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Secukinumab Efficacy in Psoriatic Arthritis
Machine Learning and Meta-analysis of Four Phase 3 Trials

Alice B. Gottlieb, MD, PhD,* Philip J. Mease, MD,† Bruce Kirkham, MD,‡ Peter Nash, MBBS, FRACP,§
Alejandro C. Balsa, MD,|| Bernard Combe, MD, PhD,¶ Jürgen Rech, MD,# Xuan Zhu, PhD,**

David James, MS,** Ruvie Martin, PhD,** Gregory Ligozio, MS,**
Ken Abrams, MD,** and Luminita Pricop, MD**

Background: Using a machine learning approach, the study investi-
gated if specific baseline characteristics could predict which psoriatic ar-
thritis (PsA) patients may gain additional benefit from a starting dose of
secukinumab 300 mg over 150 mg.We also report results from individual
patient efficacy meta-analysis (IPEM) in 2049 PsA patients from the
FUTURE 2 to 5 studies to evaluate the efficacy of secukinumab
300 mg, 150 mg with and without loading regimen versus placebo at
week 16 on achievement of several clinically relevant difficult-to-achieve
(higher hurdle) endpoints.
Methods: Machine learning employed Bayesian elastic net to analyze
baseline data of 2148 PsA patients investigating 275 predictors. For IPEM, re-
sults were presented as difference in response rates versus placebo at week 16.
Results: Machine learning showed secukinumab 300 mg has additional
benefits in patients who are anti–tumor necrosis factor–naive, treated with
1 prior anti–tumor necrosis factor agent, not receiving methotrexate, with
enthesitis at baseline, and with shorter PsA disease duration. For IPEM,
at week 16, all secukinumab doses had greater treatment effect (%) versus
placebo for higher hurdle endpoints in the overall population and in all

subgroups; 300-mg dose had greater treatment effect than 150 mg for all
endpoints in overall population and most subgroups.
Conclusions: Machine learning identified predictors for additional ben-
efit of secukinumab 300 mg compared with 150 mg dose. Individual pa-
tient efficacy meta-analysis showed that secukinumab 300 mg provided
greater improvements compared with 150 mg in higher hurdle efficacy
endpoints in patients with active PsA in the overall population and most
subgroups with various levels of baseline disease activity and psoriasis.

Key Words: biologics, efficacy, interleukin, machine learning,
TNF inhibitors

(J Clin Rheumatol 2021;27: 239–247)

P soriatic arthritis (PsA), a chronic inflammatory disease that af-
fects peripheral and axial joints, entheses, and the skin, is often

associated with impaired physical function and poor quality of life.1

Secukinumab, a human immunoglobulin G1-κ monoclonal anti-
body that directly inhibits interleukin 17A, inhibits radiographic
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progression and has demonstrated long-term improvements in
the signs and symptoms of patients with active PsA in several
phase 3 trials.2–7 Subcutaneous secukinumab 150 mg and
300 mg are approved doses for the treatment of PsAworldwide,
with the 300 mg starting dose recommended for patients with
prior anti–tumor necrosis factor (TNF) inadequate responders
(IRs) or those having moderate to severe psoriasis.3 For other
patients, based on clinical response, the dose can be increased
from 150 mg to 300 mg.8

The clinical response in patients with PsA is variable because
of the heterogeneous manifestations of the disease,9 and therefore,
a better understanding of the disease characteristics of patients
who would benefit from a starting dose of secukinumab 300 mg
is warranted. In addition to traditionally reported high-efficacy
endpoints such as American College of Rheumatology (ACR)
50, ACR70, and Psoriasis Area Severity Index (PASI) 90, several
other composite clinical outcomes such as Psoriatic Arthritis Dis-
ease Activity Score–low disease activity/remission (PASDAS-
LDA/REM) and minimal disease activity (MDA) are considered
clinically important and patient-relevant treatment targets, which
are more difficult to achieve (higher hurdle) in patients with PsA.

To simplify and substantiate the decision-making process for
the clinicians in choosing the starting dose of secukinumab 300 or
150mg, we report the results obtained through a machine learning
approach in which we investigated if specific baseline clinical
characteristics could predict which patients with PsA may show
additional benefit with a starting dose of secukinumab 300 mg
compared with 150 mg.

Because machine learning is a novel and complicated ap-
proach, therefore, to further validate results, we identified baseline
variables for subgroup efficacy for secukinumab 300 mg, 150 mg
load, and 150 mg without load (no-load) regimens in achieving
higher hurdle endpoints versus placebo at week 16 in patients with
active PsA from four phase 3 studies: FUTURE 2, FUTURE 3,
FUTURE 4, and FUTURE 5. Additionally, efficacy results for
secukinumab 300 mg, 150 mg load, and 150 mg no-load were
evaluated in patients stratified by several baseline characteristics,
such as prior anti-TNF use, use of concomitant methotrexate
(MTX), baseline Disease Activity Score (DAS) 28 C-reactive pro-
tein (CRP), baseline CRP, and baseline body surface area (BSA)
with psoriasis. Data from FUTURE 1 study were excluded from
the present post hoc analyses specifically because present analyses
were designed and conducted to demonstrate the efficacy of sub-
cutaneously administered secukinumab.

METHODS
For this study, a machine learning exploratory approach was

used to screen a more comprehensive set of baseline patient char-
acteristics. Unlike traditional multivariate statistical regression
methods that tend to break down when the number of predictors
is relatively large or the predictors are highly correlated, machine
learning techniques allow us to evaluate much larger numbers of
possibly highly correlated predictors. One such machine learning
method is theBayesian elastic net10 that extends traditional regression
method by including large numbers of patient characteristics together
with constraints on the magnitude of their associations with the re-
sponse. These constraints effectively remove all those predictors with
little or no association with the response, and by selecting the ap-
propriate constraints, a parsimonious yet complete set of baseline
characteristics associated with the response can be identified. One
additional advantage of the Bayesian elastic net over other machine
learning methods is that it supports statistical inferences (e.g., con-
fidence intervals) on the coefficients of the identified predictors.

We investigated a total of 275 predictors (based on disease
characteristics and interaction terms) for association with the im-
provement of disease signs and symptoms, and the Bayesian
elastic net algorithm10 identified predictors for enhanced benefit
of secukinumab 300 mg as a starting dose versus 150 mg from the
data of 2148 patients.

The predictors thus identified were further subjected to eval-
uation of the treatment effect of secukinumab 300 versus 150 mg
using individual patient efficacy meta-analysis (IPEM).

Individual patient efficacy meta-analysis aims to summarize the
evidence on a specific clinical question frommultiple related studies.
The statistical implementation of an IPEM fundamentally retains the
clustering of patients within studies. It facilitates standardization of
analyses across studies and direct derivation of the information de-
sired, independent of significance or how it was reported.11

The IPEM included 2049 patients with PsA from four phase
3 studies; FUTURE 2, FUTURE 3, FUTURE 4, and FUTURE 5.
The designs and patient inclusion and exclusion criteria of the in-
dividual studies have been reported previously.2,6,7,12 Patients in
each study were randomized to secukinumab and placebo at base-
line. Secukinumab doses included subcutaneous 300 and 150 mg
administered at baseline with loading dose at weeks 1, 2, and 3,
followed by maintenance dose every 4 weeks starting at week 4;
placebo group was treated similarly. For secukinumab no-load
regimen (in FUTURE 4 and 5), secukinumab 150 mg was admin-
istered at baseline, with placebo at weeks 1, 2, and 3 followed by
secukinumab 150mg every 4 weeks starting at week 4. For IPEM,
from a total of 2148 patients with active PsAwho were originally
randomized in 4 phase 3 studies (397, 414, 341, and 996 patients
in FUTURE 2, FUTURE 3, FUTURE 4, and FUTURE 5, respec-
tively), data from 2049 patients receiving secukinumab 300 mg,
150 mg load, and 150 mg no-load were included in the efficacy
pool for subgroup analysis. A total of 99 patients who received
secukinumab 75 mg were excluded. Achievement of several clini-
cally relevant higher hurdle endpointswith secukinumabversus pla-
cebo at week 16 was assessed in the overall population and in a
subgroup analysis by prior anti-TNF use (naive and IR), concomi-
tant MTX use (with and without MTX), baseline DAS28-CRP
levels (≤5.1 [LDAand/or REM] and >5.1 [active disease]), baseline
CRP levels (≤10 and >10 mg/L), and baseline BSAwith psoriasis
(≥3%, <10%, and ≥10%).

Outcome Measures
Efficacy endpoints analyzed at week 16 usingmachine learn-

ing included ACR20/50 response, ACR-n score (an extension of
the ACR response criteria defined as the lowest of the following
three values: percentage change in the number of swollen joints,
percentage change in the number of tender joints, and the median
of the percentage change in the other five measures, which are part
of the ACR criteria), PASI 75/90 response, PASDAS (change from
baseline), resolution of dactylitis and enthesitis, improvement in
MDA, and Health Assessment Questionnaire–Disability Index
(HAQ-DI) response and HAQ-DI score.

Individual patient efficacy meta-analysis was performed in out-
comes including ACR50/70, PASI 90, PASDAS-LDA, and MDA at
week 16 (placebo-controlled period) in the overall population. The
ACR50, ACR70, and PASI 90 responses were also assessed in pa-
tients stratified by prior anti-TNF use, concomitant MTX use, base-
line DAS28-CRP, baseline CRP, and baseline BSAwith psoriasis.

Statistical Analysis
For analyses involving machine learning, a Bayesian elastic

net algorithm was used to predict each endpoint from a set of
~40 of 275 covariates, and their interactions with treatment were
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identified to form subgroups of covariates with substantial predic-
tive power. A heat map was used to display common predictors'
magnitude across efficacy endpoints at week 16. Missing values
for binary endpoints were imputed as nonresponders.

To assess the performance of the Bayesian elastic net model,
receiver operating characteristic curves were produced to quantify
the trade-off between sensitivity and specificity for each modeled
endpoint. The area under each receiver operating characteristic
curve (AUC) was computed to summarize the overall model dis-
criminating ability to identify subgroups (0/1) of patients for each
outcome. In particular, the AUC scores at week 16 used 5-fold
cross validation within FUTURE 2 to FUTURE 5 studies that
randomly selected 4-fold of the entire patients to predict the fifth
fold. This step was iterated 5 times to get the average. The scores
ranged from 0.75 for dactylitis to a high score of 0.81 corresponding
to PASI 90. The AUC scores observed with Bayesian elastic net
model were higher than those observed with multivariate logistic
regression (0.45 for enthesitis to 0.58 for PASI 90) (Supplemen-
tary Table 1, http://links.lww.com/RHU/A174).

For IPEM, model-based treatment effects versus placebo (%)
for the meta-analysis of binary endpoints are expressed as least-
squares means from logistic regression, with study, treatment,
and anti-TNF status (removed when the subgroup is stratified by
prior anti-TNF use) as factors and body weight as a covariate.
Missing values were imputed as nonresponders.

RESULTS
For machine learning analysis, the patient population was

distributed almost equally in three groups for time since diagnosis
of PsA (33% patients each with time since diagnosis between 0
and 2 years, 2–7 years, and >7 years).

Of the 2049 PsA patients included in the IPEM, 461, 572,
335, and 681 patients received secukinumab 300 mg, 150 mg,
150 mg no-load, and placebo, respectively. The majority of
patients completed week 24 in all treatment groups (95.7%,
94.8%, 94.0%, and 90.3% patients in secukinumab 300 mg,
150 mg load, 150 mg no-load, and placebo, respectively). Demo-
graphic and baseline characteristics were comparable across the
treatment groups (Supplementary Table 2, http://links.lww.com/
RHU/A174). Approximately two-thirds of patients were anti-
TNF–naive (68.5%–72.8%), and approximately half (47.4%–
51.9%) were receiving concomitant MTX at baseline.

Predictor Outcome Analyses by Machine Learning
No single predictor alone could identify patients who would

benefit from a starting dose of secukinumab 300 versus 150 mg
for the endpoints assessed. Heat map analysis showed that of
275 predictors, several predictors jointly produced adequate pre-
dictions for achieving better treatment responsewith secukinumab
300 versus 150mg (Fig. 1). This figure includes only baseline pre-
dictors that were found to be associated with 2 or more endpoints
(these predictors suggest a treatment difference between 300 and
150 mg among subgroups of patients). Rows depict patients'
baseline predictors (e.g., MTX use), and columns depict end-
points (e.g., ACR20). The color of each cell depicts the associa-
tion between the dose-response differences (300 vs 150 mg) for
each endpoint (column) among patient subgroups defined by the
predictors (row) (e.g., patients with or without dactylitis at ran-
domization). Green color depicts greater efficacy response of
secukinumab 300 versus 150 mg among patients in the mentioned
subgroup (e.g., patients without concomitant MTX use) than
their counter subgroup (e.g., patients with concomitant MTX),
red color depicts greater efficacy of secukinumab 300 versus

FIGURE 1. Heat map showing common predictors of response to secukinumab 300 versus 150 mg across endpoints at week 16.
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150 mg among patients in the counter subgroup, and no color
exhibits almost equal difference in efficacy responses of
secukinumab 300 and 150 mg in the mentioned subgroup and
its counter subgroup. Intensity of the color depicts the degree
of association between the subgroup of patients and the efficacy
outcome and is in no way related to the inefficacy of any dose.

Patients without concomitant MTX use were estimated to
have better responses with secukinumab 300-mg than 150-mg
dose regimens for several endpoints. The patients treated prior
with one anti-TNF agent were predicted to show better improve-
ment in HAQ-DI and PASDAS scores and ACR-n responses
and higher resolution of enthesitis with secukinumab 300 mg
compared with 150 mg. Similarly, the presence of enthesitis at
baseline was a strong predictor of greater reduction in PASDAS
score with secukinumab 300 versus 150 mg. Patients who did
not use any systemic glucocorticoid achieved better PASI 90 re-
sponses with secukinumab 300 mg than 150 mg.

Covariates that demonstrated greater response for secukinumab
300 versus 150 mg in terms of improvement of disease symptoms
at week 16 are shown in Supplementary Table 3, http://links.lww.
com/RHU/A174. The ACR50 responses were higher in patients
treated with secukinumab 300 mg who had one of the following
baseline characteristics: did not use concomitant MTX or had
presence of enthesitis at baseline (Fig. 2A). PASDAS-LDA,
including remission (PASDAS-LDA + REM; PASDAS score
<3.2) is reported as a recommended disease activity target
in clinical trials. Current analysis showed that significantly
higher proportions of patients treated with secukinumab
300 mg who had one of the following characteristics: no pre-
vious anti-TNF therapy (p < 0.05), no use of concomitant MTX
(p < 0.01), presence of enthesitis at baseline (p < 0.001), and ear-
lier time since PsA diagnosis (<2 or 2–7 years; p < 0.05),
reached PASDAS-LDA + REM compared with secukinumab
150 mg (Fig. 2B).

FIGURE 2. Covariates that predicted a higher proportion of patients achieving (A) ACR50 and (B) PASDAS-LDA + REM with secukinumab
300 versus 150mg. *p < 0.0001, †p < 0.001, §p < 0.01, ‡p < 0.05 versus secukinumab 150mg. Data reported as nonresponder imputation.
Data presented from estimates of logistic regression model with study, treatment, and randomization stratum (TNF status: naive or IR) as
factors, baseline score and weight as a covariate. PASDAS-LDA including REM defined as PASDAS score <3.2. LS indicates lease squares; N,
number of evaluable patients; SF-36 MCS, Short Form-36 Mental Component Summary.
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IPEM Results (Overall Population and Subgroups)

Improvements were observed with secukinumab 300-mg,
150-mg load, and 150-mg no-load regimens versus placebo for
all endpoints at week 16 in the overall population (Fig. 3).
Secukinumab 300 mg was associated with greater improvements
as compared with both 150-mg dose regimens for all higher hur-
dle endpoints. Secukinumab 150-mg load had higher responses
(%) in ACR50, PASI 90, and MDA responses as compared with
no-load regimen at week 16.

At week 16, greater treatment effects versus placebo
were observed for ACR50/70 and PASI 90 responses with
all secukinumab doses in anti-TNF–naive and anti–TNF-IR
patients (Fig. 4A). For all three endpoints, greater response
rates were observed with secukinumab 300 mg as compared with
150-mg load and no-load regimens in anti–TNF-naive and anti–
TNF-IR patients. Secukinumab 150-mg load showed higher
responses than the 150-mg no-load regimens in anti–TNF-na-
ive and anti–TNF-IR patients.

In patients with or without concomitant MTX use, all
secukinumab regimens demonstrated greater treatment effect
in ACR50/70 and PASI 90 responses versus placebo at week
16. Secukinumab 300 mg was associated with numerically
higher PASI 90 response compared with 150-mg load and
no-load dose regimens in patients with and without concomi-
tant MTX. The ACR50 response was numerically similar in
300-mg and 150-mg load regimen in patients with concomitant
MTX use. Secukinumab 150-mg load showed higher re-
sponses than the no-load regimen in the concomitant MTX
group (Fig. 4B).

The ACR50, ACR70, and PASI 90 response rates were su-
perior to placebo at week 16 in all dose groups analyzed by
baseline DAS28-CRP, baseline CRP level, and baseline BSA

with psoriasis (Figs. 5A, B and Fig. 6). Higher responses were
observed for secukinumab 300 mg compared with the 150-mg
dose in all subgroups for most endpoints (Figs. 5A, B and
Fig. 6). Secukinumab 150-mg load showed higher responses than
no-load regimen for most endpoints across subgroups (Fig. 5A, B
and Fig. 6).

Pooled Safety of Secukinumab
The safety profile of secukinumab over long-term treatment

(up to 5 years) in patients with PsA, psoriasis, and ankylosing
spondylitis has been previously reported.13 The safety profile of
secukinumab was consistent in the pooled population with what
has been reported for individual studies of secukinumab in PsA,
and no dose-response relationship was observed.2,6,7

DISCUSSION
We have used machine learning approach to analyze pre-

dictors of response. Because machine learning is a novel and
complicated approach, so to further validate these results, the
predictors thus identified were further subjected to evaluation
of the treatment effect of secukinumab 300 versus 150 mg at
week 16 for clinically important endpoints, including remis-
sion in patients with active PsA using data from FUTURE 2,
FUTURE 3, FUTURE 4, and FUTURE 5 studies using IPEM.

Psoriatic arthritis is a heterogeneous chronic inflammatory
disease that has clinical manifestations that include peripheral ar-
thritis, dactylitis, enthesitis, or axial involvement.14 It has different
disease courses (e.g., mild, intermittent, or with high structural
damage and disability).15 Considering the heterogeneity of the
disease, predictors of response and remission should be identified
in order to individualize the treatment and prevent further worsen-
ing of the disease.

FIGURE3. Treatment effect with secukinumab versus placebo in overall population at week 16. The PASI 90 response was analyzed in patients
with psoriasis ≥3 BSA; PASDAS-LDA including remission is defined as PASDAS ≤3.2.
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The machine learning technique investigated whether there
were specific baseline clinical characteristics that can predict which
patients could gain additional benefit from the secukinumab 300-
mg dose using pooled data. The performance of Bayesian elastic
net model employed for predictor analysis was assessed by AUC
scores. The closer the AUC score is to 1, the better the performance
of the predicting model. The AUC scores ranged from 0.75 to 0.81
for various outcomes indicating the discriminatory power of the
model used. The common key covariate that predicted higher re-
sponse of secukinumab 300 mg over 150 mg for higher hurdle end-
points such as ACR50, PASI 90, and PASDAS (change from
baseline) was presence of enthesitis at baseline. Higher responses
in most of the efficacy endpoints tested were predicted to be
achieved with the secukinumab 300 mg as compared with the
150-mg dose in patients with no concomitant use of MTX and pa-
tients with a diagnosis of PsA between 2 and 7 years. Patients with a
diagnosis of PsA between 2 and 7 years (early PsA) and patients
who have enthesitis were identified as being likely to achieve higher
efficacy response rates, as assessed by PASDAS-LDA including re-
mission when treated with secukinumab 300 mg compared
with 150 mg. Similarly, patients who had enthesitis and did

not use concomitant MTX at baseline were predicted to have
higher ACR50 response with secukinumab 300 mg com-
pared with the 150-mg dose.

Machine learning identified possible baseline variables
where starting patients on 300-mg dose could be more beneficial
than on 150 mg. These baseline variables identified via machine
learning were further analyzed using subgroup analysis.

In the IPEM, all secukinumab dose regimens (300 mg,
150 mg load, and 150 mg no-load) showed superiority over pla-
cebo in improving clinical signs and symptoms and physical func-
tion in patients with PsA in the overall population. These findings
are in corroboration with those reported previously.2,6,7,16 Results
showed that the secukinumab 300-mg dose provided additional
benefits over the 150-mg dose for higher hurdle endpoints such
as ACR50/70, PASI 90, PASDAS-LDA + REM, and MDA. Sim-
ilar findings were reported earlier, further substantiating the re-
sults of this analysis.2,17,18

All secukinumab regimens versus placebo showed improve-
ment in ACR50/70 and PASI 90 responses across subgroups re-
gardless of prior anti-TNF status, use of concomitant MTX,
baseline DAS-28 CRP, baseline CRP, and baseline BSA with

FIGURE4. Treatment effectwith secukinumab versus placebo by (A) prior anti-TNF use and (B) concomitantMTXuse at week 16. The PASI 90
response was analyzed in patients with psoriasis ≥3 BSA.
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psoriasis. Secukinumab 300 mg was associated with higher re-
sponses than the 150-mg regimens across most subgroups, partic-
ularly in TNF-IR subset and in patients with psoriasis, which is
consistent with previous reports.2,3,6,7,16 Patients who did not
use concomitant MTX showed greater treatment effect in
ACR50 and PASI 90 responses with secukinumab 300 mg than
secukinumab 150-mg dose regimens. Secukinumab 300 mg showed
higher ACR50/70 and PASI 90 responses in patients with baseline
DAS28 CRP levels of >5.1, baseline CRP levels of ≤10 mg/L,
and patients with ≥10% of baseline BSAwith psoriasis in com-
parison to secukinumab 150-mg dose regimens.

Secukinumab 150-mg load showed higher responses than
the 150-mg no-load regimen for most endpoints across the various
subgroups supporting the use of the loading regimen for the
achievement of more rapid responses by week 16 in line with
the results previously reported in the FUTURE 5 study.7

The results of these analyses should be interpreted in light of
associated limitations. It is important to understand that certain
predictors may not have clinical relevance in specific patients.
Therefore, meta-analysis models or machine learning techniques

should not replace the medical or scientific judgment of trained
professionals. The use of meta-analysis data andmachine learning
algorithms in combination with targeted clinical evaluations may
be more effective in obtaining better treatment results and man-
agement of the disease.

CONCLUSIONS
Machine learning predicted additional benefit of secukinumab

300mg over 150mg in anti–TNF-IR patients, patients treated with-
out concomitant MTX, and patients with psoriasis. In addition,
early PsA and the presence of enthesitis were identified as predic-
tors of PASDAS-LDA including remission that warrant further re-
search. Individual meta-analysis of 2049 patients in four phase 3
studies showed that secukinumab 300-mg, 150-mg load, and
150-mg no-load regimens provided improvements in higher hur-
dle endpoints versus placebo in patients with active PsA. These
results were observed in the overall population and across sub-
groups regardless of prior anti-TNF use, use of concomitant
MTX, and various levels of baseline disease activity and BSA

FIGURE 5. Treatment effect with secukinumab versus placebo by (A) baseline DAS28-CRP and (B) baseline CRP levels at week 16. The PASI 90
response was analyzed in patients with psoriasis ≥3 BSA.
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of psoriasis. Secukinumab 300 mg was associated with greater
improvements compared with 150-mg dose in the overall popula-
tion and in most subgroups.
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