episodes of toxoplasmic
retinochoroiditis. Both agents inhibit the replication of toxoplasma gondii by interfering
with the metabolism of folic acid. The current medications have not shown substantial
evidence to be able to reduce the severity of inflammation, accelerate resolution of
active lesions or reduce the risk of recurrence (Holland 2004, Petersen 2007, Stanford
and Gilbert 2009).
Pyrimethamine and trimethoprim are both dihydrofolate reductase inhibitors. These
agents usually have the highest antimicrobial activity against toxoplasma gondii.
Pyrimethamine has the most significant activity against toxoplasmosis, while
sulfamethoxazole and sulfadiazine were equally effective but at only high doses (van
der Ven, Schoondermark-van de Ven et al. 1996). The same study reported that a 10fold increment in pyrimethamine dose decreased the 50%inhibitory concentration of
sulfamethoxazole by 1000 times, thus potentiating the effect of sulphonamides.
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The classical antibiotic therapy against ocular toxoplasmosis which consists of
sulphonamides and pyrimethamine (with folinic acid) is the most commonly used
therapy in ocular toxoplasmosis. This combination synergistically inhibits the
replication of toxoplasmosis. Sulphonamides and pyrimethamine inhibit sequential
steps in folic acid metabolism, necessary for DNA synthesis. But, they only interfere
with replication of active parasite (tachyzoites) and not the tissue-encysted form
(bradyzoites) (Montoya and Liesenfeld 2004). Also, humans can metabolise folinic
acid so do not become folate deficient.
Pyrimethamine activity increases six to eight times when combined with sulpha drugs
(Petersen, Dubey et al. 2001). Furthermore, treatment with pyrimethamine has been
shown to reduce the scar size after resolution of active lesions (Rothova, Buitenhuis
et al. 1989). Therefore, it is prudent to use pyrimethamine when active toxoplasmosic
retinitis threatens the macular area or the optic disc because limiting the scar size even
by several microns would have a great impact on final visual acuity.
The standard treatment for an acute presentation consists of a combination of an
antiparasitic drug with or without the use of systemic corticosteroids for 4-8 weeks
based on disease severity. Concomitant use of oral corticosteroids is helpful in
reducing the inflammation to try and minimise tissue damage. Anti-toxoplasmosis
treatment is then discontinued as the lesions settle down and convert to scar tissue.
Treatment will be reinstituted if the disease relapses (Stanford and Gilbert 2009).
Sulfadiazine which is part of the standard treatment regime for ocular toxoplasmosis
is associated with a high rate of side effects including bone marrow suppression and
allergic reactions, leading to discontinuation of treatment in around 25% of patients
(Engstrom Jr, Holland et al. 1991, Rothova, Meenken et al. 1993). Trimethoprimsulfamethoxazole (co-trimoxazole), on the other hand, is well tolerated and is widely
used in the treatment of acute ocular toxoplasmosis (Holland and Lewis 2002). It has
been shown to be effective against toxoplasmosis in experimental studies (Grossman
and Remington 1979). Trimethoprim-sulfamethoxazole is inexpensive, widely
available and has a lower rate of side effects (Silveira, Belfort et al. 2002). For the
mechanism of action and side effects of different anti-toxoplasma drugs please see
Table 4-1.
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Table 4-1 Systemic treatment option in ocular toxoplasmosis
Drug

Pyrimethamine

Sulphonamides
(sulfadiazine)

Clindamycin

Mechanism of
action
A
folic
acid
antagonist
Interferes with the
metabolic cycle of
the parasite by
suppressing
the
dihydrofolate
reductase
thus
inhibiting
the
conversion of folic
acid to folinic acid,
which is necessary
for the synthesis of
both DNA and RNA
(Petersen, Dubey et
al. 2001).

Structurally similar
to paraminobenzoic
acid
(PABA)They
act as a competitive
antagonist
to
prevent
the
synthesis of folic
acid by the parasite.
sulphonamides
inhibit dihydrofolic
acid synthase
(Petersen, Dubey et
al. 2001)

Effective
against
toxoplasmosis and
achieves
higher
intraocular
concentrations
(Tabbara
and
O'Connor 1980) .

Dose

Regimen

Side effect

Part
of
the
standard regimen

Bone marrow toxicity
(Leukopenia,
thrombocytopenia,
megaloblastic anaemia)
which can be reversed
by the co-administration
of folinic acid. Weekly
blood tests should be
performed to monitor for
any
haematological
disturbance.
(Petersen, Dubey et al.
2001)

1
gm
QDS

Part
of
the
standard regimen

Acute
haemolytic
anaemia,
agranulocytosis
and
hypersensitivity
reactions ranging from
photosensitivity
to
severe Steven-Johnson
like reactions of the skin
and
mucous
membranes (Gonzalez,
Coughtrie et al. 2006).
When sulpha drugs are
combined
with
pyrimethamine, toxicity
is high and reported in
60% of HIV patients with
encephalitis.
These
include hepatitis, bone
marrow
suppression,
leukopenia, rash and
thrombocytopenia
(Haverkos 1987).

300 mg
four
times
daily

Clindamycin
Doses of appear
equivalent
to
combination
therapy
of
pyrimethamine
and sulphadiazine
(Tabbara
and
O'Connor 1980).

75 mg
loading
dose,
followed
by
25
mg bid
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Its use is associated
with an uncommon but
serious complication of
pseudomembranous
colitis (Petersen, Dubey
et al. 2001).

Azithromycin

Atovaquone

Trimethoprimsulfamethoxazole

Azithromycin
suppresses
the
ribosomal
protein
synthesis.

Selectively inhibits
the
electron
transport chain in
the
protozoan
mitochondria
(Pearson, Piracha
et al. 1999).

The
sulfamethoxazole
act by preventing
PABA from being
utilised for folic acid
synthesis
while
trimethoprim blocks
the reduction from
dihydrofolate
to
tetrahydrofolate
(Nguyen
and
Stadtsbaeder
1975).

500 mg
OD

750 mg
QDS

960 mg
BID

It
has
been
reported
that
azithromycin
is
effective against
the encysted form
of the parasite
(bradyzoites)
(Huskinson-Mark,
Araujo et al. 1991,
Farthing, Rendel
et al. 1992).
Atovaquone was
found effective in
ocular
toxoplasmosis but
did not prevent
the future disease
recurrence
(Pearson, Piracha
et al. 1999).
Several studies
reported
equal
efficacy of cotrimoxazole
to
standard
treatment
in
patients
with
toxoplasmic
encephalitis and
those
with
toxoplasmic
retinochoroiditis
(Grossman and
Remington 1979,
Soheilian,
Sadoughi et al.
2005) .

Stomach
upset,
diarrhoea, vomiting or
abdominal
pain
(Hopkins 1991).

Rash,
pruritus,
headache, nausea and
gastrointestinal
disturbances. (Pearson,
Piracha et al. 1999)

Gastrointestinal
disturbances,
allergic
reaction, itching, skin
sensitivity,
Steven
Johnson
syndrome
(Silveira, Belfort et al.
2002).

4.11.1 Corticosteroids
Corticosteroids are used when there is a high risk for permanent vision loss due to
macula or optic nerve involvement or when severe inflammation occurs in the vitreous.
They help in reducing the inflammation and decrease the risk of complications such
as CMO and persistent vitritis, and they should be discontinued before antiparasitic
treatment is stopped (O'Connor and Frenkel 1976). The use of corticosteroid alone
without antimicrobial therapy carries devastating consequences with a rapid spread of
retinitis with visual loss (Bosch-Driessen, Berendschot et al. 2002).
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Is there a superior treatment approach?
The combination of pyrimethamine with sulphadiazine and corticosteroids have been
shown to reduce the time to complete inactivity (resolution of inflammation and
scarring of the retinal lesion). A statistically significant difference in the proportion of
patients achieved faster resolution of inflammation (within the first eight weeks of
treatment), on the classical therapy compared to those spiramycin or corticosteroids
alone (FAJARDO, FURGIUELE et al. 1962). Treatment with pyrimethamine has been
shown to significantly reduce the healing time of active toxoplasma retinochoroiditis
lesions when compared to spiramycin (Nolan and Rosen 1968).
However, this combination, when used to treat the acute episodes, is usually
associated with a high rate of side effects and toxicity. Also multiple antibiotic and
multiple daily doses reduce compliance (Opremcak, Scales et al. 1992). Therefore,
the efficacy and tolerability of other antibiotic treatment for acute toxoplasma
retinochoroiditis versus classical therapy was the subject of research in different
studies.
Azithromycin has an excellent tissue penetration and concentrates in macrophages to
levels that exceed the serum concentrations by 10-1000 times. Therefore, it could be
useful in treating intracellular pathogens such as toxoplasmosis. Moreover, in vitro
studies showed that azithromycin is active against both the cystic and active forms
(tachyzoites) of toxoplasmosis. This property is also found in atovaquone but not the
other anti-toxoplasma drugs (Petersen, Dubey et al. 2001). Two studies compared
azithromycin against triple therapy (pyrimethamine, sulfadiazine and folinic acid).
The first study compared the time to resolution of intraocular inflammation, lesion size
and visual acuity before and after four weeks of treatment with combined
pyrimethamine and sulfadiazine in 22 patients versus pyrimethamine and azithromycin
(250 mg) in 24 patients. In both groups, the dose of pyrimethamine was 100 mg on
day one then 50 mg per day. Also, both have received folinic acid (15mg) to counteract
the effect of pyrimethamine on bone marrow suppression, and oral corticosteroid was
given on day three after treatment initiation for both treatment arms. This study
reported no significant differences regarding the duration of inflammation, change in
lesion size, improvement in visual acuity or the risk of recurrence between groups.
364

However, adverse reactions were more common in pyrimethamine-sulfadiazine
treated-patients compared to azithromycin-pyrimethamine group (64% versus 33%)
(Bosch-Driessen, Verbraak et al. 2002). The number of recurrences after one year of
treatment were similar between the two groups. Of note, seven patients (29%) in the
azithromycin arm and three patients (15%) from the sulfadiazine group needed to
continue treatment beyond the four weeks for persistent retinal or vitreous activity, but
this was not statistically significant.
The second study used azithromycin (500 mg) alone versus triple therapy in the
treatment of acute ocular toxoplasmosis. Both groups received adjunctive
prednisolone. However, all patients in the triple therapy group responded to triple
therapy versus 90% in the azithromycin group (was not statistically significant).
Adverse events such as gastrointestinal disturbances, malaise, headache and
dizziness were reported by all patients in the triple therapy group versus none in
azithromycin group (Balaskas, Vaudaux et al. 2012). Although azithromycin appears
better tolerated when compared to triple therapy the effectiveness of azithromycin
remains open to question since this study included only 19 patients (Harrell and
Carvounis 2014). Also, azithromycin did not eradicate tissue cysts and was not
effective in preventing disease recurrence.
In vitro and in vivo studies reported that atovaquone has a significant activity against
active and encysted forms of toxoplasma gondii (Araujo, Huskinson et al. 1991).
Seventeen immunocompetent patients with toxoplasma retinochoroiditis treated for
three months with atovaquone showed a favourable response to treatment after 1 and
3 weeks in and therapy was well tolerated (Pearson, Piracha et al. 1999). However,
atovaquone did not prevent disease recurrence after discontinuation of therapy.
Finally, a report from the Netherlands shows no significant differences between
different treatments regimens and no treatment, with regards to duration of
inflammatory activity or reduction in lesion size. The treatments included
pyrimethamine (100 mg loading dose then 25 mg bid), sulfadiazine (1 gm qid) and
prednisolone (60 mg then taper); clindamycin (300mg qid), sulphadiazine and
prednisolone or trimethoprim-sulphamethoxazole (160-800 mg bid) for two weeks then
80-400 mg bid or observation for peripheral lesions. The authors concluded that none
of these drug combinations is superior in terms of therapeutic benefits. Also, the
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duration of inflammation was similar between the treated and non-treated group, and
the most crucial factor that determines the duration of inflammation was the lesion
size. However, the combination of pyrimethamine and sulfadiazine was associated
with the highest frequency of side effects (52%) and these included thrombocytopenia,
leukopenia, fever and skin rash (Rothova, Buitenhuis et al. 1989). The results were in
agreement with another report by the same group where there is no difference in
inflammatory activity, visual acuity or rate of recurrences between treated and
untreated groups; the mean recurrence rate was 49% for all patients (Rothova,
Meenken et al. 1993). Recurrences on clindamycin have also been reported at 7.7 %
over eight years of follow-up (Lakhanpal, Schocket et al. 1983). Therefore, all
treatments have similar efficacy with pyrimethamine and sulfadiazine being the least
tolerated (Harrell and Carvounis 2014).
What about the number of recurrences after treatment with trimethoprimsulfamethoxazole compared to the classical therapy? The recurrence rates in patients
treated with pyrimethamine and sulphadiazine range between 13-17% (Petersen,
Dubey et al. 2001), Soheilian et al. conducted a prospective randomised trial
comparing the effect of combined treatment with sulfadiazine and pyrimethamine
versus trimethoprim and sulfamethoxazole. There was no significant difference
between the two arms with regards to lesion size, visual acuity and rate of recurrences
after 24 months follow-up (Soheilian, Sadoughi et al. 2005).
In summary, in ocular toxoplasmosis, there were no significant differences, between
different therapeutic agents, with regards to the duration of inflammation or rate of
disease recurrence (Rothova, Buitenhuis et al. 1989).

4.12 The role of co-trimoxazole in ocular toxoplasmosis
Trimethoprim-sulfamethoxazole

is

regarded

potentially

less-toxic

alternative

compared to the combination of sulfadiazine and pyrimethamine. Grossman and
associate have demonstrated that trimethoprim-sulfamethoxazole kills the parasite in
mice (Grossman and Remington 1979). Similarly, the combination of trimethoprim and
sulfamethoxazole have been found effective against intracellular replication of
toxoplasma in cell cultures (Nguyen and Stadtsbaeder 1975).
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Nguyen and Stadtsbaeder in their seminal work on toxoplamosis treatment have
reported exciting findings when used co-trimoxazole in vitro. The percentage of
inhibition of co-trimoxazole on intracellular toxoplasma reached 100% after 18 hours
of treatment at 37°C. Prolonged treatment resulted in eradication of organisms in cell
cultures in a duration-dependent fashion. This time-dependent interaction might be
explained by the antimetabolic activity of co-trimoxazole on the metabolically active
toxoplasma. There was a strikingly significant correlation between toxoplasma division
and the percentage of inhibition (r=0.99, p-value <0.01). Co-trimoxazole has achieved
complete eradication of the parasite from tissue culture after two days of exposure,
and led to the degeneration of toxoplasma within cells, resulting in reduction in the
number of infected cells. Under microscopy, co-trimoxazole destroyed preformed
clones of parasitic aggregates, formed after 18 hours of parasitic replication and the
remarkable effect of co-trimoxazole was invariably successful across the successive
division cycles of parasitic replication (Nguyen and Stadtsbaeder 1975).
Interestingly, in the same study, trimethoprim was the only effective compound on
intracellular parasitic replication, and the inhibition of parasitic replication was dosedependent while the addition of sulfamethoxazole produced a marked synergistic
effect. The optimum ratio of trimethoprim and sulfamethoxazole was 1/5. Table 4-2.
Sulfamethoxazole and trimethoprim when each used separately, a less marked effect
was obtained than when used in combination. However, when combined with
sulfamethoxazole, a similar inhibitory effect was achieved with trimethoprim but at a
significantly lower dose. Figure 4-9.
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Table 4-2 (Nguyen and Stadtsbaeder 1975).

Activity of trimethoprim and sulfamethoxazole, alone and in
combination on the multiplication of toxoplasma gondii within mouse
peritoneal macrophages. Each term represents the mean± standard
error of four replicate experiments. Counts were made after 18 hours
of treatment
Trimethoprim
Sulfamethoxazole
(%) Inhibition
(µg/ml)
(µg/ml)
10
0
87.2±8.3
0
50
15.3±2.4
10
50
100
2
0
19.6±4.6
0
70
17.0±3.9
2
70
96.3±2.7
1
70
38.8±5.3
0.5
70
19.1±2.7
0.25
70
12.8±4.3
2
35
86.8±5.5
2
17.5
47.6±2.9
2
8.75
34.7±2.8
0
0
18.4±4.1

Figure 4-9 the activity of trimethoprim and sulfamethoxazole alone and in combination on
the multiplication of toxoplasma gondii (Nguyen and Stadtsbaeder 1975)

Each point represents the
mean± standard error of four
replicate experiments.
Counts were made after 18
hours.
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One of the crucial issues of the success of co-trimoxazole was the superior activity
and intracellular penetration. Moreover, co-trimoxazole does not affect the growth and
function of host cells, nor it affects the viability of macrophages. Furthermore, the
percentage of inhibition increased with duration of exposure. Lastly, animals exposed
to co-trimoxazole have acquired strong immunity against toxoplasmic reinfection
(Nguyen and Stadtsbaeder 1975).
In ocular toxoplasmosis, the combination of trimethoprim and sulfamethoxazole (cotrimoxazole) has been used, but the efficacy of co-trimoxazole compared to the
classical therapy was controversial. Some authors have claimed that this combination
is less effective in the treatment of ocular toxoplasmosis when compared to the
standard regimen (pyrimethamine and sulphadiazine) (Petersen, Dubey et al. 2001,
Oréfice and Bahia-Oliveira 2005, Petersen 2007). Likewise, a study by Raskin et al.
compared the therapeutic efficacy of the combination of pyrimethamine and
sulfadiazine versus trimethoprim and sulfamethoxazole in 49 patients, all additionally
receiving corticosteroids. A faster resolution was observed with the combination of
pyrimethamine and sulfadiazine (28 days) compared to trimethoprim and
sulfamethoxazole treatment (35 days) (Raskin, Alves et al. 2002). No information was
given regarding the rate of recurrence, lesion size, visual acuity or the basis of how
the resolution of retinal inflammation was determined (Kim, Scott et al. 2013).
In contrast, other investigators in a randomised, single-blinded trial, reported similar
efficacy between co-trimoxazole and the classical therapy (pyrimethamine,
sulfadiazine and folinic acid). There were no significant differences regarding lesion
size, mean improvement in visual acuity and recurrence rates between the two groups
(Soheilian, Sadoughi et al. 2005). The authors reported that trimethoprimsulfamethoxazole is an alternative to the standard therapy and it might be even a better
option. Another study reported that the combination of trimethoprim-sulfamethoxazole
in one tablet, given twice daily accelerates the resolution of toxoplasmic
retinochoroiditis lesion and improves vision with a fewer side effect (Opremcak, Scales
et al. 1992).
In immunocompromised patients, small observational studies have reported a 75%
response rate in AIDS patients with toxoplasmic encephalitis treated with cotrimoxazole and this combination was effective in preventing recurrences of
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toxoplasmic encephalitis in AIDS patients (Grossman and Remington 1979, Richards
Jr, Kovacs et al. 1995). Additionally, a meta-analysis of toxoplasmic encephalitis in
HIV

infected

patients

found

similar

efficacy

between

co-trimoxazole

and

pyrimethamine-sulfadiazine (Yan, Huang et al. 2013)
Silveira et al. asked if the treatment with prophylactic trimethoprim-sulfamethoxazole
delays the onset of recurrences Silveira suggested yes it does but could not prove it
statistically.
Due to the better safety profile of trimethoprim-sulfamethoxazole and azithromycin in
addition to evidence to support similar efficacy to triple therapy, more uveitis
specialists have started using these agents to treat acute ocular toxoplasmosis. Cotrimoxazole is available in combined formula and less expensive of the two.

4.13 Local treatments for toxoplasma retinochoroiditis
Randomised controlled studies have looked at the efficacy of intravitreal clindamycin
(1mg), and dexamethasone (0.4mg) (IVTCD) compared to pyrimethamine,
sulfadiazine, folinic acid and prednisolone (conventional treatment). In IVTCD group
almost half of the patients’ required more than one injection and IVTCD could be
repeated every two weeks based on the clinical response to treatment. There were no
significant differences between the two groups concerning the reduction in lesion size,
improvement in visual acuity, resolution of vitreous inflammation or rate of recurrences
(recurrence rates were 5.9% in each group at two years). Serious adverse events were
reported in the group treated with conventional therapy, whereas in IVTCD- treated
patients there were no systemic adverse reactions noted (Soheilian, Ramezani et al.
2011).
Another prospective randomised trial by Colin and Harie comparing the treatment
outcome between subconjunctival clindamycin and oral pyrimethamine with
sulphadiazine in 29 patients found no significant difference in mean visual acuity and
healing time; the mean healing time was 1.8 months. Recurrences after 14 months’
follow-up occurred in both groups (21% with clindamycin and 36% with pyrimethamine
with sulphadiazine). Apart from local injection discomfort, subconjunctival clindamycin
was not associated with any other side effects (Colin and Harie 1989). These data
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show that local clindamycin is a useful alternative to systemic therapy in patients
unresponsive or intolerant to systemic antimicrobials or when these medications are
contraindicated such as during pregnancy (Harrell and Carvounis 2014).
A pilot study evaluated the role of intravitreal trimethoprim-sulfamethoxazole in 4
patients with active toxoplasmic retinochoroiditis. The dose used was 1.28mg/0.08 ml
and dexamethasone 400µg/0.1ml given every one or two weeks. Lesions responded
to treatment within a week, and there was no evidence of retinal toxicity on full-field
electroretinogram. Additionally, all patients have improved vision (Choudhury, Jindal
et al. 2015). In conclusion, intravitreal treatment is an alternative treatment strategy
for patients with toxoplasmic retinochoroiditis.

4.14 Treatments to reduce recurrent rates of toxoplasma retinochoroiditis
Historically, the application of laser photocoagulation directly to the lesion of
toxoplasma retinochoroiditis and the surrounding retina was tried on 24 patients in the
1960s. These patients were known to have recurrent disease. But laser treatment did
not eliminate the risk of recurrences. During the 8-33 months follow-up, 8% had
disease relapse, and these recurrences occurred at sites away from the initially treated
lesion (SPALTER, CAMPBELL et al. 1966). Similarly, a case series of 35 patients
treated with laser photocoagulation reported a 53% recurrence rate in 5 years
(Desmettre, Labalette et al. 1996). Moreover, treatment with triple therapy versus laser
around the foci showed no difference in the rate of recurrences in a comparative study
of 33 patients (Theodossiadis, Koutsandrea et al. 1989). Therefore, based on the
above evidence laser is not a treatment for prevention of recurrent ocular
toxoplasmosis.
The next option was using atovaquone or azithromycin to treat acute episodes of
ocular toxoplasmosis since both agents have demonstrated cysticidal action in animal
and laboratory testing (Harrell and Carvounis 2014). The clinical data was
unfortunately disappointing. In a retrospective case series of 41 patients treated with
atovaquone (750 mg twice to three times daily) for six weeks reported a recurrence
rate of 27% by two years and 75% by six years follow-up (Winterhalter, Severing et al.
2010). Similarly, a six weeks course of 500 mg azithromycin in 11 patients did not
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prevent the future disease recurrences, with 27 % of patients developing relapse of
retinochoroiditis by the first year of follow-up (Rothova, Bosch-Driessen et al. 1998).
The long-term use of low dose trimethoprim-sulfamethoxazole was the only effective
measure in preventing the recurrent toxoplasmic retinochoroiditis. Please see the next
section for more details.

4.15 The rationale of intermittent co-trimoxazole treatment in toxoplasmic
retinochoroiditis
The three weekly treatment with twice daily co-trimoxazole was adopted from studies
in HIV-infected patients with low CD4+ lymphocytes count (<200 mm2), for primary
and secondary prevention against cerebral toxoplasmosis and pneumocystis carinii
pneumonia. A study against primary prevention of toxoplasmic encephalitis had found
better protection with high doses of co-trimoxazole compared to the lower ones.
Studies have shown that relapse of toxoplasmic encephalitis in HIV-infected patients
occur after treatment was stopped. Also, the efficacy of co-trimoxazole would diminish
if the concentration of co-trimoxazole falls below therapeutic levels when patients are
poorly compliant with treatment (Ribera, Fernandez-Sola et al. 1999).
Similarly, intermittent maintenance therapy of pyrimethamine and sulfadiazine, twice
weekly, was used in HIV-infected patients to prevent the relapse of toxoplasmic
encephalitis. The treatment regimen was compared against daily treatment with the
same medications. There was a statistically significant higher rate of relapse in
toxoplasmic encephalitis in patients treated twice weekly versus those on daily dosing.
Therefore, sulfadiazine pyrimethamine efficacy was compromised when treatment
was reduced to twice weekly. In addition to less effective action on disease relapses
with twice weekly and there was no significant difference in the rate of the adverse
event between the two regimens (Podzamczer, Miro et al. 1995). However, when used
thrice weekly it was as effective as daily regimen (Podzamczer, Miro et al. 2000).

4.16 When should we start prophylaxis?
The first cohort to start prophylaxis treatment was AIDS patients with toxoplasmosic
encephalitis where maintenance treatment was essential to prevent disease
recurrence, because relapses, which are guaranteed in the absence of treatment, can
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be fatal (Gagliuso, Teich et al. 1990). Long-term therapeutic doses of pyrimethamine
sulphamethoxazole were poorly tolerated due to systemic toxicity. Also, results of
studies on pyrimethamine prophylaxis against toxoplasmic encephalitis were
inconclusive (Maslo, Matheron et al. 1991), owing to wide variation in drug plasma
levels and interaction with other drugs used in HIV patients such as zidovudine (Weiss,
Harris et al. 1988, Israelski, Tom et al. 1989).
On the other hand, primary prophylaxis with trimethoprim-sulfamethoxazole was found
effective in preventing toxoplasma encephalitis in HIV infected patients. A comparative
study on prophylactic treatment against toxoplasmic encephalitis in HIV infected
patients using trimethoprim-sulfamethoxazole twice daily, two days per week, or
pentamidine, found that none of the 60 patients on trimethoprim-sulfamethoxazole
developed disease recurrence while 12 (33%) of patients on pentamidine had a
disease relapse (p-value =0.008) (Carr, Tindall et al. 1992).
Another area where prophylactic treatment was proven effective is congenital
toxoplasmosis. Studies in newborns with congenital toxoplasmosis have found that
long-term treatment with pyrimethamine and sulphadiazine reduces the risk of
recurrent toxoplasma retinochoroiditis. Guerina and associates have reported that one
year of treatment with systemic pyrimethamine and sulphadiazine resulted in a
remarkable reduction in the rate of recurrent toxoplasmic retinochoroiditis after 1-6
years follow-up, new retinal lesions only developing in 4 out of 39 children, a rate that
is substantially lower than untreated children (Guerina, Hsu et al. 1994). Therefore this
treatment strategy was effective in reducing the risk of future relapse in congenital
toxoplasma infection with or without initial retinal involvement. Finally, in immune
competent adults with frequent reactivation, or sight-threatening lesions, long-term,
low-dose of trimethoprim-sulfamethoxazole was effective in reducing disease relapses
(Silveira, Belfort et al. 2002).

4.17 Antibiotic prophylaxis in ocular toxoplasmosis
The currently used antibiotics are effective against the tachyzoites of toxoplasma
gondii. However, the tissue cysts, which contain bradyzoites, are impenetrable to
these antimicrobials (Bohne, Holpert et al. 1999). Therefore, the risk of toxoplasmosis
recurrence persists, which carries a significant risk of visual loss (Friedmann and Knox
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1969). The risk of recurrence varies in the literature and can be as high as 79% when
patients are followed up for five years (Bosch-Driessen, Berendschot et al. 2002). The
same study also showed that 25% of patients developed legal blindness (VA <6/60)
in at least one eye due to recurrent episodes of toxoplasmic retinochoroiditis, Figure
4-10. These poor outcomes could be prevented by secondary prophylaxis in high-risk
patients.
Figure 4-10 Reactivation of toxoplasmosis. Photos are courtesy of professor Lightman. Source
Moorfields Eye Hospital.
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The risk of recurrence is highest directly after recent active inflammation, and it then
decreases over time (Holland 2003), which mandates a close follow for at least one
year after an acute attack (Reich, Ruppenstein et al. 2015). Patient’s age is one of the
critical factors in this regard. However, there is controversy regarding which age group
is at highest risk of recurrence. Holland and colleagues reported higher risk in patients
over 40 years (Holland, Crespi et al. 2008), while Garweg et al. describes patients
younger than 20 years to be at the higher risk of recurrence (Garweg, Scherrer et al.
2008).
Nonetheless, secondary prophylaxis seems a safe policy to avoid vision loss by
preventing disease recurrence. It was recommended to be standard treatment in high374

risk patients (Grigg, Dubey et al. 2015). However, it is important to identify those at
risk and also to define a time interval in which there is a high risk of recurrence so that
people at high risk will benefit from treatment (Holland 2004). Reich and co-workers,
in their retrospective study of 84 patients, showed that the median recurrence-free
survival-time was 2.52 years. The Kaplan Meier curve shows that the risk of
recurrence is highest in the first year after the most recent active lesion (Reich,
Ruppenstein et al. 2015).
4.17.1 Co-trimoxazole prophylaxis in recurrent toxoplasmic retinochoroiditis
Silveira and co-authors were the first to explore the effect of long-term
chemoprophylaxis in patients with recurrent ocular toxoplasmosis (Silveira, Belfort et
al. 2002). In this open-label study, Silveira and associates examined the effect of
trimethoprim-sulfamethoxazole on 124 patients with a history of recurrent toxoplasma
retinochoroiditis who were positive for anti-toxoplasma IgG antibody. Patients were
randomised to treatment with one tablet every three days (61 patients), or observation
(63 patients) and patients were followed–up monthly for up to 20 months for clinical
signs of recurrence. Recurrences developed in 4 treated patients 6.6% versus 15
controls 23.8%, (p=0.01). Silveira speculated that long-term treatment with
trimethoprim-sulfamethoxazole inhibits the proliferation of occasional parasites that
escape tissue cysts, hence allowing for the development of an effective immune
response from the host before the disease is clinically evident. The selection of
trimethoprim/sulfamethoxazole for long-term prophylaxis was based on low cost of the
medication, convenience for use and a lower rate of side effects when compared to
other treatments available for ocular toxoplasmosis (Silveira, Belfort et al. 2002).
However, in the above study there are flaws in the study design. Patients in the control
group did not receive placebo, and all subjects examined unmasked which may have
introduced bias during the examination. These factors may also compromise the ability
to assess drug-related side effects (Felix, Lira et al. 2014). Furthermore, the study of
Silveira lacked uniform documentation at baseline and when relapses occurred (Kim,
Scott et al. 2013). Besides, it was conducted in Brazil were more virulent strains are
predominant and these are responsible for more severe disease (Gilbert, Freeman et
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al. 2008). Most importantly, there were no report of visual acuity or change in lesion
size which were the primary outcomes for this study.
To assess the recurrence rate after stopping treatment, Silveira studied the same
cohort for an extended follow-up period of 10 years from 2000-2010 included 116
patients. The rate of recurrence was similar in both groups, although the follow-up
included only 50.86% of patients in the treatment group and 49.13% in the control
group, suggesting that the prophylactic effect of the treatment disappeared when it
was stopped (Silveira, Muccioli et al. 2015).
More recent work in this field was carried out by Felix and co-workers. They compared
the effect of trimethoprim-sulfamethoxazole versus placebo on toxoplasmosis
recurrences in a randomised controlled clinical trial. This study included 95 subjects,
and after successful treatment for 45 days with Trimethoprim/Sulfamethoxazole
160/800mg

BID,

patients

divided

into

two

groups,

either

trimethoprim-

sulfamethoxazole once every two days or placebo once every two days. The primary
outcome was the number of recurrences after one year of treatment, and the
secondary outcome was BCVA after one year. The incidence of recurrent
toxoplasmosis after one year was 0% vs 12.80% in trimethoprim-sulfamethoxazole
and placebo groups, respectively (P=0.026). There was no difference in BCVA in the
two groups. The authors concluded that Trimethoprim-sulfamethoxazole resulted in a
100% reduction in recurrences over the one year of treatment (Felix, Lira et al. 2014).
The same group studied the effect of one year of trimethoprim-sulfamethoxazole
prophylaxis over the following three years follow-up after the initial episode. The study
reported significantly higher recurrences in the placebo group compared to the
trimethoprim-sulfamethoxazole group. The cumulative probability of recurrences at 1,
2 and three years of follow up was 13.0%, 17.4% and 20.3% in the placebo group
compared to 0% in trimethoprim-sulfamethoxazole group (p-value<0.001). However,
there was no additional benefit of prophylactic treatment on final visual acuity. They
concluded that trimethoprim-sulfamethoxazole prophylaxis for one year offers an
additional two years protection against recurrent ocular toxoplasmosis (Felix, Lira et
al. 2016). Finally, this study reported that there were no treatment-related toxicities
and trimethoprim-sulfamethoxazole was well tolerated.
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Felix et al. assumed that the additional two-year benefit of trimethoprimsulfamethoxazole might have occurred due to the eruption of the majority of viable
cysts which tend to develop in the first few months after initial infection. In accordance
with this, other studies have reported a higher rate of recurrences during the first year
after the initial attack (Garweg, Scherrer et al. 2008, Holland, Crespi et al. 2008).
However, a large retrospective study reported that patients can still develop disease
recurrences for as long as 12 years follow-up after the initial infection (Arantes, Silveira
et al. 2015). Similarly, 10-years data from Silveira group (above) showed similar
relapse rate in both groups which implies that tissue cysts which can remain viable for
an extended period, are capable of inducing disease recurrence at extended followup periods.

4.18 AIM
Two

groups

have

studied

the

low-dose,

long-term

use of

trimethoprim-

sulfamethoxazole as prophylaxis treatment in patients with a history of recurrent ocular
toxoplasma retinochoroiditis (Silveira, Belfort et al. 2002, Felix, Lira et al. 2016). Their
results were encouraging; however, these trials conducted for a maximum of 20
months and there is no evidence with regards to long-term efficacy and safety of
trimethoprim-sulfamethoxazole. Furthermore, there are conflicting results regarding
the rate of disease relapse after stopping the prophylactic course. Finally, both trials
were conducted in Brazil where a different and more aggressive strain of the parasite
exists compared to Europe. We therefore, undertook this project to gain a better
understanding of the effectiveness of trimethoprim-sulfamethoxazole prophylaxis in a
different population and with longer follow-up and determine whether or not there are
any lasting benefits with regards to disease relapse after stopping treatment.
Hypothesis: long-term trimethoprim-sulfamethoxazole prophylaxis is effective in
reducing the disease relapse rate in patients with a history of recurrent toxoplasmic
retinochoroiditis and prevents vision loss.

4.19 Design
This study is a retrospective case-control study of patients with a history of recurrent
ocular

toxoplasmosis

to

determine

the
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effect

of

long-term,

low-dose

trimethoprim/sulfamethoxazole treatment on recurrence rate and visual acuity. For this
purpose, we analysed the database of all patients at Moorfields Eye Hospital (MEH)
from 2005-2018 to identify those who had prophylactic trimethoprim-sulfamethoxazole
for recurrent ocular toxoplasmosis. Ethical approval for this project was obtained from
the Department of Research and Development at MEH under (ROAD16039) (Visual
loss in uveitis). Patients of all ages were included in the study if they had trimethoprimsulfamethoxazole as prophylaxis with no restriction on the length of prophylaxis time.
The search identified 32 Patients with a history of recurrent toxoplasmic
retinochoroiditis who had trimethoprim-sulfamethoxazole as prophylaxis. Forty
patients with recurrent toxoplasmic retinochoroiditis were selected randomly as a
control group.
The primary endpoint was the development of recurrent toxoplasmic retinitis defined
clinically as a new focus of retinitis either adjacent or remote to a pre-existing
retinochoroidal scar. The statistical test used to compare the rate of recurrences
between the two groups were Cox regression, and Kaplan-Meier methods. Hazard
ratio and survival analysis with Log-Rank test were employed to check for statistical
significance.
The secondary endpoint was the change in visual acuity during the follow-up period
and the safety and tolerability of trimethoprim-sulfamethoxazole.

4.20 Definition of Terms
1. Primary/acquired OT is defined as the first active retinochoroiditis without a preexisting scar in the eye and not due to a viral aetiology.
2. The diagnosis was based on clinical criteria made by Holland and associates:
the presence of creamy-white coloured active retinal lesion with or without an
adjacent hyperpigmented retinochoroidal scar (Holland, O'Connor et al. 1996).
Clinical and serological tests were not routinely formed, so these were not taken
into account.
3. Recurrences were defined as an active lesion involving an area of the
previously normal retina in the existence of previous chorioretinal scar.
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Changes in intraocular inflammatory status such as acute anterior uveitis or
vitreous floaters alone were not considered as recurrences.
4. Inactivity was determined clinically by the resolution of the retinal inflammation
and clearing of the vitreous.
5. High-risk patients: one to two years after the most recent active lesion, primary
lesion in patients older than 40 years of age, immunosuppressed patients and
lesions close to the macula or optic nerve.
6. Sight-threatening lesions are defined as those in zone 1 (this is marked by the
area extending 3000 µm (2 disc diameters) from the fovea or the area enclosed
by the major temporal vascular arcades or 1500 µm from the margins of optic
nerve head), lesions in that portion of the retina are considered as an immediate
threat to the sight. For the sake of completeness, other zones are zone 2 which
lies anterior to zone one and up to equator, and zone three from the equator to
the ora serrata (Holland, Buhles et al. 1989).

4.21 Methods
Patients with a history of recurrent ocular toxoplasmic retinochoroiditis presented to
Moorfields Eye Hospital from May 1995 to June 2018 were identified by searching the
database for the following terms (toxoplasmosis, toxoplasma, retinochoroiditis, and
ocular toxo). For those who had trimethoprim-sulfamethoxazole prophylaxis,
additional terms were used including (trimethoprim-sulfamethoxazole, co-trimoxazole,
septrin prophylaxis toxo, toxoplasmic, toxoplasma, toxo-septrin, toxo-co-trimoxoazole)
to identify those with the diagnosis of ocular toxoplasmosis and had a course of
trimethoprim-sulfamethoxazole prophylaxis. Prophylaxis was defined as either 960 mg
of trimethoprim-sulfamethoxazole per day three times a week or twice a week.
All patients were included in this study and no prior evidence of serological testing for
IgG anti-toxoplasma antibody was required, and the diagnosis was made based on
the patient’s history and clinical findings. The control group was selected randomly
from a list of patients whose clinic letters included the following terms (toxoplasmosis,
toxoplasma, retinochoroiditis, and ocular toxo) to identify those with the diagnosis of
ocular toxoplasmosis. This search was performed by the data management division
at Moorfields Eye Hospital MEH on OpenEyes software and included only patients
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where the registered address was in London to maximise the chances to document all
disease flare-ups in the Moorfields database. The Initial list included over 1750
patients and a random code was assigned to each patient using a built-in function in
Microsoft Excel, searching for the first 100 cases to identify eligible cases (patients
with retinochoroidal scar that is compatible with a previous episode of toxoplasmic
retinochoroiditis and history of at least one episode during the follow-up period. Retinal
lesions could be unilateral or bilateral. However, only one eye for each patient was
included for the control group. The first eye with disease flare-up was selected for each
patient if they had at least one active episode of retinochoroiditis in one eye (study
eye) and minimum one year of follow-up to balance the two groups because the
prophylaxis is usually for one year. Searching the first 415 patients from our random
sample list, only 40 were included in the study. Three hundred fifty-nine were excluded
either due to shorter follow-up (the vast majority of patients) because patients with
acute toxoplasmosis flare-up usually receive treatment for the acute episode and had
one or two more visits only to ensure that the disease has settled down before they
get discharged. A minority of patients will continue their follow-up, and these cases
usually had a more aggressive course or disease-related complications, such as
cataract, glaucoma or retinal detachment. Other patients were excluded as the letters
with the terms specified in the search above were for patients with different diseases,
and the toxoplasmosis was part of the differential diagnosis. Finally, few patients were
referred from another hospital or optician for having inactive scars, but they had not
had any disease activity at presentation or during follow up, and therefore they were
excluded. Best corrected visual acuity which was collected from patient’s notes
(initially BVCA was recorded in Snellen format, but for analysis purpose, it was
converted into (LogMAR) logarithm of the minimal angle of resolution.
For the trimethoprim-sulfamethoxazole treatment, a total of 36 patients were identified,
and only 32 were included in the study. Four patients were excluded (1 patient had
trimethoprim-sulfamethoxazole and valganciclovir prophylaxis for a retinal lesion
which mimicked both toxoplasmosis and acute retinal necrosis (ARN). The other
patient had trimethoprim-sulfamethoxazole treatment daily for more than a year, and
this did not fall in the category of prophylaxis (defined earlier in this section). The last
two patients that were excluded, one because he was prescribed trimethoprimsulfamethoxazole prophylaxis but did not take the treatment and the other one did not
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have any further follow-up visits and therefore, prophylaxis could not be confirmed in
the latter case.
Data were collected including patient’s demographics (age, gender, and ethnic
background), age at first presentation, eye involved and whether the patient has a
unilateral or bilateral disease, the immune status (if known) for each patient and the
location of the lesion in the retina. Lesions were classified into a macular, peripheral
and optic disc. The number of disease flare-ups before starting trimethoprimsulfamethoxazole, time of initiation of co-trimoxazole prophylaxis and the dose of
prophylaxis, time of stopping trimethoprim-sulfamethoxazole, number of flares during
and after stopping trimethoprim-sulfamethoxazole therapy and date of each flare-up
with the date of first and last visit were collected. Best corrected visual acuity was
recorded for all patients in the study at the time of presentation, three months, six
months, one year and at last follow up visit. The BCVA of patients on trimethoprimsulfamethoxazole prophylaxis on starting and finishing trimethoprim-sulfamethoxazole
were also recorded.
For the co-trimoxazole group, treatment was recorded as to whether the prophylaxis
was indicated for recurrent disease or prophylaxis because disease recurrence is
sight-threatening and if the trimethoprim-sulfamethoxazole treatment was stopped and
reason to stop (disease control, drug-related side effects or others). If co-trimoxazole
was reintroduced, the time was recorded and the number of disease flares during and
after the second or third prophylaxis regimens were counted. If the patients had
moderate or severe vision loss the cause was recorded.
The effect of systemic treatment with trimethoprim-sulfamethoxazole as a prophylactic
agent against recurrent toxoplasma lesions was assessed in both eyes even when the
treatment was indicated for the eye with good vision. Since disease recurrences in
both eyes were possible, the second eye was included in the study even when it had
a central macular scar with limited visual potential.

4.22 Statistical analysis
Data were expressed in mean, median and standard deviation and standard error of
the mean (SEM) whenever possible. Mann-Whitney two-sample non-parametric test
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was used to measure the difference between two means of independent samples if
they were not normally distributed such as visual acuity between the two groups and
the number of disease flare-ups. Wilcoxon Sign rank test was used to compare the
mean of two related samples such as visual acuity at first visit and last visit for each
group. Cox regression analysis and Kaplan–Meier survival curves were compared
statistically using log-Rank test survival curves to analyse time to disease flare
between co-trimoxazole and control groups. All p-values represent two-tailed tests. All
the analyses were performed using a statistical package software (IBM SPSS
Statistics for Windows, Version 25.0. Armonk, NY: IBM Corp).

4.23 RESULTS
4.23.1 Demographics
The study included 72 patients (81 eyes). Mean age at presentation for the entire study
population was 32.7± SD16 years, the minimum age is 11 years, and the maximum is
79 years (IQR 19-41 years). The mean age for the control group was 37.73 ± SD 16.48
years, range from 12- 79 years, median 35.5 years. The mean age for the
trimethoprim-sulfamethoxazole (co-trimoxazole) group was 27.93± SD14.13, range
from 11-75 years, median 24 years. Although patients in the co-trimoxazole group
were younger when compared to the control group, there was no statistically
significant difference in age at first presentation between the two groups (p=0.55,
Mann-Whitney, two-sided test). Figure 4-11.
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Figure 4-11 Age at first presentation for the co-trimoxazole and the control group. There was no
significant difference between the two groups (p value=0.55, Mann-Whitney, two-sided test).

The mean follow-up time for the entire cohort was 63.54 ± 54.23 SD months, range
from 3 to 244 months. The mean follow-up time for patients in the trimethoprimsulfamethoxazole group was 64± 53.78 SD, range from 3 to 244 months, median 48
months. For the control group, the mean follow-up was 63 ± 55.37 SD months, range
11 to 241 months, median 48 months. There was no statistically significant difference
in follow-up time between the two groups (p-value = 0.81), Mann Whitney U two-sided
test. Figure 4-12. Mean follow-up duration on co-trimoxazole was 16± SE 2.5 months
(±SD16.22 months); range 1 - 84 months; IQR from 4 to 20 months, and the median
was 12 months.
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Figure 4-12 Total follow-up time (months) for the co-trimoxazole and control groups. There was
no statistically significant difference in follow-up time between the two groups (p-value = 0.81,
Mann Whitney U, two-sided test).

The study included 35 male (48.6%) and 37 female (51.4%). With regards to the
ethnicity of patients, 29 were White (40.3%), 23 Black (31.9%), 2 Asian (2.8%) and 18
other or not stated (25%). Thirty-two patients (41) eyes in the trimethoprimsulfamethoxazole and 40 patients (40) eyes in the control group. Please refer to Table
4-3 for baseline demographics.
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Table 4-3 Baseline characteristics
Baseline characteristics between the two groups (co-trimoxazole and control)
Co-trimoxazole

Control

P-value

Total number of patients

32 (41) eyes

40 (40) eyes

-

Mean follow-up

64± 53.78 SD

63 ± 55.37 SD

0.81 Mann-Whitney

Median Follow-up

49 months

45 month

Mean age at
presentation
Male and female
frequency

27.93± 14.13 SD

37.73 ± 16.48 SD

P=0.55 Mann-Whitney

56% male versus
44% female

42.5% male versus
57.5 female

0.34 Fisher’s Exact

BCVA at first
presentation
Disease flare/year

0.42± 0.61 SD

0.67± 0.72 SD

0.054 Mann-Whitney test

Mean 2.1 ±2.3 SD

Mean 0.63± 0.40
SD

0.022 Mann-Witney test

Retinochoroidal scars at
baseline
Unilateral
Bilateral

23 patients (72%)
9 patients (28%)

31 patients (77.5%)
9 patients (22.5%)

0.59 Fisher’s Exact Test

Location

Eyes (%)

Eyes (%)

0.24 Chi square

Peripheral
Macular
Disc

14 (34)
24 (59)
3 (7)

20 (50)
16 (40)
4 (10)

Immunocompromised
Patients

2 (6%)

3 (7%)

17
7
1
7

12
16
1
11

Ethnicity (no.)
White
Black
Asian
Others

0.65 Fisher’s Exact

0.21 Chi-Square

Two patients were known to be immunocompromised in the co-trimoxazole group, one
patient due to multiple myeloma and bone marrow transplant and the other one due
to lung cancer. In the control group three patients were immunocompromised one
patient due to SLE (on immunosuppressive therapy), the second patient had HIV, and
the third one had ulcerative colitis on immunosuppressive therapy. A unilateral disease
was reported in 54 patients (75%), 23 on co-trimoxazole and 31 in the control group,
while 18 patients had bilateral disease, 9 in each group.
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4.23.2 Location of the lesion
For the entire cohort, the most frequent location of toxoplasma retinochoroiditis lesion
was macula, 40 eyes (50%) of cases followed by peripheral lesions 34 eyes (42%)
and the optic disc was the least common location in 7 eyes (8%). The most frequent
site in the co-trimoxazole group was macula in 24 eyes (59%) followed by peripheral
location 14 eyes (34%). Conversely, in the control group, the most common lesion site
was peripheral (20 patients) (50%) followed closely by macular involvement in16
patients (40%). The optic disc involvement was in only three eyes (7%) in the cotrimoxazole group and four eyes (10%) in the control group.
4.23.3 Best corrected visual acuity
The mean best-corrected visual acuity (BCVA) at first presentation for the cotrimoxazole group was 0.42± 0.09 SEM range from (-0.17- 2.00) Log MAR, mean VA
on starting co-trimoxazole 0.26± 0.08SEM, range from (-0.17- 2.00) Log MAR,
whereas, for the control group the mean BCVA at first visit was 0.67±0.11 SEM, range
from -0.07- 2.3 Log MAR. The difference in mean BCVA between the two groups at
first presentation was not statistically significant (p-value= 0.054), Figure 4-13,
whereas at last follow-up the difference was highly statistically significant (pvalue=0.003) Mann-Whitney U two-sided test.
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Figure 4-13 the difference in mean BCVA between the co-trimoxazole and control groups at first
presentation was not statistically significant, (p-value= 0.054, Mann-Whitney U, two-sided test).

At three months mean BCVA for controls was 0.47± 010 SEM, whereas in cotrimoxazole group after three months of prophylactic treatment, 37 eyes had a mean
BCVA of 0.21± 0.08 SEM a statistically significant difference between the two groups
(p-value = 0.046) GEE. At six months follow-up 40 patients (eyes) in the control group
had a mean BCVA of 0.46±0.65 SD, and in co-trimoxazole group, there were 31 eyes
with a mean BVCA of 0.24± 0.09 SEM, the difference between the two groups was not
significant (p-value = 0.087) GEE. At one year 26 eyes on co-trimoxazole had a mean
BCVA of 0.27 ± 0.10 SEM and control group had 40 patients with mean BCVA at one
year of 0.48± 0.10 SEM, (p-value =0.072), GEE. Tables 4-4 and 4-5.
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Table 4-4 Mean BCVA for co-trimoxazole group and controls at baseline, three, six, twelve
months and last follow-up visit.

BCVA LogMAR unit

Co-trimoxazole

Control

Mean

Mean

±

Std.

Error

±

Std.

Error

Baseline

0.42

0.09

0.67

0.11

Starting co-trimoxazole

0.26

0.08

-

-

Three months

0.21

0.08

0.47

0.10

Six-month

0.24

0.09

0.46

0.10

Twelve Months

0.27

0.10

0.48

0.10

Last follow-up

0.20

0.07

0.48

0.10

Generalised estimated equation (GEE) was used to compare the change in mean
BCVA, adjusting for the time of follow-up and baseline visual acuity. The difference in
BCVA between groups at baseline and at, three, six, twelve months and last follow-up
visit, shows a statistically significant difference at three months and last follow-up visit,
p-value = 0.046 and 0.044, respectively. At baseline, there was no statistically
significant difference in BCVA (P-value=0.60). This p-value was close to the one
obtained by Mann-Whitney U test at baseline (0.054). For the placebo group there was
a significant difference in BCVA at all-time points, while for the co-trimoxazole group
there was a statistically significant difference in BCVA at three months on cotrimoxazole, six months and last follow-up but not at one year when compared to
baseline. Figures 4-14 and 4-15.
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Table 4-5 Mean difference in BCVA from baseline and between groups using GEE.

Co-trimoxazole

MD
(SE)

Control

95%
C.I

P*

-

-

-

-

-

-

-0.27
(0.14)

⌂0.60

Three months

-0.17
(0.08)

-0.34 -0.014

0.034

-0.19
(0.07)

-0.35 -0.03

0.015

-0.25
(0.12)

0.046

Six-month

-0.16
(0.08)

-0.33 -0.003

0.045

-0.02
(0.09)

-0.38 -0.03

0.018

-0.22
(0.13)

0.085

Twelve
Months

-0.15
(0.08)

-0.32 0.01

0.075

-0.18
(0.09)

-0.36 -0.008

0.041

-0.23
(0.13)

0.072

Last follow-up

-0.17
(0.07)

-0.32 -0.02

0.024

-0.16
(0.07)

-0.30- 0.01

0.027

-0.028
0.14

0.044

First
presentation

MD
(SE)

Between-group
difference

95%
C.I

P*

MD
(SE)

P**

MD = Mean difference, SE= Standard Error, C.I= Confidence Interval.
*p-value within group calculated using generalized estimating equation
**p-value between groups calculated using generalized estimating equation
⌂ At baseline P-value is slightly different between the two group compared to previous p-value (0.054)
Mann-Whitney test, since it was calculated using GEE method.
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Figure 4-14 BCVA between the two groups at three months a statistically significant difference
between the two groups (p-value = 0.046, GEE).

Figure 4-15 mean BCVA at one year, p-value =0.072, GEE (two-sided)
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The difference in mean BCVA at last follow-up visit was statistically significant (pvalue=0.044) using GEE test. Figure 4-16. There was also a statistically significant
difference in mean BCVA between initiation and last visit on co-trimoxazole therapy,
(P-value= 0.002), using Wilcoxon Signed Rank test. Figure 4-17.
Figure 4-16 BCVA between co-trimoxazole and control group at last follow-up. The difference in
mean BCVA at last follow-up visit was highly statistically significant (p-value=0.044) using GEE
test
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Figure 4-17 the mean BCVA at initiation and last visit on co-trimoxazole prophylaxis (pvalue=0.002, Wilcoxon Signed Rank test).

The mean difference in BCVA from baseline was higher in the co-trimoxazole group
compared to controls at all time points (three, six, twelve months of co-trimoxazole
treatment and at last follow-up). The mean difference was consistently bigger in
patients on co-trimoxazole prophylaxis compared to controls. The higher the negative
value, the better the visual acuity. Also, at last follow-up, the BCVA in the cotrimoxazole group tend to stabilise and even improve on or after co-trimoxazole
therapy. Whereas, in the control group, BCVA tend to worsen at the end of follow-up
and the line of mean differences shifts toward the baseline state (as the difference
diminishes). Table 4-6 and Figure 4-18.
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Table 4-6 Mean difference in BCVA from baseline for co-trimoxazole and control groups

Co-trimoxazole
Time

Mean

Controls

± SEM

Mean

difference
Baseline

± SEM

difference

0

-

0

-

Three months

-0.23

0.09

-0.19

0.08

Six months

-0.24

0.09

-0.21

0.09

1 year

-0.20

0.08

-0.18

0.09

Last follow-up

-0.21

0.08

-0.16

0.07

Mean change in BCVA FROM BASLE LINE
(LogMAR) units

Figure 4-18 Mean change in BCVA from baseline.

Mean change in BCVA FROM BASELINE in co-trimoxazole and control
group

Co-trimoxazole

Controls

0.1
0.05
0
-0.05
-0.1
-0.15
-0.2
-0.25
-0.3
-0.35
Baseline

Three months

Six months

Twelve
months

Last follow-up

Co-trimoxazole

0

-0.23

-0.24

-0.2

-0.21

Controls

0

-0.19

-0.21

-0.18

-0.16
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Moderate and severe vision loss analysis
There were six eyes with visual impairment, severe vision loss (SVL) or moderate
vision loss (MVL) at the initiation of co-trimoxazole prophylaxis and there was no
potential for visual improvement in these eyes and the treatment was indicated for the
other (good) eye. Treatment is systemic, and the eyes with limited visual prognosis
can still have disease recurrence, these eyes were included in the study. At the last
follow-up visit, no additional eyes developed visual impairment and only 6 out of 41
eyes (14%) in the co-trimoxazole group have severe vision loss (VA≥ 6/60). The cause
in these eyes was macular scarring, which was present at the time of starting cotrimoxazole prophylaxis, and none had a disease flare during or after co-trimoxazole
prophylaxis. Only two eyes had moderate vision loss in the co-trimoxazole group at
the end of follow up, and these two eyes already had moderate vision loss at the time
of starting co-trimoxazole prophylaxis. Although the visual acuities for these eyes
improved during the prophylaxis course, they remained with the MVL limits (BCVA>
6/12 and < 6/60).
In a sub-group analysis on ten eyes, with moderate or severe vision loss at the time
of starting co-trimoxazole prophylaxis, the mean best-corrected visual acuity BCVA
was 1.08± 0.51 SD LogMAR. These eyes showed a significant improvement in BCVA
at last follow-up visit, mean 0.86±0.51SD LogMAR, (p-value 0.018, Wilcoxon Signed
Ranks Test, two-sided). Figure 4-19. The mean change in vision between the first and
last visit on co-trimoxazole treatment was 0.21±0.22 SD LogMAR unit, the minimum
is 0, and the maximum is 0.7 LogMAR unit. Interestingly only three patients did not
have any change in vision, the remaining seven eyes (70%) gained vision on cotrimoxazole prophylaxis, two patients from MVL to no visual impairment and one from
SVL to MVL. The other four had visual improvement but remained within the limits of
either MVL or SVL, mean duration of co-trimoxazole prophylaxis was 1.29± 1.26 SD
years. In those without vision loss at the time of initiating co-trimoxazole prophylaxis
vision remained stable and there was no statistically significant difference in BCVA at
last visit, (p-value 0.096, Wilcoxon sign rank Test, two-sided).
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Figure 4-19 BCVA in patients with visual impairment (MVL+SVL) at initiating co-trimoxazole
prophylaxis. There was a statistically significant difference in BCVA between the start and end
of prophylaxis (p-value 0.018, Wilcoxon Signed Rank Test).

In the control group at last follow-up, nine patients (22.5%) had SVL in at least one
eye, and in more than half of patients, the cause of SVL was macular scarring. The
other two reasons of SVL in the control group were retinal detachment and glaucoma,
and the percentages were 33% and 11% respectively. While only four patients had
MVL at some point during their follow-up, at last follow-up visit seven patients (17.5%)
had moderate vision loss and the two causes were macular scarring (71.4%) and
glaucoma (28.6%). For visual impairment (MVL or SVL) at the end of follow-up, there
were 16 patients in control group versus only 8 in co-trimoxazole prophylaxis group,
and there was a statistically significant difference between the two groups (pvalue=0.043, Chi-square, two-sided test).
In the co-trimoxazole group, there was no statistically significant difference between
the proportion of patients with visual impairment at starting co-trimoxazole treatment
and end of follow-up (p-value=0.50, McNemar Test). Similarly, there was no
statistically significant difference in the rate of visual impairment in the control group
at three months and last follow-up visit (P-value 0.26, McNemar Test). Table 4-7.
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Table 4-7 causes of moderate and severe vision loss in eyes with recurrent toxoplasma
retinochoroiditis

Co-trimoxazole

Causes

Control group

Baseline

Last follow-up

MVL+SVL

MVL

SVL

No. (%)

No. (%)

No. (%)

Baseline

Last follow-up

MVL+SV

MVL

SVL

No. (%)

No. (%)

L
No. (%)

Macular

9 (22%)

1 (2.5%)

6 (14%)

9 (22.5%)

5 (12.5%)

5 (12.5%)

-

-

-

1 (2.5%)

-

3 (7.5%)

Cataract

-

-

-

2 (5%)

-

-

Vitreous debris

1 (2.5%)

1 (2.5%)

-

2 (5%)

-

-

Advanced

-

0 (0%)

0 (0%)

2 (5%)

2 (5%)

1 (2.5%)

10 (24.5%)

2 (5%)

6 (14%)

16 (40%)

7 (17.5%)

9 (22.5%)

scarring
Retinal
detachment

glaucoma
Total

4.23.4 Relapse rates
Before starting co-trimoxazole prophylaxis, all patients (100%) had disease relapse,
and the majority of patients 80% (33 out of 41 eyes) had disease relapse in at least
one eye. However, during the prophylactic course, 37 eyes (90%) did not have any
disease relapses, and treatment failure (development of disease flare while on
prophylaxis occurred in only four patients (4 eyes) (9.75%) (two patients with prior
unilateral ocular involvement and two patients with previous bilateral ocular
involvement). In the prophylaxis group, disease recurrences developed at the following
intervals after commencing the co-trimoxazole prophylaxis: 3 months, six months, 11
months and 18 months.
Among patients in the control group recurrences developed in 28 patients 70%; 6
(22.3%) patients had previous bilateral ocular involvement and 21 (77.7%) patients
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with prior unilateral ocular disease. Bilateral ocular disease was not associated with
increase disease relapse (p-value 0.90, Chi square Test). Recurrences developed in
the control group at different intervals, mean 27.59 ± 25.23 SD months, median 15.3
months range from 0.7 to 86.5 months, IQR from 10 to 41 months. Fourteen patients
(35%) develop more than one disease relapse during the follow-up time after the first
acute episode (13 patients had 2 events, and one patient had four events). The
proportion of patients with disease relapses was significantly lower in the cotrimoxazole prophylaxis group when compared to the control group (p-value<0.001)
Chi-square test. The average number of relapses per year for the control group during
the entire follow up time was 0.63± 0.0.06 SEM disease relapse/year, whereas, for the
co-trimoxazole group the average flare-ups per year before co-trimoxazole treatment
is 2.10 ± 0.36 SEM. There was a statistically significant difference in the rate of disease
flare-ups per year between the two groups before prophylaxis has started (p-value=
0.022, Mann Whitney U test, two-sided). Figure 4-20.

Figure 4-20 Relapse rate per year for both groups before co-trimoxazole prophylaxis, a
statistically significant difference, (p-value = 0.022, Mann Whitney U test, two-sided).
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During co-trimoxazole prophylaxis, the mean number of disease relapses dropped
from 2.10 to only 0.12±0.09 SEM, and there was a statistically significant difference
between the rate of disease relapse before and during co-trimoxazole prophylaxis, (p
< 0.001, Wilcoxon Signed Rank test, two-sided). Figure 4-21. The mean number of
disease relapses in the control group after the first acute episode (time 0) was 0.28 ±
0.27. Similarly, there was a statistically significant difference in the mean number of
disease relapses per years between controls and patients on co-trimoxazole
prophylaxis, (p-value <0.001, Mann-Whitney U test two-sided).
Figure 4-21 Relapse rate per year of toxoplasmic retinochoroiditis before and during Cotrimoxazole prophylaxis. A highly statistically significant difference (p-value <0.001, Wilcoxon
Sign Rank test, two-sided).

The mean number of disease relapses/year since the date of initiation of cotrimoxazole prophylaxis till the last day of follow-up was 0.089±0.24SD. Interestingly,
the difference in the rate of disease flare-ups/year during and after co-trimoxazole
prophylaxis remained statistically significant when compared to rate before cotrimoxazole (even when 63% of patient had already stopped their prophylactic
treatments), p-value < 0.001 (Wilcoxon Signed Rank test) (two-sided). Similarly,
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comparing the rate of relapses/year between the control and co-trimoxazole groups
since starting co-trimoxazole therapy till the last visit revealed a statistically significant
difference, (P<0.001), Mann-Whitney U (two-sided) test. Table 4-8.

Table 4-8 Comparison of relapse rate per year and proportion of patients with disease relapse
in co-trimoxazole and control groups.

Comparison between the co-trimoxazole and control group at the end of
follow-up
Co-trimoxazole
Relapse rate

Mean 0.12±0.62SD

The proportion of
patient

Control

4 (9.75%)

P-value

Mean

<0.001 Mann-

0.28±0.27SD

Whitney U

28 (70%)

<0.001 Chi-Square

with

disease relapse

After the acute episode (time 0) in the control group, 28 patients out of 40 (70%)
developed further disease relapses at an average of 2.30± 2.10 SD years, range from
0.06 - 7.21 years (from 0.7-86 months), interquartile range IRQ (0.85-3.46) years and
median is 1.28 year. 75% of patients developed disease relapses before 3.5 years.
Whereas for the patients who have had the co-trimoxazole prophylaxis course only 4
out of 41 (9.75%) eyes had disease relapse during the prophylaxis course, the mean
time to the first relapse was 0.81±0.54SD, range from 0.25-1.52 years, IQR 0.32 - 1.37
years and median is 0.73 years.

Disease-free survival analysis-1
A comparison between the two groups with regards to disease-free survival strictly
during the period of co-trimoxazole prophylaxis (flare-ups after stopping treatment
were not included) shows a statistically significant difference (p-value= 0. 022, LogRank test). Figure 4-22. Cox-regression analysis revealed a statistically significant
difference, (p-value=0.03), (HR 0.30; 95%CI; 0.10-0.88). Figure 4-23.

399

Figure 4-22 Relapse-free survival between the control group and co-trimoxazole group Kaplan
Meir survival analysis with Log-rank test for significance (p-value =0. 022)

Figure 4-23 Hazard curve between the control group and co-trimoxazole group, HR 0.30 (95%CI;
0.10-0.88) (p-value=0.03)
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The mean survival for the control group was 3.33 ± 0.48; 95%CI 2.39-4.27 years; while
for the co-trimoxazole group the mean relapse-free survival was 5.89±0.53; 95%CI
4.84-5.95 years. The median relapse-free survival for the control group was 2.40±0.42;
95%CI 1.61-3.22 whereas for the co-trimoxazole group the median time was not
calculated as fewer patients had disease relapse.
Disease-free survival analysis-2
The survival rate between the two groups (the control and the co-trimoxazole
prophylaxis) was also calculated from the date of starting co-trimoxazole prophylaxis
till the time of the first relapse whether during the prophylaxis period or after (when the
prophylaxis had stopped) or last follow-up when no disease relapse occurred. The
result shows a significant difference in risk of disease relapse (p-value=0.009 HR 0.34;
95%CI 0.15-0.77), using Cox regression analysis. There was a statistically significant
difference between the two groups even when the majority of patients (63%) had
stopped their treatment. Kaplan Meir survival curves show a significant difference in
disease relapses between the two groups (p-value of 0.007, Log Rank). Figure 4-24.
Figure 4-24 Disease-free survival between the control group and co-trimoxazole group. Kaplan
Meir survival curves show a significant difference in disease relapses between the two groups
(p-value of 0.007, Log Rank Test)
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In the Cox regression equation, the median survival time (time point at which 50% of
subjects in a particular group had the event (disease relapse) was not applicable for
the co-trimoxazole group because the majority of patients (80%) did not flare during
the follow-up period. Conversely, in the control group the median survival time was
2.42±0.41SE; 95%CI 1.61-3.22, the mean survival time for the co-trimoxazole group
was 7.75±0.86SE; 95%CI 6.05-9.46), while the mean survival time for the control
subjects was 3.33± 0.48SE (95%CI 2.39 – 4.27) years.

Disease-free survival analysis-3
The third Cox regression analysis was performed on patients who have stopped taking
their co-trimoxazole prophylaxis (26 eyes) of whom five had disease relapse (Mean
0.93 ± 0.39 SE, median 0.66 year, range from 0.13 to 1.99 years. Cox regression pvalue =0.18; HR 0.51; 95%CI 0.19-1.37. In survival analysis mean time to the first flare
after co-trimoxazole was 3.66±0.55SE; 95%CI 2.58-4.74 years. Whereas, for the
control group the mean time to the first flare was 3.33±0.48 SE (95%CI 2.39-4.27)
years. Median survival for the co-trimoxazole group could not be estimated. Log Rank
test p-value=0.17. Figure 4-25.
Figure 4-25 Post co-trimoxazole prophylaxis survival curves between the control group and cotrimoxazole group (p-value=0.17, Log Rank Test)
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4.23.5 Multiple prophylactic courses
Four patients (5 eyes) had more than one course of co-trimoxazole prophylaxis. The
first patient had a second prophylactic course for one year and seven months and did
not develop any disease flare-ups during that period similar to his initial course where
no disease relapses had occurred. The reason to restart co-trimoxazole prophylaxis
was the development of disease flare after stopping the initial prophylaxis course
which was for one year and nine months. The second patient had two additional
prophylaxis courses, his second prophylaxis session which lasted for approximately
ten months during which he had no disease flare; similarly, the third prophylaxis
continued for 12 months, and no disease flare-up was noticed during that period. While
with the initial course the patient had a disease flare after six months of therapy in the
following two courses no disease relapse was noticed. The reason to start the third
course of co-trimoxazole was the development of relapse two months after stopping
the second prophylaxis treatment. No flare-ups were recorded after the third
prophylaxis. The patient who failed the first course of co-trimoxazole (developed
disease flare on prophylaxis treatment) had no disease relapse in the subsequent
course. The third patient had disease flare-up during his first and second prophylaxes,
the first disease recurrence while on therapy occurred after only three months of
starting co-trimoxazole prophylaxis while the second relapse occurred after 2.5 years.
This patient was immunocompromised (multiple myeloma and bone marrow
transplant) and he continued his prophylactic treatment and had retained normal visual
acuity at last follow-up. The fourth patient had a disease flare eight months after
stopping his primary prophylaxis. He developed a disease relapse after 4.5 months of
starting the second prophylactic course while no relapses developed in his first
session. The secondary prophylaxis was shorter due to the development of flare-up
during the second prophylaxis. The first two patients had suboptimal doses of cotrimoxazole during the prophylaxis period 960 mg twice per week instead of 960 mg
three times per week.
The first prophylactic course stopped in 17 patients (22 eyes) due to disease control
(52%), one patient due to pregnancy (3%) whereas nine patients (11) eyes (26%)
continued the prophylaxis treatment and had no recurrence during this time and till
their last follow-up. Three patient resumed their prophylaxis due to the development
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of disease flare after stopping trimoxazole prophylaxis, and therefore, 12 patients (15
eyes) were on co-trimoxazole till their last follow-up.
4.23.6 Safety of prophylaxis treatment
Treatment with Co-trimoxazole was well-tolerated by the majority of patients and was
stopped by only 3 out of 32 patients (9%) due to the development of drug-related side
effects (urticarial skin rash in all three patients and no significant side effects occurred).
All these drug-related side effects happened early in the course of prophylactic
treatment, mean time 0.18 years (≈2 months), range 1- 4 months. These side effects
disappeared after stopping the treatment.

4.24 Discussion
In toxoplasmic retinochoroiditis, the mechanisms through which disease recurrences
occur remain unclear, and with each disease relapse, more retinal tissue damage will
ensue, and if the scar involves the fovea or the optic disc, severe sight loss will result.
Both sexes are equally affected, and all age groups are at risk, and there is no cure
for it. Patients with congenital infection tend to be at high risk of bilateral disease with
macular involvement, and this age group is at risk of disease recurrences—similarly,
younger patients with acquired infection at higher risk of future disease relapses and
subsequent visual loss. Since current antibiotics do not eradicate the tissue cysts;
recently, two studies have looked at a prophylactic treatment to protect from disease
relapse and prevent loss of vision in patients with recurrent disease. However, these
studies were conducted in Brazil where different disease strains, with high virulence,
exist. Also, both studies lacked long-term follow-up and have reported conflicting
results with regards to post prophylactic protection against disease recurrences. Also,
the impact of preventative treatment on the final visual acuity was unclear in these
results. Assessing the long-term benefits of co-trimoxazole prophylaxis in a different
population will help better understand disease course and improves management of
patients with high risk of sight loss due to toxoplasmic retinochoroiditis.
In this study, we assessed the prophylactic effect of co-trimoxazole retrospectively in
a cohort of patients in the UK with longer follow-up time to see if the efficacy of
prophylactic treatment is different from those in Brazil, using survival analysis.
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Additionally, evaluating the long-term effects of antibiotic prophylaxis on disease
relapses and the impact of prophylactic treatment on the final visual acuity in patients
treated with co-trimoxazole versus control group, since recurrent relapses are
associated with sight loss. The primary study findings were that prophylactic cotrimoxazole has significantly reduced the rate of disease recurrence compared to the
control group and also, substantially improved relapse-free survival time among
treated patients. Importantly, there was a significant improvement in vision in patients
received prophylactic treatment which may be due to much-improved disease control.
Our data shows that the mean age at presentation with symptomatic ocular
toxoplasmosis was 32 years, which is similar the mean age of first attack reported
previously (Bosch-Driessen, Berendschot et al. 2002, Silveira, Belfort et al. 2002).
Mean age at first presentation for the co-trimoxazole subjects was lower than the
control group (27 versus 37) years but was not statistically significant. The mean age
for patients in the co-trimoxazole prophylaxis group (27 years) was close to what was
reported in Silveira et al. study (26.4 years). Patients on co-trimoxazole prophylaxis
were younger and had more frequent disease relapses compared to the control group.
As previously shown in other studies younger subjects experienced higher recurrence
rate and were at high risk of vision loss (Garweg, Scherrer et al. 2008) (Holland, Crespi
et al. 2008). This difference may reflect different disease course in younger subjects
compared to older ones, therefore, they were placed on prophylactic course.
Alternatively,

prophylaxis

started

because

after

subsequent

relapses

the

retinochoroidal scar expanded to an extent that with the following relapse, which
usually occurs at the edge of the scar, important structures, namely, the fovea and the
optic nerve head are at risk of permeant damage and severe vision loss.
In our study both, (co-trimoxazole and control group) have an approximately same
mean duration of follow-up (almost 64 months). The rate of disease relapse is both
age and time-dependent. As previously mentioned, younger patients tend to develop
more frequent disease relapses, and the frequency of disease relapses may also
decrease over time. However, with longer follow-up a higher proportion of patients will
eventually develop disease relapse. Therefore, comparing disease relapse rate
between two groups with equal follow-up time would help better estimate the effect of
the intervention (prophylactic co-trimoxazole) in the presence of several confounding
factors in the background.
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The mean duration of follow-up on co-trimoxazole prophylaxis only was 16 months,
IQR 4-20 months. Most patients in our study had 1 or two years course based on the
previous studies (Silveira, Belfort et al. 2002) (Felix, Lira et al. 2016), and patients with
more-extended prophylaxis were those who elected to continue on co-trimoxazole to
avoid the future disease relapses when co-trimoxazole has stopped.
Bilateral involvement with ocular toxoplasmosis was previously reported to vary
between 22 and 40% (Bosch-Driessen, Berendschot et al. 2002), which is consistent
with our finding of 25%. Bilateral involvement was reported higher in patients with
congenital disease 65-97% (Bosch-Driessen, Berendschot et al. 2002). Previous
studies on co-trimoxazole prophylaxis reported different figures for bilateral ocular
involvement, in Silveira et al. it was 54% whereas, in Felix et al. bilateral ocular
involvement was 14%. Most patients in our study have unilateral disease 75%, and
this is higher than previously reported in studies on co-trimoxazole prophylaxis, which
might be due to an acquired infection rather than a congenital one. However, in our
cohort, a bilateral ocular disease has not been shown to influence disease relapses
(p-value 0.90, Chi-square test).
Our series shows a higher percentage of patients with macular involvement in the cotrimoxazole group (60%) compared to control (40%). The frequent macular
involvement in the co-trimoxazole group is not surprising, as these patients are at
higher risk of vision loss from disease reactivation with enlargement of the scar with
subsequent loss of central vision. Therefore, it was prudent to start co-trimoxazole
prophylaxis to prevent disease recurrences and irreversible loss of sight.
The control group, on the other hand, had peripheral retina most commonly involved
by toxoplasma lesions, followed by macular involvement. The exact location of the
retinal lesions of ocular toxoplasmosis was not reported in Silveira et al. study.
However, macular involvement was higher in our study compared to the previous
report from Felix and associate where macular lesions were found in only 30% of cotrimoxazole and 34% in the placebo group, and none had disc involvement.
While the previous studies have excluded immunocompromised patients, this study
included five immunocompromised patients two in the co-trimoxazole group and three
in control. The efficacy of co-trimoxazole prophylaxis did not differ among those
patients compared to immunocompetent subjects. Also, this study has also included
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all age group and patient as young as 11 years old had co-trimoxazole prophylaxis.
Co-trimoxazole

prophylaxis

was

safe

and

effective

in

children

and

immunocompromised patients.
4.24.1 Best Corrected Visual Acuity
Sight-threatening toxoplasmosis lesions were defined as those near the fovea or the
optic nerve which was previously described in other studies (Pearson, Piracha et al.
1999, Bosch-Driessen, Verbraak et al. 2002), and these patients were more likely to
start the chemoprophylaxis to preserve their sight. The first visit is often associated
with a disease relapse, and therefore, BCVA is usually compromised due to increased
inflammatory activity in the vitreous in association with active retinitis. Therefore the
BCVA scores were lowest at first visit. After three months (with or without treatment),
the inflammation usually settles down, and the patients return to their baseline visual
acuity (before relapse) unless permanent damage to visual sensitive structures had
taken place (fovea, disc).
There was no statistically significant difference between the mean BCVA of cotrimoxazole and control group at initial presentation, 0.42 versus 0.67 Log MAR (pvalue 0.054 Mann-Whitney test). For patients treated with co-trimoxazole prophylaxis,
the mean BCVA at first visit was worse than that at starting co-trimoxazole prophylaxis
0.42 versus 0.26 Log MAR (lower scores indicate a better vision). Most patients would
start their prophylaxis treatment after being treated for the acute attack, usually with
oral antiparasitic agents and corticosteroids to reduce the inflammatory activity.
However, at the end of follow-up patients on co-trimoxazole prophylaxis have better
vision compared to the ones without prophylactic therapy (p-value = 0.003), MannWhitney test.
Using generalised estimating equation (GEE) model adjusted for time of follow-up and
baseline visual acuity, also shows a statistically significant difference between the two
groups at last follow-up visit, (P-value= 0.044), whereas, at baseline, there was no
significant difference, (P-value=0.060).
This significant difference in BCVA at last follow reflects better disease control and
fewer complications in the co-trimoxazole group compared to the control group.
Interestingly, there was a statistically significant difference in mean BCVA at starting
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co-trimoxazole prophylaxis and last follow-up visit (p-value 0.002). This is probably
because the majority of patients enjoyed a relapse-free period which allowed for better
visual recovery and remodelling of the scar tissue. Sub-group analysis showed that
the difference lies within the group of moderate and severe vision loss (MVL+SVL).
Patients with visual impairment at starting co-trimoxazole prophylaxis have gained
vision at the end of follow-up (p-value = 0.018). Whereas, in controls, comparing the
BCVA at three months and the last follow-up revealed no statistically significant
difference in BCVA (p-value 0.55, Wilcoxon Signed Rank Test).
In Felix et al. study, although, the figures for final BCVA suggests that patients with
disease relapse had lower vision compared to those without relapse, the difference
between the two groups was not significant at last follow-up (12 months), (p-value =
0.17). Failure to show a significant difference in BCVA between the two groups might
be because over 65% of subjects in both groups had peripheral lesions and the impact
of this location on final visual acuity is very minute if none. While in our study 60% of
co-trimoxazole group and 40% of control patients had macular involving lesions which
have a high impact on final vision. Alternatively, shorter follow-up in Felix study might
have contributed to the lack of difference in BCVA between the two groups. Silveira et
al. study did not report data with regards to the location of the lesion within the ocular
fundus nor did it give an account on the visual acuity of patients at starting the trial and
last follow-up visit. The longer follow-up (mean of 5 years) for all our study population
and frequent macular involvement might explain the significant difference in BCVA
between the two groups in our study.
The other important cause for the significant difference in BCVA between the two
groups in our study compared to the previous reports is the higher rate of disease
recurrence in the control group. As previously mentioned recurrent disease is
associated with poor final vision in patients with toxoplasmic retinochoroiditis (Holland,
Crespi et al. 2008), and the risk of disease relapse is higher with longer duration followup. Our data show that with a mean follow-up of five years, more than two-thirds of
patients in the control group have developed one or more disease relapses in the study
eye. By contrast, previous studies on co-trimoxazole prophylaxis, the highest
percentage reported for patients with disease relapse was around 20%. Compared to
previous, the proportion of patients in our study who developed disease relapse, was
three times larger than those in previous studies and since recurrent flare-ups are
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associated with poor vision, the difference noticed in final BCVA may be attributed to
the higher proportion of patients with relapses in our control group.
Some might argue that there is a natural improvement in BCVA after the attack of
ocular toxoplasmosis and therefore, the effect on vision is not specific to cotrimoxazole prophylaxis. However, the improvement witnessed with co-trimoxazole
prophylaxis was not replicated in the control group. Therefore, the lower rate of
disease relapse in co-trimoxazole group had led to a significantly better visual acuity
in prophylactic treated patients compared to controls. Alternatively, co-trimoxazole
therapy might have controlled a state of subclinical infection or inflammation
associated with parasitic activity within the retina that would interfere with good visual
recovery even when no apparent inflammation is present.
However, these results must be interpreted with caution since the follow-up time varies
between subjects within the co-trimoxazole group and control group. Moreover, the
allocation of patients to prophylaxis may have involved significant bias as most
patients who have started the prophylactic course have good vision since prophylactic
treatment has been adopted in previous studies to preserve visual function in high-risk
patients (those with recurrent or sight-threatening lesions). Therefore, a selection bias
could not be ruled out, however, with respect to vision at the start of follow-up, there
was no statistically significant difference between the two groups. Compliance with cotrimoxazole could not be adequately assessed, since any non-compliance may have
an impact upon the efficacy of the treatment. Without prophylactic co-trimoxazole
those patients final BCVA would have been much worse due to scarring in retinal sites
critical for vision or damage to the optic nerve. To our knowledge, this is the first study
to report improvement in vision on co-trimoxazole prophylaxis.
4.24.2 Visual impairment
At the end of follow-up, only six eyes (14.6%) on co-trimoxazole prophylaxis had
severe vision loss, and this was present before the introduction of co-trimoxazole
prophylaxis, and none had disease flare-up during or after the therapy. Similarly, only
two eyes had moderate vision loss at the end of prophylaxis which was recorded at
the time of starting co-trimoxazole prophylaxis. Interestingly, the visual acuities in
these eye with moderate or severe vision loss have improved during co-trimoxazole
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prophylaxis. However, they remained within the range of visual impairment. No other
eye had developed severe or moderate vision loss during or after prophylaxis.
By contrast, the control group had higher frequencies of severe vision loss in at least
one eye. The most common cause of severe vision loss was similar to that of the cotrimoxazole group, macular scarring. However, patients in the control group have had
in addition to macular scarring, glaucoma and retinal detachment, whereas none in
co-trimoxazole groups have had these as a direct cause for visual impairment. Legal
blindness (VA≤6/60) in at least one eye, in the control group developed in nearly a
quarter of patients and the leading causes were; macular location of the retinal lesions
and retinal detachment, findings that are consistent with the literature (Montoya,
Parmley et al. 1999, Bosch-Driessen, Karimi et al. 2000). Higher disease relapses in
the control group were the primary cause of the poor final visual outcome, in an
agreement with a previously published large series where the majority of patients with
severe vision loss were those with a recurrent disease over five years follow-up
(Bosch-Driessen, Berendschot et al. 2002).
In the co-trimoxazole group, legal blindness was only 14% compared to 22.5% in
controls. Patients on co-trimoxazole prophylaxis have already had scars at the macula
before starting co-trimoxazole prophylaxis. An interesting finding in our study is that
the proportion of patients with visual impairment (moderate and severe vision loss) at
first visit reduced from 24.5 % to 19%, whereas those in the control group the
proportion of patients with visual impairment remained unchanged at 40% at the start
and end of follow-up. With regards to proportion of patients with visual impairment,
there was a statistically significant difference between the co-trimoxazole and the
control group at the end of follow-up (p-value=0.043).
4.24.3 Relapses
There was a higher rate of disease relapse in patients in the co-trimoxazole before
starting the prophylaxis therapy compared the control group, and the difference in the
mean number of disease relapses between the control and the co-trimoxazole group
(before prophylaxis) was significant, 0.63 versus 2.1 relapses per year (pvalue=0.022). Figure 4-21. Our study also shows that the patients in the co-
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trimoxazole group were younger than controls and those are known to have more
disease relapses and therefore are at higher risk of vision loss.
Before prophylactic treatment, all patients had disease relapse in at least one eye.
However, after the introduction of co-trimoxazole, the rate of disease relapse reduced
dramatically, from 2.1 to only 0.12 relapse/year (p-value < 0.001), Figure 4-22. There
was a significant reduction in the average number of disease flare-ups/year after
starting co-trimoxazole and the rate of disease relapse/year reduced by 17.5 times
during prophylaxis compared with pre co-trimoxazole prophylaxis. The average flareups per year remained low throughout the entire follow-up, even when approximately
two-third of patients have stopped their prophylaxis treatment.
In our analysis of relapse rate, no adjustments between the two eyes of the same
patients were made, and this was based on the assumption that both eyes behave
differently with regards to disease relapses. In patients with primary infection with
toxoplasma gondii species, the seeding into one or both retinae is what will determine
the initial ocular disease and future relapses. Although toxoplasma is a systemic
infection initially with very mild or no symptoms at all, clinically apparent relapses are
confined to the eye in immunocompetent individuals, and these relapses usually arise
from tissue cysts within the retina whether at or remote from a previous toxoplasmic
scar. These relapses are mostly due to local factors (within the eye) such as tissue
cyst stability, parasitic and immune environment. Therefore, there is no reason for us
to assume that the reactivations of the two eyes are linked.
Only 4 out of 41 eyes (9.75%) developed a relapse of toxoplasmic retinochoroiditis
during the prophylactic course and approximately 90% of eyes on co-trimoxazole
prophylaxis did not have disease relapses. Similarly, in Silveira et al. study only four
patients out of 61 patients (6.6%) had a disease flare during the co-trimoxazole
prophylaxis (Silveira et al., 2002b).

Compared to previous studies on co-trimoxazole prophylaxis our results show a higher
percentage of patients with disease recurrence in the control group (70%). The
reported recurrence rates vary widely between different populations studied and the
duration of follow-up. The recurrence rate reported being as high as 79% when
patients were followed-up for more than five years (Bosch-Driessen, Berendschot et
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al. 2002). Silveira et al. reported 23.8% disease flare-ups in the control group, while
Felix and associates reported only 12.8% recurrence rate in the placebo group. The
lower proportion of patients with disease flare-ups in these two studies is probably due
to the shorter duration of follow-up, 20 months and 12 months in Silveira and Felix
studies, respectively. In Felix et al. the three-year follow-up study, the relapse rate in
the control group rose from only 13% at year one to 17.4% and 20.3% in the second
and third-year follow-up, respectively. This finding supports the fact that with longer
follow-up, a higher proportion of patients will develop disease relapse.
In our study the mean follow-up time for the control group was 5.24± 4.61 SD years,
range from 1 to 20 years, IQR 2-7.5 years, median 3.98 years. This follow-up time
exceeds the follow-up in the previous two studies which were 1 year and 1.6 years in
Felix et al. and Silveira et al., respectively. Therefore, a longer follow-up, the strength
of this study, showed that more patients would eventually develop disease relapse.
Our results confirm that ocular toxoplasmosis is a recurrent disease and with longer
follow-up, more patients will experience disease relapses. Our results also show that
75% of patients will have their subsequent disease relapse within 2.5 years from the
date of the acute episode. However, the range was wide, and some patients
developed a relapse in less than a month while others experienced the subsequent
relapse after 6.6 years.
Holland et al. have found that the longer follow-up was associated with higher risk of
disease recurrences (Holland, Crespi et al. 2008), adjusted relative risk 1.05 per 10
years increase in follow up, 95%CI 1.01-1.08; (p-value 0.007). The time to relapse
depends on several factors, but with more follow-up time a higher proportion of
patients will eventually develop disease flare.
Four patients (5 eyes) in our study had two or more course of prophylaxis. The main
reason for restarting the prophylactic course with co-trimoxazole was due to the
development of disease flare-ups after stopping the primary co-trimoxazole
prophylaxis, when disease control was initially achieved. The prophylactic treatment
was still valid and well tolerated in the second and third prophylactic courses.
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4.24.4 Survival to first disease relapse
In regression analysis, our results showed a 70% relative risk reduction in disease
recurrence in patients during co-trimoxazole prophylaxis compared to controls, a
statistically significant difference, (p-value= 0.03), hazard ratio HR 0.30, (95%CI; 0.100.88). This finding represents an agreement with the first results published by Silveira
and co-authors on co-trimoxazole prophylaxis (Silveira, Belfort et al. 2002) who
reported a hazard ratio of 0.25 (95%CI 0.08-0.75) and 75% risk reduction in disease
recurrences among patients on co-trimoxazole prophylaxis. The wide confidence
interval reflects the small sample size presented in our study. However, the survival
curves show an early and significant separation between the control and the cotrimoxazole group, where 9.75% had disease relapses in the co-trimoxazole group
compared to 70% controls. Our results show that three patients out of four (75%), had
their first relapse within the first year of starting the prophylaxis. Furthermore, mean
relapse-free survival in the co-trimoxazole group was significantly longer than control
group (5.89 versus 3.33 years). The median survival for controls was 2.40 years while
for co-trimoxazole group that was not applicable since >90 of eyes had no flare on cotrimoxazole prophylaxis. However, the follow-up time on co-trimoxazole prophylaxis
only was relatively short compared to the control group.
Felix and associates reported no disease flare on co-trimoxazole prophylaxis versus
12.80% (6 out of 47) in the placebo group, this could be due to the design of the study
where all patients with active disease were treated with co-trimoxazole for 6.5 weeks
before being assigned to prophylactic treatment. Also, they were followed-up for only
12 months. Therefore, the limited duration of follow-up might have influenced the
recurrence rate in both groups. Another critical factor is the patient’s compliance, in
RCT and due to pill count, there is a high chance of better compliance in comparison
to daily clinical practice. As a result, patients on prophylaxis therapy in Felix study did
not have a recurrence compared to our study.
Felix et al. have published their three years follow-up data and claimed that the initial
one-year co-trimoxazole prophylaxis has a two years protection (post prophylaxis
effect). In their study, none of the patients who had 1-year course of co-trimoxazole
prophylaxis developed disease flare-up within the subsequent 2-years after stopping
the treatment (at the end of the study follow-up, relapses developed in 20.3% of the
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control group versus 0% in the co-trimoxazole group). We have performed a second
regression analysis to assess for the post-prophylaxis effect. Our Cox regression
model assessed the hazard ratio (HR) between the two groups after stopping cotrimoxazole, in 26 eyes (20 patients). The results showed no significant difference in
disease relapse between the two groups (p-value 0.18). Four out of 20 patients (20%)
developed disease relapse after stopping co-trimoxazole, mean time to relapse is
1.34±1.19 SD years, minimum 0.13-2.82 years. Patients can develop relapse three
years after stopping the prophylactic course. Although the graph in Figure 4-25 shows
a separation between the curves after one-year follow-up and this separation tend to
get broader after two years follow-up, but it was not statistically significant. This
contrasts the data reported by Felix group, where no disease relapse were reported
after the prophylactic course, however, the follow-up was for only 2-years after
stopping co-trimoxazole (Felix, Lira et al. 2016).
In line with this, Silveira followed-up patients, who had 20 months of co-trimoxazole or
no treatment, for up to 10 years, there was a similar rate of disease relapse, 37% and
38% in patients previously treated with co-trimoxazole and control group, respectively,
suggesting that treatment effect disappears after discontinuation of treatment.
However, there was a 50% loss of the original study population at the end of followup.
The original theory proposed by Silveira on the mechanism of action of prophylactic
co-trimoxazole states that co-trimoxazole destroys occasional parasites that escape
tissue cyst and therefore helps the host immune system to re-establish disease control
by forcing the parasite to go back to cyst stage before the inflammation is clinically
apparent (relapse). Therefore, it is logical to speculate that when co-trimoxazole
prophylaxis has stopped its effect disappears, and patients are no longer protected
from disease relapse. This finding also supports the theory of ruptured tissue cysts as
a direct cause of disease recurrences while the immune response and inflammation
in this setting are secondary to rupture of tissue cyst and release of active tachyzoites
and not the initial trigger as previously stated. Therefore, co-trimoxazole prophylaxis
is only effective while patients are taking them and there are no long-term benefits
once treatment had stopped.
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Felix suggested that the further two years protection after cessation of treatment might
be due to most viable cysts tending to erupt in the first months after initial infection.
Nonetheless, several studies have shown that patients can still have a disease relapse
many years after an acute episode of toxoplasmic retinochoroiditis and these are most
likely due to reactivation of tissue cysts which can stay viable in the retina for many
years after the initial infection.
Due to the relatively small sample size in our study, as only 20 patients have had their
prophylactic co-trimoxazole stropped and the duration of prophylaxis varied between
individuals, it is difficult to draw any firm conclusions on whether prophylactic cotrimoxazole had any protective effect when treatment was discontinued. Therefore, we
undertook our final analysis on all patients on co-trimoxazole and followed-up till the
first relapse regardless whether the prophylaxis had stopped or not. The incidence of
recurrent disease among those treated with co-trimoxazole prophylaxis was much
lower than those in the control group, results were significant (p-value= 0.009), HR
0.34. Therefore, there is a 66% reduction in the risk of first disease relapse when
62.5% of patients are no longer on prophylaxis treatment. The median time to first
relapse for the co-trimoxazole group was not assessable as because the majority of
patients (80%) did not have disease relapse, whereas for the control group the median
time to relapse was 2.3 years. The mean survival time for the co-trimoxazole group is
twice the survival time for the control group, 7.7 and 3.4 years for the co-trimoxazole
and control groups, respectively. As a result, patients who had co-trimoxazole
prophylaxis had more than double relapse-free time than those in the control group
even when prophylaxis had stopped in almost two-thirds of patients.
Further, Felix study reported that new disease recurrences were significantly higher in
women compared to men. Our data show that there is no significant difference
between the proportion of males and females who developed disease recurrences (pvalue = 0.55, Chi-square test).
4.24.5 Explanation of current findings
The transition from bradyzoites to tachyzoites and vice versa is a unique feature of
toxoplasmosis which enables this parasite to propagate clonally in its intermediate
hosts without the need for the definitive host. This feature is mediated via the ability of
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the parasite to form tissue cysts within its host. Toxoplasmic tissue cyst does not only
help the parasite being more transmissible and escaping digestive enzymes of the
host but it also, helps the parasite establishing a state of chronic infection via protection
from host immune responses. Tissue cyst rupture is responsible for the recurrent
disease relapses in immunocompetent and immunosuppressed hosts. Most strains of
toxoplasma produce tissue cysts, however, strains with low replication rate, which are
less pathogenic in animals, usually form more tissue cysts compared to those more
virulent and rapidly dividing (Dubey, Lindsay et al. 1998).
The cyst wall which contains the bradyzoites has a very limited perfusion and is only
permeable to small molecules, 10 kiloDaltons (kDa), whereas the tachyzoites have a
membrane which allows larger molecules to permeate through 1291 (kDa), which may
explain the sensitivity of tachyzoites to anti-toxoplasmic antibiotics (Tu, Yakubu et al.
2017).
Classically, rupture of tissue cyst releases parasites which leads to disease
reactivation and dissemination of tachyzoites which form new tissue cysts. However,
research in vitro has also shown that some bradyzoites are capable of forming new
tissue cysts directly without conversion into tachyzoites (WEISS, LAPLACE et al.
1995). The exact mechanism of new tissue cyst formation in latent infection is
unknown. However, one theory was that bradyzoites emerge from tissue cyst by
boring a hole and move to form new cyst without visible clinical manifestations (Van
der Waaij 1959). Studies in animals have shown that toxoplasma gondii forms new
tissue cysts even in chronic infection. Moreover, free tachyzoites were found present
in the neuronal tissue of chronically infected, asymptomatic mice. Therefore, the
question remains as to whether a relapse is caused by dormant tachyzoites or
bradyzoites released from tissue cyst is yet to be answered (Dubey, Lindsay et al.
1998).
The viability of tissue cysts, on the other hand, depends on the duration of infection,
host immune status and type of parasite. The number and size of tissue cysts are also
dependent on these factors in addition to the route of inoculation, number and stage
of parasites (infection with oocysts and bradyzoites leads to faster disease
dissemination compared to tachyzoites, which usually get destroyed by gastric acid
secretions in the host). Dubey et al. reported that tissue cysts in vivo studies have
increased in number without clinical signs of disease reactivation and these cysts
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usually occur in clusters. The larger number of tissue cysts led to increased mortality
in mice studies (Dubey, Lindsay et al. 1998). This points out to the possibility of
dissemination of toxoplasmosis in humans without apparent signs of disease
reactivation. Furthermore, more significant numbers of tissue cysts might lead to more
frequent and severe disease relapses in the retina (toxoplasmic retinochoroiditis) or
the brain (toxoplasmic encephalitis) since the parasite is most frequently found in the
brain and the retinal tissues. As a result co-trimoxazole prophylaxis limited disease
dissemination within the retina and prevented disease recurrence.
A study by Nguyen and co-author, has shown was that co-trimoxazole and the
combination of sulfadiazine/pyrimethamine have similar efficacy in rapidly eradicating
the tachyzoites from the infected animal (Nguyen and Stadtsbaeder 1983). However,
this experiment failed to show whether treatment with anti-toxoplasma antibiotics have
a substantial effect on reducing the number of tissue cysts in the brain. However, this
study was only for a short period.
The authors proposed three different possibilities to explain the lack of co-trimoxazole
efficacy upon toxoplasma tissue cyst. The first was that co-trimoxazole which
interferes with the folate metabolism pathway, which is essential for thymidine and
purine synthesis, is only useful in rapidly dividing tachyzoites. Since bradyzoites have
significantly lower metabolic activity compared to tachyzoites, the antimetabolite
activity of co-trimoxazole is unlikely to affect these dormant bradyzoites. Nonetheless,
cysts are not static structures, and recent research has shown that the parasites within
tissue cyst replicate (Tu, Yakubu et al. 2017). Therefore, it is very tempting to assume
that co-trimoxazole reduced the number of parasites within tissue cyst, therefore it
prevented the subsequent enlargement and rupture of tissue cyst in normal condition
(without treatment).
The second assumption was the presence of tissue cyst which acts as a barrier,
protect the bradyzoites from being destroyed by co-trimoxazole. However, recent
research has shown that tissue cyst is a highly specialised membrane which helps
with the exchange of materials between the parasites and their external environment.
The tissue cyst wall is a modified parasitophorous vacuole membrane containing
vesicles and tubular structures, which possibly create a very well controlled
communication and transport system between the parasite and its external
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environment. (Tu, Yakubu et al. 2017). Therefore, co-trimoxazole may get diffused,
even in a very trace amount, into the tissue cyst matrix and kill some of the parasites.
Moreover, there is a high intracellular concentration of co-trimoxazole within the
vicinity of tissue cyst prevented its growth and inhibited the dissemination of parasites.

Lastly, Nguyen and co-author reported that the location of these cysts in the brain
makes the diffusion of co-trimoxazole difficult or perhaps drug concentrations fall
below therapeutic levels. But, studies in HIV-patients with toxoplasmic encephalitis
disagree with their assumption since disease relapse rate fall significantly in patients
on co-trimoxazole compared to historical controls as previously mentioned.

Laboratory studies have shown that the bradyzoites within tissue cyst needed time to
proliferate into tachyzoites, and at the intermediate stage of conversion the parasite
exhibited markers for both bradyzoites and tachyzoites. However, after few cycles, the
numbers of bradyzoites declined sharply and eventually disappeared, and the
multiplication of tachyzoites became the dominant feature. It is possible that the
interconversion to tachyzoites occurs in tissue cysts in vivo and this event preceded
disease reactivation. The presence of tachyzoites with degenerated bradyzoites in
mature tissue cysts confirms this finding (WEISS, LAPLACE et al. 1995). The process
of transformation from bradyzoites to tachyzoites usually takes 48 hours whereas that
from tachyzoites to bradyzoites usually takes 72 hours (in a laboratory setting and in
the absence of any immune factors). The question as to whether the immune
responses of the host are involved in the stage conversion remains open (Soete,
Fortier et al. 1993).
Bradyzoites are known to have low metabolic activity, however, when the multiplication
process starts, the metabolic demands increases, therefore co-trimoxazole becomes
more effective as previously shown (Nguyen and Stadtsbaeder 1983). From the
discussion above it seems plausible to speculate that co-trimoxazole suppresses
parasitic multiplication within tissue cyst and at its vicinity before the full conversion
into tachyzoites. Therefore, co-trimoxazole will subsequently lead to a reduction in the
number of viable cysts and reduction in their size which helps to establish better
disease control and prevent future disease relapse in toxoplasmosis.
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Also, after the acute infection or recent disease relapse, with the progressive
development of the parasite, the cyst wall became denser and well defined on electron
microscopy (WEISS, LAPLACE et al. 1995). The immaturity of cyst wall at early stages
of development may render newly formed tissue cysts at higher risk of eradication with
anti-toxoplasmic antibiotics. Therefore, when co-trimoxazole was used early on after
the acute episode of toxoplasmic retinochoroiditis, a maximum benefit was obtained.
Patients placed on co-trimoxazole prophylaxis immediately after disease recurrence
in Felix at el. study had enjoyed better disease control with zero relapses, even when
drug was stopped, compared to those who started the prophylaxis later when the cysts
became more mature and resistant to eradication by antibiotics such as, those patients
in Silveira et al. study and our study.
Another critical factor is the pharmacokinetics of co-trimoxazole. Dudley and coauthors have found that trimethoprim and sulfamethoxazole have excellent
penetration into the CSF in uninflamed meninges (Dudley, Levitz et al. 1984).
Trimethoprim achieves higher concentration intracellularly compared to plasma,
whereas the concentrations of sulfamethoxazole are lower in tissues compared to
plasma (Wormser, Keusch et al. 1982). Each agent alone is bacteriostatic, but when
combined they are bactericidal as they block sequential steps in folic acid metabolism
(Church, Fitzgerald et al. 2015).
With regards to the physiochemical properties of co-trimoxazole, the molecular weight
is 543.9 g/mol with 4 hydrogen bond donor count and 13 hydrogen bond donor count
and 38 heavy atom count (Open Chemistry data base). The chemical formula is
C24H29N7O6S. The maximum plasma concentrations for sulfamethoxazole and
trimethoprim are 53.1 and 1.48 µ/mL, respectively. Peak serum level is achieved after
approximately 4 hours. Higher concentration of sulfamethoxazole in serum compared
to trimethoprim is due to much higher trimethoprim concentration in tissues. The
elimination half-lives of trimethoprim and sulfamethoxazole are 11 and 9 hours,
respectively. However, these figures vary considerably between individuals (Patel and
Welling 1980).
An exciting aspect of co-trimoxazole is its immunomodulatory effect beyond its
antimicrobial action, and these may be responsible for some of its clinical benefits
noticed in previous studies including our one. Trimethoprim has a pyrimidine ring
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which is structurally similar to azathioprine (an immunosuppressive agent). A study by
Ghilchik and associates showed that intramuscular injection of trimethoprim prolonged
skin grafts transplanted from difference mice strains and the graft survival times were
similar to that achieved with azathioprine (Ghilchik, Morris et al. 1970). The authors
proposed that the immunosuppressive effect noticed could be probably due to the
antifolate action which exerts the antimicrobial activity or it might be through inhibition
of T cells. Others researchers have also confirmed this finding when cultured human
T cells with co-trimoxazole. They have found that this drug inhibited the proliferation
of T cells (Gaylarde and Sarkany 1972). Figure 4-26.
Figure 4-26 Immunomodulatory effect of co-trimoxazole (Church, Fitzgerald et al. 2015).
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Moreover, studies in autoimmune diseases have shown that co-trimoxazole improved
clinical function and reduced inflammation in patients with rheumatoid arthritis (Rozin,
Schapira et al. 2001). Also, it has been used to prevent disease relapses of Wegener’s
granulomatosis (Stegeman, Tervaert et al. 1996). Lastly, there were reports that cotrimoxazole conversely enhances the innate immunity by increasing the bactericidal
activity of neutrophils and enhances the phagocytosis and intracellular killing of
macrophages (Church, Fitzgerald et al. 2015). In vitro, co-trimoxazole enhances the
phagocytic ability of macrophages which improves the intracellular killing of pathogens
such as toxoplasma gondii (Carre, Forgue et al. 1990). Co-trimoxazole increased nitric
oxide secretion in neutrophils and enhanced the bactericidal activity in patients treated
with co-trimoxazole (Tsuji, Taniuchi et al. 2002). This effects may be attributed to the
suppressive effect of trimethoprim on folate reductase enzyme in humans (Church,
Fitzgerald et al. 2015). Therefore, co-trimoxazole may have also an additional immune
enhancing action to destroy the parasites within the retina, particularly its positive
effect on NO synthesis in macrophages.
Alternatively, the anti-inflammatory effect of co-trimoxazole may also help reduce with
toxoplasmic retinochoroiditis disease relapses. As previously mentioned immunemediated process to toxoplasma or retinal S antigen may be responsible for the
recurrent disease relapse in humans. Immune triggers to tissue cysts could perhaps
open the door for the rupture of tissue cyst and subsequent fulminant inflammatory
reaction.
Finally, systemic treatment with co-trimoxazole significantly inhibited the development
of choroidal neovascular membrane in a mouse model. This inhibition was thought to
be related to the anti-inflammatory effect of co-trimoxazole. Treatment with cotrimoxazole considerably reduced CNV associated inflammation. The researches
hypothesised that a state of chronic inflammation at the RPE layer due to persistent
infection contributes to the pathogenesis of the CNV (Yu Su et al. at ARVO conference
2018) (unpublished data). CNV in ocular toxoplasmosis is a well-known complication.
Therefore, treatment with co-trimoxazole may help reduce the risk of this complication
via the anti-inflammatory effect or inhibition of the infection which triggers chronic
inflammation and CNV development.
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In summary, co-trimoxazole achieves high intracellular concentration and therefore
establishes a parasite-unfavourable environment within host cells cytoplasm where
the tissue cyst resides. Since dividing bradyzoites will need folate pathway for DNA
synthesis for the daughter cells, our theory is that co-trimoxazole affected the growth
of tissue cysts by suppressing the division of bradyzoites with subsequent retardation
of cyst growth and development. In other words, co-trimoxazole shifted the dynamics
of parasitic differentiation in vivo by inhibiting bradyzoites overgrowth thus reducing
the risk of tissue cyst rupture and subsequent disease relapse. Alternatively, the newly
formed tissue cysts might be more susceptible to co-trimoxazole compared to old
ones, which reduced the number of tissue cysts in the retina. Moreover, the effect of
co-trimoxazole on free tachyzoites and bradyzoites within the retina of an
asymptomatic individual is a very compelling theory. Therefore, co-trimoxazole
prevented parasites from invading adjacent cells and forming new tissue cysts and
subsequent disease relapse. Finally, co-trimoxazole may have also enhanced the
intracellular killing of toxoplasmosis by macrophages or modulated the host immune
response to toxoplasmic infected cells.
4.24.6 Safety and tolerability of Co-trimoxazole
Co-trimoxazole prophylaxis is generally safe treatment and well-tolerated by most
patients. Our results show that few patients 3 (9%), discontinued medication due to
side effects which were mild (in the form of skin rash and urticarial). Drug-related
adverse events happened shortly after starting trimethoprim-sulfamethoxazole, mean
time to stop co-trimoxazole was 0.18±0.13 SD, range from 0.08-0.34 years (1 to 4
months). The rate of side effects of co-trimoxazole that led to early drug
discontinuation in Silveira et al. study was (6.5%), and all patients had mild drug
reactions which resolved when treatment was discontinued (Silveira, Belfort et al.
2002). Felix et al. reported a mild drug reaction in 3%, and none of the patients on cotrimoxazole stopped treatment due to the side effect. Other study reported 5% (3 out
of 60 patients discontinuation rate for co-trimoxazole primary prophylaxis against
cerebral toxoplasmosis because of nausea (Carr, Tindall et al. 1992).
Previous reports confirms these findings. The most common side effects of cotrimoxazole are skin eruption and mild gastrointestinal symptoms, each occurring in
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around 3% of patients. Haematological disturbances such as leukopenia or
agranulocytosis, thrombocytopenia, anaemia and eosinophilia occur in 0.5% of
patients. Hepatitis, hepatic necrosis and intrahepatic cholestasis have been reported
in few patients. Lower incidence of side effects are encountered when trimethoprim is
used alone (Wormser, Keusch et al. 1982).
Co-trimoxazole was not only very useful, but it was also well tolerated by most patients,
and none of them had a significant sided effect. More than half of patients stopped
their co-trimoxazole prophylaxis due to disease control. Due to chronic treatment with
co-trimoxazole, there is a potential for development of drug resistance. A report by
Doliwa et al. highlighted the fact that there are several strains of naturally occurring
toxoplasma gondii who developed resistant to sulphadiazine and the possible
mechanism include gene mutations (Doliwa, Escotte-Binet et al. 2013). However, all
the studies of co-trimoxazole prophylaxis including our study have shown that
treatment was effective even with prolonged follow-up.
Finally, one additional benefit or co-trimoxazole treatment in this setting is that it could
protect against toxoplasmosis in other sites such as the brain, cardiac and pulmonary
particularly in immunocompromised individuals.

4.25 Limitations
Retrospective in nature, patients on co-trimoxazole prophylaxis, may not be
representative of all patients with toxoplasmosis, since those patients were the ones
with recurrent disease or a sight-threatening lesion, as those with retinochoroidal scars
adjacent to the fovea at higher risk of profound vision loss that results from any
reactivation. Finally, there was a considerable variation in durations of follow-up, and
lack of uniform documentation.

4.26 Conclusion
In accordance with previously published reports, our data shows that co-trimoxazole
prophylaxis was effective against recurrent ocular toxoplasmosis. A considerable
benefit from prophylactic treatment was evident by a significant reduction in the
number of disease relapses during prophylactic course. There are several possible
theories. Firstly, co-trimoxazole neutralizes the occasional parasites that escape
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tissue cyst and therefore prevents disease relapse and dissemination of parasite. Also,
co-trimoxazole might reduce the rate of toxoplasma replication within the tissue cyst,
therefore, prevents its expansion and subsequent rupture (disease relapse).
Secondly, co-trimoxazole enhances the intracellular killing of toxoplasmosis within
macrophages and upregulates NO production which helps with elimination of the
parasite from the infected cells. Therefore, co-trimoxazole helps establish better
disease control.
Once treatment stops there is evidence that some patients has long-lasting protection
against disease relapse. However, it is difficult to draw any firm conclusions regarding
post prophylactic protective effect due to small number of patients in our study. Also,
other factors such as the age of tissue cysts, virulence of parasite, and immune status
of the host which play a significant role in disease recurrences are difficult to assess.
By reducing disease relapses which would have a profound impact on vision, the
prophylactic treatment used in this study was found to benefit the final BCVA.
However, previous studies did not report a significant change in BCVA. In the current
study the proportion of patients with sight impairment was significantly lower in patients
in the co-trimoxazole group compared to the controls. Interestingly, patients with visual
impairment due to macular location of the scar benefited from co-trimoxazole. There
was significant improvement in vision on last visit follow-up on co-trimoxazole.
Contrarily to previous reports, macular involvement was higher in this study which has
a greater impact on final visual acuity. Our assumption is that prophylactic treatment
might have controlled a state of chronic infection and secondary inflammation due to
toxoplasma activity, and this allowed better tissue healing and improvement of vision.
Nonetheless, because of the small sample size in the current study (which is not
representative of all patients with ocular toxoplasmosis) a randomised placebocontrolled trial is warranted to test the impact of co-trimoxazole prophylaxis on visual
acuity in a larger number of patients.
Co-trimoxazole prophylaxis was safe and well-tolerated by the majority of patients in
our study, and it was equally effective in immunocompetent and immunocompromised
subjects with no increased toxicity with time. However, due to the small sample size
in the current study the safety of co-trimoxazole needs to be confirmed in a randomised
controlled trial with a larger sample size.
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This research has several implications in the management of patients with recurrent
ocular toxoplasmosis. Firstly, co-trimoxazole should be widely used in patients with
recurrent disease relapse even when the lesions are not sight-threatening, because
disease recurrence can lead to repopulation of previously healthy retina with tissue
cysts and disease dissemination. Secondly, patients with moderate degree of visual
impairment would benefit from long-term prophylaxis to allow for better visual recovery
during a relapse-free period. Finally, low dose, trimethoprim–sulfamethoxazole is very
useful as secondary prophylaxis in eyes with a history of recurrent toxoplasmic
retinochoroiditis and high risk of vision loss.
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5 Chapter Five Discussion and summary of this
research, conclusions and recommendations
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Rare events such as, uveitis have proven challenging to explain and predict, a problem
that seems to have at least two origins. First, is the complexities of the immune
reactions that govern uveitis and these are yet to be fully understood. Second, is, the
marked heterogeneity between different diseases and even individuals with the same
disease. For example, the genetic makeup which controls both immune reactions and
the subject’s response to treatment can lead to a significant variation between
subjects.
In uveitis, studies have always aimed at collecting a large number of observations to
try to understand as many aspects of these diseases as possible. Data collection
strategies in uveitis try to understand the disease course and its response to different
treatments and are successful in this regard, for example, these record the patient’s
demographics, clinical manifestations of the disease, AC cellular activity, vitreous
haze, central retinal thickness (CMO) and visual acuity. These bio scores are
commonly used as surrogate measures for inflammation. Then reassess the same
subjects after treatment to measure the effect of the intervention.
However, disease activity is different among different uveitis groups, and the
commonly used methods to assess for inflammation are not always applicable to all
forms of uveitis. For example, in conditions such as anterior uveitis, intermediate
uveitis and idiopathic panuveitis, the cellular reaction is the hallmark of the disease
process. However, there are other conditions such as, PIC, serpiginous choroiditis,
where there is usually no anterior chamber or vitreous activity, and yet the underlying
inflammatory drive produces scarring at the retina and promotes the growth of
choroidal neovascular membranes, that take a toll on vision. The subclinical aspects
of inflammation in these conditions remain undefined.
Nonetheless, despite this well-recognised heterogeneity in measuring disease activity
in uveitis, some measures are commonly used to assess change in inflammatory
status and are proven effective in leading the therapeutic adjustments in uveitis (Dick,
Rosenbaum et al. 2018). These are: significant reduction in visual acuity, increased
AC activity, increase in vitreous haze, new chorioretinal lesions, retinal vascular
lesions and macular or optic nerve involvement.
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Among all others, the visual acuity remains a very sensitive and essential parameter
that reflects the status of ocular inflammation for several reasons. Firstly, persistent
activity or repeated relapses can lead to a marked reduction in vision and even
blindness in a significant proportion of patients with uveitis (Durrani, Tehrani et al.
2004). It is the recurrent episodes of uveitis that lead to visual impairment, due to the
cumulative damage to the eye, rather than a single episode of inflammation. Secondly,
some uveitic eyes may develop refractory CMO after a single severe episode of
inflammation, while others such as Behcet’s disease patients may have devastating
consequences on vision within few days of the acute attack even when appropriate
immunosuppression was timely instituted (Durrani, Tehrani et al. 2004). Moreover,
there are some ocular conditions where the patient is visually symptomatic without
apparent inflammatory activity because some of the parameters that reflect the
disease activity are still not amenable to examination.
Most of the current methods used are solely deployed to detect the relapse of
intraocular inflammation and measure its magnitude and treatment is directed to
control the acute episode and is adjusted according to the disease severity. Disease
course is mostly unpredictable, and there are no measures to predict relapse of uveitis
or anticipate the response to immunomodulatory therapy. Therefore, it seems very
plausible to use a therapeutic strategies prevent disease recurrence and preserve
sight.
The risk of uveitis-related complications is less when inflammation is under control.
Corticosteroids continue as the mainstay of treatment despite their predicted very-well
known systemic side effects. Corticosteroids can be used either locally (periocular or
intravitreal) or systemically. Local routes are associated with high risk of ocular side
effects such as increased intraocular pressure, glaucoma and cataract. The MUST
trials have demonstrated the superiority of systemic treatment over their local
equivalents. Also, in patients with chronic sight-threatening uveitis, long-term systemic
treatment had shown better outcomes in comparison to intermittent topical or systemic
corticosteroids used only to manage disease relapse (Baughman, Lower et al. 2012).
Different classes of immunomodulatory therapy help with inflammatory disease control
and full therapeutic doses should be tried first before changing to or adding a different
class IMT or even trying a biological agent.
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Studies have shown that treatment with immunosuppressive drugs appears very
effective in controlling the inflammation, thus preventing disease complications and
loss of sight (Michel, Ekong et al. 2002). However, research in patients with JIA shows
another exciting aspect of immunosuppressive therapy. Treatment with methotrexate
for the joints disease reduced the incidence of uveitis by approximately 50% in JIA
patients presenting with arthritis, the frequency of uveitis was 10.5% versus 20.1% in
those treated and not treated with methotrexate, respectively (Papadopoulou, Kostik
et al. 2013).
Similarly, azathioprine (in a placebo-controlled study) prevented the development of
ocular inflammation in patients with systemic manifestations of Behcet’s disease
(Yazici, Pazarli et al. 1990). Furthermore, patients taking azathioprine have less
frequent systemic relapses. Long-term follow-up on these patients showed that a
significantly higher percentage of patients initially allocated to placebo became blind
40% compared to only 13% of patients in the azathioprine group. The beneficial effects
of azathioprine were more pronounced when treatment was instituted shortly after eye
involvement (Hamuryudan, Özyazgan et al. 1997).
Likewise, treatment with biologic agents has also prevented disease relapse in uveitis.
Pooled data from seven studies (four placebo-controlled and three open-label trials)
with TNFα blockers on 717 patients with ankylosing spondylitis (a disease frequently
associated with acute anterior uveitis AAU) showed reduced incidence of AAU in those
on anti-TNFα compared to placebo. The flare-ups of acute anterior uveitis were
significantly less frequent in patients receiving infliximab or etanercept, than those on
placebo agents, 15.6 per 100 patients/year in placebo versus 6.8 anterior uveitis flares
per 100 patients/year in those on TNFα blockers (p-value = 0.01) (Braun, Baraliakos
et al. 2005). Not surprisingly, infliximab achieved better disease control and less
frequent relapses of anterior uveitis compared to etanercept 3.4 and 7.9 per patients
per year, respectively.
Furthermore, adalimumab significantly reduced the rate of chronic anterior uveitis in
patients with ankylosing spondylitis, a 45% reduction in chronic uveitis flare in 43
patients treated with adalimumab (p-value =0.002) (Rudwaleit, Rødevand et al. 2009).
The same study also reported that adalimumab decreased the number of relapses of
acute anterior uveitis in patients with ankylosing spondylitis by 51% during treatment
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(p-value =0.001). Similarly, Van Denderen et al. reported 80% reduction in the rate of
uveitis flares after treatment with adalimumab in 77 patient with AS. Also, there was a
significant reduction in the median number of attacks in patients with recurrent flares
reduced from 2.0 attacks per year before adalimumab to only 0.56 per year after
treatment with adalimumab (p =0.0001) (van Denderen, Visman et al. 2014).
Therefore, adalimumab, prescribed for systemic disease in ankylosing spondylitis (AS)
and not for anterior uveitis, resulted in a reduction in the number flares of anterior
uveitis in patients with AS.
Several international bodies that have published recommendations for the treatment
of Spondyloarthropathies have suggested that adalimumab and infliximab are
preferred biologic agents not only for treatment for other extra-articular manifestations
of spondyloarthropathies but also effective at preventing uveitis in these patients in
whom the risk of uveitis development approaches 60% (Dick, Rosenbaum et al. 2018).
Therefore, the best approach for patients with uveitis would be prevention rather than
treating the active inflammatory episodes.
Biologic response modifiers
Many patients with NIIPPU either do not respond, or they are intolerant to IMT
therapies, or they relapse despite having these aggressive drugs (Diaz-Llopis, GarciaDelpech et al. 2008). Hence there is always need for more efficacious and safer
alternatives to control uveitis. The advances in research into pathophysiological
mechanisms of autoimmune diseases have led to the development of new therapeutic
options such as biologic response modifiers. These agents offer a more targeted
therapy in autoimmune diseases, and the use of biologics in patients with noninfectious uveitis is on the rise, especially for those refractory to conventional
immunosuppression.
Our results show better disease control on biologics and a significant corticosteroid
reduction, and the effect was maintained up to 5 years follow-up. Corticosteroids
sparing was achieved in 92% of patients by a median of three months, and patients
with BD had lower mean corticosteroid dose compared to non-Behcet disease
subjects. IMT was stopped or reduced in a significant proportion of patients on biologic
treatment. Moreover, there was compelling evidence of a reduction in dose of second430

line immunosuppressive agents as much, on biologics. The reduction in the dose of
immunosuppressive medications was accompanied by an initial improvement in BCVA
and stability during the follow-up time.
Importantly, biologics achieved better disease control by significantly reducing the
number of disease recurrences. Disease recurrences were reduced in both groups
Behcet and non-Behcet. However, the effect of biologics was more pronounced in BD
subjects compared to other uveitis etiologies. BD had a 75% reduction in risk of
disease relapse on anti-TNFα drugs compared to non-Behcet disease patients, this
would probably be due to the more central role of TNFα in the pathogenesis of BD.
As previously mentioned in BD patients TNFα might be the drive for disease relapse,
and therefore treatment with TNFα blockers resulted in an impressive and highly
significant reduction in the rate of disease relapse. On the grounds of these results,
BD patients would have been better offered infliximab and adalimumab initially and
even

before

instituting

second-line

agents.

The

concomitant

use

of

immunosuppressive agents might have led to superior disease control with biologics
in BD subjects. However, we could not confirm that since most patients in our study
were taking biologics in addition to conventional immunosuppression.
Comparing different biologics, especially anti-TNFα agents, shows exciting results. As
previously reported, etanercept has the worst outcome in uveitis control. Treatment
failure on etanercept has occurred in all patients (100%). Therefore, this biologic
should be avoided in patients with uveitis (please refer to page 151 for possible
underlying mechanisms). Rituximab was effective in controlling uveitis and was
associated with lower rate of disease relapse. With regards to the efficacy of infliximab
and adalimumab, analysing the mean reduction in daily prednisolone dose at all followup points, time to reduction of prednisolone dose to less than 10 mg per day and time
to first disease relapse in all patients did not show any significant difference. Therefore,
it would be seen reasonable to speculate that these two biologics have similar efficacy
in ocular inflammatory diseases.
Nonetheless, there were significantly lower rates of treatment failure on adalimumab
compared to infliximab. The most common causes for treatment failure on infliximab
were drug-related infusion reactions and allergy followed by an inadequate response
to treatment. The differences in drug retention rates (treatment failures) between
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infliximab and adalimumab could be attributed to the molecular structure of infliximab,
where mouse protein is part of the antibody, and therefore there is a higher risk for an
immune reaction. Adalimumab, on the other hand, is fully humanised and less
immunogenic, and therefore it is more tolerated by patients. Patients switched from
infliximab to adalimumab have shown an excellent response to treatment, and more
than 70% of these patients continued treatment till their last follow-up or till drug was
stopped owing to disease control. Finally, treatment with biologics was safe and welltolerated. However due to small sample size further research is encouraged to prove
the safety of biologics in patients with uveitis, and support their efficacy in different
sight-threatening ocular inflammatory diseases.
Statins
The immunomodulatory effects of statins are well documented in many cell cultures
and animal models. In humans, statin’s immunomodulatory effect initially discovered
in cardiovascular disease where statin use was associated with a significant decrease
in CRP independent of cholesterol reduction. Then statins were tried in MS and
dementia with promising results. We have undertaken the first project (as a proof of
concept) in the field of ocular inflammation. This RCT, two-year follow-up, compared
the effect of 80mg simvastatin versus placebo on the concomitant dose of
immunosuppressive medications in patients with sight-threatening non-infectious
intermediate, posterior and panuveitis.
At one-year follow-up (primary end-point), the mean prednisolone dose for simvastatin
group was 3.62 mg higher compared to the placebo group, (p-value =0.54). There was
no significant evidence of treatment effect. Similarly, in regression analysis adjusted
for the baseline dose and disease duration there was no significant difference in mean
prednisolone dose between the two groups. A wide confidence interval generated in
these analyses could be attributed to disease heterogeneity.
Although most patients have achieved a prednisolone dose of <10 mg per day, early
in treatment course, there was a trend toward less prednisolone dose in patients on
simvastatin, but this effect was lost after nine months follow-up. Moreover, at one-year
follow-up, the proportion of patients on <10 mg daily prednisolone rose from zero (at
baseline) to 50% and 37% for the simvastatin and placebo group, respectively. At one432

year follow-up visit, the increased mean prednisolone was because two patients had
their prednisolone increased to 70 mg which has skewed the mean dose for the whole
group. Simvastatin might have a short-lived immunomodulatory effect and this effect
was lost after several months. One of the possibilities is that the immune system has
adopted compensatory mechanisms to overcome pathways affected by isoprenoids
blockage. In accordance with this, short-term simvastatin therapy (8 days) achieved
positive results on kindly function in patients with SLE (Abud-Mendoza, de la Fuente
et al. 2003).
Secondary analysis at 104 weeks also showed no significant difference between the
two groups in mean prednisolone dose (p-value =0.87). Likewise, the reduction in
second-line immunosuppressive dose at two-year showed no significant difference (p=
0.56). Surprisingly, at 104 weeks the proportion of patients who had disease relapses
was higher in the simvastatin group compared to placebo (45.5% versus 10%), pvalue =0.072. Finally, simvastatin was safe and well-tolerated by many patients.
Statins attenuated the increased risk of major cardiovascular events in patients with
elevated CRP (Walter, Fichtlscherer et al. 2001). While statins prevented the
progression of atherosclerotic diseases (partly due to an immune-mediated action) it
failed to show an effect in chronic ocular inflammatory disease. The question is why
statins work in cardiovascular disease, but no evidence was demonstrated in the
present study in non-infectious ocular inflammatory diseases? There are several
possible theories. Firstly, the differences in the inflammatory processes at the vessel
wall in atheroma-associated vascular disease and that of uveitis. It seems that the
inflammation in cardiovascular disease is triggered by cholesterol deposition unlike
the inflammatory eye diseases where unknown stimuli trigger a severe inflammatory
reaction. Secondly, the lower grade of inflammation (detected by increased CRP
levels) which predispose to recurrent coronary events is amenable to statin
immunosuppression, whereas those with uveitis have inflammation at a much broader
scale and more aggressive nature. The inflammatory cytokines that predominate the
pathophysiological processes in an age-related chronic progressive vascular disease
that commonly accompany atherosclerotic disease are substantially different from
autoimmune diseases including uveitis. Therefore with these differences in the clinical
presentation, statins would have a negligible action if any. Thirdly, in the Cholesterol
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And Recurrent Events (CARE) study, it took two years to show the beneficial effects
of statin, demonstrated by a significant reduction in cardiovascular events (Ridker,
Rifai et al. 1998).
Therefore, statins seem to influence specifically the pathophysiological mechanisms
involved in the acceleration of atherosclerotic disease (Walter, Fichtlscherer et al.
2001) but probably not in uveitis. Finally, the intensive lipid-lowering therapy with
simvastatin 80 mg in our study led to a significant reduction in serum cholesterol and
LDL; this offers protection from atherosclerotic diseases in uveitic patients where
systemic corticosteroids and immunosuppressive agents are used at high doses and
for an extended period.
In ocular toxoplasmosis (a disease featured by recurrent relapses which can recur
in up to 80% of patients followed for 5-years), there was no improvement in visual
prognosis over the past half-century (Bosch-Driessen, Berendschot et al. 2002). The
current practice is to treat only the acute disease episode in which the eye has already
suffered an inflammatory attack. The currently available antiparasitic drugs with or
without corticosteroids only accelerate the resolution of an already active lesion. With
disease recurrence, there is a higher risk of visual morbidity. Several factors can lead
to loss of vision. Firstly, expansion of the lesion to involve sight sensitive structures
such as the fovea and the optic nerve. Moreover, debris from inflammation accumulate
in the vitreous and affect the vision if they involve the visual axis. Finally, with severe
inflammation, there will be a higher risk of retinal detachment, cataract and glaucoma.

The current standard treatment has not altered the relapse rate and subsequently the
prognosis in recurrent ocular toxoplasmosis. Conversely, our data show that with
prophylactic co-trimoxazole aiming at preventing disease recurrence a significant
improvement in visual acuity and disease relapse rate was achieved. Our five years
follow-up data shows that recurrent toxoplasmosis occurs mainly in young people with
a mean age at onset of 32 years, with nearly half of patients presenting with macular
involvement, hence the higher risk of vision loss. There was a significantly lower
proportion of patients with disease relapse on co-trimoxazole compared to control
groups. Disease recurrences developed in just under 10% of patients on cotrimoxazole prophylaxis compared to 70% controls, with 35% of patients without
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prophylaxis having more than one disease recurrence. It is important to mention that
patients who started prophylaxis treatment had a higher (3.4 times more) disease
recurrence rate per year compared to controls. The rate of disease recurrence of
toxoplasmic retinochoroiditis had dropped significantly by almost 18 times on
prophylaxis (p-value <0.001).

Interestingly the figures remained significant between the two groups even when 2/3
of patients stopped treatment. The visual acuity at baseline did not differ significantly
between the co-trimoxazole and controls group. However, at three months follow-up
the visual acuity was significantly better in co-trimoxazole treated patients compared
to controls. Similarly, at last follow-up, the BCVA was significantly better in the
prophylaxis group. Therefore, prevention of disease relapses in patients on cotrimoxazole prophylaxis translated to improvement in vision in comparison to control
group. Most importantly the treatment was well tolerated by most patients for extended
follow up times. Drug-related reactions reported in 9% of patients and were mild skin
reaction and urticaria. However, due to small sample size and variable follow-up time
in our study, further studies with large sample size are encouraged to confirm these
results.
The question remains as to whether prophylactic treatment initiated immediately after
controlling the acute episode when newly formed tissue cysts still have immature wall
differs from those with a remote episode. Further studies are needed to explore this
area. Moreover, exploring the effect of prophylactic treatment on the other
manifestations of ocular toxoplasmosis such as acute anterior uveitis and vitritis which
are thought to be related to tissue cyst rupture or autoimmunity is another interesting
area of research. Also, other interesting aspect in this regards is studying other agents
such as azithromycin which might offer patients with recurrent ocular toxoplasmosis
an alternative option against recurrent disease and help preserve visual function.
Moreover, the effect of the size and the number of the retinal lesions and recurrence
rate during prophylaxis should be taken into account. Finally further research is
encouraged to define the optimum duration of prophylaxis and whether long
prophylaxis periods are more likely to eliminate the risk of future disease recurrence
compared to shorter follow-ups.
.
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To sum up, our data show that most patients with uveitis were young and had sightthreatening diseases which would have devastating consequences on their quality of
life if was poorly managed. Ocular inflammation predisposes to injury and damage to
the vision sensitive structures. This damage is mediated by frequent disease relapse
or chronic disease course. Classically, the aim of treating ocular inflammation is to
control the inflammation and achieve disease inactivity for a long-term. Based on our
research findings, best management in uveitis would be preventing disease relapse,
and therapeutic interventions specifically tailored to prevent disease recurrence
(achieve long-term disease control) significantly improved treatment outcomes
particularly stability of best corrected visual acuity. Also, targeted therapy seems more
effective in controlling ocular inflammation and reducing the risk of complications
which improves visual outcomes, therefore, further research to more understand the
critical steps in pathophysiological mechanisms in different ocular inflammatory
disease will be invaluable in guiding the best treatment approach for each disease
entity.
Finally, Uveitis remains a challenging field and more to be discovered!
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7 Appendices
1. Statins in retinal disease
2. The role of biologics in NIIPPU, (poster presented in ARVO 2018)
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