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What is already known about this topic?

e Most studies evaluating clinical or genetic determinants of treatment response in psoriasis use
change-in disease severity from baseline as the primary outcome. This approach might restrict
analyses to only those with complete records at baseline and periodic time points, a common issue
in longitudinal studies, leading to small sample size which might affect the robustness and

generalisability of the findings.

What does this study add?

e We used biologic survival as a proxy marker of drug effectiveness, safety, and real-world utility
to test whether response to biologics is affected by age at psoriasis onset and HLA-C*06:02
status.

e We found that age at psoriasis onset has no significant effect on adalimumab, etanercept,

secukinumab or ustekinumab survival in patients with moderate-to-severe psoriasis.
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We showed that HLA-C*06:02 is a predictive biomarker of drug survival associated with
ineffectiveness for ustekinumab but neither for adalimumab, etanercept nor secukinumab in
patients with moderate-to-severe psoriasis.

We showed that neither age at psoriasis onset nor HLA-C*06:02 affect biologic survival
associated with the occurrence of adverse events.
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Abstract
Background

Few studies have used real-world data to investigate the association between biologic therapy survival
and age at psoriasis onset or HLA-C*06:02 status in patients with moderate-to-severe psoriasis. The
robustness of these studies is limited by small sample size, short follow-up and diverse safety and
effectiveness measures.

Objectives

To describe biologic survival and explore whether the response to biologicsis modified by age at
psoriasis onset or HLA-C*06:02 status in patients with moderate-to-severe psoriasis.

Methods

Data from patients in the UK and the Republic of Ireland registering to the British Association of
Dermatologists Biologics and Immunomodulators Register (BADBIR) from 2007-2022 on first
course of adalimumab, etanercept, secukinumab or ustekinumab with at least 6 months’ follow -up and
asubset of BADBIR patients with available HLA-C*06:02 information registered to Biomarkers and
Stratification To Optimise outcomes in Psoriasis (BSTOP) were analysed. Patients aged >50 years at
treatment initiation were classified into early.onset psoriasis (EOP; presenting <40 years of age) and
late onset (LOP; presenting > 40 years of age); BADBIR patients with available information in
BSTOP were categorised into HLA-C*06:02-ve and HLA-C*06:02+ve. Biologic survival was
defined as treatment discontinuation associated with ineffectiveness oroccurrence of adverse events
(AEs). Adjusted survival function-and hazard ratio (aHR) with 95% confidence interval (Cl) were
estimated using a flexible parametric model to compare discontinuing therapy between age at
psoriasis onsetand HLA-C*06:02 groups. Each model included exposure (biologics), effect modifier
(age at onsetor HLA-C*06:02 status), interaction terms and several baseline demographic, clinical
and disease severity covariates.

Results

Final analytical cohorts included 4250 patients (2929 [69%] EOP vs. 1321 [31%] LOP) and 3094
patients (1603 [52%] HLA-C*06:02+ve vs. 1491 [48%] HLA-C*06:02-ve). There was no significant
difference between EOP and LOP in drug survival associated with ineffectiveness or AEs for any
biologics. However, HLA-C*06:02+ve compared with HLA-C*06:02-ve patients were less likely to
discontinue ustekinumab associated with ineffectiveness 0.56 [0.42, 0.75].

Conclusions
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HLA-C*06:02 but not age at psoriasis onset is a predictive biomarker for biologic survival in psoriasis
patients. Findings from this large cohort provide further, important information to aid clinicians using

biologic therapies to manage psoriasis patients.
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Introduction

Plaque psoriasis is a chronic, inflammatory skin disease affecting at least 60 million people worldwide
and associated with significant comorbidities and poor quality of life.* Several different biologic
therapies with distinct mechanisms of action have each proven highly effective for some individuals
with psoriasis.? National Institute for Health and Care Excellence (NICE) guidelines for psoriasis
management recommend considering a person's age, disease phenotype, pattern of activity.and
previous treatment history, disease severity and impact, the presence of psoriatic arthritis; conception
plans, comorbidities and the person's views when prescribing systemic therapy for psoriasis. 3
However, there is no clear recommendation on selection between the biologic treatments, with
dermatologists reliant on a potentially lengthy and expensive trial-and-error approach to effective
control a patient’s psoriasis.* In 1985, Henseler and Christophers categorised two subtypes of chronic
plaque psoriasis: early onset (EOP) starting at or before 40 years of age.and late onset (LOP) starting
after 40 years of age, >° in Western Europe. EOP is more prevalent and"is more strongly associated
with the human leucocyte antigen (HLA)-C*06:02 allele than LOP. 7® Using the Psoriasis Area and
Severity Index (PASI) as a measure of achieving effectiveness; pooled data from four clinical trials
showed a better response to etanercept in EOP compared with LOP patients. ® However, there are few
clinical trials and even fewer real-world data which included LOP or older psoriasis patients to
investigate response to biologics. Findings fromclinical trials and real-world data revealed that HLA-
C*06:02 positive patients responded better torustekinumab compared with HLA-C*06:02 negative
patients. 1912 Dand and colleagues found that HLA-C*06:02 negative psoriasis patients respond better
to adalimumab than ustekinumabwhile HLA-C*06:02 positive patients respond similarly to the two
drugs when using an interaction effect model of drug type and HLA-C*06:02. Nevertheless, findings
from separate regression models showed that HLA-C*06:02 is associated with a better response to
ustekinumab but poorer response to adalimumab.? Identifying those psoriasis patients who respond
best to particular biologics is a step towards personalised management of the disease. Yet, most
studies, examining the association between potential predictors and response to biologics, have been
limited to short follow-up and relatively small numbers of young patients who are in the controlled
environment of a clinical trial. Real-world data, however, provide information on long-term drug
safety and effectiveness. Using data from the British Association of Dermatologists Biologics and
Immunomodulators Register (BADBIR) and the aligned bioresource, Biomarkers and Stratification
To Optimise outcomes in Psoriasis (BSTOP), we investigated whether drug survival of adalimumab,
etanercept, secukinumab or ustekinumab could be influenced by age at psoriasis onset and/or HLA -
C*06:02 status in a large psoriasis population in the UK and the Republic of Ireland (Rol).
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Methods
Data source

BADBIR is a prospective, multicentre, pharmacovigilance register designed to assess the long-term
safety and effectiveness of biologic therapies in patients with moderate-to-severe psoriasis. BADBIR
was established in 2007 and currently includes more than 20,000 patients recruited from 167

dermatological centres across the UK and the Rol. Detailed information on BADBIR design and

follow-up visits has been published previously.*
Ethical approval

BADBIR received approval from the Northwest Research Ethics Committee in March 2007 and
BSTOP received approval from the Southeast London REC 2 Ethiecs Committee (11/H0802/7).

External data source

HLA-C*06:02 status was obtained for patients who met the study:inclusion criteria in BADBIR and
were also registered to the linked registry BSTOP which'is a prospective phenotyped bioresource to
facilitate translational research into determinants of psoriasis treatment outcomes. BSTOP data
include biological samples collected from morethan 70 dermatological centres in the UK. Details of
BSTOP inclusion criteriaand clinical information have been described previously. ** HLA-C*06:02
status was derived by imputation from genotyping array data; full details of included participants,
genotyping, quality control and imputation have been described previously. *:1¢ Protocols and other
documentation for BADBIR and BSTOP are available at http://www.badbir.org/ and
https://www.kcl.ac.uk/lsm/research/divisions/gmm/departments/dermatology/research/stru/groups/bst

op/documents, respectively.
Baseline and‘Follow.up assessments

Patients were recruited during routine appointments at secondary -care dermatology centres across the
UKrand the Rol within 6 months of initiating or switching to a biologic therapy. Patient-level data
concerning demographics, comorbidities, psoriasis risk factors and treatment details were extracted
from BADBIR. Baseline PASI and Dermatology Life Quality Index (DLQI) were identified if
reported within 6 months prior to drug start date (—183 to 0 days). In the case of multiple baseline
PASI and DLQI records per individual, the one closest to the treatment start date was selected.

Details of treatments included start and stop dates, reasons for drug discontinuation and gaps in
treatment. Drug discontinuation was defined as any cessation of treatment, including gaps between
two courses of treatment with the same drug of more than 90 days. Treatment courses continued
throughout the study period until December 2022, or those lost to follow-up were considered

censored. Reasons for discontinuation were classified as ineffectiveness or adverse events (AEs).

€20z Joquieda( g} uo Jasn AjsiaAlun 8jeay Aq 6616S1./1.8¥PEl/PIA/CE01 0 L/10p/BoIE-80UBAPE/Plq/WOo°dNO-oIWBPEDE//:SAY WO} POPEOJUMOQ



o U b~ W N

10

11

12
13

14

15

16
17
18
19
20
21

22

23

24
25

26

27
28
29

30
31

Study population

Eligible patients for this study were aged 16 years and above, receiving a first course of adalimumab,
etanercept, secukinumab or ustekinumab, had completed a minimum of 6 months’ follow-up, and
were registered to BADBIR between September 2007 and December 2022. For the age at psoriasis
onset sub-analysis, the eligibility criteria were restricted to patients aged >50 years at registration. 17

The exclusion criteria and final analytical cohorts for each sub-analysis are presented in_Figure 1.
Outcome

Drug survival was defined as the duration from drug initiation to discontinuation or censoring at the
latest follow-up or data-cut (December 2022) dates. Reasons for discontinuation were ineffectiveness

or occurrence of AEs.
Exposure(s)

Treatment choice defined as receiving first course of adalimumab, etanercept, secukinumab or
ustekinumab at registration.

Effect modifier(s)
Patients were stratified according to the following effect modifiers:

1. Age at psoriasis onset: patients aged 50 years and above at enrolment were categorised into EOP
defined as those who first developed psoriasis at or before age 40 years and LOP those who first
developed psoriasis after 40.years'of age. °

2 HLA-C*06:02: HLA-C*06:02 <ve refers to no HLA-C*06:02 allele and HLA-C*06:02 +ve refers
to the presence.of 1 or.2 copies of the HLA-C*06:02 allele. **:%7

Statistical Analysis
Baseline characteristics

Percentages to describe categorical variables and means with standard deviation (SD) or median with
inter-quartile range (p25, p75 IQR) for continuous variables were used.

Effect of age at psoriasis onset and HLA-C*06:02 on biologic survival

To describe the effect of the exposure (treatment choice) for each level of the modifier (age at
psoriasis onset and HLA-C*06:02), hazard ratio (HR) with 95% confidence interval (CI) was
estimated separately for ineffectiveness and AEs using a flexible parametric model. 18

Each model included treatment choice as exposure, EOP/LOP or HLA-C*06:02 groups as effect
modifier, interaction terms between exposure and effect modifier and adjusted for baseline covariates
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including continuous variables such as age at treatment initiation, PASI, DLQI, body mass index
(BMI) and binary variables such as sex, biologic naivety at registration, smoking status, alcohol
consumption of any unit, presence of comorbidities (please see Supplement 1) and clinical type of
psoriasis. The model with HLA-C*06:02 also included age at psoriasis onset as a covariate which was
used instead of disease duration as these two variables contain the same information and are therefore
highly correlated (Pearson correlation = 0.9). Covariates were selected on the basis of prior
knowledge and model fit diagnosis tests (Bayesian Information Criterion, likelihood ratio-and Wald
tests). Interaction terms between treatment choice and covariates were added. The proportional excess
hazards assumption was assessed by including treatment choice as a time-dependent effect by

comparing two models with and without time-dependent effects.

Adjusted standardised survival function with 95% CI and survival curves stratified by reasons of
discontinuation across age at psoriasis onset and HLA-C*06:02 groups'were obtained at years 1, 2
and 3. Estimating standardised survival curves to a common distribution of confounders allows
correction for the different distribution of baseline covariates between the groups. *° Thisis important
to ensure that the group comparisons are similar therefore the comparison is fair.

Sensitivity analyses

A series of sensitivity analyses were performed to obtain adjusted HR by fitting the same models
performed in main analyses when: (i) using complete case analysis (non-imputed covariate data); (ii)
conducting stratified models by assessing drug survival separately within each treatment cohort using
imputed covariate data; and (ii1) testingwhether the response to treatments across EOP and LOP will
be different within HLA-<C*06:02 subset. By including an HLA-C*06:02 covariate and interaction
terms in the primary  EOP/LOP model (only available for a subset of n=3,094 patients), the latter
sensitivity analysis.examined whether restricting to only those aged >50 years at registration in the
age at psoriasis onset model would yield similar estimates. To obtain the response to each biologic
across age at psoriasis onset and HLA-C*06:02 groups, separate adjusted standardised survival curves
with-95% CI stratified by reasons of discontinuation and treatment choice were plotted at years 1, 2
and 3.

Multiple imputation by chained equations was used to impute 20 datasets to account for missing data
using Rubin’s rules method. All diagnostic tests were applied on a complete case analysis. All tests
were two-tailed, the level of statistical significance pre-specified at 5% (p <0.05) and estimates
derived with 95% confidence intervals (Cls). All statistical analyses were performed using Stata
version 17.0 (StataCorp), multiple imputation implemented in R version 4.0.4.
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Results
Baseline characteristics

1. Age at psoriasis onset

In total there were 4250 patients of whom 2929 [69%] were classified as EOP and 1321 [31%] as
LOP. EOP, compared with LOP, patients were younger (median [IQR] years, 56 [52, 61] vs. 61 [56,
67]), with longer disease duration (median [IQR], 34 years [25, 43] vs. 10 years [7, 16]), more likely
to have nail disease (1684 [58] vs. 621 [47]) and psoriatic arthritis (945 [32] vs. 363 [26]). However,
there was no significant difference between the groups in baseline BMI, smoking, PASI'and the

proportion receiving biologics at registration (Table 1).

2. HLA-C*06:02 status

A total of 3094 patients were included, 1491 [48%] were HLA-C*06:02-ve and 1603 [52%] HLA-
C*06:02+ve. HLA-C*06:02+ve patients compared with HLA-C*06:02-ve patients were younger at
treatment initiation (median [IQR] years, 43 [34, 52] vs. 4737, 55]), more likely classified as EOP
(N [9%] 1499 [94] vs. 1257 [84]), with longer disease duration.(23 years [15, 33] vs 20 years [11, 28]),
less likely to have psoriatic arthritis (379 [24] vs. 464 [31]).and other comorbidities (1019 [64] vs.
1030 [69]). However, there was no significant.difference between the groups in either baseline PASI

or the proportion receiving biologics at registration (Table 2).

Effect of age at psoriasis onset and HLA-C*06:02 on biologic survival

1. Age at psoriasis onset

Survival function with 95% CI for EOP and LOP at years1, 2 and 3 corresponding to ineffectiveness
and AEs are presented in Table 3. There was no difference between EOP and LOP in response to
adalimumab, etanercept, secukinumab and ustekinumab for ineffectiveness (aHR [95% ClI] 1.14
[0.94,1.39], 1.1310.85,1.51],1.20 [0.79, 1.80], and 0.96 [0.73, 1.26], respectively) or AEs (0.81
[0:65, 1.02],0.76 [0.48,1.20],1.14 [0.68, 1.90], and 1.24 [0.92, 1.67], respectively). (Table 4 and
Figures 2&3).

2. 'HLA-C*06:02 status

Survival function with 95% CI for HLA-C*06:02 groups at years 1, 2 and 3 corresponding to
ineffectiveness and AEs are presented in Table 3. Subjects who were HLA-C*06:02+ve were less
likely to discontinue ustekinumab associated with ineffectiveness (aHR 0.56 [0.42, 0.75]) compared
with those who were HLA-C*06:02-ve. However, HLA-C*06:02 groups responded similarly to
adalimumab, etanercept and secukinumab (0.85[0.70, 1.02], 0.98 [0.77,1.24],and 1.00 [0.54, 1.85],
respectively). There was no difference between HLA-C*06:02 groups in drug survival associated with
AEs (Table 4 and Figures 4&5).

10
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Sensitivity analyses

The main results were supported by findings from sensitivity analyses 1-3 when using: i) non-imputed
covariate data (Table S1, supplement 1); ii) imputed covariate data stratified by treatment cohort
(Table S2, supplement 1); and iii) when comparing survival between EOP and LOP within the HLA-
C*06:02 model (Table S3, supplement 1). The overlap in confidence intervals was evident between
age at psoriasis onset or HLA-C*06:02 groups in drug survival associated with adverse-events
(Figures S1, S2 and S4, supplement 1). However, the better response to ustekinumab in‘HLA -
C*06:02+ve compared with HLA-C*06:02-ve subjects was shown in survival-associated with

ineffectiveness (Figure S3, supplement 1).

Discussion

In this study, we showed no difference between EOP and LOP in.drug survival associated with either
ineffectiveness or the occurrence of AEs when restricting-analysis to only those aged >50 years at
registration or without age restriction. We found that patients who were HLA-C*06:02+ve had a
better response to ustekinumab compared with those who were HLA-C*06:02-ve.

Effect of age at psoriasis onset and HLA-C*06:02 on biologic survival
Age at psoriasis onset

We found no significant association between age at psoriasis onset (early or late) and drug survival in
response to adalimumab, etanercept, secukinumab or ustekinumab. This is supported by findings from
the Psoriasis.Longitudinal Assessment and Registry (PSOLAR) assessing treatment response of
adalimumab, etanercept, or ustekinumab using percent body surface area (BSA) of <3 % or <1% in
7511 patients with psoriasis. However, when using the Physician Global Assessment (PGA), the same
study showed that LOP patients were more likely to have achieved a PGA 0/1 (clear/almost clear)
response compared with EOP. 2° Pooled data from four clinical trials showed a greater likelihood of
achieving a 75% reduction in PASI (PASI 75), with high-dose, 50 mg etanercept twice weekly in
EOP compared with LOP but this response attenuated when using low-dose, 25 mg etanercept twice
weekly. " Nevertheless, our findings were consistent with a small cohort from Japan, measuring
effectiveness using drug survival (drug discontinuation), showing no difference between EOP and
LOP in response to adalimumab. 2* However, larger sample size is needed to confirm the current
findings.

HLA-C*06:02 status

11
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We found that HLA-C*06:02+ve patients were less likely to discontinue ustekinumab associated with
ineffectiveness compared with those who were HLA-C*06:02-ve. However, there was no difference
between the HLA-C*06:02 groups in drug survival associated with the occurrence of AEs. To date,
there are no previous studies investigating the association between HLA-C*06:02 and biologic
survival in patients with psoriasis. HLA-C*06:02 status as a biomarker for treatment response was
investigated in a randomised clinical trial measuring treatment efficacy in patients with moderate -to-
severe psoriasis using PASI 50, PASI 75, PASI 90 and PASI 100 at weeks 2 to 28 aftertreatment
initiation. 1° Consistent with our results, in this trial patients who were HLA-C*06:02+ve had a better,
yet modest, response to ustekinumab compared with HLA-C*06:02-ve patients. Likewise, an
observational study from Taiwan showed that HLA-C*06:02+ve psoriasis patients'were more likely
to achieve PASI 75 and PASI 90 compared with HLA-C*06:02-ve patients inresponse to
ustekinumab. 22 The better response with ustekinumab in HLA-C*06:02+ve.compared with HLA-
C*06:02-ve psoriasis patients was also reported in a multicentre cohort study in the Netherlands using
PASI 50 measured at week 4 and PASI 75 at week 12 after treatment initiation '* Likewise, a recent
systematic review and meta-analysis revealed that HLA-C*06:02+ve patients respond better to
ustekinumab using PASI 75 outcome at 3 and 6 months compared with HLA-C*06:02-ve patients. 2
Using BADBIR and BSTOP data, Dand and colleagues showed that HLA-C*06:02-ve patients were
more likely to achieve a PASI 90 or PASI 100 response to adalimumab than HLA-C*06:02+ve
patients after 6 months of treatment, while they-were less likely to achieve a PASI 90 or PASI 100
response to ustekinumab. ** Findings for PASI 75 response and at other time-points varied in terms of
statistical significance. The ustekinumab results are broadly consistent with the current findings;
however, for adalimumabwe reporthere contrasting (albeit non-significant) effects for HLA-C*06:02
on treatment discontinuation associated with ineffectiveness (aHR 0.85[0.70, 1.02]) or adverse events
(1.13]0.87,1.46]). There are several reasons why a direct comparison with the results reported by
Dand et al. ischallenging, including the use of different sources of information to define response to
treatment.’In the current analysis, treatment discontinuation associated with ineffectiveness was used
to define treatment response while Dand et al., used the change in PASI from baseline up to selected
periodic time points. Hence, only complete cases, including available baseline PASI, were included in
the final model which eventuated in analysis of less than half the original sample. Further
investigation, with larger sample sizes, is therefore warranted to conclusively determine the

relationship between HLA-C*06:02 and adalimumab response.

We found evidence that HLA-C*06:02 is associated with ustekinumab survival but no evidence that
age at psoriasis onset is. This does not necessarily contradict the well-established relationship between
HLA-C*06:02 and age at psoriasis onset. While we did find early-onset disease to be more prevalent
among HLA-C*06:02-positive patients, it was still recorded for 84% of HLA-C*06:02-negative

patients (Table 2). Our study therefore supports a distinct association for HLA-C*06:02, independent
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of age at psoriasis onset, an intriguing finding that will require verification with further large datasets
to tease apart the predictive ability of these correlated variables. Our sensitivity analysis of the joint
age of psoriasis onset and HLA-C*06:02 model is consistent with the main findings confirming the
association of HLA-C*06:02 in response to ustekinumab with no evidence of an association between

any of the four biologics with the age of psoriasis onset.
Clinical implications

Due to the high cost of biologics compared with non-biologic systemic therapy, it isimportant to
identify those psoriasis patients who are likely to respond best to a targeted biologic. We have
examined characteristics (age of disease onset and HLA-C status) that can be ascertained prior to
treatment selection and as such may have predictive utility, and, in drug survival, an outcome that is
both a direct measure of clinical efficiency and is more inclusive than‘an outcome measure requiring
valid baseline and post-treatment PASI scores. Our results therefore constitute a further step towards
the personalised management of psoriasis which will not only result in reduced treatment cost but
most importantly better outcomes.

Limitations

Drug survival could be influenced by i) the recruiting centres; in such the larger dermatology tertiary
referral centres, usually academic, would probably see more severe, recalcitrant forms of psoriasis
than secondary care district general-hospital departments of dermatology; ii) the behaviour of
clinicians and patients; while some dermatologists or their patients would stop a drug in case of
associated adverse events some othersare willing to accept the side effects and continue the drug. 2*
Finally, A larger sample size is needed to validate the current findings especially in relation to HLA -
C*06:02.

Conclusion

We find.no evidence that age at psoriasis onset (early or late) is associated with response to
adalimumab, etanercept, secukinumab or ustekinumab survival in patients with moderate -to-severe
psoriasis. HLA-C*06:02 is a predictive biomarker of drug survival for ustekinumab but not for
adalimumab, etanercept or secukinumab. However, caution is needed in interpreting the current
results as it is not clear whether the associations between the outcomes can be fully attributed to the
effect modifiers.

Acknowledgements

13

€20z Joquieda( g} uo Jasn AjsiaAlun 8jeay Aq 6616S1./1.8¥PEl/PIA/CE01 0 L/10p/BoIE-80UBAPE/Plq/WOo°dNO-oIWBPEDE//:SAY WO} POPEOJUMOQ



O 00 N O U & W N B

N N P R R R R R R R R R
B, O W 00 N O 1 B W N P O

22

23

24
25
26

27
28
29
30

31
32
33
34
35

This paper is published with the dataset provided by BADBIR [http://www.badbir.org/]. BADBIR is
one of the largest psoriasis registries in the world with over 20,000 registrations. We are grateful to all
participating centres who contribute data and to patients who consent to being part of BADBIR. We
thank BADBIR team especially lan Evans for managing BADBIR, the pharmacovigilance team:
Shamila Irshad, Victoria Wilde and Saliha Tahir; data processing team: Sam Pacynko, Yoana Petrova
and Rose Mennell; software development team: Hassan Ali and Ollie Steer. BADBIR Steering
Committee members: Anja Strangfeld, PhD (Ein Institut der Leibniz-Gemeinschaft); Christopher
Griffiths, MD, FMedSci (The University of Manchester); Jonathan Barker, MD (King’s College
London); Nick Reynolds, MD (Newcastle University); Catherine Smith, MD (King’s College
London); Richard Warren, PhD (The University of Manchester); Brian Kirby; MD (St. Vincent’s
University Hospital); Tess McPherson, MD (University of Oxford); Teena Mackenzie, RN BSc
(Oxford University Hospitals); Elise Kleyn, MD (The University of Manchester); Philip Laws,
MBChB (The Leeds Teaching Hospitals NHS Trust); Anthony Bewley, MBChB (Barts Health NHS
Trust); Kathleen McElhone, PhD (The University of Manchester); lan Evans, MSc (The University of
Manchester); Oras Alabas, PhD (The University of Manchester); Simon Morrison (British
Association of Dermatologists); Shehnaz Ahmed, MCA (British Association of Dermatologists);
Zenas Yiu, PhD (The University of Manchester); Shernaz Walton, MD, FRCP (Hull and East
Yorkshire); Philip Hampton, MD (Newcastle University); Alexa Shipman, BMBCh (St Mary’s
Hospital); Christina Ye, MB Bchir (Cambridge University); Olivia Hughes, MSc, (Cardiff
University). BADBIR Data Monitoring Committee: Anja Strangfeld (chair); Richard Weller; Girish
Gupta and Vera Zietemann.

References

1. Parisi R,dskandar 'YK, Kontopantelis E, Augustin M, Griffiths CEM, Ashcroft DM. National,
regional, and worldwide epidemiology of psoriasis: systematic analysis and modelling study.
Bmj. 2020;369:m1590.

2. Sbidian E, Chaimani A, Garcia-Doval I, Doney L, Dressler C, Hua C, et al. Systemic
pharmacological treatments for chronic plaque psoriasis: a network meta-analysis. Cochrane
Database Syst Rev. 2022;5(5):Cd011535.

3. National Institute for Health and Care Excellence [NICE]. Psoriasis: assessment and management.

Published: 24 October 2012. Last updated: 01 September 2017.
https://www.nice.org.uk/guidance/cgl53

4. Strober B, Pariser D, Deren-Lewis A, Dickerson TJ, Lebwohl M, Menter A. A Survey of
Community Dermatologists Reveals the Unnecessary Impact of Trial-and-Error Behavior on the
Psoriasis Biologic Treatment Paradigm. Dermatol Ther (Heidelb). 2021;11(5):1851-60.

14

€20z Joquieda( g} uo Jasn AjsiaAlun 8jeay Aq 6616S1./1.8¥PEl/PIA/CE01 0 L/10p/BoIE-80UBAPE/Plq/WOo°dNO-oIWBPEDE//:SAY WO} POPEOJUMOQ


https://www.nice.org.uk/guidance/cg153

O 00 N O U & W N B

W W W W W W N N N N NNNNDNNDNRNDNDN R B R R B R R B R
g B W N P O O O N OO Ut B W NP O OWON O GMNM WN P O

10.

11.

12.

13.

14.

15.

16.

17.

Henseler T, Christophers E. Psoriasis of early and late onset: characterization of two types of
psoriasis vulgaris. J Am Acad Dermatol. 1985;13(3):450-6.

Swanbeck G, Inerot A, Martinsson T, Wabhlstrém J, Enerback C, Enlund F, et al. Age at onset and
different types of psoriasis. Br J Dermatol. 1995;133(5):768-73.

Strange A, Capon F, Spencer CC, Knight J, Weale ME, Allen MH, et al. A genome-wide
association study identifies new psoriasis susceptibility loci and an interaction between HLA-C
and ERAPL. Nat Genet. 2010;42(11):985-90.

Chen L, Tsai TF. HLA-Cw6 and psoriasis. Br J Dermatol. 2018;178(4):854-62.

Griffiths CEM, Christophers E, Szumski A, Jones H, Mallbris L. Impact of early vs. late disease
onset on treatment response to etanercept in patients with psoriasis. Br J Dermatol.
2015;173(5):1271-3.

Li K, Huang CC, Randazzo B, Li S, Szapary P, Curran M, et al. HLA-C*06:02 Allele and
Response to IL-12/23 Inhibition: Results from the Ustekinumab Phase 3 Psoriasis Program. J
Invest Dermatol. 2016;136(12):2364-71.

Talamonti M, Galluzzo M, van den Reek JM, de Jong. EM, Lambert JLW, Malagoli P, et al. Role
of the HLA-C*06 allele in clinical response to ustekinumab: evidence from real life in a large
cohort of European patients. Br J Dermatol. 2017;177(2):489-96.

van Vugt LJ, van den Reek J, Hannink G, Coenen MJH, de Jong E. Association of HLA-C*06:02
Status With Differential Response to Ustekinumab in Patients With Psoriasis: A Systematic
Review and Meta-analysis. JAMA Dermatol. 2019;155(6):708-15.

Dand N, Duckworth M, Baudry.D, Russell A, Curtis CJ, Lee SH, etal. HLA-C*06:02 genotype is
a predictive biomarker of biologic treatment response in psoriasis. J Allergy Clin Immunol.
2019;143(6):2120-30.

Burden AD, Warren RB, Kleyn CE, McElhone K, Smith CH, Reynolds NJ, et al. The British
Association of Dermatologists' Biologic Interventions Register (BADBIR): design, methodology
and objectives.Br J Dermatol. 2012;166(3):545-54.

Wilkinson N, Tsakok T, Dand N, Bloem K, Duckworth M, Baudry D, et al. Defining the
Therapeutic Range for Adalimumab and Predicting Response in Psoriasis: A Multicenter
Prospective Observational Cohort Study. J Invest Dermatol. 2019;139(1):115-23.

Douroudis K, Ramessur R, Barbosa IA, Baudry D, Duckworth M, Angit C, et al. Differences in
Clinical Features and Comorbid Burden between HLA-Cx06:02 Carrier Groups in >9,000 People
with Psoriasis. J Invest Dermatol. 2022;142(6):1617-28.e10.

Theodorakopoulou E, Yiu ZZ, Bundy C, Chularojanamontri L, Gittins M, Jamieson LA, et al.
Early- and late-onset psoriasis: a cross-sectional clinical and immunocytochemical investigation.
Br J Dermatol. 2016;175(5):1038-44.

15

€20z Joquieda( g} uo Jasn AjsiaAlun 8jeay Aq 6616S1./1.8¥PEl/PIA/CE01 0 L/10p/BoIE-80UBAPE/Plq/WOo°dNO-oIWBPEDE//:SAY WO} POPEOJUMOQ



O 00 N O U & W N B

N NN R R R R R R R R R
N B O O 0 N O 1l B W N B O

23

24

25
26

27
28

29
30

31
32

33

34

18.

19.

20.

21.

22.

23.

24,

Royston P, Parmar MK. Flexible parametric proportional-hazards and proportional-odds models
for censored survival data, with application to prognostic modelling and estimation of treatment
effects. Stat Med. 2002;21(15):2175-97.

Lambert P. Standardized survival functions 2017 [Available from:
https://pclambert.net/software/stpm2_standsurv/standardized_survival/].

Singh S, Kalb RE, de Jong E, Shear NH, Lebwohl M, Langholff W, et al. Effect of Age of Onset
of Psoriasis on Clinical Outcomes with Systemic Treatment in the Psoriasis Longitudinal
Assessment and Registry (PSOLAR). Am J Clin Dermatol. 2018;19(6):879-86.

Ito K, Bayaraa B, Imafuku S. Relationship between the efficacy of biologics.and clinical plaque
psoriasis subtypes in Japanese patients: A single-center pilot study. J Dermatol.
2019;46(12):1160-5.

Chiu HY, Wang TS, Chan CC, Cheng YP, Lin SJ, Tsai TF. Human leucocyte antigen-Cw6 as a
predictor for clinical response to ustekinumab, an interleukin-12/23 blocker, in Chinese patients
with psoriasis: a retrospective analysis. Br J Dermatol. 2014;171(5):1181-8.

van Vugt LJ, van den Reek J, Hannink G, Coenen MJH, deJong E. Association of HLA-C*06:02
Status With Differential Response to Ustekinumab in Patients With Psoriasis: A Systematic
Review and Meta-analysis. JAMA Dermatol. 2019;155(6):708-15.

van den Reek J, Kievit W, Gniadecki R, Goeman JJ, Zweegers J, van de Kerkhof PCM, et al.
Drug Survival Studies in Dermatology:Principles, Purposes, and Pitfalls. J Invest Dermatol.
2015;135(7):1-5.

Figure legends

Figure 1 STROBE diagram of exclusion of cases from BADBIR to derive the analytical cohort.

Figure 2 Adjusted standardized drug survival probability associated with ineffectiveness, stratified by
EOP and LOP.

Figure 3 Adjusted standardized drug survival probability associated with adverse events, stratified by
EOP and LOP.

Figure 4 Adjusted standardized drug survival probability associated with ineffectiveness, stratified by
HLA-C*06:02 status.

Figure 5 Adjusted standardized drug survival probability associated with adverse events, stratified by
HLA-C*06:02 status.
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1  Table 1 Baseline demographic and disease characteristics stratified by age at psoriasis onset

N=4,250
EOP LOP *Difference
Total, n (%) 2,929 (69) 1,321 (31) -
Age at treatment initiation (year), median (IQR) 56 (52,61) 61 (56, 67) <0.001
Age at psoriasis onset (years), median (IQR) 23 (16, 32) 49 (45, 55) <0.001
Disease duration (years), median (IQR) 34 (25, 43) 10 (7, 16) <0.001
Follow up time in study (years), median (IQR) 6 (4, 9) 6 (4, 8) <0.001
Male, n (%) 1,729 (59) 776 (59) 0.860
BMI (kg/m2), median (IQR) 31 (27,35) 31 (27, 36) 0.664
Missing, n (%) 201 (7) 111 (8)
Smoking status, n (%) Never smoked 943 (32) 434 (33) 0.927
Previous smoker 1,169 (40) 517 (39)
Current smoker 594 (20) 274 (21)
Missing, n (%) 223 (8) 96 (7)
Alcohol consumption, n (%) 1,901 (65) 759 (58) <0.001
Missing, n (%) 217 (7) 100 (8)
Baseline PASI score (IQR) 13 (10, 18) 13 (10,19) 0.445
Missing, n (%) 253 (9) 154 (12)
Baseline DLQI Score, median (IQR) 15 (7, 21) 16 (10, 22) 0.047
Missing, n (%) 989 (34) 562(43)
Comorbidity 2,369 (81) 1,107 (84) 0.022
Psoriatic phenotype, n (%)
Nail 1,684 (58) 621 (47) <0.001
Palmoplantar 567 (19) 286 (22) 0.084
Scalp 1,924 (66) 827 (63) 0.051
Flexural 1,038(35) 447 (34) 0.311
Unstable 314 (11) 139 (11) 0.846
Psoriatic arthritis, n’(%) 945 (32) 363 (26) 0.002
Biologic naivety,n (%) 2,307 (79) 1,100 (83) 0.001
Registration biologics, n (%)
adalimumab 1,352 (46) 582 (44) 0.203
etanercept 379 (13) 164 (12) 0.635
secukinumab 358 (12) 177 (13) 0.285
ustekinumab 840 (29) 398 (30) 0.336
Previous biologics;n (%)
adalimumab 275 (9) 90 (7) 0.006
etanercept 382 (13) 115 (9) <0.001
secukinumab 13 (1) 3(0) 0.286
ustekinumab 62 (2) 22 (2) 0.328

Abbreviation: IQR: Inter-quartile range; BMI: Body Mass Index; PASI: the Psoriasis Area and Severity Index;
DLQI: Dermatology life quality index; *Differences were assessed using T-test for normally distributed or
quantile regression model for non-normally distributed continuous variables, y2 for binary variables and

Kruskal-Wallis for categorical variables.
2

3
4
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1

Table 2 Baseline demographic and disease characteristics stratified by HLA-C*06:02 status
N=3,094
HLA-C*06:02-ve = HLA-C*06:02+ve  * Difference
Total, n (%) 1,491 (48) 1,603 (52) -
Age at treatment initiation (year), median (IQR) 47 (37,55) 43 (34,52) <0.001
Age at psoriasis onset (years), median (IQR) 24 (17,34) 17 (11, 24) <0.001
Early onset, n (%) 1,257 (84) 1,499 (94) <0.001
Missing, n (%) 10 (1) 13 (1)
Disease duration (years), median (IQR) 20 (11, 28) 23 (15, 33) <0001
Missing, n (%) 10 (1) 13 (1)
Follow up time in study (years), median (IQR) 8 (6, 10) 8 (6, 10) 0.046
Male, n (%) 974 (65) 824 (51) <0.001
BMI (kg/m2), median (IQR) 30 (27, 35) 30 (26, 35) 0.031
Missing, n (%) 71 (5) 104 (7)
Smoking status, n (%) Never smoked 571 (38) 463 (29) 0.001
Previous smoker 468 (31) 544.(34)
Current smoker 312 (21) 450 (28)
Missing, n (%) 140 (9) 146 (9)
Alcohol consumption, n (%) 975 (65) 1,088 (68) 0.252
Missing, n (%) 137 (9) 148 (9)
Baseline PASI score (IQR) 14 (11,19) 13 (10, 18) 0.073
Missing, n (%) 106 (7) 109 (7)
Baseline DLQI Score, median (IQR) 16 (9, 22) 15 (8,22) 0.019
Missing, n (%) 427.(29) 424 (27)
Comorbidity 1,030 (69) 1,019 (64) 0.001
Psoriatic phenotype, n (%)
Nail 857 (58) 866 (54) 0.053
Palmoplantar 271 (18) 252 (16) 0.069
Scalp 1,050 (70) 1,146 (72) 0.513
Flexural 557 (37) 591 (37) 0.778
Unstable 141 (10) 157 (10) 0.751
Psoriatic arthritis 464 (31) 379 (24) <0.001
Biologic naivety 1,215 (82) 1,369 (85) 0.003
Registration biologics;yn (%)
adalimumab 776 (52) 821 (51) 0.645
etanercept 259 (17) 297 (19) 0.402
secukinumab 82 (6) 75 (5) 0.291
ustekinumab 374 (25) 410 (26) 0.753
Previous biologics, n (%)
adalimumab 116 (8) 92 (6) 0.024
etanercept 173 (12) 155 (10) 0.081
secukinumab 5(0) 1(0) 0.085
ustekinumab 22 (2) 12 (1) 0.053

Abbreviation: 1QR: Inter-quartile range; BMI: Body Mass Index; PASI: the Psoriasis Area and Severity Index; DLQI:
Dermatology life quality index; * Differences were assessed using T-test for normally distributed or quantile regression
model for non-normally distributed continuous variables, y2 for binary variables and Kruskal-Wallis for categorical

variables.
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Table 4 Adjusted hazard ratio with 95% CI associated with ineffectiveness and AEs

Ineffectiveness AEs
aHR (95% CI) p value aHR (95% CI) p value

Age at psoriasis onset
EOP (reference)
adalimumab  1.14 (0.94,1.39) 0.180 0.81 (0.65, 1.02) 0.077
etanercept  1.13(0.85,1.51) 0.410 0.76 (0.48, 1.20) 0.241
secukinumab  1.20 (0.79, 1.80) 0.394 1.14 (0.68, 1.90) 0.619
ustekinumab ~ 0.96 (0.73,1.26) 0.754 1.24 (0.92,1.67) 0.163

HLA-C*06:02
HLA-C*06:02-ve (reference)
adalimumab  0.85(0.70, 1.02) 0.083 1.13(0.87,1.46) 0.356
etanercept  0.98 (0.77,1.24) 0.864 1.62(0.99,2.67) 0.057
secukinumab  1.00 (0.54, 1.85) 1.000 1.71(0.62,4.72) 0.297
ustekinumab  0.56 (0.42,0.75) <0.001 0.81 (0.55,1.19) 0.279

Abbreviation: AEs: adverse events; aHR: adjusted hazard ratio; Cls: confidence intervals.
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Figure 1 STROBE diagram of exclusion of cases from BADBIR to derive the analytical cohorts.

Index registration of patients with

moderate-severe psoriasis in BADBIR
September 2007 to December 2022

N=20,794

Records excluded

Biologic cohort
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Records were excluded if:
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Missing age of onset N=29
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v
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N=12,031

N=2,313
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No follow-up
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Age of onset cohort

N=4,250

Records were excluded if:
Not matched with BSTOP

N=8,755

v

HLA-C*06:02 cohort
N=3,094
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THIS ADVERT CONTAINS PROMOTIONAL CONTENT FROM
UCB AND IS INTENDED FOR HCPS IN GREAT BRITAIN ONLY

JUIMI

75.9% of patients achieved PASI 75 at Week 4*'

" oKIN CLEARANCE

68.2% achieved PASI 100 at Week 16"

L

82% of week 16 PASI100 responders maintained this response up to 3 years?

BIMZELX was well tolerated, the most frequently reported adverse reactions were: upper respiratory tract infections (14.5%, 14.6%, in plaque psoriasis (Pso), and psoriatic arthritis (PsA)
respectively) and oral candidiasis (7.3%, 2.3% in Pso, and PsA respectively). Other common reported adverse reactions include Tinea infections, Ear infections, Herpes simplex infections,
Oropharyngeal candidiasis, Gastroenteritis, Folliculitis, Headache, Rash, Dermatitis, Eczema, Acne, Injection site reactions, and Fatigue.

Challenge expectations in
plaque psoriasis'?
Visit Bimzelx.co.uk to discover more.

This site contains promotional information on UCB products.

Footnotes: ‘co-primary endpoints PASI 90 and IGA 0/1 at Week 16

Pso - Plaque Psoriais; PsA - Psoriatic Athritis

Please refer to the SmPC for further information.
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BIMZELX® (Bimekizumab) is indicated for the treatment of moderate to seveje plaque psoriasis in adults who are candidates for systemic therapy. Bimzelx, alone or in combination with
methotrexate, is indicated for the treatment of active psoriatic arthritis in adults who have had an inadequate response or who have been intolerant to one or more disease-modifying

antirheumatic drugs (DMARDs). Please refer to the SmPC for further information.

PRESCRIBING INFORMATION FOR HCP'S IN GREAT BRITAIN

BIMZELX® ¥ (Bimekizumab) is indicated for the treatment of
moderate to severe plaque psoriasis in adults who are candidates
for systemic therapy; and for active psoriasis arthritis in adults who
have had an inadequate response or who have been intolerant to one
or more disease-modifying antirheumatic drugs (DMARDS), alone or
in combination with methotrexate.” (Please consult the Summary of
Product Characteristics (SmPC) before prescribing).

Active Ingredient: Bimekizumab - solution for injection in pre-filled
syringe or pre-filled pen: 760 mg of bimekizumab in T mL of solution
(160mg/mL). Indications: Moderate to severe plague psoriasis in
adults who are candidates for systemic therapy. Alone or in
combination with methotrexate, for active psoriatic arthritis in adults
who have had an inadequate response or intolerant to one or more
disease-modifying antirheumatic drugs (DMARDs). Adults with
active non-radiographic axial spondyloarthritis with objective signs
of inflammation as indicated by elevated C-reactive protein (CRP)
and/or magnetic resonance imaging (MRI) who have responded
inadequately or are intolerant to non-steroidal anti-inflammatory
drugs (NSAIDs). Adults with active ankylosing spondylitis who have
responded inadequately or are intolerant to conventional therapy.
Dosage and Administration: Should be initiated and supervised by a
physician experienced in the diagnosis and treatment of conditions
for which Bimzelx is indicated. Recommended dose: Plaque
Psoriasis: 320 mg (given as two subcutaneous injections of 160 mg
each) at week 0, 4, 8,12, 16 and every 8 weeks thereafter. Psoriatic
arthritis: 160 mg (given as 1 subcutaneous injection of 160 mg)
every 4 weeks. For psoriatic arthritis patients with coexistent
moderate to severe plaque psoriasis, the recommended dose is the
same as for plaque psoriasis. After 16 weeks, regular assessment of
efficacy is recommended and if a sufficient clinical response in

joints cannot be maintained, a switch to 160 mg every 4 weeks can
be considered. Axial spondyloarthritis (nr-axSpA and AS): 160 mg
(given as 1 subcutaneous injection) every 4 weeks. For patients with
plaque psoriasis (including psoriatic arthritis with coexistent
moderate to severe psoriasis) and a body weight > 120 kg who did
not achieve complete skin clearance at week 16, 320 mg every 4
weeks after week 16 may further improve treatment response.
Consider discontinuing if no improvement by 16 weeks of treatment.
Renal or hepatic impairment: No dose adjustment needed. Elderly:

No dose adjustment needed. Administer by subcutaneous injection
to thigh, abdomen or upper arm. Rotate injection sites and do not
inject into psoriatic plaques or skin that is tender, bruised,
erythematous or indurated. Do not shake pre-filled syringe or pre-
filled pen. Patients may be trained to self-inject. Contraindications:
Hypersensitivity to bimekizumab or any excipient; Clinically
important active infections (e.g. active tuberculosis). Warnings and
Precautions: Record name and batch number of administered
product. Infection: Bimekizumab may increase the risk of infections
e.g. upper respiratory tract infections, oral candidiasis. Caution when
considering use in patients with a chronic infection or a history of
recurrent infection. Must not be initiated if any clinically important
active infection until infection resolves or is adequately treated.
Advise patients to seek medical advice if signs or symptoms
suggestive of an infection occur. If a patient develops an infection,
the patient should be carefully monitored. If the infection becomes
serious or is not responding to standard therapy do not administer
bimekizumab until infection resolves. TB: Evaluate for TB infection
prior to initiating bimekizumab - do not give if active TB. While on
bimekizumab, monitor for signs and symptoms of active TB.
Consider anti-TB therapy prior to bimekizumab initiation if past
history of latent or active TB in whom adequate treatment course
cannot be confirmed. Inflammatory bowel disease: Bimekizumab is
not recommended in patients with inflammatory bowel disease.
Cases of new or exacerhations of inflammatory bowel disease have
been reported. If inflammatory bowel disease signs/symptoms
develop or patient experiences exacerbation of pre-existing
inflammatory bowel disease, discontinue bimekizumab and initiate
medical management. Hypersensitivity: Serious hypersensitivity
reactions including anaphylactic reactions have been observed with
IL-17 inhibitors. If a serious hypersensitivity reaction occurs,
discontinue immediately and treat. Vaccinations: Complete all age
appropriate immunisations prior to bimekizumab initiation. Do not
give live vaccines to bimekizumab patients. Patients may receive
inactivated or non-live vaccinations. Interactions: A clinically
relevant effect on CYP450 substrates with a narrow therapeutic
index in which the dose is individually adjusted e.g. warfarin, cannot
be excluded. Therapeutic monitoring should be considered. Fertility,
pregnancy and lactation: Women of child-bearing potential should
use an effective method of contraception during treatment and for at

References: 1. BIMZELX (himekizumab) SmPC. Available at: https://www.medicines.org.uk/emc/product/12834/smpc.
Accessed September 2023 2. Strober et al. [BE BRIGHT open label extension] Br J Dermatol. 2023. 188(6): 749-759.
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least 17 weeks after treatment. Avoid use of bimekizumab during
pregnancy. It is unknown whether bimekizumab is excreted in
human milk, hence a risk to the newborn/infant cannot be excluded.
A decision must be made whether to discontinue breast-feeding or
to discontinue/abstain from Bimzelx therapy. No data available on
human fertility. Driving and use of machines: No or negligible
influence on ability to drive and use machines. Adverse Effects:
Refer to SmPC for full information. Very Common (> 1/70): upper
respiratory tract infection; Common (> 1/100 to < 1/10): oral
candidiasis, tinea infections, ear infections, herpes simplex
infections, oropharyngeal candidiasis, gastroenteritis, folliculitis;
headache, rash, dermatitis and eczema, acne, injection site
reactions, fatigue; Uncommon (> 7/7,000 to < 1/700): mucosal and
cutaneous candidiasis  (including oesophageal candidiasis),
conjunctivitis, neutropenia, inflammatory bowel disease. Storage
precautions: Store in a refrigerator (2°C - 8°C), do not freeze. Keep
in outer carton to protect from light. Bimzelx can be kept at up to
25°C for a single period of maximum 25 days with protection from
light. Product should be discarded after this period or by the expiry
date, whichever occurs first.

Legal Category: POM

Marketing Authorisation Numbers: PLGB 00039/0802 (Pre-filled
Syringe), PLGB 00039/0803 (Pre-filled Pen).

UK NHS Costs: £2,443 per pack of 2 pre-filled syringes or pens of
160 mg each.

Marketing Authorisation Holder: UCB Pharma Ltd, 208 Bath Road,
Slough, Berkshire, SLT 3WE, United Kingdom.

Further information is available from: UCB Pharma Ltd, 208 Bath
Road, Slough, Berkshire, SLT 3WE. Tel: 0800 2793177
Email: uchcares.uk@uch.com

Date of Revision: August 2023 (GB-P-BK-AS-2300047)

Bimzelx is a registered trademark.

Adverse events should be reported.
Reporting forms and information can be found at
http:/www.mhra.gov.uk/yellowcard. Adverse events
should also be reported to UCB Pharma Ltd at
uchcares.uk@uch.com or 0800 2793177.

Vlﬁ Inspired by patients.

L4 Driven by science.

Design code 0001



https://www.ucbconnect.com/treatments/bimzelx

