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Objective. To investigate the longer-term effects of secukinumab 150 mg on fatigue in patients with ankylosing
spondylitis (AS) in the MEASURE 1 study (up to 3 years) and the MEASURE 2 study (up to 2 years).

Methods. Patients with active AS were randomized to secukinumab or placebo in MEASURE 1 (10 mg/kg
intravenous [IV] followed by 150 mg subcutaneous) and MEASURE 2 (150 mg subcutaneous). Patients were naive to
treatment with anti–tumor necrosis factor (anti-TNF-naive) therapy or had an inadequate response/intolerance to
anti-TNF therapy (anti-TNF-IR). Fatigue was measured using the Functional Assessment of Chronic Illness Therapy–
Fatigue (FACIT-F) scale. Relationships between fatigue response and baseline characteristics and clinical/laboratory
variables were explored.

Results. Significant improvements in FACIT-F scores from baseline were observed with secukinumab across both
studies versus placebo at week 16 (P < 0.05). Improvements were sustained through week 156 (MEASURE 1) and
week 104 (MEASURE 2). Significantly more patients reported fatigue responses (FACIT-F improvement ≥4; observed
data) with secukinumab 150 mg than with placebo at week 16 in both MEASURE 1 (P < 0.05) and MEASURE
2 (P < 0.01). Fatigue responses were achieved by 75.6% of patients receiving secukinumab at week 156 (MEASURE
1) and 81.4% at week 104 (MEASURE 2); these results were consistent in patients who were anti-TNF-naive (74.3%
and 84.6%, respectively) and anti-TNF-IR (81.3% and 75.0%, respectively). Baseline characteristics did not predict
improvement in fatigue consistently. Fatigue responses were moderately to strongly correlated with responses in
several clinical measures, including the Assessment of SpondyloArthritis international Society (ASAS) 20%/40%
improvement, ASAS5/6 responses, the Ankylosing Spondylitis Disease Activity Score with C-reactive protein level,
the Bath Ankylosing Spondylitis Disease Activity Index, and the Short Form 36 health questionnaire scores.

Conclusion. Secukinumab provided rapid and sustained improvements in fatigue for up to 3 years, regardless of
prior anti-TNF exposure.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic inflammatory condi-

tion predominantly affecting the spine and sacroiliac joints, which,

if left untreated, can lead to progressive structural and functional

impairment (1).

The main goals of AS therapy are to maximize long-term

health-related quality of life (HRQoL) “through control of symp-

toms and inflammation, prevention of progressive structural dam-

age, and preservation/normalization of function and social

participation” (2). Fatigue is reported in up to 66% of patients with

AS (3) and has been identified as a key patient priority in the
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treatment of AS (4). Many patients report that fatigue negatively

impacts HRQoL and social functioning (5–7); thus, reducing this

symptom remains an important unmet need in AS.
Interleukin-17A (IL-17A) is one of the key cytokines driving

the pathogenesis of AS (8). Secukinumab, a fully human mono-
clonal antibody that selectively binds to and inhibits IL-17A (9),
is approved for the treatment of AS (10) based on the
results of 2 randomized, double-blind, placebo-controlled, phase
III trials, MEASURE 1 (NCT01358175 and NCT01863732) and
MEASURE 2 (NCT01649375), that demonstrated significant im-
provements in the signs and symptoms of AS with secukinumab
versus placebo (11).

Secukinumab has previously been shown to provide rapid
improvements in fatigue (12). The aim of the current analysis of
data from the MEASURE 1 and MEASURE 2 studies was to
investigate the longer-term effects of the approved dose of secu-
kinumab (150 mg) on fatigue in patients with AS who were naive
to tumor necrosis factor (TNF) inhibitor therapy (anti-TNF-naive)
or who had a previous inadequate response to or intolerance of
TNF inhibitors (anti-TNF-IR). Potential predictors of fatigue
response and the relationship between fatigue and other clinical
response measures were also assessed.

PATIENTS AND METHODS

Participants. Detailed enrollment criteria and trial designs
for MEASURE 1 and MEASURE 2 have been previously
described (11). Inclusion criteria were the same for both trials.
Briefly, patients were enrolled if they were age ≥18 years, had
AS as defined by the modified New York criteria, had an inade-
quate response to or intolerance of nonsteroidal antiinflammatory
drugs, and either had no previous treatment with anti-TNF ther-
apy or an inadequate response/intolerance to not >1 anti-TNF
agent. Exclusion criteria included total spinal ankylosis and active
and ongoing systemic infections or inflammatory conditions, other
than AS.

Trial design. Patients were randomized to secukinumab
75 mg, 150 mg, or placebo in both trials (intravenous loading,
followed by subcutaneous maintenance dosing in MEASURE
1, and subcutaneous loading and maintenance dosing in
MEASURE 2). At week 16 (or week 24 in MEASURE 1, depend-
ing on Assessment of SpondyloArthritis international Society
[ASAS] 20% improvement response [ASAS20]), placebo
patients were re-randomized to secukinumab. At week 104 of
MEASURE 1, patients were invited to enter a long-term exten-
sion study for up to 3 additional years, continuing on the same
treatment. Efficacy data from patients receiving secukinumab
75 mg are not presented in this article, as this dose is not
approved.

SIGNIFICANCE & INNOVATIONS
• In this exploratory analysis of 2 phase III random-

ized placebo-controlled trials (MEASURE 1 andMEA-
SURE 2), treatment with secukinumab provided
rapid improvements in fatigue (assessed using the
Functional Assessment of Chronic Illness Therapy–
Fatigue scale) that were sustained for up to 3 years
in patients with active ankylosing spondylitis (AS);
improvements were particularly prominent in
patients who were naive to anti–tumor necrosis fac-
tor therapy.

• Fatigue responses correlated with responses in sev-
eral other clinical measures, including signs and
symptoms (Assessment of SpondyloArthritis interna-
tional Society [ASAS] 20% improvement, ASAS 40%
improvement, and ASAS5/6 responses), disease activ-
ity (Ankylosing Spondylitis Disease Activity Score with
C-reactive protein level and Bath Ankylosing Spondy-
litis Disease Activity Index), and health-related quality
of life (HRQoL; Short Form 36 health questionnaire
scores), highlighting the close links between fatigue
and other key aspects of disease.

• Efficacy in treating fatigue adds to the existing evi-
dence base for secukinumab in AS, which already
includes significant and sustained improvements in
signs and symptoms, physical function, and HRQoL.
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The studies were conducted in accordance with the Decla-
ration of Helsinki (13). The institutional review board or indepen-
dent ethics committee at each participating center approved
the protocols. Written and informed consent was obtained for
all patients.

Outcome measures. Improvements in fatigue, an explor-
atory endpoint of the MEASURE 1 and 2 trials, were evaluated
using the Functional Assessment of Chronic Illness Therapy–
Fatigue (FACIT-F) scale, a 13-item questionnaire that assesses
self-reported fatigue and its impact on daily activities and function
on a scale of 0–52, with higher scores indicating less fatigue (14).
Assessments were performed at baseline and at weeks 4, 8,
12, 16, 24, 52, and 104 in both trials, and at week 156 in the
MEASURE 1 extension. A fatigue response was defined as an
improvement (increase) of ≥4 points in the FACIT-F score, corre-
sponding to the minimum clinically important difference (14). Pos-
sible relationships between baseline characteristics and fatigue
responses were explored using pooled data from MEASURE
1 and MEASURE 2. Prespecified subgroup analyses on the basis
of anti-TNF response status (anti-TNF-naive or anti-TNF-IR) were
performed for FACIT-F scores at weeks 16, 24, 52, and 104 for
both trials, and at week 156 for the MEASURE 1 extension.

Statistical methods. Statistical analyses were performed
using the software package SAS, version 9.4. Detailed sample
size calculations have been previously reported (11). The mean
change in FACIT-F score from baseline up to week 104 or
156 was assessed using a mixed model for repeated measures
(MMRM) approach. Treatment regimen, analysis visit, and ran-
domization stratum (anti-TNF-naive or anti-TNF-IR) were included

as factors in the model, with weight and baseline score as contin-
uous covariates, and treatment by analysis visit and baseline
score by analysis visit as interaction terms, as well as an unstruc-
tured covariance structure. The proportions of patients with a
fatigue response are presented as observed and were compared
using Fisher’s exact test.

A multivariate logistic regression model was used to explore
the association between fatigue responses (dependent variable)
and selected demographic and clinical baseline independent
variables (age, sex, TNF inhibitor status, FACIT-F score, Bath
Ankylosing Spondylitis Disease Activity Index [BASDAI] total
score, Bath Ankylosing Spondylitis Functional Index [BASFI]
score, swollen/tender 44-joint count, patient global assessment
of disease [visual analog scale (VAS)], spinal pain assessment,
C-reactive protein [CRP] level, Ankylosing Spondylitis Disease
Activity Score [ASDAS] with CRP level, and disease duration) at
weeks 16, 52, and 104. Univariate linear regression models were
also conducted for absolute FACIT-F scores at week 16 and
week 104, with response variable and selected baseline factors
as predictors.

Possible correlations between dichotomized clinical response
measures and fatigue response at week 16 (the primary endpoint
for clinical responses) and at weeks 52 and 104 were examined
using polychoric (used to calculate the correlation coefficients
between ordinal variables) and polyserial (used for an ordinal dis-
crete variable and a continuous variable) correlation coefficients.
The following were evaluated: ASAS20 and ASAS40 response,
ASAS5/6 response, ASAS partial remission, ASDAS-CRP major
improvement, BASDAI 50, Work Productivity and Activity Impair-
ment (WPAI) change from baseline in percentage of overall work
impairment due to health, WPAI change from baseline in

Table 1. Demographic and baseline characteristics of patients from MEASURE 1 study and MEASURE 2 study included in the analysis*

MEASURE 1 MEASURE 2

Characteristics
SEC IV, 150 mg

(n = 125)
Placebo
(n = 122)

SEC, 150 mg
(n = 72)

Placebo
(n = 74)

Age, years 40.1 � 11.6 43.1 � 12.4 41.9 � 12.5 43.6 � 13.2
Female, no. (%) 41 (32.8) 37 (30.3) 26 (36.1) 18 (24.3)
Weight, kg 74.7 � 16.2 76.7 � 14.4 82.3 � 18.0 80.3 � 15.2
Time since AS diagnosis, years 6.5 � 6.9 8.3 � 8.9 7.0 � 8.2 6.4 � 8.9
Anti-TNF-naive, no. (%) 92 (73.6) 89 (73.0) 44 (61.1) 45 (60.8)
MTX use at randomization, no. (%) 17 (13.6) 16 (13.1) 8 (11.1) 9 (12.2)
hsCRP, median (range) mg/liter 7.4 (0.2–147.7) 7.9 (0.2–146.8) 7.5 (0.4–237.0) 8.3 (0.5–84.6)
PtGA VAS (0–100 mm) 64.0 � 19.4 66.3 � 18.6 67.5 � 16.8 70.5 � 15.8
BASDAI total score 6.4 � 1.6 6.5 � 1.5 6.6 � 1.5 6.8 � 1.3
BASFI score 5.6 � 2.2 5.8 � 2.0 6.2 � 2.1 6.1 � 2.0
Swollen 44-joint count at baseline 2.3 � 4.4 2.3 � 4.1 1.6 � 3.3 2.0 � 5.3
Tender 44-joint count at baseline 5.5 � 7.7 6.5 � 8.4 5.5 � 7.6 4.8 � 7.7
Subject spinal pain assessment 64.0 � 18.6 66.7 � 16.5 66.2 � 16.7 69.2 � 18.8
ASDAS-CRP 3.6 � 0.9 3.7 � 0.9 3.7 � 0.9 3.8 � 0.8
FACIT-F score 25.6 � 10.7 24.5 � 9.4 22.6 � 8.8 24.3 � 9.0

* Values are the mean � SD unless indicated otherwise. Anti-TNF = anti–tumor necrosis factor; AS = ankylosing spondylitis; ASDAS-
CRP = Ankylosing Spondylitis Disease Activity Score with C-reactive protein; BASDAI = Bath Ankylosing Spondylitis Disease Activity Index;
BASFI = Bath Ankylosing Spondylitis Functional Index; FACIT-F = Fatigue Functional Assessment of Chronic Illness Therapy–Fatigue;
hsCRP = high-sensitivity CRP; IV = intravenous; MTX = methotrexate; PtGA = patient global assessment; SEC = secukinumab; TNF = tumor
necrosis factor; VAS = visual analog scale.
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percentage of impairment while working due to health, hemoglo-
bin, patient’s total back pain intensity VAS, and the Short Form
36 (SF-36) health questionnaire mental component score (MCS)
and physical component score (PCS). FACIT-F scores were strati-
fied by selected clinical response measures. Degrees of associa-
tion between clinical response measures were determined based
on Cohen’s criteria for correlation coefficients, in which 0.1–0.29
indicates a weak association, 0.3–0.49 indicates a moderate
association, and ≥0.5 indicates a strong association. Analyses of
fatigue are presented separately from MEASURE 1 (up to
104 weeks), MEASURE 1 extension (156 weeks), and MEASURE
2 (up to 104 weeks) for the approved dose of secukinumab
(150 mg).

RESULTS

Baseline characteristics. In MEASURE 1, of the
125 patients randomized to secukinumab 150 mg at baseline,

97 (77.6%) completed the 2-year core trial; 87 of these patients
entered the extension study, of which 83 patients (95.4%) com-
pleted week 156. In MEASURE 2, of the 72 patients random-
ized to secukinumab 150 mg at baseline, 60 patients (83.3%)
completed week 104. Patient demographics and baseline char-
acteristics were comparable across groups (Table 1). The
majority of patients were male (~70%), and ~70% were anti-
TNF-naive and 30% were anti-TNF-IR across both trials. Mean
FACIT-F scores were low at baseline in both studies (range
22.6–25.6 across MEASURE 1 and MEASURE 2), indicating
severe fatigue.

Fatigue: overall populations. In this analysis, the least
mean squares improvements in FACIT-F total scores from base-
line were significantly higher with secukinumab 150mg compared
with placebo at week 16 in both MEASURE 1 and MEASURE
2 (MMRM: P < 0.001 [MEASURE 1] and P < 0.01 [MEASURE 2])
for secukinumab 150 mg versus placebo (Figure 1). Signficant

Figure 1. Least mean squares (LS) change from baseline in Functional Assessment of Chronic Illness Therapy–Fatigue scores in overall popula-
tions of A, MEASURE 1, and B, MEASURE 2 (mixed model repeated-measures analysis). Broken lines indicate minimum clinically important differ-
ence. * = P < 0.05; † = P < 0.0001; ‡ = P < 0.001; § = P < 0.01 versus placebo. IV = intravenous; N = number of randomized patients; n = number
of patients in treatment group with evaluation.
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improvements from baseline in FACIT-F total scores were
reported as early as week 4 (the first postbaseline assessment)
with secukinumab 150 mg in both studies. Improvements were
sustained up to week 156 in the MEASURE 1 extension and week
104 in MEASURE 2 (observed data) (Figure 1).

Significantly more patients reported fatigue responses with
secukinumab 150 mg than placebo at week 16 in both trials

(observed data; both P < 0.01 in MEASURE 1 and MEASURE 2)
(Figure 2). Fatigue responses were sustained in 75.6% of patients
through week 156 in the MEASURE 1 extension and 81.4%
through week 104 in MEASURE 2 (observed data) (Figure 2).

Fatigue: anti-TNF-naive and anti-TNF-IR patients.
Improvements in FACIT-F scores were reported with

Figure 2. Fatigue responses in the overall populations of A, MEASURE 1, and B, MEASURE 2 (data shown as observed). Fatigue response was
defined as an increase from baseline of ≥4 points in the Functional Assessment of Chronic Illness Therapy–Fatigue score. § = P < 0.01 versus placebo.
IV = intravenous; m = total number of patients in treatment groupwith evaluation; n = number of patients whowere responders; SEC = secukinumab.

Figure 3. Fatigue responses over time. A, Anti–tumor necrosis factor (anti-TNF) naive, and B, Anti-TNF inadequate responder (IR) patients in
MEASURE 1;C, Anti-TNF-naive, andD, Anti-TNF-IR patients in MEASURE 2 (data shown as observed). Fatigue response was defined as an increase
from baseline of ≥4 points in the Functional Assessment of Chronic Illness Therapy–Fatigue score. § = P < 0.01 versus placebo. IV = intravenous;
m = total number of patients in treatment group with evaluation; n = number of patients who were responders; SEC = secukinumab.
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secukinumab treatment in both MEASURE 1 and MEASURE
2, regardless of anti-TNF treatment status (observed data; see
Supplementary Figure 1, available on the Arthritis Care &
Research website at http://onlinelibrary.wiley.com/doi/10.1002/
acr.24517/abstract). In MEASURE 1, least mean squares
improvements from baseline in FACIT-F scores were reported
with secukinumab 150 mg at week 16 in anti-TNF-naive patients
(MMRM: 8.42 versus 2.95 with placebo; P < 0.0001) and anti-
TNF-IR patients (MMRM: 3.61 versus 2.57 with placebo;
P = 0.68); however, these improvements only reached statistical
significance in the anti-TNF-naive group. Observed improve-
ments were sustained or further increased up to week
156 (MMRM: 9.57 and 9.28 in anti-TNF-naive and anti-TNF-IR
patients, respectively). Similarly, in MEASURE 2, improvements
in least mean squares FACIT-F scores from baseline were evident
with secukinumab in both anti-TNF-naive (MMRM: week 16: 9.96
versus 5.15 with placebo [P = 0.01]; week 104: 9.85) and anti-
TNF-IR patients (MMRM: week 16: 5.66 versus 0.54 with placebo
[P = 0.0560]; week 104: 9.13), although they only reached statis-
tical significance in the anti-TNF-naive group.

At week 16 in both MEASURE 1 and MEASURE 2, the pro-
portions of anti-TNF-naive patients reporting fatigue responses
were significantly greater with secukinumab versus placebo
(observed data; P < 0.01); more anti-TNF-IR patients receiving
secukinumab reported fatigue responses at week 16 versus pla-
cebo, although differences were not statistically significant
(observed data) (Figure 3). The proportions of patients reporting
fatigue responses were sustained in both studies through weeks
104 and 156 (observed data) (Figure 3). Fatigue responses were

numerically higher in anti-TNF-naive patients than anti-TNF-IR
patients, particularly at week 16 in the MEASURE 2 study.

Association between other variables and fatigue
response. Baseline predictors of fatigue response. Results of
univariate linear regression models demonstrated that several
baseline factors, including age, sex, BASDAI score, inadequate
responses to anti-TNF, and SF-36 PCS and MCS scores were
predictive of absolute FACIT-F scores at week 16 (see Supple-
mentary Table 1, available on the Arthritis Care & Research
website at http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/
abstract) and week 104 (see Supplementary Table 2, available at
http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract).

In multivariate logistic regression analysis, although no base-
line or disease characteristics predicted improvement in fatigue
across all time points assessed, several variables were noted to
be predictive at either week 16 (see Supplementary Table 3, avail-
able on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract) or week
104 (Table 2). At week 16, older patients had significantly lower
odds of fatigue responses and patients with higher baseline
ASDAS-CRP had significantly increased odds of fatigue
responses (P < 0.05 for both, see Supplementary Table 3, avail-
able at http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/
abstract). No baseline or disease characteristics were significant
predictors for fatigue responses at week 52 (data not shown).
BASFI and FACIT-F scores at baseline were identified as signifi-
cant predictive factors for achieving fatigue responses at week
104; no other predictors were identified (Table 2). Anti-TNF-IR

Table 2. Multivariate logistic regression analysis examining baseline predictors of FACIT-F response at
week 104 in a pooled population from MEASURE 1 study and MEASURE 2 study*

Baseline variable Odds ratio (95% CI) P

Age (est. odds ratio for a 10-unit increase) 0.882 (0.711–1.094) 0.252
Female 0.603 (0.336–1.081) 0.089
Anti-TNF-IR 1.007 (0.552–1.834) 0.983
FACIT-F score at baseline 0.897 (0.864–0.931) <0.0001†
BASDAI total score at baseline 1.111 (0.828–1.492) 0.482
BASFI score at baseline 0.752 (0.631–0.895) 0.0014†
Swollen 44-joint count at baseline 0.977 (0.889–1.075) 0.637
Tender 44-joint count at baseline 0.998 (0.953–1.045) 0.927
Patient global assessment VAS at baseline 0.992 (0.972–1.014) 0.479
Patient spinal pain assessment at baseline 1.008 (0.987–1.029) 0.449
CRP, mg/liter at baseline 1.001 (0.984–1.018) 0.911
ASDAS-CRP at baseline 1.690 (0.919–3.110) 0.092
Disease duration, time since diagnosis 1.007 (0.975–1.040) 0.682

* P values are from a multivariate logistic regression model with baseline factors including age, sex, tumor
necrosis factor (TNF) inhibitor status, Fatigue Functional Assessment of Chronic Illness Therapy–Fatigue
(FACIT-F) score at baseline, Bath Ankylosing Spondylitis Disease Activity Index (BASDAI) total score, Bath
Ankylosing Spondylitis Functional Index (BASFI) score, swollen 44-joint count, tender 44-joint count, patient
global assessment (visual analog scale [VAS]), patient spinal pain assessment, C-reactive protein (CRP) level,
Ankylosing Spondylitis Disease Activity Score with CRP (ASDAS-CRP), and disease duration. Patients ran-
domized to secukinumab 75 mg or 150 mg or placebo are included. The model includes N = 402 observa-
tions. Fatigue response was defined as an increase from baseline of ≥4 points in the FACIT-F score.
Parameter estimates and odds ratios apply to a 1-unit increase in all continuous variables unless otherwise
specified. 95% CI = 95% confidence interval; Anti-TNF-IR = anti-TNF inadequate responder.
† P values < 0.05.
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status was not a significant predictor of fatigue responses based
on regression analysis.

Association between clinical/laboratory variables and fatigue
response. Correlation analyses based on pooled data from both
trials revealed moderate positive correlations (correlation coeffi-
cients 0.33–0.49) between fatigue responses and ASAS partial
remission at weeks 16, 52, and 104, and ASDAS-CRP major
improvements at week 104. Strong correlations (correlation coef-
ficients 0.52–0.71) were observed between fatigue and ASAS20,
ASAS40, ASAS5/6 responses, and BASDAI 50 at weeks 16, 52,
and 104, and ASDAS-CRP major improvements at weeks
16 and 52 (Table 3). No correlations were observed with hemo-
globin levels, while moderate negative correlations were observed
between fatigue and total back pain VAS and SF-36 scores, and
moderate to strong negative correlations were observed for WPAI
change from baseline (in percentage of overall work impairment
and impairment while working due to health). There were signifi-
cant differences in FACIT-F scores between responders and non-
responders across selected clinical response measures, including
ASAS20, ASAS40, ASAS5/6, ASAS partial remision, ASDAS

inactive disease, and BASDAI 50 (see Supplementary Table 4,
available on the Arthritis Care & Research website at http://
onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract).

DISCUSSION

Secukinumab treatment provided rapid and sustained
improvements in fatigue for up to 3 years in the MEASURE
1 and MEASURE 2 randomized controlled trials (RCTs). Reducing
fatigue, one of the most common symptoms in patients with AS,
represents an important unmet need. Patients with AS have lower
employment rates and experience more absenteeism from work
than the general population (15). Fatigue has also been shown
to contribute to reduced work productivity (16,17) and is one of
the key treatment priorities for patients with AS (4). Previous
short-term studies (ranging from 12 to 24 weeks) evaluating the
effects of other therapies including adalimumab, etanercept, and
infliximab have reported improvements in fatigue from baseline
following treatment (18–20); however, to date, long-term data on
the effects of biologic treatment on fatigue have been lacking.

Table 3. Correlations between fatigue responses at weeks 16, 52, and 104 and measures of
clinical response at the corresponding time points in a pooled population from MEASURE 1
study and MEASURE 2 study*

Measure of clinical response Week 16 Week 52 Week 104

ASAS20 response 0.66 0.62 0.70
ASAS40 response 0.71 0.57 0.60
ASAS5/6 response 0.62 0.52 0.58
ASAS partial remission 0.44 0.46 0.33
ASDAS-CRP major improvement 0.56 0.60 0.49
BASDAI 50 0.55 0.52 0.52
WPAI change from baseline in percentage
of overall work impairment due to health

–0.47 –0.50 –0.51

WPAI change from baseline in percentage of
impairment while working due to health

–0.49 –0.50 –0.55

Hemoglobin, gm/liter –0.04† 0.02† –0.08†
Patient’s total back pain intensity VAS 0.47 0.41 0.38
SF-36 MCS –0.41 –0.35 –0.36
SF-36 PCS –0.42 –0.42 –0.35

* Values are the correlation coefficient. All P < 0.01 except for hemoglobin (P values calcu-
lated by the chi-square likelihood ratio test). Fatigue response was defined as an increase
from baseline of ≥4 points in the Fatigue Functional Assessment of Chronic Illness Therapy–
Fatigue score. Polychoric correlations (used to calculate the correlation coefficients between
ordinal variables) were calculated for ASAS20, ASAS40, ASAS5/6, and ASAS partial remission,
Ankylosing Spondylitis Disease Activity Score with C-reactive protein ≥2.0 (ASDAS-CRP) major
improvement, and 50% improvement in Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI 50) score. Polyserial correlations (used to calculate the correlation coefficients
between an ordinal discrete variable and a continuous variable) were calculated for Work
Productivity and Activity Impairment (WPAI) percentage of overall work impairment due to
health and WPAI percentage of impairment while working due to health. Degrees of associa-
tion between variables were determined based on Cohen’s criteria for correlation coeffi-
cients (0.1–0.29 = weak association, 0.3–0.49 = moderate association, and ≥ 0.5 = strong
association). ASAS20 = Assessment of SpondyloArthritis international Society 20% improve-
ment and absolute improvement of at least 1 unit (scale 0–10) in ≥3 of the 4 main ASAS
domains, with no worsening by ≥20% in the remaining domain; ASAS40 = 40% improvement
and absolute improvement of ≥2 units (scale 0–10) in ≥3 of the 4main ASAS domains, with no
worsening in the remaining domain; ASAS5/6 = ≥20% improvement in 5 of the 6 ASAS
response criteria; ASAS partial remission = score ≤2 units (scale 0–10) in each of the 4 core
ASAS domains; MCS = mental component score; PCS = physical component score; SF-
36 = Short Form 36; VAS = visual analog scale.
† P values were not < 0.05.

FATIGUE REDUCTION WITH SECUKINUMAB IN AS 765

http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract
http://onlinelibrary.wiley.com/doi/10.1002/acr.24517/abstract


Baseline fatigue levels were high in both MEASURE 1 and
MEASURE 2, highlighting the need for better control of fatigue,
among other symptoms of AS. Previously, secukinumab has
been shown to rapidly improve signs and symptoms, physical
function, HRQoL, and fatigue in patients with AS (11, 12, 21), with
a low long-term rate of structural progression as measured by the
modified Stoke Ankylosing Spondylitis Spinal Score (22). Results
presented here build upon these findings, demonstrating signifi-
cant and sustained improvements in fatigue, as measured using
the FACIT-F score, compared with placebo in the overall popula-
tion and particularly in the anti-TNF-naive population for up to
3 years. Across both trials, although fatigue responses were
numerically greater in both anti-TNF-naive and anti-TNF-IR
patients treated with secukinumab 150 mg compared with pla-
cebo, statistical significance was only evident in the anti-TNF-
naive subgroup. However, the small numbers of patients in the
anti-TNF-IR subgroups limit interpretation of these results; fur-
thermore, these patients had previously failed treatment with
1 anti-TNF therapy, thus reflecting a more challenging population
to treat. Whether prior treatment with anti-TNF therapy changes
the course of disease or whether this is simply a more refractory
patient population is not known; this question remains an area of
further research.

In multivariate logistic regression analyses, age, prior treat-
ment with anti-TNF therapy and FACIT-F, BASDAI, and ASDAS-
CRP scores at baseline were significant predictors of short-term
fatigue responses at week 16, and BASFI and FACIT-F scores of
long-term fatigue responses at week 104. Univariate regression
analyses showed that several baseline factors were predictive
for short- and long-term absolute FACIT-F scores, including age,
sex, BASDAI score, anti-TNF status, and HRQoL (SF-36 scores).
Fatigue responses were moderately to strongly correlated with
responses in several clinical measures, including ASAS20,
ASAS40, ASAS5/6 responses, ASDAS-CRP, BASDAI score,
and SF-36 PCS and MCS scores, highlighting the link between
fatigue and other measures of disease in AS. Correlations
between the FACIT-F, BASDAI, and SF-36 scores are to be
expected owing to conceptual overlaps between these question-
naires (14,23,24) but serve to support the clinical relevance and
reliability of these metrics in assessing and monitoring fatigue in
patients with AS. Moderate to strong correlations were observed
between WPAI outcomes and fatigue responses. This finding
would appear consistent with reports in patients with rheumatoid
arthritis where correlations between work productivity and fatigue
levels have been observed (25).

Potential limitations of this study include the lack of a control
group after week 16, the fact that long-term fatigue response data
are presented as observed (missing data were not imputed), and
the potential selection bias toward patients who elected to remain
on long-term secukinumab treatment. However, retention of
patients receiving secukinumab was high through 3 years, and
withdrawals due to lack of efficacy were rare (26). Some

FACIT-F questionnaire items are known to have the potential for
misinterpretation due to their phrasing or limited relevance to the
concept of fatigue in the context of arthritis (27). However, this
questionnaire covers a range of fatigue concepts in easy-to-
understand language and has been shown to confer good inter-
nal consistency and reliability, construct and criterion validity,
and sensitivity to change (27), hence its selection for this investi-
gation. In conclusion, results of the current analyses from 2 phase
III RCTs showed that secukinumab 150 mg provided rapid and
sustained reductions in fatigue through up to 3 years in patients
with AS that were particularly prominent in patients who were
anti-TNF-naive.

ACKNOWLEDGMENTS

We thank Aurore Yocolly (Health Economics and Outcomes
Research Manager), Steffen Jugl (Health Economics and Outcomes
Research Director), and Kunal Gandhi (Medical Director) of Novartis.
Medical writing support for the development of this manuscript, under
the direction of the authors, was provided by Ashfield MedComms, an
Ashfield Health company, and funded by Novartis. This publication was
written in accordance with Good Publications Practice (GPP3) guidelines
(http://www.ismpp.org/gpp3).

AUTHOR CONTRIBUTIONS
All authors were involved in drafting the article or revising it critically

for important intellectual content, and all authors approved the final ver-
sion to be submitted for publication. Dr. Kvien had full access to all of
the data in the study and takes responsibility for the integrity of the data
and the accuracy of the data analysis.
Study conception and design. Kvien, Conaghan, Gossec, Strand,
Østergaard, Poddubnyy, Williams, Porter, Shete, Gilloteau, Deodhar.
Acquisition of data. Kvien, Conaghan, Gossec, Strand, Østergaard,
Poddubnyy, Williams, Porter, Shete, Gilloteau, Deodhar.
Analysis and interpretation of data. Kvien, Conaghan, Gossec, Strand,
Østergaard, Poddubnyy, Williams, Porter, Shete, Gilloteau, Deodhar.

ROLE OF THE STUDY SPONSOR
The study was sponsored by Novartis Pharma AG and was

designed by the scientific steering committee and Novartis personnel.
Funding for medical writing support was provided by Novartis Pharma
AG. Publication of this article was not contingent upon approval by
Novartis Pharma AG.

REFERENCES

1. Sieper J, Rudwaleit M, Baraliakos X, Brandt J, Braun J, Burgos-
Vargas R, et al. The Assessment of SpondyloArthritis international
Society (ASAS) handbook: a guide to assess spondyloarthritis. Ann
Rheum Dis 2009;68:ii1–44.

2. Van der Heijde D, Ramiro S, Landewe R, Baraliakos X, Van den Bosch
F, Sepriano A, et al. 2016 update of the ASAS-EULAR management
recommendations for axial spondyloarthritis. Ann Rheum Dis 2017;
76:978–91.

3. Aissaoui N, Rostom S, Hakkou J, Berrada Ghziouel K, Bahiri R,
Abouqal R, et al. Fatigue in patients with ankylosing spondylitis: prev-
alence and relationships with disease-specific variables, psychologi-
cal status, and sleep disturbance. Rheumatol Int 2012;32:2117–24.

KVIEN ET AL766

http://www.ismpp.org/gpp3


4. Heiberg T, Lie E, van der Heijde D, Kvien TK. Sleep problems are of
higher priority for improvement for patients with ankylosing spondylitis
than for patients with other inflammatory arthropathies. Ann Rheum
Dis 2011;70:872–3.

5. Van Tubergen A, Coenen J, Landewé R, Spoorenberg A, Chorus A,
Boonen A, et al. Assessment of fatigue in patients with ankylosing
spondylitis: a psychometric analysis. Arthritis Rheum 2002;47:8–16.

6. Dernis-Labous E, Messow M, Dougados M. Assessment of fatigue in
the management of patients with ankylosing spondylitis. Rheumatol-
ogy (Oxford) 2003;42:1523–8.

7. Gossec L, Dougados M, D’Agostino MA, Fautrel B. Fatigue in early
axial spondyloarthritis: results from the French DESIR cohort. Joint
Bone Spine 2016;83:427–31.

8. Raychaudhuri SP, Raychaudhuri SK. Mechanistic rationales for tar-
geting interleukin-17A in spondyloarthritis. Arthritis Res Ther 2017;
19:51.

9. Koenders MI, van den Berg WB. Secukinumab for rheumatology:
development and its potential place in therapy. Drug Des Devel Ther
2016;10:2069–80.

10. EuropeanMedicines Agency. Secukinumab summary of product char-
acteristics. URL: http://www.ema.europa.eu/docs/en_GB/document_
library/EPAR_-_Product_Information/human/003729/WC500183129.
pdf.

11. Baeten D, Sieper J, Braun J, Baraliakos X, Dougados M, Emery P,
et al. Secukinumab, an interleukin-17A inhibitor, in ankylosing spon-
dylitis. N Engl J Med 2015;373:2534–48.

12. Marzo-Ortega H, Sieper J, Kivitz A, Blanco R, Cohen M, Martin R,
et al. Secukinumab and sustained improvement in signs and symp-
toms of patients with active ankylosing spondylitis through two years:
results from a phase III study. Arthritis Care Res (Hoboken) 2017;69:
1020–9.

13. World Medical Association. World Medical Association Declaration of
Helsinki: ethical principles for medical research involving human sub-
jects. JAMA 2013;310:2191–4.

14. Yellen SB, Cella DF, Webster K, Blendowski C, Kaplan E. Measuring
fatigue and other anemia-related symptoms with the Functional
Assessment of Cancer Therapy (FACT) measurement system. J Pain
Symptom Manage 1997;13:63–74.

15. Boonen A, Chorus A, Miedema H, van der Heijde D, Landewe R,
Schouten H, et al. Withdrawal from labour force due to work disability in
patients with ankylosing spondylitis. Ann Rheum Dis 2001;60:1033–9.

16. Espahbodi S, Bassett P, Cavill C, Freeth M, Hole J, Sengupta R.
Fatigue contributes to work productivity impairment in patients with
axial spondyloarthritis: a cross-sectional UK study. Clin Exp Rheuma-
tol 2017;35:571–8.

17. Basu N, Druce K, Aikman L, Dilleen M, Barata T, Burden A, et al.
Fatigue is a determinant of reduced work productivity in ankylosing
spondylitis: results from a prospective cohort study (abstract
FRI0431). Ann Rheum Dis 2016;75:591.

18. Revicki DA, Luo MP, Wordsworth P, Wong RL, Chen N, Davis JC Jr,
et al. Adalimumab reduces pain, fatigue, and stiffness in patients with
ankylosing spondylitis: results from the Adalimumab Trial Evaluating
Long-term Safety and Efficacy for Ankylosing Spondylitis (ATLAS).
J Rheumatol 2008;35:1346–53.

19. Calin A, Dijkmans BA, Emery P, Hakala M, Kalden J, Leirisalo-Repo
M, et al. Outcomes of a multicentre randomised clinical trial of etaner-
cept to treat ankylosing spondylitis. Ann Rheum Dis 2004;63:
1594–600.

20. Van der Heijde D, Dijkmans B, Geusens P, Sieper J, DeWoody K,
Williamson P, et al. Efficacy and safety of infliximab in patients with
ankylosing spondylitis: results of a randomized, placebo-controlled
trial (ASSERT). Arthritis Rheum 2005;52:582–91.

21. Deodhar AA, Dougados M, Baeten DL, Cheng-Chung Wei J,
Geusens P, Readie A, et al. Effect of secukinumab on patient-
reported outcomes in patients with active ankylosing spondylitis: a
phase III randomized trial (MEASURE 1). Arthritis Rheumatol 2016;
68:2901–10.

22. Braun J, Baraliakos X, Deodhar A, Baeten D, Sieper J, Emery P, et al.
Effect of secukinumab on clinical and radiographic outcomes in anky-
losing spondylitis: 2-year results from the randomised phase III MEA-
SURE 1 study. Ann Rheum Dis 2016;76:1070–7.

23. Garrett S, Jenkinson T, Kennedy LG, Whitelock H, Gaisford P, Calin
A. A new approach to defining disease status in ankylosing spondylitis:
the Bath Ankylosing Spondylitis Disease Activity Index. J Rheumatol
1994;21:2286–91.

24. Ware JE Jr, Snow KK, Kosinski M, Gandek B. SF-36 health survey:
manual and interpretation guide. Boston: The Health Institute, New
England Medical Center; 1993.

25. Zhang W, Bansback N, Boonen A, Young A, Singh A, Anis AH. Valid-
ity of the work productivity and activity impairment questionnaire: gen-
eral health version in patients with rheumatoid arthritis. Arthritis Res
Ther 2010;12:R177.

26. Baraliakos X, Kivitz AJ, Deodhar AA, Braun J, Wei JC, Delicha EM,
et al. Long-term effects of interleukin-17A inhibition with secukinumab
in active ankylosing spondylitis: 3-year efficacy and safety results from
an extension of the phase 3 MEASURE 1 trial. Clin Exp Rheumatol
2017;36:50–5.

27. Hewlett S, Hehir M, Kirwan JR. Measuring fatigue in rheumatoid arthri-
tis: a systematic review of scales in use. Arthritis Rheum 2007;57:
429–39.

FATIGUE REDUCTION WITH SECUKINUMAB IN AS 767

http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003729/WC500183129.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003729/WC500183129.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/003729/WC500183129.pdf

	Secukinumab and Sustained Reduction in Fatigue in Patients With Ankylosing Spondylitis: Long-Term Results of Two Phase III ...
	INTRODUCTION
	PATIENTS AND METHODS
	Outline placeholder
	Participants
	Trial design
	Outcome measures
	Statistical methods


	RESULTS
	Outline placeholder
	Baseline characteristics
	Fatigue: overall populations
	Fatigue: anti-TNF-naive and anti-TNF-IR patients
	Association between other variables and fatigue response
	Baseline predictors of fatigue response
	Association between clinical/laboratory variables and fatigue response



	DISCUSSION
	ACKNOWLEDGMENTS
	AUTHOR CONTRIBUTIONS
	Study conception and design
	Acquisition of data
	Analysis and interpretation of data

	ROLE OF THE STUDY SPONSOR
	REFERENCES


