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Abstract

APS is an autoimmune disorder with life-threatening complications that, despite therapeutic advantages, remains associated with thrombotic
recurrences and treatment failure. The role of complement activation in APS pathogenesis is increasingly recognized, specifically in obstetric
APS. However, its exact role in thrombotic APS and on the severity of the disease is not yet fully elucidated. Further mechanistic studies are
needed to delineate the role of complement activation in the various APS clinical manifestations with aim to identify novel markers of disease
severity, together with clinical trials to evaluate the efficacy of complement inhibition in APS. This could ultimately improve risk stratification in
APS, patient-tailored targeted therapy with complement inhibition identified as an adjunctive treatment. This article reviews current findings and
challenges about complement activation in APS, discusses the potential role of platelet-mediated complement activation in this setting and pro-

vides an overview of clinical implications and current therapeutics.
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Rheumatology key messages
* Complement activation is key in APS pathophysiology.

* Increased complement activation is observed in most severe APS clinical manifestations (recurrent thrombosis, catastrophic APS).
* Complement inhibition could be an adjunctive treatment to current therapeutic strategies for some APS patients.

Introduction

APS is an autoimmune disease with life-threatening complica-
tions that, despite therapeutic advances, continues to cause
significant mortality and morbidity [1, 2]. It is characterized
by thrombotic events (TE) occurring in venous, arterial and
small vessels, and/or obstetric morbidity, with concomitant
persistent positivity of at least one of three aPL, LA, anti-52-
glycoprotein I (af2GPI) and aCL [3]. APS can be diagnosed
in the context of other autoimmune diseases, notably SLE, or
it can occur on its own (primary APS, PAPS) [4].
Importantly, the presence of aPL alone is associated with an
increased risk of TE, which increases with the number of pos-
itive aPL, and with higher titre [5].

Long-term anticoagulation with vitamin K antagonists is
the mainstay of treatment for APS [6], derived from the

observed high thrombotic recurrence rates (25-44%) [1, 7, 8].
Treatment failures and anticoagulant-refractory cases still oc-
cur, with the risk of recurrent TE particularly high in APS
patients with arterial thrombosis (ATE) (over 20%) com-
pared with those with venous thrombosis (VTE; 5.4%), de-
spite therapeutic anticoagulation [9]. This finding suggests
that additional mechanisms not affected by anticoagulation
may play a decisive role in the observed hypercoagulability
in APS.

Inhibition of the natural anticoagulant and fibrinolytic sys-
tems [10-13], activation of platelets [14], monocytes [15]
and endothelial cells [16], neutrophils and neutrophil extra-
cellular traps (NETs) [17], inflammation [18], and comple-
ment activation [19, 20] have been proposed as key
components in APS pathophysiology. The exact mechanisms
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and contribution of each in the heterogeneous clinical APS
manifestations are still unclear.

Based on the documented crosstalk between complement
and coagulation pathways [21], activation of complement
could be an adjunctive mechanism that could explain the
pathogenic effects of aPL and the frequent failure of anticoa-
gulation treatment.

Complement is an enzymatic cascade of circulating and
cell-bound proteins, which promotes inflammation and de-
fence against microbes. It encompasses three pathways acti-
vated by different triggers: antigen—antibody complexes
(classical pathway), pattern-recognition molecules binding to
pathogens (lectin pathway), microorganism-associated molec-
ular pattern and the spontaneous hydrolysis of C3 (alternative
pathway) [22, 23]. The pathways converge at the formation
of C3 and CS5 convertases. C3 is cleaved into C3b and C3a,
while C35 is cleaved into C5a and CS5b leading to the terminal
complement pathway. C5b initiates the assembly of the mem-
brane attack complex (MAC, C5b-9), which causes cellular
lysis, while C3a and C5a induce the release of proinflamma-
tory cytokines (Fig. 1) [24]. Complement pathways are very
tightly controlled by various mechanisms either in fluid phase
or membrane bound, with failure of these leading to
complement-mediated direct cellular injury and thrombosis.

The role of complement as a key element in the pathogene-
sis of thrombosis has been well recognized in thrombotic dis-
orders such as paroxysmal nocturnal haemoglobinuria
(PNH) and atypical haemolytic uraemic syndrome (aHUS),
where treatment with complement inhibitors (e.g. eculizu-
mab) has significantly reduced the rate of TE [8].

The role of complement in the pathogenesis of APS is in-
creasingly becoming more widely recognized. Its involvement
in aPL-mediated thrombosis has been shown by various
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studies and its critical role was established in aPL-mediated
pregnancy complications outlined below.

Complement activation in APS

Levels of various components derived from complement acti-
vation have been consistently found elevated in the serum of
APS patients or aPL carriers. Studies in APS patients found
evidence of complement activation via both the classical
pathway and alternative pathway [25-27].

Thus, patients with aPL-mediated stroke exhibit signifi-
cantly higher C5b-9 levels than those without aPL [28].
Elevated levels of C5b-9 and C5a are reported in catastrophic
APS (CAPS) during the acute and subclinical phases [29, 30].
Fragment Bb, C3a/C3a-desArg (the inactivated form of C3a)
and C4a are significantly higher in PAPS patients and in aPL
carriers compared with healthy controls [25, 27]. Since ele-
vated complement components are also detected in patients
without TE, it is reasonable to think that complement activa-
tion is not a consequence of thrombosis or adverse pregnancy
outcomes (APOs), but a phenomenon induced by the pres-
ence of aPL. Interestingly, Breen et al. [27] did not find any
significant differences in complement activation (elevated Bb
and C3a-desArg levels) between different clinical phenotypes
of aPL-positive patients (aPL-carriers, thrombotic and obstet-
ric APS). This was despite increased Bb and C3a-desArg lev-
els being associated with aPL profiles such as double/triple
aPL or persistent LA positivity, regarded as the most likely to
be linked to thrombosis. It must be acknowledged that not all
patients with high-risk aPL profiles develop APS-related
events. Thus, when aPL are detected in a patient without any
previous TE, an aPL profile alone is of uncertain predictive
value for the subsequent development of thrombosis in the
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Figure 1. The complement cascade. Created with BioRender.com. Ab: antibody; Ag: antigen; MAC: membrane attack complex; MAMPSs: microorganism-
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Role of complement in APS

majority of cases. However, Pengo et al. [31] identified that
triple aPL positive profile was associated with a cumulative
incidence of TE that increased with time (9.8 % after 2 years,
27.3% after §years, and 37.1% after 10 years). A more re-
cent study observed significantly higher levels of C5b-9 in
patients with high titres and IgG aPL (both well-
documented markers of disease severity), suggesting that
C5b-9 levels could also be a biomarker in aPL-positive
patients [32].

However, serum levels of complement fragments can be of-
ten misleading (Fig. 2), especially in patients with concomi-
tant SLE, which can cause hypocomplementemia, or in those
taking certain anticoagulants. Grosso et al. [33] suggested
that warfarin could cause a reduction in C4b-binding protein,
which was associated with reduced complement components
levels, while other authors [34, 35] reported reduced levels of
complement components during treatment with unfractio-
nated and low molecular weight heparin iz vivo and in vitro.
Given these limitations, functional assays such as the modi-
fied Ham (mHam) assay can provide a more direct and reli-
able measurement of complement activity (Fig. 2). It
measures the degree of non-viable PIGA™! cells, which are
susceptible to complement-induced killing since they lack
two regulatory proteins, CD55 and CD59 [36, 37], after in-
cubation with patient serum. The results of the mHam assay
represent the final effect of C5b-9 complex formation.
Hence, it cannot identify the specific pathway activated, but
can detect overall function of complement activation [38].
Chaturvedi et al. [39] found that almost 86% of patients
with CAPS had a positive mHam result, while positivity was
only 35.6% in APS patients and significantly lower in SLE
patients (6.8%). Analysis of C5b-9 deposition on PIGA™!
cells following addition of APS patient serum and administra-
tion of an anti-C5 antibody and a factor D inhibitor, revealed
that complement-induced cell-killing observed with the

mHam assay was mostly due to activation of the classi-
cal pathway.

Another functional method to estimate complement activa-
tion is the detection of the biologically inactive complement
components bound to cell surfaces [40]. Deposition of C4d
on erythrocytes (EC4d) and platelets (PC4d) has been consid-
ered as a hallmark of the in vivo activation of the comple-
ment cascade in APS patients. A significantly higher
percentage of EC4d and PC4d was noted in PAPS and SLE-
associated APS when compared with controls (including
healthy individuals, aPLs carriers, aPL-negative patients with
previous thrombosis, patients with a diagnosis of immune
thrombocytopenic purpura). Patients with SLE without APS
also exhibited increased EC4d and PC4d, but less signifi-
cantly than APS patients [41]. Consistent with this observa-
tion, Svenungsson et al. [42] showed PC4d to be more
prevalent in aPL-positive SLE patients than in those with-
out aPL.

Complement activation and various
aPL profiles

aPL have variable ability to fix and activate the complement
cascade [43]. In a study by Chaturvedi et al. [39], almost
44% of 32 patients only positive for af2GPI had a positive
mHam assay, while only 26% of those positive for only aCL
(P=0.154) were mHam positive. As acknowledged by the
authors, the small size of the groups may have obscured de-
tection of a statistically significant difference. In a separate
study, significantly more intense complement consumption
was observed in patients with thrombotic APS with circulat-
ing immune complexes of IgG/IgM af2GPI-$2GP1I (52-CIC)
compared with patients without $2-CIC [44].

A significant positive correlation between C4d deposition
and titre of some aPL isotypes was also reported by Lonati
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et al. [41]. More specifically, PC4d correlated significantly
with IgG ap2GPI and IgG/IgM aCL, while EC4d with IgG/
IgM af2GPI and IgG/IgM aCL, with the strongest correlation
being with IgG aCL in both cases (r=0.4537, P <0.0001,
with PC4d and r=0.4805, P <0.0001, with EC4d). These
findings support the notion that aPL can activate complement
leading to deposition of C4d on cells that more importantly
appears to increase with higher aPL titres. Zen et al. [32] con-
firmed enhanced complement activation in patients with
higher aPL titre and with IgG. Significantly higher levels of
C5b-9 were observed in patients with multiple aPL positivity
vs single positivity, and in patients with IgG aCL/ap2GPI at
high vs medium titre. No difference was found when IgM
aPL were studied and C5b-9 levels were similar between
patients with APS and aPL carriers, suggesting subclinical
complement activation, with possible relevance as a basis for
prophylactic strategies.

Furthermore, a recent study identified that a subset of
patients with APS may be at increased risk for development
of CAPS because of the presence of germline variants in genes
crucial for complement regulation, present in 60% of CAPS
patients, a similar rate to aHUS patients (51.5%), 21.8%
thrombotic APS and 23.3% healthy subjects [39]. In addi-
tion, an association between multiple aPL positivity and in-
creased levels of complement fragment Bb has also been
reported in APS patients [45]. The alternative pathway
appears to be the main complement pathway implicated in
patients with high-risk aPL profiles [45].

Overall, data indicate that IgG aCL and a2GPI can acti-
vate the complement cascade in both APS patients and in aPL
carriers, without any differences in the degree of activation (i.
e. amount of C5b-9 generated). It appears that high levels/
titres of aPL are a stronger trigger of complement activation
compared with moderate titre.

Coagulation and complement
activation interplay

Coagulation and complement activation are interlinked with
both pathways able to activate each other through multiple
components [46].

Blood clotting results from a complex sequence of events
and from the interplay between different cell populations, the
exposed subendothelial tissue, the extracellular matrix
(ECM), coagulation factors and complement components
[47]. Briefly, upon tissue damage, platelets adhere to the ex-
posed collagen on the damaged vessel wall, which leads to
their activation. Platelet adhesion starts with interactions be-
tween platelets surface receptors and ECM components [48].
Upon adhesion and activation, platelets undergo a conforma-
tional change that redistributes the membrane phospholipids,
increasing the exposure of phosphatidylserine [49] and chon-
droitinsulphate, which support complement activation [50].
Activated platelets degranulate, releasing coagulation factors
[prothrombin, factor (F) V, FXI, FXIII] [51] and complement
components [52]. Secondary haemostasis is initiated with ei-
ther the tissue factor (TF) pathway or the contact pathway,
both merging at production of activated FX (FXa) that subse-
quently cleaves prothrombin to thrombin. Fibrinogen is then
cleaved by thrombin to fibrin resulting in fibrin deposition
and strengthening of the initial platelet plug. Both primary
and secondary haemostasis occur simultaneously and can be
influenced by the activity of complement components [23].
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Blood clotting can occur in the absence of vessel injury for in-
stance in the presence of aPL.

Regarding the complement—coagulation interplay, factor H
(FH), a complement regulator, modulates some coagulation
factors of the intrinsic and common pathways [53]. In vitro
observations suggest that thrombin generation might also be
mediated by MBL (mannose-binding lectin)-associated serine
protease 2 (MASP-2), a protease of the lectin pathway,
whereas MASP-1 cleaves factor XIII, high-molecular weight
kininogen and fibrinogen [54], and initiates the contact path-
way of coagulation.

End products of complement activation (C3a, C5a, C5b-9)
can induce release of procoagulant and proinflammatory
cytokines from endothelial cells and monocytes that lead to
overexpression of TF and molecules favouring platelet adhe-
sion and coagulation (Fig. 1) [55, 56].

In aPL-positive individuals, aPL can, by themselves, acti-
vate some of the cell populations involved in blood clotting,
mainly endothelial cells and platelets [57], and induce mono-
cyte TF expression and FXa release upon TF pathway activa-
tion [58, 59].

Interactions between complement and
platelets in APS/aPL patients

Several studies demonstrated the effect of complement on dif-
ferent cell types, with induction of TF expression on neutro-
phils, monocytes and endothelial cells [60, 61], amplification
of TF procoagulant activity on monocyte [62] and induction
of procoagulant platelets [63, 64]. In this section we will fo-
cus on complement—platelet interactions and thrombosis in
APS patients.

The relationship between complement, platelets and coagu-
lation is well documented. Wiedmer et al. [63] demonstrated
that C5b-9 can induce conversion of prothrombin to throm-
bin on platelets with 10- and 4-fold higher rates compared
with controls and to thrombin-induced platelets, respectively.
In addition, assembly of C5b-9 on the platelet membrane
resulted in a dose-dependent increased binding of FVa and
FXa alone with an increased platelet prothrombinase activity
[64]. This might be the case in APS but data are limited.

Activation of the classical pathway on platelets has been
observed in both APS and SLE patients. Peerschke et al. [65]
found that serum from both aPL-positive patients (PAPS,
aPL-positive without APS, SLE with APS/aPL) and from SLE
aPL-negative patients can activate the classical pathway (in-
creased deposition of Clq on heterologous platelets) when
compared with healthy controls. Interestingly, serum that
exhibited high level of classical pathway activation, regard-
less of the presence of SLE or APS, demonstrated the ability
to activate platelets. Both SLE and aPL positivity may be in-
dependently linked to complement activation, leading to
in vitro platelet activation. The ability of aPL to support com-
plement activation was confirmed by Lood et al. [66], who
demonstrated that IgG aCL incubation with low-grade acti-
vated platelets could amplify platelet activation and support
activation of the classical pathway through PC4d deposition
on fixed activated platelets.

In PAPS patients, but not in SLE patients without APS, the
concomitant presence of low concentration of MASP-2 (due to
MASP-2 deposition on platelets and its subsequent consump-
tion) and high levels of activated platelets has been reported
[67]. This suggests that activation of the lectin pathway might
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be an APS-specific biological feature and that the mechanisms
underlying the increased thrombotic risk in SLE with/without
APS might differ. Activated platelets demonstrated the ability
to trigger MASP-2 through ficolins [54], with MASP-2 activa-
tion resulting in the generation of thrombin.

It seems plausible that aPL adhere on the surface of platelets
forming immune complexes, recognized by complement com-
ponents [65]. The subsequent activation of the classical path-
way leads to activation of platelets, which further augments
activation of complement through the lectin pathway. Apart
from aPL, other factors are thought to be also implicated in
the deposition of complement components on platelets.
Indeed, after in vitro incubation of healthy donors’ whole
blood with a monoclonal antibody against af2GPI (MBB2),
the median percentage of C4d-positive activated platelets was
only 3%. Pathogenic aPL may bind activated platelets more
easily than resting ones. This concept was supported by the ob-
servation that following addition of a thrombin receptor acti-
vating peptide, MBB2 was found on a significantly greater
proportion of platelets (7.5%) compared with <1% observed
before addition of the agonist (P =0.002) [41].

Recent data showed that platelet activation can be also in-
directly mediated by complement through MAC-mediated
haemolysis (Fig. 3) [68]. Conversely, it has been demon-
strated that platelets exposed to certain agonists (i.e. throm-
bin or arachidonic acid) or shear stress iz vitro and some
components of the coagulation cascade (FXI, FIX, FX,
thrombin, plasmin) can also activate complement [69, 70].

Other factors activating the complement
cascade in APS

Apart from aPL, anti-NETs and anti-FH antibodies also can
activate the complement pathway in APS. aPL can trigger
neutrophils to extrude NETs (structures containing enzymes,
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histones and DNA [71]) resulting in high circulating levels of
NETs in APS patients, providing increased surfaces for com-
plement activation [72, 73]. IgM anti-NET, found elevated in
PAPS patients [74], have been associated with complement
activation. It has been hypothesized that IgM anti-NET anti-
bodies interact with complement components on the NET
surface leading to complement activation [75].

Autoantibodies interfering with the function of comple-
ment regulators can also lead to the activation of the terminal
pathway. For instance, levels of FH detected in PAPS, were
significantly lower compared with patients without a history
of aPL-related thrombosis [76, 77], probably as a conse-
quence of the presence of anti-FH antibodies [78] or of FH
mutations [76].

Clinical implications
Obstetric APS

The pathogenic relationship between aPL and complement
activation in pregnancy has been established in murine mod-
els, where complement inhibition has been shown to prevent
APOs [79, 80]. Biopsies of human placental tissue collected
from aPL-positive women revealed deposits of C4d, but not
C3d [81]. The presence of CDS55, a regulatory protein
expressed by syncytiotrophoblasts, may explain the absence
of C3 split products, as CDS35 interacts with C4b, interfering
with the subsequent steps of the complement cascade [82].

In the EUROAPS (European Registry on Obstetric
Antiphospholipid Syndrome) Registry, 223 (21.3%) women
had hypocomplementemia (C3 and/or C4) [83, 84]. Women
with APS and low complement levels are more likely to expe-
rience hypertensive disorders during pregnancy (regarded as
a risk factor for pregnancy complications) [85], pregnancy
loss, shorter duration of pregnancy and higher frequency of
late fetal growth restriction [84]. Nalli ez al. [86] reported
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Figure 3. Platelet activation. Created with BioRender.com. CS: chondroitin sulphate; ECM: extracellular matrix; PLT: platelet; VWF: von Willebrand Factor;
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significantly lower pre-conception plasma C3 and C4 in aPL-
positive patients who more commonly experienced premature
delivery and pregnancy loss, without the differences being
linked to the presence of previous APS-related manifestations
or aPL profile. However, following subgroup analysis the as-
sociation remained only for triple aPL-positive women and a
higher rate of pregnancy loss. In the PROMISSE (Predictors
of pRegnancy Outcome: bioMarkers In antiphospholipid an-
tibody Syndrome and Systemic Lupus Erythematosus) study,
Bb and C5b-9 levels at 12-15 weeks of pregnancy were pre-
dictive of APOs in women with SLE and/or aPL. For Bb, the
association was stronger in aPL-positive patients [odds ratio
(OR)=2.01, P=0.013] than in those without aPL
(OR=1.28, P=0.21), while it was similar when levels of
C5b-9 were considered (for aPL-positive patients OR =1.385,
P=0.19; for aPL-negative OR =1.39, P=0.07). This study
suggests that the presence of aPL leads to activation of the al-
ternative pathway, resulting in an increased frequency of ob-
stetric complications [87]. Overall, the evidence supports the
role of complement in aPL-mediated obstetric morbidity re-
gardless of SLE.

Thrombotic APS and recurrent thrombosis

The risk of recurrent TE, particularly while on therapeutic
anticoagulation, represents a major concern in the manage-
ment of thrombotic APS, with an annual incidence of 3%,
resulting in organ damage, most commonly neurological im-
pairment [7]. A positive mHam assay was reported to be
twice as common among patients with recurrent thrombosis
compared with those who had experienced a single episode,
66.7% and 33.3%, respectively. In addition, patients who ex-
perienced recurrent VTE appear to have persistent comple-
ment activity, defined as mHam positivity detected for more
than 1 year after the TE [39]. Ruffatti et al. [88] showed that
plasma levels of C5a and C5b-9 were significantly higher in
patients with anticoagulant-refractory APS compared with
those without recurrence, further supporting the hypothesis
that complement activation is a key component in determin-
ing an increased risk of recurrent TE. Another factor found
to be associated with VTE recurrence is the presence of anti-
FH antibodies, which have been associated with a 2-fold in-
creased risk [78].

Considering that patients with APS and a first ATE on
anticoagulation showed a rate of recurrent TE that was four
times higher than in those with a first VTE [9], it is reason-
able to think that these two clinical situations (APS with ini-
tial ATE vs with initial VTE) might be to some degree
different in their biological features. However, C5a and C5b-
9 were found to be similar in PAPS patients with either an ini-
tial ATE or VTE [32], while a second study reported signifi-
cantly lower levels of C5b-9 in patients with PAPS and a
previous ATE or VTE [88]. However, the lack of any differ-
ence could be due to the small cohorts used in both studies
[32, 88].

Consistent with the findings reported above, Peerschke
et al. [65] did not observe any association with PC4d and
ATE in patients with aPL in the absence of other concomitant
autoimmune disorders. Conversely, PC4d was significantly
associated with ATE in SLE patients regardless of aPL, prob-
ably because other SLE-specific factors were a determinant in
increasing the risk of ATE [89, 90]. It has been observed that
deposition of C4d on platelets led to changes in platelets’
phenotype (could aggregate more easily). This observation
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may provide a biological explanation for the observed associ-
ation between PC4d and an increased risk of ATE [90].
Furthermore, a synergistic effect on the risk of vascular events
in SLE patients has been observed with concomitant C4d de-
position on platelets and LA positivity [42].

CAPS

Many authors reported low plasma C3/C4 or elevated C5b-9
when measured during acute CAPS episodes [29, 91], to-
gether with high activity of the alternative pathway [29].
More than 85% of CAPS patients exhibited increased com-
plement activity during the acute phase, assessed by the
mHam assay [39]. Higher levels of C5a and C5b-9 have been
found during the acute phase (ongoing thrombosis) of the dis-
ease compared with the subclinical phase in patients with
thrombotic, anticoagulant-refractory and CAPS [88]; also
during the subclinical phase of CAPS compared with throm-
botic APS and healthy controls [30]. Furthermore, a signifi-
cantly increased frequency of complement gene variants has
been reported in CAPS patients (60%), when compared with
thrombotic APS (21.8%) and healthy subjects (23.3%), rein-
forcing an important role for complement in this subset of
APS patients [39] (see Table 1 for further details on the stud-
ies mentioned). Overall, these data support the importance of
complement activation in determining the severity of APS
manifestations (such as CAPS), and a potential role for com-
plement inhibition as an adjunctive treatment in
APS patients.

Complement inhibition in thrombotic APS,
CAPS and obstetric APS

According to the European recommendations for the man-
agement of APS [6], complement inhibition should be consid-
ered only in patients with CAPS non-responsive to standard
therapies, while no recommendation is provided in
McMAster RARE-Bestpractises guidelines for CAPS [92].
Analysis of the CAPS registry revealed outcomes from 39
patients treated with eculizumab, of whom 74.4% went into
remission without relapse. Lépez-Benjume et al. [93] sug-
gested that addition of eculizumab over the standard of care
treatments in CAPS patients with symptoms of thrombotic
microangiopathy following the administration scheme used
in the aHUS could be beneficial [94].

In one case report, eculizumab was used to treat recur-
rences in thrombotic anticoagulant and immunosuppressive-
refractory APS with no recurrent TE for >27 months [95].

Eculizumab has been used in pregnant PNH women with
an acceptable safety profile [96]. Gustavsen et al. [97] suc-
cessfully administered it to a pregnant woman with throm-
botic APS, based on the estimated high risk of CAPS. The
patient did not experience TE in the peri-/postpartum and a
fall in complement activity was recorded after the
first infusion.

Conclusions and future perspectives

The complement cascade is considered a key player in deter-
mining the occurrence of APOs in obstetric APS, while its
role in thrombotic APS despite gaining increased interest still
remains unclear.

Complement activation has been shown to be associated
with a higher risk of TE in APS while increased complement
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Table 1. Studies investigating the association between complement and aPL/APS

Authors

Number of pts

Complement components/comple-
ment regulatory factors detected
or functional assays used

Main findings

Oku et al. 2009 [25]

Peerschke et al. 2009 [65]

Breen et al. 2012 [27]

Lood et al. 2014 [66]

Kao et al. 2014 [89]

Foltyn Zadura et al. 2015 [78]

Nakamura et al. 2018 [76]

Kim et al. 2018 [87]

Lonati et al. 2019 [41]

36 PAPS, 36 HC, 42 non-
SLE CTD

91 SLE without aPL, 27 SLE with
aPL without APS, 51 SLE-APS,
57 primary aPL without APS,
96 PAPS, 50 HC

186 aPL/PAPS, 30 HC

148 SLE (some of them with
aPL+: at visit 5% aCL+, 7%
af2GPL, 11% LA+), 20 RA, 20
SSc, 79 HC, 39 MI without
chronic inflammatory disease

356 SLE

Serbian cohort: 73 PAPS, 33
SAPS; Italian cohort: 15 PAPS,
25 SAPS; 155 HC

27 PAPS, 20 SLE-APS, 24 SLE, 25
CTD other than SLE

487 pregnant SLE and/or aPL+
pts, 204 pregnant HC

23 PAPS, 11 SAPS, 17 aPL-posi-
tive SLE, 16 aPL-negative SLE;
controls: 11 ITP, 8 aPL-negative
with previous TE, 8 aPL car-
riers, 26 HC

C3, C4, CH50, C3a, C4a, CSa

Deposition of C1q and C4d
on platelets

Fragment Bb, C3a-desArg

Deposition of C1q and C4d
on platelets

C4d bound to platelets

FH autoantibodies

C3, C4, MCP, FH

Bb, C5b-9

C4d bound to B lymphocytes,
erythrocytes, platelets

+ C3, C4, CH50 levels were significantly

lower in PAPS pts vs non-SLE CTD

+ PAPS pts with low C3 had significantly

higher levels of C3a than those with
normal C3

« Sera from SLE without aPL pts and

aPL/APS pts led to a significantly
higher C1q deposition on heterologous
platelets compared with controls

+ Sera with high levels of classical path-

way activation were able to acti-
vate platelets

+ C4d deposition on platelets was signifi-

cantly associated with AT in SLE with
aPL, but not in pts without SLE

- Patients with aPL positivity had signifi-

cantly higher levels of fragment Bb and
C3a compared with HC

+ Fragment Bb and C3a levels were not

higher in the aPL-positive patients
without APS-related events compared
with the APS patients

- Fragment Bb and C3a levels correlated

with persistently positive LA and dou-
ble/triple aPL positivity

+ C4d deposition on platelets in SLE

patients with aPL+ was significantly
higher than in SLE patients with-
out aPL

+ PC4d was significantly associated with

all-cause mortality (HR 7.52, 95% CI
2.14-26.45)

+ PC4d was significantly associated with

ischemic stroke after adjusting for anti-
phospholipid status (OR 4.54, 95% CI
1.63-12.69)

» FH autoantibodies levels were

significantly higher in APS pts
vs HC

« Pts with FH autoantibodies had a sig-

nificantly higher risk of recurrent VTE
(HR 2.0, 95% CI 1.2-3.3) compared
with those without FH autoantibodies

« Significantly lower FH levels in PAPS

compared with pts without history of
aPL-related TE

- In PAPS: significant positive

correlation between FH levels and

C3 (r=0.59)

« Significantly higher Bb and C5b-9

levels at 12-15 weeks in SLE and/or
aPL pts with APOs compared with pts
without APOs

- After adjusting for other risk factors

for APOs, Bb and C5b-9 levels at
12-15 weeks remained significantly
associated with APOs

+ A significant inverse correlation was

found between serum C4 and PC4d
(r=-0.4682, P <0.0001) and be-
tween serum C4 and EC4d
(r=-0.5163, P <0.0001)

(continued)
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Authors

Number of pts

Complement components/comple-
ment regulatory factors detected

or functional assays used

Main findings

Savelli ez al. 2019 [77]

Chaturvedi et al. 2020 [39]

Svenungsson et al. 2020 [42]

Nalli et al. 2021 [86]

Gartshteyn et al. 2021 [90]

Ruffatti et al. 2021 [30]

Ruffatti et al. 2022 [88]

359 APS, 166 aPL carriers (293
had SLE)

59 thrombotic APS, 10 CAPS, 74
SLE, 33 aHUS (positive con-
trols), 43 individuals without
complement-mediated disorder
(negative controls)

308 SLE, 308 HC

333 APS, 50 aPL carriers

150 SLE

7 CAPS, 8 HC

62 quiescent APS (40 thrombotic
APS, 13 RAPS, 9 CAPS), 30 HC

C3, C4, FH, MBL

C5b-9 deposition, mHam assay
(terminal pathway activation)

C4d bound to platelets

C3,C4

C4d bound to platelets

C5b-9, CSa

C5a, C5b-9

« Significantly higher proportions of

EC4d and PC4d were detected in
aPL+ SLE, SLE-associated APS, PAPS
vs controls

- Significant correlations between PC4d

and af2GPI IgG (r =0.2486), aCL IgG
(r=0.4537),aCLIgM (r=0.2472)

« Significant correlations between EC4d

and af2GPI IgG (r=0.3503), aCL IgG
(r=0.4805), ap2GPI IgM (r=0.2672),
aCL IgM (r=0.4177)

+ AB2GPI IgG and EC4d aCL IgG titer

significantly correlated with EC4d

» Pathogenic aPLs bound active platelets

more easily than resting platelets

+ Significantly higher C4, C4a, C4b, C3

in APS pts vs aPL carriers

« Significantly lower levels of FH and

MBL in APS pts vs aPL carriers

- mHam+ in 85.7% CAPS, 35.6% APS,

6.8% SLE (P <0.001)

+ The activation of the complement cas-

cade was mostly due to the classi-
cal pathway

+ Significant association between

mHam+ >1 year after TE and recur-
rent VTE

+ Variants in the genes of the comple-

ment alternative pathway were found
in 60% CAPS, a significantly higher
proportion compared with thrombotic
APS (21.8%), and compared with

HC (23.3%)

- Significantly greater deposition of

PC4d in SLE vs controls, 50% vs 5%,
respectively

- Significant association between PC4d+

and any vascular event, ischaemic
stroke, and any VTE: OR (95% CI):
2.9(1.7,4.9),2.6 (1.03,6.4),2.9 (1.5,
5.8), respectively

« Synergic effect due to the concomitant

presence of PC4d+ and LA+

« Patients with complicated pregnancy

had significantly lower preconception
C3/C4 compared with pts with uncom-
plicated pregnancy

« Pts with low preconception C3/C4

were more likely to have pregnancy
losses and preterm delivery

- Significant association between PC4d

and arterial events after adjusting for
antiphospholipid status (OR 1.71,
95% CI1.91-2.89)

+ C5b-9 and CS5a are significantly higher

in quiescent CAPS than in thrombotic
APS and HC

- Significantly lower levels of C5a and

CS5b-9 in thrombotic APS vs RAPS/
CAPS, in quiescent APS vs active APS

» Significantly higher levels of C5a in pts

with small vessel thrombosis vs VTE

- Significantly higher levels of C5b-9 in

pts with small vessel thrombosis vs
VTE and AT, in triple aPL+ pts vs sin-
gle or double aPL+ pts

(continued)
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Table 1. (continued)

Complement components/comple-

Authors Number of pts

ment regulatory factors detected
or functional assays used

Main findings

Ponce et al. 2022 [91] 73 CAPS (of whom 29 with SLE)

Naranjo et al. 2022 [44] 165 PAPS, 138 APS associated
with other systemic autoim-
mune diseases (of whom 112
with SLE)

37 OAPS, 38 primary thrombotic
APS, 42 aPL carriers, 30 HC

Zen et al. 2023 [32]

Yelnik et al. 2023 [45] 98 APS, 25 HC

Vils et al. 2023 [67] 17 PAPS, 20 SLE, 39 HC

Zuo et al. 2023 [75] 308 PAPS, 81 pts with aPL+,

40 HC

Esteve-Valverde ez al. 2023 [84] 1048 OAPS

C3,C4

C3, C4, C3a, CSa

C5a, C5b-9

C3a, C4a, C5b-9, Bb

C3, C4, LPPs (including MAPS-2,
L-ficolin)

C3,C4

+ 58% (n=42) CAPS pts has low C3/C4
during the acute phase of the disease

+ C3 and C4 levels significantly higher in
B2-CIC-negative pts vs B2-CIC-posi-
tive pts

C5a and C5b-9 levels were signifi-
cantly higher in OAPS, thrombotic
APS, aPL carriers compared

with controls

CS5a median levels were significantly
higher in patients with af2GPI IgG at
high levels of vs medium levels

C5b-9 median levels were significantly
higher in pts with >1 aPL positivity vs
pts with single aPL positivity, pts with
triple positivity vs pts with single/dou-
ble positivity, pts with IgG aCL at high
levels vs medium levels, pts with
af2GPI IgG at high levels of vs me-
dium levels

+ No significant difference in the levels
of C5a and C5b-9 between arterial
thrombotic APS and venous throm-
botic APS

C3a, C4a, C5b-9, Bb levels were signif-
icantly higher in APS patients than

in controls

Elevated Bb levels were significantly as-
sociated with triple positivity

MASP-2 levels correlated negatively
with platelet activation in APS pts, but
not in SLE pts

.

Circulating C3 and C4, « Significant negative correlation be-
C4d deposition

tween C3/C4 and anti-NET IgM (r =
—-0.12 for C3;r = -0.13 for C4)
Serum samples with high anti-NET
IgM showed higher deposition of C3d
on NETs compared with con-

trol samples

Significantly higher proportion of
OAPS women with LC had late fetal
growth restriction and fetal losses
compared with NC

Significantly higher incidence of live
birth in OAPS women with NC com-
pared with LC

Significantly shorter duration of preg-
nancy in OAPS pts with LC compared
with NC

.

a2GPL: anti-p2 glicoprotein I antibodies; aHUS: atypical haemolytic uraemic syndrome; APOs: adverse pregnancy outcomes; AT: arterial thrombosis; B2-
CIC circulating immune-complexes formed by beta-2-glycoprotein-I and anti-B2GP1 antibodies; EC4d: C4d bound to erythrocytes; CAPS: catastrophic APS;
FH: factor H; HC: healthy controls; HR: hazard ratio; ITP: immune thrombocytopenia; LC: low complement; LPPs: lectin pathway proteins; MASP: MBL-
associated serine protein; MBL: mannose-binding lectiny MCP: membrane cofactor protein; mHam: modified Ham test; MI: myocardial infarction; NC:
normal complement; NETP: neutrophil extracellular traps; OAPS: obstetric APS; OR: odds ratio; PAPS: primary APS; PC4d: C4d bound to platelets; pts:
patients; SAPS: secondary APS; TE: thrombotic events; vs: vs; VTE: venous thromboembolism.

activation has also been reported in both refractory APS and
CAPS patients well outside the acute thrombotic phase of
the disease.

However, the extent and degree that complement activa-
tion contributes to the heterogeneous clinical APS manifesta-
tions and its applicability as a therapeutic target remain to
be elucidated.

A complex interplay between aPL, complement and plate-
lets has been implicated in thrombotic APS. Recent studies
have explored the influence of different platelet subpopula-
tions on the risk of recurrent ischemic events in non-APS
patients, identifying coated (subpopulation of platelets
detected after stimulation with both collagen and thrombin)
and procoagulant platelets as giving an increased risk

20z I4dy Gz uo Jasn (aAnoeur) uopuo abajjo) Ausianlun Aq zz98z9//8/ L oeay/ABojoyewnayl/ge0 1 0L /10p/a]o1ue-aoueApe/ABojojewnay/wod dno-olwapede//:sdiy woly papeojumoq



10

[98, 99]. The role of platelet-derived complement activation
in APS patients has not yet been investigated, but it could be
crucial for a subset of patients that could benefit from com-
plement inhibition to reduce platelet activation.

Based on recent findings we believe that complement inhi-
bition has a great potential as therapeutic target in APS, but
research is still in its infancy. Further mechanistic and clinical
studies are required to delineate the exact role of complement
and the efficacy of complement inhibition in the different
APS clinical manifestations, as well as further studies to iden-
tify the best laboratory tests for its detection in clinical prac-
tice. This can ultimately lead to identification of markers that
can improve risk stratification in APS patients at risk of re-
current thrombosis or CAPS. Complement inhibition should
be adjunctive to current therapy to improve outcomes in cer-
tain patients and can ultimately lead to patient-tailored tar-
geted therapy depending on which pathway is involved in the
different clinical APS manifestations.
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Consistent safety profile with over
8 years of real-world evidence, W Cosentyx®
across licensed indications!3 secukinuman

1 000 00 patients treated globally,
7 y and counting**

% !, Click here to visit
“A- our HCP portal
and learn more

100+ 8+ years of 8
clinical trials*® real-world evidence!™® indications'?

Real-world evidence shows a consistent safety profile over 6 years®’

No trend toward increased AE rates over time (pooled PsA, AS, Ps0O):1®

AEs of select 1year 2 years 3years 4 years 5 years 6 years Cumulative

interest rate
(EAIR per 100 PY) No trend towards

increased rates of

Serious 1.7 0.7 : : - (1.3 malignancy, MACE
infections ! : i I @ . or IBD over time®
Cases n=149 n=475 n=649 n=1,841 n=2,285 n=2,226 n=8,719
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reported adverse reactions
MACE : are upper respiratory tract
Cases : ! =0 infections (17.1%)
n=15 n=39 n=151 n=238 n=264 n=287 n=1,031 (most frequently
nasopharyngitis, rhinitis).>?
Total IBD m m Refer to the prescribing
[ 1 - -
Cases : : : ; : — information for a summary
n=12 n=46 n=185 n=340 n=312 n=261 n=1,291
of adverse events.
Exposure (PY) 7450 28,549 93,744 137,325 182,024 212,636 680,470

Adapted from Novartis Data on File. 2021.5

Refer to the Cosentyx Summary of Product Characteristics for full details, dosing and administration, including special populations.

Cosentyx® (secukinumab) licensed indications in rheumatology: Cosentyx, alone or in combination with methotrexate, is indicated for the treatment of active psoriatic arthritis

in adult patients when the response to previous disease-modifying anti-rheumatic drug therapy has been inadequate; active ankylosing spondylitis in adults who have responded
inadequately to conventional therapy; active non-radiographic axial spondyloarthritis with objective signs of inflammation as indicated by elevated C-reactive protein and/or magnetic
resonance imaging evidence in adults who have responded inadequately to non-steroidal anti-inflammatory drugs; active enthesitis-related arthritis in patients 6 years and older (alone
or in combination with methotrexate) whose disease has responded inadequately to, or who cannot tolerate conventional therapy; active juvenile psoriatic arthritis in patients 6 years or
older (alone or in combination with methotrexate) whose disease has responded inadequately to, or who cannot tolerate, conventional therapy.*?

Prescribing information, adverse event reporting and full indication can be found on the next page.

*Patients prescribed Cosentyx for any indication since launch.

TSuccessive time periods of PSUR shown with cumulative rate: 26 Dec 2014 to 25 Dec 2015; 26 Dec 2015 to 25 Dec 2016; 26 Dec 2016 to 25 Dec 2017; 26 Dec 2017 to 25 Dec 2018: 26
Dec 2018 to 25 Dec 2018; 26 Dec 2019 to 25 Dec 2020.°

Abbreviations: AE, adverse event; AS, ankylosing spondylitis; EIAR, exposure-adjusted incidence rate; HCP, healthcare professional; IBD, inflammatory bowel disease; MACE, major
adverse cardiac event; PsA, psoriatic arthritis; PsO, plaque psoriasis; PY, patient year.

References: 1. Cosentyx® (secukinumab) GB Summary of Product Characteristics; 2. Cosentyx® (secukinumab) NI Summary of Product

Characteristics; 3. European Medicines Agency. European public assessment report. Available at: https://www.ema.europa.eu/en/
documents/overview/cosentyx-epar-medicine-overview_en.pdf [Accessed February 2024]; 4. Novartis Data on File. Secukinumab — Sec008. 2023; '

5. Novartis. Novartis Cosentyx® positive 16-week PREVENT results advance potential new indication for patients with axial spondyloarthritis. b N OVA RT I S
Available at: https://www.novartis.com/news/media-releases/novartis-cosentyx-positive-16-week-prevent-results-advance-potential-new-
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Cosentyx® (secukinumab) Northern Ireland Prescribing
Information.

Please refer to the Summary of Product Characteristics
(SmPC) before prescribing.

Indications: Treatment of: moderate to severe plaque psoriasis in
adults, children and adolescents from the age of 6 years who are
candidates for systemic therapy; active psoriatic arthritis in adults (alone
or in combination with methotrexate) who have responded inadequately
to disease-modifying anti-rheumatic drug therapy; active ankylosing
spondylitis in adults who have responded inadequately to conventional
therapy; active non-radiographic axial spondyloarthritis (nr-axSpA) with
objective signs of inflammation as indicated by elevated C-reactive
protein (CRP) and/or magnetic resonance imaging (MRI) evidence in
adults who have responded inadequately to non-steroidal anti-
inflammatory drugs; active enthesitis-related arthritis and juvenile
psoriatic arthritis in patients 6 years and older (alone or in combination
with methotrexate) whose disease has responded inadequately to, or
who cannot tolerate, conventional therapy; active moderate to severe
hidradenitis suppurativa (acne inversa) in adults with an inadequate
response to conventional systemic HS therapy. Presentations: Cosentyx
150 mg solution for injection in pre-filled pen; Cosentyx 300 mg solution
for injection in pre-filled pen. Dosage & Administration: Administered
by subcutaneous injection at weeks 0, 1, 2, 3 and 4, followed by monthly
maintenance dosing. Consider discontinuation if no response after
16 weeks of treatment. Each 150 mg dose is given as one injection of
150 mg. Each 300 mg dose is given as two injections of 150 mg or one
injection of 300 mg. If possible avoid areas of the skin showing psoriasis.
Plaque Psoriasis: Adult recommended dose is 300 mg monthly. Based
on clinical response, a maintenance dose of 300 mg every 2 weeks may
provide additional benefit for patients with a body weight of 90 kg or
higher. Adolescents and children from the age of 6 years: if weight
> 50 kg, recommended dose is 150 mg (may be increased to 300 mg as
some patients may derive additional benefit from the higher dose). If
weight < 50 kg, recommended dose is 75 mg. However, 150mg solution
for injection in pre-filled pen is not indicated for administration of this
dose and no suitable alternative formulation is available. Psoriatic
Arthritis: For patients with concomitant moderate to severe plaque
psoriasis see adult plaque psoriasis recommendation. For patients who
are anti-TNFa inadequate responders, the recommended dose is
300 mg, 150 mg in other patients. Can be increased to 300 mg based
on clinical response. Ankylosing Spondylitis: Recommended dose
150 mg. Can be increased to 300 mg based on clinical response. nr-
axSpA: Recommended dose 150 mg. Enthesitis-related arthritis and
juvenile psoriatic arthritis: From the age of 6 years, if weight > 50 kg,
recommended dose is 150 mg. If weight < 50 kg, recommended dose

Cosentyx® (secukinumab) Great Britain Prescribing
Information.

Please refer to the Summary of Product Characteristics
(SmPC) before prescribing.

Indications: Treatment of: moderate to severe plaque psoriasis in
adults, children and adolescents from the age of 6 years who are
candidates for systemic therapy; active psoriatic arthritis in adults (alone
or in combination with methotrexate) who have responded inadequately
to disease-modifying anti-rheumatic drug therapy; active ankylosing
spondylitis in adults who have responded inadequately to conventional
therapy; active non-radiographic axial spondyloarthritis (nr-axSpA) with
objective signs of inflammation as indicated by elevated C-reactive
protein (CRP) and/or magnetic resonance imaging (MRI) evidence in
adults who have responded inadequately to non-steroidal anti-
inflammatory drugs; active enthesitis-related arthritis and juvenile
psoriatic arthritis in patients 6 years and older (alone or in combination
with methotrexate) whose disease has responded inadequately to, or
who cannot tolerate, conventional therapy; active moderate to severe
hidradenitis suppurativa (acne inversa) in adults with an inadequate
response to conventional systemic HS therapy. Presentations: Cosentyx
75 mg solution for injection in pre-filled syringe; Cosentyx 150 mg
solution for injection in pre-filled syringe; Cosentyx 150 mg solution for
injection in pre-filled pen; Cosentyx 300 mg solution for injection in pre-
filled pen. Dosage & Administration: Administered by subcutaneous
injection at weeks 0, 1, 2, 3 and 4, followed by monthly maintenance
dosing. Consider discontinuation if no response after 16 weeks of
treatment. Each 75 mg dose is given as one injection of 75 mg. Each
150 mg dose is given as one injection of 150 mg. Each 300 mg dose is
given as two injections of 150 mg or one injection of 300 mg. If possible
avoid areas of the skin showing psoriasis. Plaque Psoriasis: Adult
recommended dose is 300 mg. Based on clinical response, a
maintenance dose of 300 mg every 2 weeks may provide additional
benefit for patients with a body weight of 90 kg or higher. Adolescents
and children from the age of 6 years: if weight > 50 kg, recommended
dose is 150 mg (may be increased to 300 mg as some patients may
derive additional benefit from the higher dose). If weight < 50 kg,
recommended dose is 75 mg. Psoriatic Arthritis: For patients with
concomitant moderate to severe plaque psoriasis see adult plaque
psoriasis recommendation. For patients who are anti-TNFa inadequate
responders, the recommended dose is 300 mg, 150 mg in other
patients. Can be increased to 300 mg based on clinical response.
Ankylosing Spondylitis: Recommended dose 150 mg. Can be increased
to 300 mg based on clinical response. nr-axSpA: Recommended dose
150 mg._Enthesitis-related arthritis and juvenile psoriatic arthritis: From
the age of 6 years, if weight > 50 kg, recommended dose is 150 mg. If

is 75 mg. However, 150mg solution for injection in pre-filled pen is not
indicated for administration of this dose and no suitable alternative
formulation is available. Hidradenitis suppurativa: Recommended dose is
300 mg monthly. Based on clinical response, the maintenance dose can
be increased to 300 mg every 2 weeks. Contraindications:
Hypersensitivity to the active substance or excipients. Clinically
important, active infection. Warnings & Precautions: Infections:
Potential to increase risk of infections; serious infections have been
observed. Caution in patients with chronic infection or history of recurrent
infection. Advise patients to seek medical advice if signs/symptoms of
infection occur. Monitor patients with serious infection closely and do not
administer  Cosentyx until the infection resolves. Non-serious
mucocutaneous candida infections were more frequently reported for
secukinumab than placebo in the psoriasis clinical studies. Should not be
given to patients with active tuberculosis (TB). Consider anti-tuberculosis
therapy before starting Cosentyx in patients with latent TB. Inflammatory
bowel disease (including Crohn’s disease and ulcerative colitis): New
cases or exacerbations of inflammatory bowel disease have been
reported with secukinumab. Secukinumab, is not recommended in
patients with inflammatory bowel disease. If a patient develops signs and
symptoms of inflammatory bowel disease or experiences an exacerbation
of pre-existing inflammatory bowel disease, secukinumab should be
discontinued and appropriate medical management should be initiated.
Hypersensitivity reactions: Rare cases of anaphylactic reactions have
been observed. If an anaphylactic or serious allergic reactions occur,
discontinue immediately and initiate appropriate therapy. Vaccinations:
Do not give live vaccines concurrently with Cosentyx; inactivated or non-
live vaccinations may be given. Paediatric patients should receive all age
appropriate immunisations before treatment with Cosentyx. Latex-
Sensitive Individuals: The removable needle cap of the 150mg pre-filled
pen contains a derivative of natural rubber latex. Concomitant
immunosuppressive therapy: Combination with immunosuppressants,
including biologics, or phototherapy has not been evaluated in psoriasis
studies. Cosentyx was given concomitantly with methotrexate,
sulfasalazine and/or corticosteroids in arthritis studies. Caution when
considering concomitant use of other immunosuppressants.
Interactions: Live vaccines should not be given concurrently with
secukinumab. No interaction between Cosentyx and midazolam (CYP3A4
substrate) seen in adult psoriasis study. No interaction between Cosentyx
and methotrexate and/or corticosteroids seen in arthritis studies.
Fertility, pregnancy and lactation: Women of childbearing potential:
Use an effective method of contraception during and for at least
20 weeks after treatment. Pregnancy: Preferably avoid use of Cosentyx
in pregnancy. Breast feeding: It is not known if secukinumab is excreted
in human breast milk. A clinical decision should be made on continuation
of breast feeding during Cosentyx treatment (and up to 20 weeks after

weight < 50 kg, recommended dose is 75 mg._Hidradenitis suppurativa:
Recommended dose is 300 mg monthly. Based on clinical response, the
maintenance dose can be increased to 300 mg every 2 weeks.
Contraindications: Hypersensitivity to the active substance or
excipients.  Clinically important, active infection. Warnings &
Precautions: Infections: Potential to increase risk of infections; serious
infections have been observed. Caution in patients with chronic infection
or history of recurrent infection. Advise patients to seek medical advice if
signs/symptoms of infection occur. Monitor patients with serious
infection closely and do not administer Cosentyx until the infection
resolves. Non-serious mucocutaneous candida infections were more
frequently reported for secukinumab in the psoriasis clinical studies.
Should not be given to patients with active tuberculosis (TB). Consider
anti-tuberculosis therapy before starting Cosentyx in patients with latent
TB. Inflammatory bowel disease (including Crohn's _disease and
ulcerative colitis): New cases or exacerbations of inflammatory bowel
disease have been reported with secukinumab. Secukinumab, is not
recommended in patients with inflammatory bowel disease. If a patient
develops signs and symptoms of inflammatory bowel disease or
experiences an exacerbation of pre-existing inflammatory bowel disease,
secukinumab should be discontinued and appropriate medical
management should be initiated. Hypersensitivity reactions: Rare cases
of anaphylactic reactions have been observed. If an anaphylactic or
serious allergic reactions occur, discontinue immediately and initiate
appropriate therapy. Vaccinations: Do not give live vaccines concurrently
with Cosentyx; inactivated or non-live vaccinations may be given.
Paediatric patients should receive all age appropriate immunisations
before treatment with Cosentyx. Latex-Sensitive Individuals: The
removable needle cap of the 75mg and 150 mg pre-filled syringe and
150mg pre-filled pen contains a derivative of natural rubber latex.
Concomitant _immunosuppressive _therapy: ~ Combination  with
immunosuppressants, including biologics, or phototherapy has not been
evaluated in psoriasis studies. Cosentyx was given concomitantly with
methotrexate, sulfasalazine and/or corticosteroids in arthritis studies.
Caution when considering concomitant use of otherimmunosuppressants.
Interactions: Live vaccines should not be given concurrently with
secukinumab. No interaction between Cosentyx and midazolam
(CYP3A4 substrate) seen in adult psoriasis study. No interaction between
Cosentyx and methotrexate and/or corticosteroids seen in arthritis
studies. Fertility, pregnancy and lactation: Women of childbearing
potential: Use an effective method of contraception during and for at
least 20 weeks after treatment. Pregnancy: Preferably avoid use of
Cosentyx in pregnancy. Breast feeding: It is not known if secukinumab is
excreted in human breast milk. A clinical decision should be made on
continuation of breast feeding during Cosentyx treatment (and up to
20 weeks after discontinuation) based on benefit of breast feeding to the

discontinuation) based on benefit of breast feeding to the child and
benefit of Cosentyx therapy to the woman. Fertility: Effect on human
fertility not evaluated. Adverse Reactions: Very Common (>1/10):
Upper respiratory tract infection. Common (>1/100 to <1/10): Oral
herpes, headache, rhinorrhoea, diarrhoea, nausea, fatigue. Uncommon
(>1/1,000 to <1/100): Oral candidiasis, lower respiratory tract
infections, neutropenia, inflammatory bowel disease. Rare (>1/10,000
to <1/1,000). anaphylactic reactions, exfoliative dermatitis (psoriasis
patients), hypersensitivity vasculitis. Not known: Mucosal and cutaneous
candidiasis (including oesophageal candidiasis). Infections: Most
infections were non-serious and mild to moderate upper respiratory tract
infections, e.g. nasopharyngitis, and did not necessitate treatment
discontinuation. There was an increase in mucosal and cutaneous
(including oesophageal) candidiasis, but cases were mild or moderate in
severity, non-serious, responsive to standard treatment and did not
necessitate treatment discontinuation. Serious infections occurred in a
small proportion of patients (0.015 serious infections reported per
patient year of follow up). Neutropenia: Neutropenia was more frequent
with secukinumab than placebo, but most cases were mild, transient
and reversible. Rare cases of neutropenia CTCAE Grade 4 were reported.
Hypersensitivity reactions. Urticaria and rare cases of anaphylactic
reactions were seen. Immunogenicity. Less than 1% of patients treated
with Cosentyx developed antibodies to secukinumab up to 52 weeks of
treatment. Other Adverse Effects: The list of adverse events is not
exhaustive, please consult the SmPC for a detailed listing of all adverse
events before prescribing. Legal Category: POM. MA Number & List
Price: EU/1/14/980/005 - 150 mg pre-filled pen x2 £1,218.78;
EU/1/14/980/010 — 300 mg pre-filled pen x1 £1218.78. PI Last
Revised: May 2023. Full prescribing information, (SmPC) is available
from: Novartis Pharmaceuticals UK Limited, 2nd Floor, The WestWorks
Building, White City Place, 195 Wood Lane, London, W12 7FQ.
Telephone: (01276) 692255.

UK 1284832 | May 2023

Adverse Event Reporting:

Adverse events should be reported. Reporting forms and
information can be found at www.mhra.gov.uk/yellowcard.
Adverse events should also be reported to Novartis via
uk.patientsafety@novartis.com or online through the
pharmacovigilance intake (PVI) tool at www.novartis.com/report

If you have a question about the product, please contact
Medical Information on 01276 698370 or by email at
medinfo.uk@novartis.com

child and benefit of Cosentyx therapy to the woman. Fertility: Effect on
human fertility not evaluated. Adverse Reactions: Very Common
(=1/10): Upper respiratory tract infection. Common (=1/100 to <1/10):
Oral herpes, headache, rhinorrhoea, diarrhoea, nausea, fatigue.
Uncommon (=1/1,000 to <1/100): Oral candidiasis, lower respiratory
tract infections, neutropenia, inflammatory bowel disease. Rare
(>1/10,000 to <1/1,000). anaphylactic reactions, exfoliative dermatitis
(psoriasis patients), hypersensitivity vasculitis. Not known: Mucosal and
cutaneous candidiasis (including oesophageal candidiasis). Infections:
Most infections were non-serious and mild to moderate upper respiratory
tract infections, e.g. nasopharyngitis, and did not necessitate treatment
discontinuation. There was an increase in mucosal and cutaneous
(including oesophageal) candidiasis, but cases were mild or moderate in
severity, non-serious, responsive to standard treatment and did not
necessitate treatment discontinuation. Serious infections occurred in a
small proportion of patients (0.015 serious infections reported per
patient year of follow up). Neutropenia: Neutropenia was more frequent
with secukinumab than placebo, but most cases were mild, transient
and reversible. Rare cases of neutropenia CTCAE Grade 4 were reported.
Hypersensitivity reactions. Urticaria and rare cases of anaphylactic
reactions were seen. Immunogenicity. Less than 1% of patients treated
with Cosentyx developed antibodies to secukinumab up to 52 weeks of
treatment. Other Adverse Effects: The list of adverse events is not
exhaustive, please consult the SmPC for a detailed listing of all adverse
events before prescribing. Legal Category: POM. MA Number & List
Price: PLGB 00101/1205 — 75 mg pre-filled syringe x 1 - £304.70;
PLGB 00101/1029 - 150 mg pre-filed pen x2 £1,218.78;
PLGB 00101/1030 - 150 mg pre-filled syringe x2 £1,218.78;
PLGB 00101/1198 — 300 mg pre-filled pen x 1 £1218.78. Pl Last
Revised: June 2023. Full prescribing information, (SmPC) is available
from: Novartis Pharmaceuticals UK Limited, 2nd Floor, The WestWorks
Building, White City Place, 195 Wood Lane, London, W12 7FQ.
Telephone: (01276) 692255.

UK'1290802 | June 2023

Adverse Event Reporting:

Adverse events should be reported. Reporting forms and
information can be found at www.mhra.gov.uk/yellowcard.
Adverse events should also be reported to Novartis via
uk.patientsafety@novartis.com or online through the
pharmacovigilance intake (PVI) tool at www.novartis.com/report.

If you have a question about the product, please contact
Medical Information on 01276 698370 or by email at
medinfo.uk@novartis.com
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