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ABSTRACT

Background: Psoriatic arthritis (PsA) is a
chronic, heterogeneous, immune-mediated
disease manifesting as a spectrum of possible
inflammatory signs and symptoms. Clinicians
need therapeutic choices that work across all
active PsA disease domains, as well as practical
information about efficacy of available treat-
ments for individual domains in specific groups

of patients. The objective of this study was to
evaluate the effect of prior tumor necrosis factor
inhibitor (TNFi) exposure on the efficacy of
secukinumab across PsA core domains.
Methods: Data were pooled from 2049 partici-
pants with PsA in four phase 3 studies
(FUTURE 2–5). Efficacy at week 16 was evalu-
ated for each GRAPPA-OMERACT PsA core
domain using nonresponder imputation for
musculoskeletal disease activity and Psoriasis
Area and Severity Index scores or as-observed
data for other outcomes. For each measure,
comparisons with placebo were made separately
in the TNFi-naive and TNFi-inadequate respon-
der/intolerant (TNF-IR) cohorts.
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Results: Treatment with secukinumab
improved PsA disease activity across all disease
domains regardless of previous TNFi use,
although TNFi-naive patients experienced
numerically greater benefits in most outcomes.
Among patients treated with secukinumab
300 mg, 41.5% and 24.4% of TNFi-naive
patients (P\0.05 vs placebo) and 18.6% and
9.0% of TNF-IR patients (nonsignificant vs pla-
cebo) experienced resolution in 66 swollen and
68 tender joint counts, respectively; addition-
ally, 37.2% of TNFi-naive patients and 24.2% of
TNF-IR patients achieved complete resolution of
psoriasis at week 16 (all P\0.05 vs placebo).
Secukinumab effect sizes were generally larger
in TNFi-naive vs TNF-IR patients for muscu-
loskeletal and patient-reported domains.
Conclusions: Secukinumab demonstrated effi-
cacy vs placebo across GRAPPA-OMERACT PsA
core domains. Higher responses among TNFi-
naive vs TNF-IR patients suggest that secuk-
inumab should be considered for first-line use
in PsA.

PLAIN LANGUAGE SUMMARY

Psoriatic arthritis (PsA) is a long-term disease
that can affect a patient’s joints, skin, lower
back, physical function, mental health, pro-
ductivity, and other areas. Drugs called tumor
necrosis factor inhibitors (TNFis) can be used to
treat PsA, although not all patients benefit from
TNFis and many seek other treatment options.
These patients, known as TNFi-inadequate
responders (TNF-IR), have PsA that is difficult to
treat. Another treatment option is secuk-
inumab, a drug that blocks a molecule called
interleukin-17 that is involved in PsA. Doctors
need to know how different drugs work for
treating PsA signs and symptoms in different
groups of patients, including TNF-IR patients
and those who have never received TNFis (TNFi-
naive patients). This study used data from 2049
patients in four different PsA clinical trials
(FUTURE 2–5) to see how well secukinumab
worked at treating different signs and symp-
toms of PsA in TNFi-naive and TNF-IR patients.
After 16 weeks of treatment, patients who took

secukinumab saw greater improvements across
all measured PsA signs and symptoms than
those who took placebo. This was true for both
TNFi-naive and TNF-IR patients. TNFi-naive
patients seemed to benefit slightly more than
TNF-IR patients—especially in their joint
symptoms—although this study was not
designed to judge the significance of these dif-
ferences. These results suggest that secuk-
inumab would be an effective first treatment
option for patients with PsA. Since secuk-
inumab improves the skin, joints, and other
affected areas, it can be useful in treating the
whole patient who has psoriatic disease.

Keywords: Psoriatic arthritis; Spondyloarthritis;
GRAPPA-OMERACT domains; Secukinumab;
TNF-IR; TNFi-naive

Key Summary Points

In this analysis of pooled phase 3 studies
in psoriatic arthritis, secukinumab
improved disease burden as measured by
the GRAPPA-OMERACT domains,
regardless of previous tumor necrosis
factor inhibitor (TNFi) exposure

Higher responses in the TNFi-naive vs
TNFi-inadequate responder/intolerant
(TNF-IR) cohorts, especially in
musculoskeletal manifestations and
patient-reported outcomes, suggest value
of secukinumab as a first-line biologic
therapy for the treatment of psoriatic
arthritis

Significant improvements in psoriasis and
psoriasis-related patient-reported
outcomes in both TNFi-naive and TNFi-IR
patients receiving secukinumab 300 mg vs
placebo suggest that secukinumab is an
effective treatment option throughout the
course of psoriatic disease
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DIGITAL FEATURES

This article is published with digital features,
including a summary slide and plain language
summary to facilitate understanding of the
article. To view digital features for this article go
to https://doi.org/10.6084/m9.figshare.
14779812 .

INTRODUCTION

Psoriatic arthritis (PsA) is a rheumatologic dis-
ease that affects up to 30% of patients with
psoriasis and up to 0.25% of all people in the
USA [1]. PsA manifests with peripheral joint
inflammation, enthesitis, dactylitis, and axial
involvement, either alone or in combination, in
addition to skin and nail psoriasis [2]. As a result
of the heterogeneity of the disease, clinicians
need therapeutic choices that work across all
active PsA disease domains, as well as practical
information about efficacy of available treat-
ments for each individual domain and in
specific groups of patients. Previous analyses of
relationships between baseline characteristics
and treatment response have found that prior
tumor necrosis factor inhibitor (TNFi) exposure
is the most important observable baseline
characteristic [3, 4]. Patients with TNFi experi-
ence are viewed as having disease that is more
difficult to treat [5].

Secukinumab is a fully human monoclonal
antibody targeting interleukin (IL)-17A. It is
approved for the treatment of psoriasis [6–8],
PsA [9, 10], ankylosing spondylitis (AS) [11], and
nonradiographic axial spondyloarthritis[12]
and has been shown to improve disease burden
in patients with PsA across all PsA core domains
in a mixed population of TNFi-naive patients
and patients with an inadequate response to
TNFis (TNF-IR) [13].

In this study, we explored the effect of pre-
vious TNFi exposure on the efficacy of secuk-
inumab as measured by responses across PsA
domains, as defined by international consensus
through the Group for Research and Assessment
of Psoriasis and Psoriatic Arthritis (GRAPPA)
and endorsed by Outcome Measures in
Rheumatology (OMERACT) [14, 15], using data

pooled from four phase 3 studies of patients
with PsA [16–19].

METHODS

Study Population

This post hoc analysis included patients with
active PsA who participated in the phase 3 ran-
domized controlled trials FUTURE 2
(NCT01649375; N = 397) [16], FUTURE 3
(NCT01989468; N = 414) [17], FUTURE 4
(NCT02294227; N = 341) [18], and FUTURE 5
(NCT02404350; N = 996) [19]. This pooled
population consisted of a mixed population of
TNFi-naive and TNF-IR patients; TNF-IR
patients must have experienced an inadequate
response to previous or current TNFi treatment
given at the approved dose for at least 3 months
or have stopped treatment with at least one
TNFi because of safety or tolerability issues. At
the time of this analysis, these studies consti-
tuted all available data for secukinumab at the
approved doses in patients with PsA. The
FUTURE 1 study was excluded from this sec-
ondary analysis because the intravenous load-
ing dose is not licensed for use in PsA [9]. Data
were pooled from these studies according to the
following treatment arms at the end of the
16-week, double-blind, placebo-controlled per-
iod: patients received either secukinumab
300 mg (N = 461) or secukinumab 150 mg sub-
cutaneously (with and without subcutaneous
loading dose; N = 907) or placebo (N = 681).
Once pooled, patients were stratified within
each treatment arm by prior TNFi use (TNFi
naive and TNF-IR) within each treatment arm.
The FUTURE studies did not assess axial disease
in PsA. Although the MAXIMISE study
(NCT02721966) has recently demonstrated the
safety and efficacy of secukinumab in clinical
and imaging measures of axial PsA [20], we did
not include this study in the current analysis
because the entire population is TNFi naive.

All included studies were approved by each
central institutional review board (IRB;
FUTURE 2 approving board, Copernicus Group
IRB; date of approval, January 17, 2013; Coper-
nicus IRB Tracking number, NOV2 12 439.

Rheumatol Ther (2021) 8:1223–1240 1225

https://doi.org/10.6084/m9.figshare.14779812
https://doi.org/10.6084/m9.figshare.14779812


FUTURE 3 approving board, Quorum IRB; date
of approval, February 4, 2014. FUTURE 4
approving board, Chesapeake IRB; date of
approval, December 12, 2014. FUTURE 5
approving board, Chesapeake IRB; date of
approval, June 11, 2015). Approval was also
obtained from the ethics review boards of each
additional center that participated in the indi-
vidual studies. All included studies were per-
formed in accordance with the Helsinki
Declaration of 1964 and its later amendments.
Written informed consent was obtained from
all participants before study inclusion.

Outcomes and Assessments

The efficacy of secukinumab at week 16 was
evaluated according to the updated GRAPPA-
OMERACT PsA core domains using multiple
instruments recorded in published clinical trials
[13, 15].

Musculoskeletal Disease Activity
Arthritis, enthesitis, and dactylitis were assessed
using at least 50% improvement and complete
resolution (100%) in swollen joint count in 66
joints (SJC66), tender joint count in 68 joints
(TJC68), Leeds Enthesitis Index (LEI) [21], and
Leeds Dactylitis Index (LDI) [22].

Skin and Nail Disease Activity
Efficacy for psoriasis was assessed as achieve-
ment of at least 75% improvement in the Pso-
riasis Area and Severity Index (PASI75) and
complete resolution (PASI100), Investigator’s
Global Assessment modified 2011 scores of 0 or
1 (clear or almost clear), and 75% improvement
in the modified Nail Psoriasis Severity Index
(mNAPSI75) [23].

Symptoms and Life Impact
Pain and patient global assessment were asses-
sed by the mean change from baseline using a
100-mm visual analog scale (VAS) and achieve-
ment of at least a 30% improvement in pain and
patient global assessment VAS scores. Physical
function was assessed by the mean change from
baseline in the Health Assessment Question-
naire–Disability Index (HAQ-DI; scale, 0–3) and

by achievement of the minimal clinically
important difference (MCID) of at least 0.35 in
PsA [24, 25]. Health-related quality of life
(HRQOL) was assessed by achievement of the
MCID of at least 2.5 in the raw 36-Item Short
Form Health Survey (SF-36) physical compo-
nent summary (PCS) and SF-36 mental compo-
nent summary (MCS) scores established and
used in rheumatoid arthritis [26–29]. Fatigue
was assessed using both the mean change from
baseline in the Functional Assessment of
Chronic Illness Therapy–Fatigue (FACIT-Fa-
tigue; scale, 0–52) scores and achievement of
the FACIT-Fatigue response, defined as a change
from baseline of at least 4.0 [30, 31]. Systemic
inflammation was evaluated by the resolution
of elevated C-reactive protein (CRP) levels at
week 16, defined as achievement of 10 mg/L or
less among patients with CRP greater than
10 mg/L at baseline. Efficacy for overall activity
impairment was assessed by achievement of
MCID of absenteeism of at least 20%, presen-
teeism of at least 20%, work productivity loss of
at least 15%, and activity impairment of at least
20% in the respective Work Productivity and
Activity Impairment Questionnaire: General
Health (WPAI:GH) domains; these cutoffs were
adapted from those thresholds reported in PsA
using the WPAI Specific Health Questionnaire
[32].

Statistical Analysis

Thresholds for meaningful improvement have
been previously defined for several outcome
measures. When an MCID was defined for an
outcome measure, this threshold was used for
this post hoc analysis. When an MCID was
unknown, a threshold was selected that was
judged to be meaningful on the basis of current
measures in use (e.g., 50–75% improvement) or
least squares mean (LSM) change [13]. For
musculoskeletal disease and skin disease activ-
ity, complete resolution (100% improvement)
was also assessed.

For each outcome, comparisons between
secukinumab vs placebo were separately evalu-
ated in the TNFi-naive and TNF-IR cohorts at
week 16. Nonresponder imputation analysis for
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missing data was conducted for musculoskeletal
disease activity, PASI, and activity impairment
scores; patients with no baseline impairment by
WPAI:GH were counted as nonresponders per
convention as a conservative imputation
approach. As-observed data were used in the
analyses of other outcomes. Effect sizes for
selected outcomes were presented as Cohen
d values, calculated as the mean change from
baseline at week 16 divided by the standard
deviation of the difference [33]. Effect size was
interpreted here in either the positive or nega-
tive directions as 0.2 for small, 0.5 for moderate,
and 0.8 for large [33]. All P values were calcu-
lated for purposes of hypothesis generation, and
no adjustment was made for multiple
comparisons.

RESULTS

Demographics and Clinical Characteristics

This pooled analysis included 2049 participants
(1436 TNFi naive and 613 TNF-IR) from the
FUTURE 2, 3, 4, and 5 randomized controlled
trials. Demographics and baseline disease char-
acteristics of patients from each pooled trial are
shown in Table S1 in the supplementary mate-
rial. A mixed population of TNF-IR and TNFi-
naive patients were enrolled in each of the four
studies; TNF-IR patients comprised 31.5%,
29.1%, and 30.0% of the secukinumab 300 mg,
secukinumab 150 mg, and placebo arms,
respectively. Baseline demographics and disease
characteristics were broadly similar across all
pooled arms (Table 1).

Pooled Efficacy Across PsA Core Domains

In the musculoskeletal disease activity domains
(arthritis, enthesitis, dactylitis), TNFi-naive
patients receiving secukinumab were numeri-
cally more likely to experience improvement
than TNF-IR patients, although both groups
receiving any dose of secukinumab were signif-
icantly more likely to achieve clinical endpoints
than patients receiving placebo (Fig. 1a, b).
Patients receiving secukinumab were more

likely than those receiving placebo to experi-
ence improvement in swollen and tender joint
counts (SJC66 and TJC68, at least 50%
improvement) and improvement in enthesitis
and dactylitis (LEI and LDI at least 50%
improvement; all P \ 0.05). Resolution of
dactylitis and enthesitis was observed regardless
of secukinumab dose and prior TNFi exposure
(all P\ 0.05), although responses were numer-
ically higher in TNFi-naive vs TNF-IR patients
and inpatients receiving secukinumab 300 mg
vs those receiving secukinumab 150 mg. TNFi-
naive patients receiving secukinumab were
more likely to experience resolution of both
SJC66 and TJC68 than those receiving placebo
(all P\0.05). However, among TNF-IR patients,
only those receiving secukinumab 150 mg were
significantly more likely to experience SJC66
resolution than those receiving placebo (P \
0.05), and no groups receiving secukinumab
were significantly more likely to experience
resolution of TJC68 than patients receiving
placebo. This disparity between cohorts could
be explained by worse arthritis among TNF-IR
patients, as evidenced by slightly higher SJC66
and TJC68 scores at baseline vs TNFi-naive
patients (Table 1), or possibly by a shift in dis-
ease phenotype within the TNF-IR population.
Effect sizes for the musculoskeletal domains
were largest in TNFi-naive patients treated with
secukinumab 300 mg, and effect sizes were
generally larger in TNFi-naive patients than in
TNF-IR patients (Table 2).

In the skin disease activity domain, a signif-
icantly higher proportion of TNFi-naive and
TNF-IR patients receiving secukinumab 300 mg
achieved PASI75 and PASI100 responses and
Investigator’s Global Assessment–modified
2011 scores of 0 or 1 at week 16 than patients
receiving placebo (all P\ 0.05; Fig. 2). TNFi-
naive patients receiving either dose of secuk-
inumab were numerically more likely to achieve
PASI100 than TNF-IR patients in the corre-
sponding treatment arm. Of patients with nail
involvement at baseline, a significantly higher
proportion of TNFi-naive and TNF-IR patients
receiving both doses of secukinumab achieved
an mNAPSI75 response compared with patients
receiving placebo (all P\0.05), with a numeri-
cally greater proportion of TNFi-naive patients
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Table 1 Pooled baseline patient characteristics across FUTURE 2–5 trials, stratified by TNFi use

Characteristic Secukinumab 300 mg
(n = 461)

Secukinumab 150 mg
(n = 907)

Placebo (n = 681)

TNFi status Naive
(n = 316)

TNF-IR
(n = 145)

Naive
(n = 643)

TNF-IR
(n = 264)

Naive
(n = 477)

TNF-IR
(n = 204)

Age, mean (SD), years 48.2 (12.4) 49.4 (13.6) 47.9 (12.2) 50.9 (11.7) 48.5 (12.2) 51.2 (12.4)

Female, n (%) 150 (47.5) 85 (58.6) 328 (51.0) 134 (50.8) 254 (53.2) 123 (60.3)

Race, n (%)

White 291 (92.1) 121 (83.4) 578 (89.9) 227 (86.0) 431 (90.4) 184 (90.2)

Asian 17 (5.4) 12 (8.3) 42 (6.5) 23 (8.7) 30 (6.3) 8 (3.9)

Other* 8 (2.5) 12 (8.3) 21 (3.3) 14 (5.3) 14 (2.9) 12 (5.9)

Unknown 0 0 2 (0.3) 0 2 (0.4) 0

BMI, mean (SD), kg/m2 28.7 (5.7) 30.7 (6.3) 29.2 (6.2) 30.9 (6.5) 29.1 (6.0) 30.1 (6.4)

Methotrexate use at baseline, n (%) 160 (50.6) 67 (46.2) 329 (51.2) 116 (43.9) 259 (54.3) 80 (39.2)

TJC68, mean (SD) 16.5 (11.6) 22.2 (15.0) 18.1 (13.4) 23.5 (16.5) 18.4 (13.5) 23.5 (16.2)

SJC66, mean (SD) 8.5 (5.7) 10.5 (8.3) 9.7 (7.7) 12.2 (10.2) 9.9 (7.9) 11.2 (10.3)

Presence of enthesitis, n (%) 195 (61.7) 89 (61.4) 382 (59.4) 187 (70.8) 291 (61.0) 140 (68.6)

Presence of dactylitis, n (%) 117 (37.0) 57 (39.3) 236 (36.7) 93 (35.2) 167 (35.0) 64 (31.4)

DAS28-CRP score, mean (SD) 4.40 (1.02) 4.92 (0.97) 4.49 (1.03) 5.03 (1.09) 4.54 (1.03) 4.81 (1.13)

DAS28-ESR score, mean (SD) 4.84 (1.17) 5.35 (1.19) 4.89 (1.16) 5.45 (1.25) 4.98 (1.20) 5.29 (1.23)

PASDAS score (0–10), mean (SD) 5.65 (1.03) 6.03 (0.95) 5.73 (1.05) 6.26 (1.02) 5.72 (1.07) 6.00 (1.03)

PASI score (0–72), mean (SD) 11.12

(9.01)

11.28 (8.45) 11.84

(11.17)

12.54

(10.11)

10.86

(9.38)

11.31 (9.23)

PsA pain score (VAS 0–100), mean

(SD)

52.2 (23.2) 59.4 (23.1) 53.2 (23.0) 61.1 (20.7) 52.4 (23.2) 58.4 (23.5)

CRP[ 10 mg/L, n (%) 70 (22.2) 45 (31.0) 134 (20.8) 85 (32.2) 115 (24.1) 52 (25.5)

HAQ-DI score (0–3), mean (SD) 1.12 (0.62) 1.34 (0.65) 1.12 (0.63) 1.43 (0.63) 1.18 (0.61) 1.35 (0.66)

SF-36 PCS score (0–100), mean

(SD)

38.64

(8.10)

35.66 (8.05) 38.49

(8.19)

33.82 (8.29) 37.85

(8.30)

34.42 (8.23)

SF-36 MCS score (0–100), mean

(SD)

44.19

(11.58)

43.80

(12.01)

43.69

(10.98)

42.31

(10.97)

44.50

(10.67)

42.30

(12.19)

FACIT-Fatigue score (0–52), mean

(SD)

31.3 (11.4) 27.1 (12.1) 30.8 (11.2) 25.0 (11.8) 31.1 (10.5) 25.4 (11.3)

Patient global assessment score (VAS

0–100), mean (SD)

55.3 (21.3) 62.9 (21.1) 54.8 (22.2) 64.0 (20.8) 55.2 (20.9) 60.1 (21.6)
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achieving responses vs TNF-IR patients. Treat-
ment effect sizes in psoriasis were large and
highest for secukinumab 300 mg vs 150 mg,
irrespective of previous TNFi experience
(Table 2). The same effect was seen for Derma-
tology Quality of Life Index. Treatment effect
sizes were moderate in nail psoriasis and similar
between secukinumab doses and between TNFi-
naive and TNF-IR cohorts.

Significant improvements were observed
with both secukinumab doses vs placebo at
week 16 in the pain and physical function
domains, as determined by at least a 30%
improvement in the PsA pain VAS and at least a
0.35-point improvement in HAQ-DI, respec-
tively, regardless of prior TNFi use (all P\ 0.05;
Fig. 3a). Further, TNFi-naive patients receiving
secukinumab were generally numerically more
likely to experience clinical response than TNF-
IR patients. Patients receiving secukinumab also

experienced significant benefits in the HRQOL
(Fig. 3b) and systemic inflammation domains
(Fig. 3c). Patients treated with both doses of
secukinumab were significantly more likely to
achieve at least 2.5-point improvements in both
the SF-36 PCS and SF-36 MCS at week 16 com-
pared with those treated with placebo. For SF-36
PCS, patients receiving secukinumab 300 mg
were numerically more likely to achieve clinical
response compared with those receiving secuk-
inumab 150 mg. The observation that TNFi-
naive patients receiving any dose of secuk-
inumab experienced clinical responses slightly
more frequently than those who were TNF-IR is
also reflected in Cohen d effect sizes of treat-
ment (Table 2). Effect sizes for physical function
(HAQ-DI) were large in the secukinumab
300-mg group regardless of previous TNFi use
and in TNFi-naive patients treated with secuk-
inumab 150 mg; the HAQ-DI effect size was

Table 1 continued

Characteristic Secukinumab 300 mg
(n = 461)

Secukinumab 150 mg
(n = 907)

Placebo (n = 681)

TNFi status Naive
(n = 316)

TNF-IR
(n = 145)

Naive
(n = 643)

TNF-IR
(n = 264)

Naive
(n = 477)

TNF-IR
(n = 204)

WPAI:GH score, mean (SD) [n]

Work time missed (absenteeism) 8.5 (19.2)

[132]

11.2 (22.8)

[45]

12.3 (25.5)

[253]

19.0 (27.6)

[86]

10.3 (21.4)

[183]

14.0 (25.4)

[62]

Impairment while working

(presenteeism)

35.3 (25.0)

[131]

37.5 (25.5)

[44]

34.1 (25.5)

[242]

47.4 (25.2)

[82]

37.8 (22.9)

[180]

44.2 (24.2)

[60]

Overall work impairment 38.7 (27.4)

[130]

41.2 (27.5)

[44]

38.0 (27.9)

[242]

54.1 (26.5)

[82]

42.0 (24.6)

[179]

47.9 (26.8)

[59]

Activity impairment 44.9 (25.2)

[202]

52.2 (27.1)

[87]

44.9 (24.9)

[431]

56.8 (22.9)

[157]

47.0 (23.8)

[315]

53.7 (25.3)

[119]

BMI body mass index, CRP C-reactive protein, DAS28 disease activity score using 28 joints, ESR erythrocyte sedimentation
rate, FACIT-Fatigue Functional Assessment of Chronic Illness Therapy–Fatigue, HAQ-DI Health Assessment Question-
naire Disability Index, MCS mental component summary, PASDAS Psoriatic Arthritis Disease Activity Score, PASI
Psoriasis Area and Severity Index, PCS physical component summary, PsA psoriatic arthritis, SF-36 36-Item Short Form
Health Survey, SJC swollen joint count, TJC tender joint count, TNFi tumor necrosis factor inhibitor, TNF-IR tumor
necrosis factor inhibitor inadequate responder, VAS visual analog scale, WPAI:GH Work Productivity and Activity
Impairment Questionnaire: General Health
*Includes Black or African American, American Indian or Alaskan Native, Native Hawaiian or other Pacific Islander, and
other
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moderate in TNF-IR patients treated with
secukinumab 150 mg. This trend was similar for

HRQOL as measured by the SF-36 PCS. SF-36
MCS effect sizes were small for secukinumab-

Fig. 1 Percentage of patients with improvement across the
musculoskeletal disease activity domain in terms of
A arthritis, B enthesitis and dactylitis, C spinal and hip
pain assessed using BASDAI item #2 in patients with PsA
at week 16 in the FUTURE 2–5 trials. BASDAI Bath
Ankylosing Spondylitis Disease Activity Index, LDI Leeds

Dactylitis Index, LEI Leeds Enthesitis Index, LSM least
squares mean, PsA psoriatic arthritis, SJC swollen joint
count, TJC tender joint count, TNF-IR tumor necrosis
factor inhibitor inadequate responder. �Among patients
with enthesitis or dactylitis at baseline only. *P\ 0.05 vs
placebo
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Table 2 Cohen d effect sizes for selected outcomes in TNFi-naive and TNF-IR patients vs placebo in the FUTURE 2–5
trials

Measure, Cohen d of mean
change from baseline

Secukinumab 300 mg
(n = 461)

Secukinumab 150 mg
(n = 907)

Placebo (n = 681)

TNFi status Naive
(n = 316)

TNF-IR
(n = 145)

Naive
(n = 643)

TNF-IR
(n = 264)

Naive
(n = 477)

TNF-IR
(n = 204)

Musculoskeletal domain

SJC66 - 0.83 - 0.67 - 0.78 - 0.48 - 0.49 - 0.13

TJC68 - 0.84 - 0.60 - 0.70 - 0.48 - 0.33 - 0.10

LDI - 0.30 - 0.19 - 0.23 - 0.15 - 0.11 - 0.08

LEI - 0.59 - 0.44 - 0.44 - 0.39 - 0.30 - 0.01

Skin

PASI score - 1.11 - 1.16 - 0.90 - 0.95 - 0.31 - 0.01

IGA mod 2011 score - 1.73 - 1.75 - 1.39 - 1.05 - 0.45 - 0.39

mNAPSI - 0.68 - 0.63 - 0.63 - 0.52 - 0.19 - 0.10

Pain and physical function

PsA pain - 0.83 - 0.56 - 0.73 - 0.53 - 0.29 - 0.10

HRQOL

HAQ-DI - 0.97 - 0.75 - 0.81 - 0.64 - 0.48 - 0.19

SF-36 PCS 0.94 0.76 0.78 0.58 0.37 0.23

SF-36 MCS 0.42 0.32 0.44 0.30 0.16 0.11

PsAQOL - 0.75 - 0.54 - 0.68 - 0.49 - 0.27 - 0.12

DLQI - 0.92 - 0.95 - 1.01 - 1.00 - 0.32 - 0.35

Systemic inflammation

CRP - 0.38 - 0.41 - 0.30 - 0.33 - 0.05 - 0.02

ESR - 0.69 - 0.49 - 0.52 - 0.44 - 0.24 0.03

Fatigue

FACIT-Fatigue 0.66 0.64 0.63 0.47 0.25 0.12

Patient global

Patient global assessment - 0.77 - 0.68 - 0.61 - 0.63 - 0.33 - 0.17

Participation

Rheumatol Ther (2021) 8:1223–1240 1231



treated patients, although the TNFi-naive
cohort had the highest effect sizes. For the PsA-

specific HRQOL (PsAQOL), the effect sizes were
moderate for all groups, except for TNF-IR

Table 2 continued

Measure, Cohen d of mean
change from baseline

Secukinumab 300 mg
(n = 461)

Secukinumab 150 mg
(n = 907)

Placebo (n = 681)

TNFi status Naive
(n = 316)

TNF-IR
(n = 145)

Naive
(n = 643)

TNF-IR
(n = 264)

Naive
(n = 477)

TNF-IR
(n = 204)

WPAI:GH - 0.58 - 0.49 - 0.48 - 0.40 - 0.25 \ 0.01

Effect size interpretation is subjective; generally, a magnitude in either the positive or negative direction was considered as
0.2 for small, 0.5 for moderate, 0.8 for large [33]
CRP C-reactive protein, DLQI Dermatology Life Quality Index, ESR erythrocyte sedimentation rate, FACIT-Fatigue
Functional Assessment of Chronic Illness Therapy–Fatigue, HAQ-DI Health Assessment Questionnaire Disability Index,
HRQOL health-related quality of life, IGA mod 2011 Investigator’s Global Assessment modified 2011, LDI Leeds Dactylitis
Index, LEI Leeds Enthesitis Index, MCS mental component summary, mNAPSI modified Nail Psoriasis Severity Index,
PASI Psoriasis Area and Severity Index, PCS physical component summary, PsA psoriatic arthritis, PsAQOL Psoriatic
Arthritis Quality of Life, SF-36 36-item Short Form Health Survey, SJC swollen joint count, TJC tender joint count, TNFi
tumor necrosis factor inhibitor, TNF-IR tumor necrosis factor inhibitor inadequate responder, VAS visual analog scale,
WPAI:GH Work Productivity and Activity Impairment Questionnaire: General Health

Fig. 2 Percentage of patients with meaningful improve-
ment in the skin disease activity domain at week 16 in the
FUTURE 2–5 trials. IGA mod 2011 Investigator’s Global
Assessment modified 2011, LSM least squares mean,
mNAPSI modified Nail Psoriasis Severity Index, PASI

Psoriasis Area and Severity Index, TNF-IR tumor necrosis
factor inhibitor inadequate responder. �Among patients
with affected body surface area of at least 3% at baseline.
�Among patients with nail involvement at baseline.
*P\ 0.05 vs placebo
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patients treated with secukinumab 150 mg, in
whom the effect size was small.

Of patients with elevated CRP at baseline
(CRP greater than 10 mg/L), a significantly
higher proportion of those receiving secuk-
inumab experienced improvement in the sys-
temic inflammation domain (CRP reduction

less than 10 mg/L) compared with patients
receiving placebo, regardless of prior TNFi use
(all P\0.05). These responses were reflected in
CRP-level effect sizes, which were similar for
secukinumab-treated patients regardless of dose
and TNFi status and were greater than those in
patients receiving placebo (Table 2).

Fig. 3 Percentage of patients with meaningful improve-
ment in the a pain and physical function, b health-related
quality of life, and c systemic inflammation domains at
week 16 in the FUTURE 2–5 trials. CRP C-reactive
protein, LSM least squares mean, MCID minimal clinically
important difference, MCS mental component summary,

PCS physical component summary, PsA psoriatic arthritis,
SF-36 36-item Short Form Health Survey, TNF-IR tumor
necrosis factor inhibitor inadequate responder, VAS visual
analog scale. �Among patients with CRP greater than
10 mg/L at baseline. *P\ 0.05 vs placebo
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Fig. 4 Percentage of patients with meaningful improve-
ment across a fatigue and b patient global assessment
domains in patients with PsA at week 16 in the
FUTURE 2–5 trials. FACIT-Fatigue Functional

Assessment of Chronic Illness Therapy–Fatigue, MCID
minimal clinically important difference, PsA psoriatic
arthritis, TNF-IR tumor necrosis factor inhibitor inade-
quate responder. *P\ 0.05 vs placebo

Fig. 5 Percentage of patients with meaningful improve-
ment in the participation domain at week 16 in the
FUTURE 2–5 trials (nonresponder imputation). For all
analyses, patients without baseline impairment in WPAI

domains were characterized as nonresponders. TNF-IR
tumor necrosis factor inhibitor inadequate responder,
WPAI Work Productivity and Activity Impairment
questionnaire. *P\ 0.05 vs placebo
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Both doses of secukinumab showed signifi-
cant improvements at week 16 in the fatigue
and patient global assessment domain vs pla-
cebo, regardless of prior TNFi use (P\0.05 vs
placebo; Fig. 4a, b). Achievement of responses
was numerically more likely for patients
receiving secukinumab 300 mg than those
receiving secukinumab 150 mg, and TNFi-naive
patients showed numerically greater improve-
ments with secukinumab than those who were
TNF-IR. For fatigue, effect sizes for secuk-
inumab-treated patients were moderate,
although the effect size was small for TNF-IR
patients treated with secukinumab 150 mg
(Table 2).

Treatment with secukinumab also resulted in
significant improvement in the GRAPPA middle
circle domain of work participation for TNFi-
naive and TNF-IR cohorts. All groups receiving
secukinumab showed significant improvements
in impairment of participation, as determined
by proportion of patients achieving at least 20%
improvement in the WPAI:GH activity impair-
ment domain at week 16 compared with those
receiving placebo (P\0.05; Fig. 5). TNF-IR
patients receiving any dose of secukinumab
were also more likely than those receiving pla-
cebo to achieve at least 20% improvement in
presenteeism and at least 15% improvement in
work productivity loss at week 16 (P\ 0.05;
Fig. 5). Effect sizes for activity impairment were
moderate in TNFi-naive patients treated with
secukinumab 300 mg and small in those treated
with secukinumab 150 mg; effect sizes were
small in all TNF-IR patients receiving either
dose of secukinumab.

DISCUSSION

In this retrospective, post hoc analysis compar-
ing the efficacy of secukinumab to that of pla-
cebo in TNF-IR and TNFi-naive patients across
individual GRAPPA domains, secukinumab was
found to benefit patients across all domains,
regardless of prior TNFi exposure. To ascertain
the breadth of effects of secukinumab on indi-
vidual disease domains, we deconstructed the
composite measures used in the FUTURE 2–5
trials and assessed discrete outcomes. This is the

first study to independently assess how TNF-IR
and TNFi-naive patients respond to a biologic
across all GRAPPA domains.

Generally, patients receiving secukinumab
300 mg achieved clinical responses more fre-
quently than those receiving secukinumab
150 mg. TNFi-naive patients receiving any dose
of secukinumab tended to demonstrate
improvements to a greater extent than those
who were TNF-IR, except for psoriasis and rela-
ted skin and nail outcomes, where improve-
ments were generally similar between cohorts.
For example, although improvement was noted
in the musculoskeletal and skin domains for
secukinumab-treated patients regardless of pre-
vious TNFi use, patients who were TNF-IR were
numerically less likely to achieve complete res-
olution of joint tenderness and swelling or res-
olution of psoriasis as measured by PASI100.
Effect sizes were generally highest for TNFi-
naive patients treated with secukinumab
300 mg and lowest for TNF-IR patients treated
with secukinumab 150 mg, although effect sizes
for all secukinumab-treated patient groups were
consistently higher than those receiving pla-
cebo. On the basis of this analysis, the higher
secukinumab dose (300 mg) should be consid-
ered for patients who have previously experi-
enced TNFi failure.

Longitudinal analyses of patients with PsA,
together with the use of updated GRAPPA
domains in clinical trials, have highlighted the
need to treat the combination of disease symp-
toms uniquely affecting patients with PsA.
TNFis have traditionally been used as first-line
biologic treatments for PsA; however, in clinical
trials, about 40% of patients with PsA fail to
achieve American College of Rheumatology
(ACR)20 responses [34, 35]. TNFi cycling is
common in patients who experience inade-
quate response, adverse events, or tolerability
issues [34, 35]. In an observational study from
the Corrona registry, patients with previous
TNFi exposure were more likely to discontinue
or switch their current TNFi than patients
without previous TNFi experience, and time to
discontinuation was shorter [36]. A recent study
of patients from the Swiss Registry for Clinical
Quality Management in Rheumatology found
that patients with PsA who switched from a
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TNFi to a biologic with a different mechanism
of action experienced improved drug retention
compared with those who switched to another
TNFi [37]. Results from a randomized, double-
blind, phase 3 comparison of secukinumab vs
the TNFi adalimumab (EXCEED; NCT02745080)
suggested that secukinumab was at least as
effective as adalimumab at improving joint
symptoms for patients with PsA while offering
increased benefit in the skin domain [38]. These
results were consistent with observations from
the SPIRIT-H2H study comparing ixekizumab
with adalimumab in patients with PsA [39],
adding evidence that biologics targeting IL-17A
may offer benefit over TNFis at improving skin
and joint manifestations of PsA.

Although psoriatic disease refractory to TNFi
treatment is seen as more difficult to treat [5],
biologics targeting PsA-specific inflammatory
cytokines may offer clinical benefit and should
be considered as first-line agents. The observed
improvements with secukinumab treatment in
TNF-IR and especially in TNFi-naive patient
populations across all GRAPPA domains
strengthen the evidence supporting secuk-
inumab use as a first-line PsA therapy. Analyses
of clinical practice data have shown that
secukinumab is commonly prescribed to bio-
logic-experienced patients [40]. Secukinumab
has demonstrated superior persistence com-
pared with other biologics in these patient
cohorts [41] as well as compared with adali-
mumab in the EXCEED trial [38].

A few limitations should be considered when
interpreting the findings from this analysis. As
this is a post hoc analysis, data from the
FUTURE studies were pooled from trials con-
ducted at different times and places, with dif-
ferent patient populations. Data from these
studies were pooled at the end of the double-
blind, placebo-controlled phase after 16 weeks
of treatment. This short time frame may have
been insufficient to allow the TNF-IR patients to
achieve responses; however, we still noted that
secukinumab-treated TNF-IR patients achieved
meaningful clinical responses. Axial disease was
not measured in the FUTURE 2–5 trials, and no
data were available on axial disease among
patients with PsA treated with secukinumab at
the time of this analysis. No direct comparisons

exist for the effect of secukinumab on axial
disease in TNFi-naive and TNF-IR patients with
PsA; however, results from the MAXIMISE trial
have since demonstrated the efficacy of secuk-
inumab on axial manifestations among bio-
logic-naive patients with PsA [20]. Finally, no
adjustments for multiple comparisons were
made to the analyses presented here.

CONCLUSIONS

In this post hoc analysis, secukinumab demon-
strated efficacy compared with placebo across
GRAPPA-OMERACT PsA core domains in the
phase 3 clinical trials program regardless of
prior TNFi use, although TNFi-naive patients
generally experienced the greatest benefits.
These results further support the value of
secukinumab in improving the heterogeneous
PsA disease spectrum, including HRQOL mea-
sures, in both TNFi-naive and TNF-IR patients.
On the basis of numerically greater responses in
TNFi-naive compared with TNF-IR patients,
secukinumab may be a preferred agent for the
initial treatment of PsA.
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