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eAppendix.

Reference trial

The CLEAR study was a phase IlIB randomized controlled trial* comparing secukinumab, an
interleukin (IL)-17A inhibitor against ustekinumab, an IL-12/23 inhibitor that lasted 52 weeks. 676
participants were recruited into two 1:1 randomized groups to receive secukinumab (n=337) or
ustekinumab (n=339) under the licensed recommended dosing regimen, with placebo injections given
to patients on ustekinumab to maintain blinding. The primary endpoint was the percentage of
participants achieving a 90% reduction in PASI (PASI 90) at week 16; a secondary endpoint was the
percentage of participants achieving PASI 90 at week 52. Both non-responder imputation (NRI) and
multiple imputation (MI) were used to impute for missing outcome data. The main inclusion criteria for
CLEAR were age 218 years and Psoriasis Area and Severity Index (PASI) 212. The main exclusion
criteria were non-plaque type psoriasis; previous exposure to biologic therapies that inhibited IL-17A
(including IL-17 receptor A inhibitor), or IL-12/23; history of malignancy within 5 years; or any
conditions that would preclude adherence to the trial protocol!. No concomitant use of systemic or

topical psoriasis therapy was allowed.
Sample size calculation reference for the propensity score matched analysis

For an anticipated clinical difference of 15% higher proportion of participants achieving PASI <2 at 12
months in the secukinumab arm compared with the ustekinumab arm, which is taken from the
secondary 1 year endpoint in the CLEAR study, assuming a=0.05, power of 0.90, and assuming
ustekinumab achieving 60% PASI <2 and 1:1 group sizes, a total of 406 participants are required with

203 participants in each group.
Propensity score construction

Variables identified to be potential confounders between treatment choice and the outcome of PASI<2
were: age; body mass index; weight; and psoriatic arthritis (PsA). Variables identified to be potentially
associated with the outcome and hence essential to balance between the cohorts were: sex; alcohol
intake; smoking intake; baseline PASI; biologic exposure status; number of previous conventional
treatments; number of previous biologic treatments; number of comorbidities; ethnicity; work status;
depression?; scalp psoriasis; palmoplantar psoriasis; and nail psoriasis®. These variables were
included in the multivariable logistic regression to derive a propensity score (PS) for treatment with
secukinumab after application of the eligibility criteria. The mean propensity score was 0.26 with a

standard deviation of 0.08, and a range between 0.02 and 0.58.

An overview of PS methods is given in a paper by Peter Austin.* PS can be used to match; stratify;
weight; and used for covariate adjustment to balance for covariates and therefore adjust for potential

confounding. Matching and weighting were utilised in this study. We used a nearest neighbour optimal
© 2020 Yiu ZZN et al. JAMA Dermatology.



matching algorithm to produce matched pairs. Optimal matching selects matched samples with the
smallest average absolute distance in propensity score across all matched pairs of a patient on
secukinumab and a patient on ustekinumab. A caliper, i.e. the absolute difference allowed in the
propensity scores of the matched pairs, of 0.05 was used. We used inverse probability treatment
weighting, where a weighting on propensity score creates a pseudo-population in which the
distribution of measured baseline covariates is independent of treatment assignment. A patient on
secukinumab is given a weight of 1 / PS; a patient on ustekinumab is given a weight of 1/ (1 — PS).
The distribution for the overall weights, calculated by the multiplication between the inverse probability
treatment weighting and the inverse probability censoring weighting, is presented in Supplementary

Table 2, along with the results from the sensitivity analysis on the impact of weight truncation.

Missing outcome imputation

Several methods were used to impute missing outcome data for the intention-to-treat estimate. In
non-responder imputation, any participant who did not have a documented PASI at 12 months was
classed being a non-responder. This is the most conservative method to impute outcome. In last
observation carried forward, the last documented PASI from 16 weeks onwards was allowed to count
as the participant’s PASI at 12 months. Multiple imputation is a statistical method used to impute
missing data. Several imputed datasets are generated with a predictive distribution based on the
available background data of the participants. A model of interest is fitted in each dataset and
combined to give an overall estimate. Twenty imputed datasets were used for the multiple imputation
analysis. In the multiple imputation analysis in this manuscript, we used the baseline patient variables
included in the PS in the model.

Inverse probability of censoring weighting (IPCW) corrects for missing outcome, or censoring, by
giving extra weight to participants who have a documented PASI outcome at 12 months. Each
participant is given a weight which is inversely proportional to the estimated probability of having no
missing outcome. The IPCW was derived from a logistic regression model fitted with a dichotomous
dependent variable of whether PASI was missing at 12 months, and the same independent variables
as the covariates included in the PS. Weights for the two cohorts were calculated separately. We
used a complete case analysis to calculate the per-protocol estimate. Detailed summaries of these

methods are given in articles by Wood et al.5, Pedersen et al.%, and Rombach et al.”.
Justification for using PASI <2 at 12 months as the primary outcome

Although a 90% reduction in PASI (PASI 90) is a widely used outcome in RCTs for biologic therapies

in psoriasis, this may be problematic in observational studies and pragmatic RCTs. A traditional RCT

for biologic therapies stipulates a washout period for many systemic therapies for psoriasis to meet a

strict inclusion criterion for baseline disease severity, e.g. PASI 212. Real-world clinical practice and a
pragmatic RCT approach, conversely, would allow for overlap of therapies and would not require a

strict baseline PASI level immediately prior to commencement of treatment. The magnitude of the
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baseline PASI may determine whether a participant is able to achieve PASI 90, and a recent study
suggested that PASI percentage change is not a suitable outcome for follow-up or to guide clinical
practice8. Our previous work suggested that absolute PASI <2 was concordant with PASI 90, with
PASI <2 assigning the same response status as PASI 90 in 89.7% of cases with a sensitivity of 96.9%
and a specificity of 86.2%°. In this study population, PASI <2 assigns the same response status as
PASI 90 in 94.2% of cases, with a sensitivity of 90.6% and a specificity of 97.8%.

The 12 month time-point was chosen as this is the closest available measured time-point in BADBIR
to a secondary outcome time-point of the CLEAR study®. A window of 335 days (~11 months) to 395
days (~13 months) after drug initiation was allowed for the ascertainment of the 12 month outcomes.
If there were two records of PASI within the time window, the closest value to 365 was taken for the

12 month outcome. For last observation carried forward (LOCF), any PASI measured from 16 weeks

after start of treatment was eligible to be carried forward.
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eTable 1. Adverse Events and Serious Adverse Events as Coded by MedDRA System Organ Class in the Two Cohorts

Propensity score weighted analysis

Propensity score matched analysis

Adverse events

Serious adverse events

Adverse events

Serious adverse events

Ustekinumab Secukinumab Ustekinumab Secukinumab Ustekinumab Secukinumab Ustekinumab Secukinumab
(n=917) (n=314) (n=311) (n=311)
Blood and lymphatic | 5 0 0 0 <5 0 0 0
system disorders
Cardiac disorders 7 6 <5 <5 <5 6 <5 <5
Congenital, familial <5 0 0 0 <5 0 0 0
and genetic
disorders
Ear and labyrinth 7 <5 0 <5 <5 <5 0 <5
disorders
Endocrine disorders | 5 <5 0 <5 <5 <5 0 <5
Eye disorders 12 6 0 <5 5 6 0 <5
Gastrointestinal 72 21 14 <5 24 21 5 <5
disorders
General disorders 65 19 0 5 17 19 0 5
and administration
site conditions
Hepatobiliary 22 6 <5 <5 6 6 <5 <5
disorders
Immune system <5 <5 0 0 <5 <5 0 0
disorders
Infections and 169 76 14 7 60 75 5 7
infestations
Injury, poisoning, 42 12 6 <5 11 12 <5 <5
and procedural
complications
Investigations 112 40 12 10 31 40 <5 10

© 2020 Yiu ZZN et al. JAMA Dermatology.




Metabolism and 16 <5 <5 <5 5 6 <5 <5
nutrition disorders

Musculoskeletal and | 97 17 <5 <5 30 17 <5 <5
connective tissue

disorders

Neoplasms benign, 16 <5 7 <5 5 <5 <5 <5

malignant, and
unspecified (incl
cysts and polyps)

Nervous system 47 18 <5 <5 18 18 0 <5
disorders
Pregnancy, <5 0 <5 0 0 0 <5 0

puerperium and
perinatal conditions

Psychiatric 36 5 5 <5 14 5 <5 <5
disorders

Renal and urinary 10 5 <5 <5 <5 5 <5 <5
disorders

Reproductive system | 9 6 0 0 <5 6 0 0
and breast disorders

Respiratory, 58 23 <5 <5 14 23 <5 <5
thoracic, and
mediastinal
disorders

Skin and 63 12 <5 <5 22 12 <5 <5
subcutaneous tissue
disorders

Social <5 <5 0 0 <1 <5 0 0
circumstances

Surgical and medical | 64 26 18 13 21 26 7 13
procedures

Vascular disorders 13 6 0 <5 7 6 0 <5

© 2020 Yiu ZZN et al. JAMA Dermatology.



eTable 2. Distribution of the Inverse Probability Weights Used in the Analysis

The progressive truncation of inverse probability weights is also presented, along with the changes to

the relative risk ratio

Truncation Estimated weights Relative risk ratio comparing

percentiles — . secukinumab to ustekinumab (95%
Mean Minimum/maximum | ~qnfidence intervals)

0, 100 0.999 0.289, 3.100 1.29 (1.06,1.58)

1,99 0.997 0.449, 2.102 1.29 (1.06,1.57)

5,95 0.989 0.645, 1.476 1.29 (1.07,1.56)

10, 90 0.980 0.726, 1.290 1.29 (1.07,1.56)
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eTable 3. Baseline Characteristics of the Ustekinumab and Secukinumab Cohorts

After Propensity Score Matching

Baseline characteristic Ustekinumab Secukinumab Standardised
(N=311) (N=311) difference

Age (year) 47.0 (35.0-55.0) 46.0 (36.0-55.0) -0.064
median, IQR
Gender Female 120 (38.6%) 118 (37.9%) -0.013
BMI (kg/m2) 30.5 (26.7-36.1) 30.6 (26.7-35.2) -0.036
Weight 91.0 (78.8-108.0) 89.6 (76.4-107.3) -0.031
Alcohol intake No 108 (34.7%) 113 (36.3%) 0.002

documented

alcohol intake

Lower risk 167 (53.7%) 160 (51.4%)

drink

(<21U/WK M,

<14U/WK F)

Hazardous 33 (10.6%) 35 (11.3%)

drinking

(<50U/WK M,

< 35U/WK F)

Harmful 3 (1.0%) 3 (1.0%)

drinking

(>=50U/WK

M, >=35U/WK

F)
Smoking status Never 126 (40.5%) 125 (40.2%) -0.016

Smoked

Previous 113 (36.3%) 108 (34.7%)

Smoker

Current 72 (23.2%) 78 (25.1%)

Smoker
Baseline PASI 16.5 (14.1-21.7) 17.6 (14.4-22.6) 0.026
Psoriatic arthritis 63 (20.3%) 61 (19.6%) -0.016
Number of No previous 256 (82.3%) 258 (83.0%) -0.035
previous biologic biologic
therapies

1 previous 33 (10.6%) 33 (10.6%)

biologics

2 previous 14 ( 4.5%) 16 (5.1%)

biologics

3 or more 8 (2.6%) 4 (1.3%)

previous

biologics
Number of No previous 35 (11.3%) 28 (19.0%) 0.046
previous conventionals
conventional
therapies

1 previous 89 (28.6%) 87 (28.0%)

conventional

2 previous 102 (32.8%) 120 (38.6%)

conventionals

3 or more 85 (27.3%) 76 (24.4%)

previous

conventionals
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concomitant
systemic therapy*

Previously treated | No 256 (82.3%) 261 (83.9%) /
with TNF-a
inhibitors*
Number of No 99 (31.8%) 107 (34.4%) -0.039
comorbidities comorbidity

1-2 comorbid 159 (51.1%) 150 (48.2%)

conditions

3-4 comorbid 44 (14.1%) 45 (14.5%)

conditions

5 or more 9 (2.9%) 9 (2.9%)

comorbid

conditions
Palmoplantar 57 (18.3%) 57 (18.3%) 0.000
psoriasis
Nail psoriasis 163 (52.4%) 172 (55.3%) 0.058
Scalp psoriasis 240 (77.2%) 232 (74.6%) -0.060
Depression 55 (17.7%) 62 (19.9%) 0.030
Work status Working full 193 (62.1%) 190 (61.1%) 0.006

time

Working part 34 (10.9%) 34 (10.9%)

time

Working full 10 ( 3.2%) 12 (3.9%)

time in the

home

Unemployed 6 (1.9%) 11 ( 3.5%)

but seeking

work

Not working 32 (10.3%) 28 (19.0%)

due to

disability / ill

health

Student 7 (2.3%) 6 (1.9%)

Retired 29 (9.3%) 30 (9.6%)
Ethnicity White 279 (89.7%) 286 (92.0%) -0.055

Black 1(0.3%) 0 (0.0%)

Asian 21 (6.8%) 14 ( 4.5%)

Other 10 ( 3.2%) 11 ( 3.5%)
Treatment with 41 (13.2%) 14 (4.5%) /

*Not included in the estimation of the propensity score as decision regarding treatment with
concomitant systemic therapy occurs after treatment allocation.
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eTable 4. Baseline Characteristics of the Ustekinumab and Secukinumab Cohorts
After Propensity Score Weighting

Baseline characteristic Ustekinumab Secukinumab Standardised
(n=917) (n=314) difference
Age (year) 45.3 45.5 0.015
Gender Female 39.3% 38.2% -0.024
BMI (kg/m2) 31.9 31.8 -0.008
Weight 93.7 93.6 -0.006
Alcohol intake Units per 7.5 7.9 0.020
week
Smoking status Cigarettes per | 3.3 3.3 -0.010
day
Baseline PASI 18.5 18.5 -0.005
Psoriatic arthritis 16.2% 16.7% 0.013
Number of 0.2 0.2 0.023
previous biologic
therapies
Number of 2.2 2.1 -0.029
previous
conventional
therapies
Number of 1.5 15 0.001
comorbidities
Palmoplantar 20.1% 20.1% 0.000
psoriasis
Nail psoriasis 53.7% 52.9% -0.016
Scalp psoriasis 75.1% 74.7% -0.010
Depression 23.0% 24.0% 0.005
Work status Working full 55.4% 57.3% 0.038
time
Working part 12.3% 10.1% -0.069
time
Working full 3.2% 3.6% 0.025
time in the
home
Unemployed 4.0% 4.3% 0.015
but seeking
work
Not working 12.1% 10.2% -0.060
due to
disability / ill
health
Student 2.7% 2.2% 0.034
Retired 11.7% 10.8% 0.029
Ethnicity White 88.8% 89.2% 0.013
Black 1.1% 0.7% -0.047
Asian 5.7% 6.2% 0.020
Other 4.3% 3.9% -0.022
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eTable 5. Sensitivity Analyses Using the Alternative Outcomes of PASI 90 in the Propensity Weighted Cohort

Data source CLEAR study BADBIR
Missing Non-responder | Complete case Non-responder Last observation Inverse probability | Multiple
outcome imputation analysis imputation carried forward of censoring imputation
analysis weighting
method
Propensity Estimated proportion on 74.9% 54.0% (44.9 — 21.8% (17.2 - 62.9% (56.9 — 53.9% (45.2 - 54.0% (44.9-
score weighted | secukinumab achieving PASI 90 63.1) 26.5) 68.8) 62.5) 63.1)
gnalysis ~PAS! "Estimated proportion on 60.6% 43.4% (38.3 — 19.5% (16.8 54.3% (50.6 — 43.1% (35.7- 43.4% (38.3 —
ustekinumab achieving PASI 90 48.5) 22.3) 57.9) 50.6) 48.5)
Risk ratio (RR) 1.24 (1.11 - 1.27 (1.04 -1.56) | 1.14 (0.88 -1.47) 1.17 (1.04-1.31) | 1.24 (1.00—-1.55) | 1.27 (1.04 — 1.56)
1.37)
Risk difference (RD) 14.3% (7.2 — 10.6% (0.3 — 2.3% (-3.1-7.7) 8.6% (1.7 —15.5) | 9.6% (-1.5— 10.6% (2.8 —
21.1) 20.9) 20.7) 20.9)
#Regulatory agreement / Y N Y Y (RR) N (RD) Y
$Estimate agreement / Y Y (RR) N (RD) Y Y Y

*Risk ratio and risk difference calculated using MedCalc.net; numbers taken from the CLEAR study secondary outcome at week 52.

#Regulatory agreement — study replicates direction and statistical significance of the randomized controlled trial finding; $Estimate agreement — study treatment effect lies within the 95% CI for
treatment effect estimate from the trial
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eFigure 1. Flow Chart Outlining Cohort Delineation in the Weighted Cohort Study

Assessed for eligibility (n=4323 started secukinumab or ustekinumab)

Excluded (n=2604)

+ Previously had ustekinumab or
secukinumab (n=183)

+ No record of previous PASI = 12

—> (n=1754)

+ Started on biologic prior to September
2013 (n=490)

«+ Started on biologic after to September
2018 (n=557)

+ Patients with missing baseline data
(n=108)

Included subjects (n=1231)

Received secukinumab (n=314)

\4

Received ustekinumab (n=917)

Discontinued intervention

Due to ineffectiveness (n=50)
Due to adverse events (n=14)
Due to other reasons (n=11)
Due to patient choice (n=2)

Due to patient non-compliance (n=2)

A\ 4

Discontinued intervention

Due to ineffectiveness (n=137)
Due to adverse events (n=67)
Due to other reasons (n=36)
Due to patient choice (n=20)

Analysed (Complete case n=132; Imputed
datasets / safety analysis n=314)

v

Analysed (Complete case n=417; Imputed
datasets / safety analysis n=917)
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eFigure 2. Flow Chart Outlining Cohort Delineation in the Matched Cohort Study

Assessed for eligibility (n=4323 started secukinumab or ustekinumab)

A 4

Excluded (n=3701)

+ Previously had ustekinumab or
secukinumab (n=183)

+ No record of previous PASI = 12
(n=1754)

+ Started on biologic prior to September
2013 (n=490)

«+ Started on biologic after to September
2018 (n=557)

+ Patients with missing baseline data
(n=108)

+ No propensity-score matches (n=609)

Propensity-score matched subjects (n= 622)

l

Received secukinumab (n=311)

l

Received ustekinumab (n=311)

Discontinued intervention

Due to ineffectiveness (n=48)
Due to adverse events (n=14)
Due to other reasons (n=11)
Due to patient choice (n=2)

Due to patient non-compliance (n=2)

A\ 4

Discontinued intervention

Due to ineffectiveness (n=44)

Due to adverse events (n=16)

Due to other reasons (n=16)

Due to patient choice (n=5)

Due to patient non-compliance (n=3)

Analysed (Complete case n=130; Imputed
datasets / safety analysis n=311)

v

Analysed (Complete case n=135; Imputed
datasets / safety analysis n=311)
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eFigure 3. Forest Plot Summarising the Risk Difference Estimates for the Proportion of Participants Achieving PASI <2 at 12
Months Comparing Secukinumab Against Ustekinumab Using the Two Propensity Score Methods and the Missing Outcome
Analysis Methods

Risk Difference Standardised
(%) (95% ClI) difference
CLEAR study 14.3 (7.2,21.1)
BADBIR - Propensity-score matched analysis
Complete case analysis 19.5 (0.1, 31.6) 0.024
Non-responder imputation 7.2(0.4,13.9) -0.047
Last observation carried forward 14.0 (5.9, 22.1) -0.003
Inverse probability of censoring weighting 18.3 (5.5,31.1) 0.018
Multiple imputation 16.9 (3.3, 30.6) 0.011
BADBIR - Propensity-score weighted analysis
Complete case analysis 11.9 (1.6,22.1) -0.012
Non-responder imputation 2.9 (-2.6,8.5) -0.081
Last observation carried forward 9.1(2.4,15.8) -0.034
Inverse probability of censoring weighting 12.3 (1.4, 23.2) -0.010
Multiple imputation 13.1 (1.3, 24.9) -0.006
|

-10 0 35

Favours Ustekinumab Favours Secukinumab
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