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Abstract

Objectives: Using an integrated multi-omic analysis, we previously derived a candidate marker that estimates the modified Rodnan Skin Score
(mRSS) and thus the severity of skin involvement in SSc. In the present study we explore technical and biological validation of this composite
marker in a well-characterized cohort of SSc patients.

Methods: Cartilage oligomeric matrix protein (COMP), collagen type IV (COL4A1), tenascin-C (TNC) and spondin-1 (SPON1) were examined in
serum samples from two independent cohorts of patients with dcSSc. The BlOlogical Phenotyping of diffuse SYstemic sclerosis cohort had pre-
viously been used to derive the composite marker and Molecular Determinants to Improve Scleroderma (SSc) treatment (MODERNISE) was a
novel validation cohort. Multiple regression analysis derived a formula to predict the mRSS based on serum ELISA protein concentration.

Results: The serum concentration of two of the proteins—COMP and TNC—positively correlated with the mRSS, particularly in early dcSSc
patients. Interpretable data could not be obtained for SPON1 due to technical limitations of the ELISA. COL4A1 showed a correlation with dis-
ease duration but not overall mRSS. Patients receiving MMF showed lower serum concentrations of COMP, COL4A1 and TNC and a lower
composite biomarker score not established on treatment. A revised ELISA-based three-protein composite formula was derived for future valida-
tion studies.

Conclusions: Although more validation is required, our findings represent a further step towards a composite serum protein assay to assess
skin severity in SSc. Future work will establish its utility as a predictive or prognostic biomarker.

Lay Summary

What does this mean for patients?

Systemic sclerosis (SSc), also called scleroderma, is a severe but uncommon autoimmune rheumatic disease. Skin thickening occurs in almost
every case and is severe in patients with diffuse disease. Clinical assessment is difficult and so a blood test that reliably assesses the severity
of skin thickening would be very helpful for routine care and clinical trials. We have previously shown that four proteins in the blood can be used
to estimate the severity of skin thickening. In this study we used an enzyme-linked immunosorbent assay (ELISA) test to directly measure levels
of protein in blood samples from patients with diffuse SSc. We found that two proteins (TNC and COMP) remain strongly correlated with skin
severity score, while one (COL4A1) showed a more complex relationship and was influenced by disease duration. The fourth protein (SPON1)
could not be detected by available ELISA. This work is another step towards developing a robust blood test to assess skin severity. Further
work in additional groups of patients is needed to achieve this.

Keywords: systemic sclerosis, scleroderma, modified Rodnan Skin Score, biomarker, proteomics.

Key messages

* Development of a composite blood biomarker reflecting skin thickness severity (mRSS) would be valuable for patient treatment.
* We have partially validated a previous score using quantitative serum ELISA.

¢ Future work is needed to further validate and refine this promising simple composite serum assay.

Introduction

SSc is a complex multicompartment connective tissue disease
characterized by fibrosis, vasculopathy and inflammation.
Patients with dcSSc have a higher prevalence of life-
threatening complications, most frequently related to the
lung, kidney and heart [1, 2]. Symptoms relating to skin

disease such as pruritis, pain and inability to perform previ-
ously easy tasks negatively impact quality of life [3]. Greater
severity of skin involvement in the early stages of disease has
been found to be predictive of cardiac involvement [4],
scleroderma renal crisis [5], decline in lung function [6] and
mortality [7, 8]. Equally, improvement in skin involvement is
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associated with better survival and lesser involvement of in-
ternal organ complications [9, 10].

Quantification of SSc skin disease by the modified Rodnan
Skin Score (mRSS) has proved feasible in clinical trials and
practice but requires expert training and regular practice to
ensure reliability [11, 12]. A more objective measure of skin
severity would be highly desirable, and development of a
blood biomarker would be valuable to address these points.

Multilevel and high-dimensional analysis derived a com-
posite biomarker for mRSS using the BIOlogical Phenotyping
of diffuse SYstemic sclerosis (BIOPSY) cohort [13]. This iden-
tified four blood proteins that independently correlated with
mRSS and also with skin gene and dermal blister expression
at a separate 12-month time point. These proteins are carti-
lage oligomeric matrix protein (COMP), collagen type IV
(COL4A1), tenascin-C (TNC) and spondin-1 (SPONT1).
COMP is a TGF-p-regulated matricellular protein that con-
tributes to the integrity of the fibrillar collagen extracellular
network [14]. It has been previously found to be upregulated
by fibroblasts in SSc patients [15]. COL4A1 is implicated in
angiogenesis and found at the dermo-epidermal junction in
skin. Elevated serum COL4A1 has been positively correlated
with mRSS in early deSSc [16]. TNC perpetuates the damage-
associated molecular patterns that induce the differentiation
of resident fibroblasts into myofibroblasts, promoting a pro-
fibrotic state [17]. It has been found to be one of the most
highly upregulated extracellular matrix proteins in SSc skin
biopsies [18]. SPON1 is a protein that is coded by the
SPONT gene. It acts as an adhesion molecule in the basement
membrane and has previously been found to be upregulated
in the sera of SSc patients [19]. Taken together, these proteins
likely reflect overlapping aspects of SSc skin pathobiology
that are not overly influenced by other disease compartments.
To further develop and validate this composite marker, we
measured the same analytes in serum by commercial
ELISA kits.

Methods
Patient and control samples

Sera were obtained from dcSSc patients included in the previ-
ously described BIOPSY cohort and a new validation cohort:
Molecular Determinants to Improve Scleroderma (SSc) treat-
ment (MODERNISE). All samples were collected after writ-
ten informed patient consent. Collected sera were aliquoted
and stored at —80°C. Subject characteristics are fully de-
scribed in the Results section below.

ELISA

Concentrations of candidate proteins were determined using
commercial ELISA kits from Cusabio (Houston, TX, USA)
for COL4A1 (CSB-EL005741HU: 1:100 dilution) and
SPON1 (CSB-EL022599HU: no dilution), R&D Systems
(Minneapolis, MN, USA) for COMP (DCMPO: 1:100 dilu-
tion), Abcam (Cambridge, UK) for TNC (ab213831: 1:100
dilution) and Biorbyt (Durham, NC, USA) for SPON1
(orb405359: no dilution).

Statistical analysis

Simple linear regression was used for cross-sectional correla-
tions between mRSS, disease duration and protein serum con-
centration. Student’s unpaired #-test was used to determine
the difference between protein serum concentration of SSc
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patients receiving the standard of care (SOC) vs those that
were not (non-SOC). After normalizing ELISA data, multiple
linear regression analysis was performed to derive a formula
to predict mRSS. Conformity was determined using Bland-
Altman plots. Ordinary one-way analysis of variance was
used for cross-sectional analysis of MMF duration and pro-
tein serum concentration.

Ethics approval

This project was conducted in compliance with the Declaration
of Helsinki and was approved by the London-Hampstead
NRES Committee (MREC Reference ID 6398) for BIOPSY and
London-Fulham Research Ethics Committees (IRAS project ID
279682) for MODERNISE sample and data collection
and analysis.

Results
Patient demographic and clinical characteristics

Table 1 summarizes clinical and demographic characteristics
of the BIOPSY and MODERNISE cohorts. The BIOPSY co-
hort samples included 33 dcSSc patients: 23 (70%) were fe-
male; median disease duration was 6.4 years [interquartile
range (IQR) 1.4-6.4]; median baseline mRSS was 16.4 (IQR
9-22.5); 31 (94%) patients harboured ANAs, of whom 10
(30%) had anti-topoisomerase antibodies (ATAs), 12 (36%)
had anti-RNA polymerase III antibodies (ARAs) and 9 (27%)
had other antibodies. No SSc-related deaths occurred during
follow-up. A total of 17 (52%) patients were taking MMF at
the time of serum sampling.

The MODERNISE cohort included 37 dcSSc patients: 28
(76%) were female; median disease duration was 9.5 years
(IQR 39.3-53.2); median baseline mRSS was 16.9 (IQR
10.5-21.5); 35 (95%) harboured ANAs, of whom 16 (43%)
had anti-ATAs, 15 (41%) had anti-ARAs and 6 (16%) had
other antibodies. One SSc-related death occurred during
follow-up. A total of 27 (73%) were taking MMF at the time
of serum sampling.

The early dcSSc cohort was comprised of 26 patients, 14 of
whom were from the MODERNISE cohort and 22 patients
of whom were from the BIOPSY cohort. Three early dcSSc
patients from the MODERNISE cohort and 13 patients from
the BIOPSY cohort were MMF naive at the time of se-
rum sampling.

For benchmarking purposes, three healthy control serum
samples were also included in the ELISA measurements, with
an average age of 55 years and 2 of whom were female.

Following independent analysis, a combined group of early
dcSSc patients with a disease duration of <35 years from both
cohorts was analysed as a third group to confirm and extend
data from the two independent cohorts. Patients were desig-
nated as non-SOC if they had either never been exposed to
MMF or had taken it for <6 months. Patients were desig-
nated as SOC if they had received treatment with MMF for
at least 6 months prior to sample collection.

ELISA measurements

COMP

In the dcSSc patients from the BIOPSY cohort, a statistically
significant positive correlation was observed between serum
COMP concentration and mRSS (r=0.26, P=0.0016)
(Fig. 1A). A similar but weaker correlation was found in the
MODERNISE cohort (r=0.05, P=0.19) (Fig. 1B). Among
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Table 1. Demographics of participants included in the ELISA analysis

Characteristics

BIOPSY cohort
(n=33)

MODERNISE
cohort (n=37)

Combined early dcSSc
cohort (7= 36)

Female, 72 (%)
Age (years), median (IQR)
Disease duration (years), median (IQR)
mRSS, median (IQR)
Antibody, 7 (%)
ATA
ARA
Anti-U3RNP antibody
Anti-centromere antibody
ANA negative
Other
Organ involvement, 7 (%)
Lung
Kidney
Pulmonary arterial hypertension
Cardiac
Gastrointestinal
Overlap conditions, 7 (%)
Rheumatoid arthritis
Polymyositis or dermatomyositis
Immunosuppression at time of sample collection, 7 (%)
MMF
Methotrexate
Steroids
Tocilizumab
Cyclophosphamide
Rituximab
Untreated

3(70
516(
4 (
164(
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early dcSSc patients, there was a near statistically significant
correlation between COMP concentration and mRSS
(r=0.097, P=0.05) (Fig. 1C). In both cohorts, there was a
negative correlation between serum COMP concentration
and disease duration (r=0.07, P=0.15; r=0.07, P=0.09).
Furthermore, SOC patients exhibited a lower COMP concen-
tration compared with non-SOC patients in both cohorts.
This difference was most pronounced among early dcSSc
patients (327.6 ng/ml vs 522.5 ng/ml, P =0.09).

COL4A1

In the dcSSc patients from the BIOPSY cohort (Supplementary
Fig. S1A, available at Rheumatology Advances in Practice on-
line) and combined early dcSSc cohort (Supplementary Fig.
S1C, available at Rheumatology Advances in Practice online),
serum COL4A1 concentration did not correlate with mRSS
(r=0.02, P=0.46; r=0.03, P=0.34). The trend for correla-
tion in the BIOPSY cohort was strengthened when isolated to
non-SOC patients with a disease duration of <5 years (r=0.25,
P=0.14) (Supplementary Fig. S2A, available at Rheumatology
Advances in Practice online).

In the BIOPSY cohort, serum COL4A1 concentration sig-
nificantly positively correlated with disease duration
(r=0.15, P=0.03) (Supplementary Fig. S1A, available at
Rheumatology Advances in Practice online), but for the
BIOPSY cohort patients on SOC with a disease duration of
<5 years there was a negative correlation (r=0.24, P=0.10)
(Supplementary Fig. S2B, available at Rbeumatology
Advances in Practice online). A similar trend was observed in
the combined early dcSSc cohort (r=0.04, P=0.23)
(Supplementary Fig. S1C, available at Rbeumatology
Advances in Practice online), suggesting that disease duration

and SOC treatment may influence the relationship between
COL4A1 and mRSS. Non-SOC early dcSSc patients demon-
strated numerically higher serum COL4A1 concentrations
compared with those on SOC treatment in the combined
early dcSSc cohort (80.7ng/ml vs 56.5ng/ml, P=0.30)
(Supplementary Fig. S1C, available at Rheumatology
Advances in Practice online).

TNC

Serum TNC concentration significantly increased with mRSS
in the BIOPSY cohort and among early dcSSc patients
(r=0.1, P=0.05; r=0.13, P=0.03) (Fig. 2A, C). There was
no association with mRSS in the overall MODERNISE co-
hort (Fig. 2B). Serum TNC concentration demonstrated a
weak trend toward decreased serum concentration with dis-
ease duration in all cohorts (r=0.03, P=0.32; r=0.05,
P=0.17; r=0.04, P=0.28). Serum TNC concentration was
numerically higher among non-SOC patients in the
MODERNISE cohort and among early dcSSc patients
(15.5ng/ml vs 24.25ng/ml, P=0.79; 19.28ng/ml wvs
24.36 ng/ml, P = 0.88) (Fig. 2B, C).

SPON1

Levels of SPON1 were below the assay range in four samples
using the ELISA. There was no correlation between serum
SPONI1 concentration and mRSS or SOC status. There was a
slight negative trend between serum SPON1 concentration and
disease duration in the BIOPSY and MODERNISE cohorts
(r=0.02, P=0.38; r=0.06, P=0.18) (Supplementary Fig. S3,
available at Rbeumatology Advances in Practice online).
Considering the suboptimal performance of SPON1, we pur-
sued an alternative commercial ELISA kit to reassess its
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Figure 1. Testing and validation of COMP. COMP concentration against mRSS, disease duration and SOC in (A) the BIOPSY cohort, (B) the MODERNISE

cohort and (C) the combined early dcSSc patients from both cohorts

suitability using samples from the BIOPSY cohort. During re-
peat testing, we encountered challenges in obtaining readouts
for 20 samples due to low serum concentration of SPONT.
Among the samples analysed, a negative association was ob-
served between SPON1 concentration and mRSS, accompanied
by a positive correlation with disease duration (Supplementary
Fig. S4, available at Rbeumatology Advances in
Practice online).

Integrated analysis of multiple analytes

We performed multiple linear regression on serum concentra-
tion of COMP, COL4A1 and TNC to predict mRSS (Fig. 3):

mRSS = 9.896 +0.01719(COMP) — 0.006481(COL4A1)
~0.002318(TNC).

Tabulated analysis of predictor variables can be seen in
Supplementary Table S1, available at Rbeumatology
Advances in Practice online. The ordinary least squares re-
gression model showed this to be significant with »=0.15
and P=0.009. Only COMP contributed to the regression
equation with statistical significance. The Bland—Altman plot
shows better conformity of results for mRSS between 10 and
20 with limits of agreement from —18.13 to 18.39.

Effect of MMF duration on serum protein
concentration and composite biomarker score
Early dcSSc patients established on MMF treatment demon-
strated lower levels of COMP (P=0.16), COL4A1l
(P=0.32) and TNC (P=0.15) compared with those who
were either MMF naive or had been on MMF for <1 year
(Fig. 4). Early dcSSc patients with either ATA or ARA posi-
tivity demonstrated similar reductions in serum COMP,
COL4A1 and TNC concentrations with increasing MMF ex-
posure (COMP, P=0.43 vs P=0.59; COL4A1, P=0.45 vs
P=0.11; TNC, P=0.09 vs P=0.06) (Supplementary Fig.
SS, available at Rheumatology Advances in Practice online).
Early dcSSc patients established on SOC had a numerically
lower composite biomarker than those who were not (17.4 vs
15.0, P=0.29) (Fig. 5A). There was also a trend of lower
composite biomarker score with increasing MMF duration
(P=0.22) (Fig. 5B).

Discussion

We performed a validation study to explore the performance
of a novel composite biomarker for prediction of mRSS in
SSc using quantitative serum ELISA methodology. This was
undertaken in an independent external validation cohort
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(MODERNISE) as well as subjects included in a previous der- in cross-sectional studies to determine its prognostic and pre-
ivation cohort (BIOPSY) [13]. We derived a formula based dictive capability as well as longitudinal studies to determine
on absolute values that could be further tested and validated whether it is pharmacodynamic. We hope such a tool could
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be used in the future for stratification, subset analysis and
outcome assessment. The ability to highlight patients who are
more likely to develop severe disease would allow earlier and
more intensive intervention and may also encourage consid-
eration of higher-risk interventions such as haematopoietic
stem cell transplantation.

A blood biomarker would allow for the development of
more specific inclusion criteria for trials, focusing on patients
who are likely to have progressive disease and helping to dif-
ferentiate novel treatment effect from that due to background
SOC immunosuppression such as MMF. A few recent trials,
including the phase 3 randomized placebo-controlled trial of
tocilizumab, failed to meet their primary endpoint of reduc-
tion in mRSS but did reach their secondary endpoints [20].
This might suggest that the mRSS alone is not capturing clini-
cal improvement in the same way as other quantifiable meas-
ures such as forced vital capacity or the HAQ Disability
Index [3]. A composite blood biomarker could complement
mRSS as a measure of skin activity in the future.

In general, for two proteins (COMP and TNC), data were
congruent. However, there was greater variability among
ELISA results than those obtained using the proximity exten-
sion assay Olink platform for derivation, which has technical
superiority and a larger dynamic range than ELISA.

The COL4A1 protein showed variability in serum concen-
tration with mRSS and disease duration but did demonstrate a
reduction with MMF treatment. When isolated to patients of
shorter disease duration who were not on MMF in the
BIOPSY cohort, there was a positive correlation between
mRSS and COL4A1 serum concentration. In BIOPSY cohort
patients on MMF, COL4A1 serum concentration decreased
with disease duration in the first 5years of disease. Taken to-
gether, these findings could suggest that COL4A1 is more
influenced by MMF than the other investigated proteins and
could explain the observed variability when looking at the
whole cohort. This warrants further exploration in the future.

Interpretable data could not be obtained for the SPON1
protein. This may reflect technical limitations of the ELISA
or that the dynamic range of the Olink assay was much better
suited to the analysis. This can be revisited in future analyses
to determine whether SPON1 may add value. Operationally,
our results suggest that an ELISA-based three-protein marker
excluding SPON1 may warrant further evaluation in a larger
SSc cohort to better define the relationship with mRSS in
early disease and the impact of standard immunosuppression.

Performance was most congruent with our previous find-
ings of an association between serum analyte and mRSS in
the combined early dcSSc cohort from the MODERNISE and
BIOPSY cohorts, suggesting that this may be the most appro-
priate group for further validation of the biomarker. It is no-
table that for the plasma proteins in our previous study of the
complete BIOPSY cohort, it appeared that early-stage dcSSc
had the strongest contribution to statistical association in de-
riving the composite biomarker of skin severity. It is possible
that the impact of disease duration and SOC immunosup-
pression is less prominent in this early dcSSc subgroup.

Treatment effect needs to be considered in interpreting our
findings, especially with recent studies pointing towards sig-
nificant benefit from the use of SOC immunosuppression
such as MMF [21, 22]. Early dcSSc patients established on
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MMF exhibited a lower serum protein concentration than
those who were not. This may explain the better performance
of the composite marker in the BIOPSY cohort than in the
MODERNISE cohort, where most cases were established on
MMF as the SOC. This is further corroborated by lower
composite biomarker scores among early dcSSc patients
established on MMF and does suggest it could act as a phar-
macodynamic surrogate marker. If there is an impact of
MMEF or other treatments on the constituent proteins of the
composite biomarker that precedes impact on mRSS itself,
this may also explain the weaker association of the protein
levels and composite score in the MODERNISE cohort,
which includes more late-stage dcSSc cases, reflected in a
greater range and higher median age. This should be explored
in future studies to ensure this is a true reflection of treatment
effect rather than natural disease progression.

We did not find a significant difference in treatment effect
according to ANA subgroup, although this may be due to
smaller sample sizes as allowed by ELISA plates. We note
that there was a difference between the ATA and ARA sub-
groups in the longitudinal analysis of the BIOPSY cohort by
normalized protein expression [13]. This warrants further ex-
ploration in larger future studies.

An important limitation is that since this was a single-
centre study, we are limited in its evaluation of external valid-
ity. However, all assessments and mRSSs were performed by
a single individual to ensure greater consistency of clinical as-
sessment, treatment and sample collection and processing.
The relatively small number of cases in each cohort is a major
limitation and may explain why only trends of association
were observed for some of the proteins that had been highly
significant by Olink assay in the derivation BIOPSY cohort.
This may be especially important in dissecting the impact of
disease duration and background treatment that may impact
on serum protein levels. Therefore, future validation studies
should include more patients and may revisit the Olink prox-
imity extension assay platform or other protein assay meth-
odologies. The technical limitations in SPON1 measurement
are relevant and warrant further study using more sensitive
assay methods.

Together, these findings are supportive of the potential to
develop a composite serum biomarker for skin severity in
SSc. Further studies should explore the potential as a predic-
tive or pharmacodynamic surrogate.
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Information.
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(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
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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.
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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.
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