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ABSTRACT
Background There is significant unmet need in
patients with ankylosing spondylitis (AS) who have
inadequate response or intolerance to anti-tumour
necrosis factor (TNF) treatment. Secukinumab, an anti-
interleukin-17A monoclonal antibody, significantly
improved signs and symptoms of AS in the MEASURE 2
study (NCT01649375).
Methods Subjects with active AS (N=219) received
secukinumab (150 or 75 mg) or placebo at baseline,
weeks 1, 2, 3 and 4, and every 4 weeks thereafter.
Randomisation was stratified by prior anti-TNF use: anti-
TNF-naive or inadequate response/intolerance to one
anti-TNF (anti-TNF-IR). The primary endpoint was
Assessment of SpondyloArthritis International Society
criteria (ASAS) 20 at week 16.
Results At week 16, 68.2% of anti-TNF-naive subjects
treated with secukinumab 150 mg achieved ASAS20
compared with 31.1% treated with placebo (p<0.001).
In the anti-TNF-IR group, 50.0% of subjects treated with
secukinumab 150 mg achieved an ASAS20 response
compared with 24.1% treated with placebo (p<0.05).
Numerically greater improvements were observed with
secukinumab than with placebo for most secondary
endpoints. Clinical responses were sustained through
week 52.
Conclusions Secukinumab 150 mg provided sustained
improvements in signs and symptoms of AS in anti-TNF-
naive and anti-TNF-IR subjects through 52 weeks of
therapy.
Trial registration number NCT01649375.

INTRODUCTION
Ankylosing spondylitis (AS) is a chronic inflamma-
tory disease which primarily affects the axial skel-
eton.1 It is characterised by the erosion and fusion
of the spinal vertebrae and sacroiliac joints,2 which
often results in progressive, irreversible structural
damage, deterioration of function, disability and
reduced quality of life (QoL).3 4

Current therapeutic options are limited for
patients with AS. Non-steroidal anti-inflammatory
drugs are often insufficient to control disease symp-
toms and, although anti-tumour necrosis factor
(TNF) therapy is recommended for patients with
persistent disease activity despite conventional
treatment, up to 40% of patients with AS become

intolerant to these agents or fail to achieve
adequate disease control.5 6

Treatment with secukinumab (human anti-
interleukin (IL)-17A IgG1k monoclonal antibody)
significantly improved the signs and symptoms of AS
when compared with placebo treatment in two phase
3 trials (MEASURE 1 (intravenous followed by sub-
cutaneous (s.c.) administration; NCT01358175) and
MEASURE 2 (s.c. administration; NCT01649375)).7

In MEASURE 2, 61% and 41% of subjects treated
with secukinumab 150 mg and 75 mg, respectively,
achieved an Assessment of SpondyloArthritis
International Society 20 (ASAS20) response at week
16, compared with 28% given placebo.7 All pre-
defined secondary endpoints except ASAS partial
remission were met with secukinumab 150 mg s.c.
The clinical responses observed at week 16 were sus-
tained through 52 weeks of therapy.7 Responses with
secukinumab 75 mg were not significantly different
from placebo for the primary endpoint or for sec-
ondary endpoints based on hierarchical testing.7 The
safety profile was consistent with other studies of
secukinumab in AS, psoriatic arthritis and moderate-
to-severe plaque psoriasis.7–11

Here, we present the results of a pre-specified
subgroup analysis of MEASURE 2 to investigate the
efficacy of secukinumab in subjects who were naive
to anti-TNF therapy (anti-TNF-naive) and in those
with a history of inadequate response or reported
intolerance to anti-TNF therapy (anti-TNF-IR).

PATIENTS AND METHODS
MEASURE 2 is an ongoing randomised, double-
blind, placebo-controlled, 5-year, phase 3 trial. A
complete description of enrolment criteria, study
procedures and study design has been reported
previously.7

Eligible subjects were aged ≥18 years with AS
fulfilling the modified New York criteria, a score
of ≥4 (0–10) on the Bath AS Disease Activity
Index (BASDAI), and a spinal pain score of
≥40 mm on a 100 mm visual analogue scale,
despite treatment with their maximum tolerated
dose of non-steroidal anti-inflammatory drugs
(NSAIDs). Written informed consent was obtained
from all subjects.
Subjects previously treated with only one

anti-TNF agent were eligible to participate in the
study if they had had an inadequate response after
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receiving the approved dose for ≥3 months or were unable to
tolerate at least one dose (anti-TNF-IR). The online
Supplementary Methods file provides further information
regarding allowed medication and exclusion criteria.

Subjects with active AS were randomised 1:1:1 to secukinu-
mab 150 mg, secukinumab 75 mg or placebo, administered at
baseline, weeks 1, 2, 3 and 4, and every 4 weeks thereafter.
Randomisation was stratified by anti-TNF history:
anti-TNF-naive, or inadequate response or intolerance to one
previous anti-TNF agent (anti-TNF-IR).

The primary efficacy endpoint was the proportion of subjects
achieving an ASAS20 response (improvement of ≥20% and ≥1
unit on a 10-unit scale in at least three of the four core ASAS
domains, with no worsening of ≥20% and ≥1 unit in the fourth)
at week 16. Secondary endpoints at week 16 are described in the
online Supplementary Methods file. Exploratory endpoints
included efficacy assessments through week 52.

Primary and secondary efficacy endpoint analyses included all
subjects according to treatment assigned at randomisation.
Efficacy analyses in anti-TNF-naive and anti-TNF-IR subgroups
were pre-specified.

Logistic regression with treatment regimen and anti-TNF
status as factors, and weight as a covariate, was used to evaluate
the effect of secukinumab versus placebo for binary variables.

Missing response values, including those due to discontinuation,
were imputed as non-response (non-responder imputation
(NRI)). A mixed-effects model (MMRM) was used to analyse
continuous variables. Data are presented by NRI/MMRM and
observed analyses at week 52. Further information is provided
in the online Supplementary Methods file.

RESULTS
Subjects (N=219) were randomly assigned to treatment with
s.c. secukinumab 150 mg (n=72), secukinumab 75 mg (n=73)
or placebo (n=74) from 28 October 2012 through 29 July
2013. Of 219 randomised subjects, 61.2% were anti-TNF-naive
and 38.8% were anti-TNF-IR. Demographic and baseline
characteristics were similar across the subgroups (table 1) with
fewer female patients in the anti-TNF-naive placebo group than
in the respective secukinumab groups. Characteristics were com-
parable to the overall study population.7 At week 16, 200
(91.3%) subjects remained in the study and 181 (82.6%)
subjects completed 52 weeks of treatment.

At week 16, a higher proportion of subjects treated with secu-
kinumab 150 mg achieved ASAS20 responses in both
anti-TNF-naive and anti-TNF-IR subgroups than in the placebo
group (table 2 and figure 1). In the anti-TNF-naive group, 68.2%
of subjects treated with secukinumab 150 mg achieved ASAS20

Table 1 Demographic and baseline characteristics

Anti-TNF-naive Anti-TNF-IR

Secukinumab s.c. Secukinumab s.c.

150 mg
(N=44)

75 mg
(N=45)

Placebo
(N=45)

150 mg
(N=28)

75 mg
(N=28)

Placebo
(N=29)

Age (years), mean (SD) 43.7 (12.9) 43.9 (14.1) 43.5 (13.3) 39.3 (11.6) 45.2 (11.3) 43.8 (13.2)

Female, n (%) 18 (40.9) 14 (31.1) 10 (22.2) 8 (28.6) 8 (28.6) 8 (27.6)

Race, n (%)

White 44 (100) 42 (93.3) 41 (91.1) 25 (89.3) 28 (100) 29 (100)

Asian 0 3 (6.7) 4 (8.9) 2 (7.1) 0 0

American Indian or Alaskan Native 0 0 0 1 (3.6) 0 0

Ethnicity, n (%)

Hispanic/Latino 0 3 (6.7) 3 (6.7) 5 (17.9) 3 (10.7) 5 (17.2)

Not Hispanic/Latino 40 (90.9) 38 (84.4) 36 (80.0) 19 (67.9) 21 (75.0) 21 (72.4)

Unknown or not reported 4 (9.1) 4 (8.9) 6 (13.3) 4 (14.3) 4 (14.3) 3 (10.3)

Weight (kg), mean (SD) 80.4 (16.8) 80.0 (18.3) 81.8 (14.1) 85.4 (19.6) 83.8 (15.9) 77.9 (16.7)

BMI (kg/m2), mean (SD) 27.0 (6.0) 27.7 (6.2) 27.4 (6.2) 28.1 (5.5) 28.6 (5.4) 26.5 (4.9)

Time since AS diagnosis (years), mean (SD) 6.1 (8.6) 3.7 (5.7) 3.9 (6.2) 8.5 (7.6) 7.7 (9.0) 10.2 (11.0)

Disease activity

BASDAI, mean total score (SD) 6.7 (1.4) 6.4 (1.3) 6.8 (1.3) 6.5 (1.7) 6.8 (1.2) 6.7 (1.3)

Total back pain (0–100 mm scale), mean score (SD) 66.9 (15.4) 63.2 (17.7) 67.7 (17.7) 65.2 (18.7) 68.0 (17.5) 71.6 (20.5)

Patient’s global assessment of disease activity (0–100 mm scale),
mean (SD)

66.7 (15.9) 60.1 (17.5) 68.6 (15.8) 68.6 (18.4) 71.9 (16.3) 73.5 (15.5)

hsCRP (mg/L), mean (SD) 23.8 (47.0) 15.7 (20.1) 16.6 (19.7) 29.0 (55.3) 14.7 (19.7) 14.3 (16.6)

ESR (mm/h), mean (SD) 34.3 (24.1) 28.2 (19.2) 33.0 (15.5) 33.3 (26.2) 29.2 (23.1) 24.2 (20.0)

HLA-B27

Negative 8 (18.2) 9 (20.0) 8 (18.2) 4 (14.3) 6 (21.4) 4 (14.3)

Positive 33 (75.0) 32 (71.1) 33 (75.0) 24 (85.7) 21 (75.0) 24 (85.7)

Missing 3 (6.8) 4 (8.9) 3 (6.8) 0 (0.0) 1 (3.6) 0 (0.0)

Previous treatment

MTX use at randomisation 6 (13.6) 5 (11.1) 4 (8.9) 2 (7.1) 4 (14.3) 5 (17.2)

Sulfasalazine use at randomisation 4 (9.1) 8 (17.8) 9 (20.0) 0 (0.0) 6 (21.4) 10 (11.8)

AS, ankylosing spondylitis; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BMI, body mass index; ESR, erythrocyte sedimentation rate; HLA, human leukocyte antigen; hsCRP,
high-sensitivity C-reactive protein; MTX, methotrexate; s.c., subcutaneously; TNF, tumour necrosis factor.
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responses (p<0.001 vs placebo), compared with 51.1% of sub-
jects treated with secukinumab 75 mg (p>0.05 vs placebo) and
31.1% of subjects treated with placebo. In the anti-TNF-IR
group, 50.0% of subjects treated with secukinumab 150 mg
achieved ASAS20 responses (p<0.05 vs placebo), compared
with 25.0% of subjects treated with secukinumab 75 mg
(p>0.05 vs placebo), and 24.1% of subjects treated with
placebo.

At week 16, secukinumab 150 mg also achieved greater
improvements versus placebo for ASAS40, ASAS 5/6, high-
sensitivity C-reactive protein and the Short Form-36 Physical
Component Summary (SF-36 PCS) in both anti-TNF-naive and
anti-TNF-IR subjects and for the Ankylosing Spondylitis Quality
of Life questionnaire (ASQoL) and BASDAI for anti-TNF-naive
subjects (p<0.05 for all comparisons vs placebo) (table 2 and
figure 1). There were also numerical improvements in ASAS
partial remission with secukinumab 150 mg, which did not
reach statistical significance versus placebo. Responses were gen-
erally greater in anti-TNF-naive than in anti-TNF-IR subjects.

Improvements in ASAS20 response rates observed at week 16
with secukinumab 150 mg were sustained or continued to
improve through week 52 in both anti-TNF-naive and
anti-TNF-IR subjects (see figure 1 and online supplementary
table S1 (observed data at week 52)). Using a conservative esti-
mate of efficacy at week 52, with missing values imputed as
non-response (see online supplementary table S2), the propor-
tions of subjects with an ASAS20 response at week 52 in the
anti-TNF-naive group were 72.7% (150 mg) and 66.7%
(75 mg). In the anti-TNF-IR group, ASAS20 response rates were
46.4% (150 mg) and 32.1% (75 mg).

Improvements in secondary endpoints observed at week 16
were sustained or continued to improve through week 52 in

anti-TNF-naive and anti-TNF-IR subjects (see online supplemen-
tary figure S1 and online supplementary tables S1 and S2).

DISCUSSION
Previous results from MEASURE 1 and MEASURE 2 have
shown that secukinumab 150 mg provides clinically significant
and sustained improvements in the signs and symptoms of AS.7

The data from this pre-specified subgroup analysis demonstrated
that secukinumab 150 mg was effective for subjects who were
naive to anti-TNF treatment as well as those who had failed to
achieve adequate disease control with, or who were intolerant
to, anti-TNF treatment. The improvements observed with secu-
kinumab were generally higher in the anti-TNF-naive subjects
compared with anti-TNF-IR subjects.

Secukinumab 150 mg was associated with a reduction in
inflammation and improvements in physical function and
health-related QoL in both anti-TNF-naive and anti-TNF-IR
subjects. Improvements at week 16 were sustained or continued
to improve through week 52 in both anti-TNF subgroups.

Responses with the secukinumab 75 mg dose were consist-
ently lower than those with the 150 mg dose in both
anti-TNF-naive and anti-TNF-IR subjects. These data provide
confirmation that secukinumab 150 mg is an appropriate dose
for subjects with active AS. Secukinumab 150 mg has recently
been approved (US and EU) for the treatment of adults with
active AS.

Reported ASAS20 response rates for anti-TNF agents in
anti-TNF-naive subjects are 58–61%12–15 at weeks 12–24,
which, by indirect comparison, is comparable to that observed
with secukinumab 150 mg in anti-TNF-naive subjects in this
study (68.2%).

Table 2 Measures of disease activity and health-related quality of life (secondary endpoints) at week 16 (NRI and MMRM analysis)

Anti-TNF-naive Anti-TNF-IR

Secukinumab s.c. Secukinumab s.c.

150 mg
(N=44)

75 mg
(N=45) Placebo (N=45)

150 mg
(N=28)

75 mg
(N=28) Placebo (N=29)

ASAS20, n (%) responders¶ 30 (68.2)† 23 (51.1) 14 (31.1) 14 (50.0)‡ 7 (25.0) 7 (24.1)

ASAS40, n (%) responders** 19 (43.2)‡ 14 (31.1) 8 (17.8) 7 (25.0)§ 5 (17.9)‡ 0 (0.0)

ASAS 5/6, n (%) responders†† 22 (50.0)† 18 (40.0)§ 6 (13.3) 9 (32.1)§ 7 (25.0)§ 0 (0.0)

ASAS partial remission, n (%) responders‡‡ 8 (18.2) 9 (20.0) 3 (6.7) 2 (7.1) 2 (7.1) 0 (0.0)

BASDAI,§§ LS mean change from baseline (SE)¶¶ –2.6§ (0.3)
n=43

–2.3‡ (0.3)
n=45

–1.2 (0.3)
n=42

–1.6 (0.4)
n=24

–1.4 (0.4)
n=22

–0.6 (0.4)
n=22

hsCRP, geometric mean post-baseline/baseline ratio*** (SE)¶¶ 0.46* (1.1)
n=43

0.49* (1.1)
n=45

1.00 (1.1)
n=42

0.69‡ (1.2)
n=25

0.84 (1.2)
n=24

1.27 (1.2)
n=24

SF-36 PCS,††† LS mean change from baseline (SE)¶¶ 7.5§ (1.0)
n=43

6.0‡ (1.0)
n=45

3.0 (1.0)
n=43

4.5‡ (1.2)
n=24

3.6 (1.3)
n=21

0.3 (1.2)
n=23

ASQoL,‡‡‡ LS mean change from baseline (SE)¶¶ –5.0§ (0.7)
n=43

–4.0‡ (0.7)
n=44

–1.9 (0.7)
n=43

–2.4 (0.8)
n=23

–2.5 (0.9)
n=22

–0.5 (0.8)
n=23

*p<0.0001; †p<0.001; §p<0.01; ‡p<0.05 vs placebo.
At week 16 missing response values were imputed as non-response (non-responder imputation). Continuous results are from MMRM.
¶≥20% improvement in three of four core ASAS response criteria, with no worsening of ≥20% in the fourth.
**≥40% improvement in three of four core ASAS response criteria, with no worsening in the fourth.
††≥20% improvement in five of the six ASAS response criteria.
‡‡A score of ≤2 units (from 0 to 10) in each of the four core ASAS domains.
§§Scores range from 0 to 10, with 0 representing no problem and 10 the worst problem.
¶¶n=number of subjects with measurements at both baseline and the post-baseline visit.
***Exponentially transformed least square mean (LSM), the geometric mean ratio of post-baseline/baseline. A value <1 indicates a reduced CRP.
†††SF-36 PCS v2; scores range from 0 to 100 for individual domains (0 representing maximum disability and 100 no disability), with a normative score of 50 for the composite PCS.
‡‡‡Scores range from 0 to 18, with 0 representing lowest severity and 18 highest severity.
ASAS, Assessment of SpondyloArthritis International Society criteria; ASQoL, Ankylosing Spondylitis Quality of Life questionnaire; BASDAI, Bath Ankylosing Spondylitis Disease Activity
Index; hsCRP, high-sensitivity C-reactive protein; LS, least squares; MMRM, mixed-effect model repeated-measures; NRI, non-responder imputation; SF-36 PCS, Short Form-36 Physical
Component Summary; TNF, tumour necrosis factor.
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There are several anti-TNF therapies available for the treat-
ment of AS; however, up to 40% of patients are unresponsive
(primary or secondary treatment failure) or intolerant to these
agents.5 6 According to recent results from the Danish DANBIO
registry, ASAS20 response rates for anti-TNF-IR patients are typ-
ically lower than those for anti-TNF-naive patients16–19 as
observed in this study. The data from MEASURE 2 suggest that
IL-17A inhibition may also be an effective therapeutic strategy
for patients with an inadequate response/intolerance to TNF
antagonists.

A limitation of this study is that it was not designed to show
statistical superiority versus placebo by anti-TNF status. It also
did not investigate the efficacy of secukinumab in subjects who
were unresponsive or intolerant to multiple anti-TNF agents. In
addition, the anti-TNF-IR group was not large enough to allow
conclusions to be drawn regarding comparative efficacy when
further subdivided into primary versus secondary treatment
failure or intolerance categories.

In conclusion, secukinumab 150 mg s.c. provided clinically
significant and sustained improvements in the signs and symp-
toms of AS in both anti-TNF-naive and anti-TNF-IR subjects
through 52 weeks of therapy.
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