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ABSTRACT

Introduction: We studied the effect of intra-
venous (IV)-golimumab on fatigue and the
association of fatigue improvement with clini-
cal response post hoc in adults with active
ankylosing spondylitis (AS) in the GO-ALIVE
trial.
Methods: Patients were randomized to IV-
golimumab 2 mg/kg (N = 105) atweek (W) 0,W4,
then every8W(Q8W)orplacebo (N = 103) atW0,
W4, W12, crossover to IV-golimumab 2 mg/kg at

W16, W20, then Q8W through W52. Fatigue
measures included Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) Question #1 (fa-
tigue; 0 [none], 10 [worst]; decrease indicates
improvement) and 36-Item Short Form
Health Survey (SF-36) vitality subscale (0 [worst],
100 [best]; increase indicates improvement).
Minimum clinically important difference isC 1
for BASDAI-fatigue and C 5 for SF-36 vital-
ity. GO-ALIVE primary endpoint was Assessment
of SpondyloArthritis international Society C 20%
improvement criteria (ASAS20). Other clinical
outcomes assessed includedotherASAS responses,
AnkylosingSpondylitisDiseaseActivity Score, and
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score. The distribution-based minimally impor-
tant differences (MIDs) were determined for
BASDAI-fatigue and SF-36 vitality. The relation-
ship between improvement in fatigue and clinical
outcomes was assessed via multivariable logistic
regression.
Results: Mean changes in BASDAI-fatigue/
SF-36 vitality scores were greater with IV-golim-
umab versus placebo at W16 (- 2.74/8.46 versus
- 0.73/2.08, both nominal p B 0.003); by W52
(after crossover), differences between groups
narrowed (- 3.18/9.39 versus - 3.07/9.17).
BASDAI-fatigue/SF-36 vitality MIDs were
achieved by greater proportions of IV-golim-
umab-treated versus placebo-treated patients at
W16 (75.2%/71.4% versus 42.7%/35.0%). A
one-point/five-point improvement in BASDAI-
fatigue/SF-36 vitality scores at W16 increased
likelihood of achieving ASAS20 (odds ratios
[95% confidence intervals]: 3.15 [2.21, 4.50]
and 2.10 [1.62, 2.71], respectively) and ASAS40
(3.04 [2.15, 4.28] and 2.24 [1.68, 3.00], respec-
tively) responses at W16; concurrent improve-
ments and clinical response at W52 were
consistent. A one-point/five-point improvement
in BASDAI-fatigue/SF-36 vitality scores at W16
predicted increased likelihood of achieving
ASAS20 (1.62 [1.35, 1.95] and 1.52 [1.25, 1.86],
respectively) and ASAS40 (1.62 [1.37, 1.92] and
1.44 [1.20, 1.73], respectively) responses at
W52.
Conclusions: IV-golimumab provided impor-
tant and sustained fatigue improvement in
patients with AS that positively associated with
achieving clinical response.
Trial registration: ClinicalTrials.gov identifier,
NCT02186873.

PLAIN LANGUAGE SUMMARY

Ankylosing spondylitis (AS) is a type of arthritis
that mostly affects the spine. Patients with AS
also often have severe fatigue. Intravenous (IV)-

golimumab, which blocks the inflammatory
action of tumor necrosis factor, is approved to
treat AS. We used information from a clinical
trial (GO-ALIVE) to determine whether IV-goli-
mumab reduced fatigue in patients with AS, and
if fatigue improvement was associated with
improvement in other AS symptoms, including
spinal pain, ability to function, and inflamma-
tion. In the 1-year GO-ALIVE study, patients
were assigned to receive either IV-golimumab or
placebo. Patients assigned to placebo were
switched to IV-golimumab starting at week 16.
The Bath Ankylosing Spondylitis Disease Activ-
ity Index (BASDAI) fatigue question and the
36-Item Short Form Health Survey (SF-36)
vitality subscale were used to assess fatigue.
Improvement in AS symptoms was measured
using the Assessment of SpondyloArthritis
international Society C 20% and C 40% im-
provement criteria (ASAS20 and ASAS40). After
16 weeks of treatment, patients treated with IV-
golimumab, on average, had statistically signif-
icantly greater improvement in both measures
of fatigue than patients treated with placebo. At
1 year, after the placebo group had received IV-
golimumab starting at week 16, improvement
in fatigue was similar between groups.
Improvement in fatigue at week 16 increased
the likelihood that ASAS20 and ASAS40 would
be achieved at week 16. Similar results were
observed at 1 year. Additionally, improvement
in fatigue at week 16 predicted the likelihood of
achieving ASAS20 and ASAS40 at 1 year. Toge-
ther, these results demonstrate that IV-
golimumab provided important, long-term
improvement in fatigue in patients with AS that
was positively associated with improvement in
AS symptoms.

Keywords: Ankylosing spondylitis; Clinical
response; Fatigue; Intravenous golimumab;
Vitality
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Key Summary Points

Why carry out this study?

Intravenous (IV)-golimumab is a tumor
necrosis factor inhibitor approved in the
United States to treat adults with active
ankylosing spondylitis (AS).

In the phase 3, randomized, placebo-
controlled GO-ALIVE study in adults with
active AS, IV-golimumab significantly
reduced the signs and symptoms of AS in
adults compared with placebo through
week 16; clinical response was maintained
through 1 year.

Given that AS is frequently associated with
severe fatigue, we conducted a
comprehensive, post hoc evaluation of
the effect of IV-golimumab on fatigue
through 1 year among patients in GO-
ALIVE, including assessing the
relationship between concurrent fatigue
improvement and clinical response, and
the ability of fatigue improvement to
predict clinical response.

What was learned from the study?

Mean changes in Bath Ankylosing
Spondylitis Disease Activity Index
(BASDAI)-fatigue component and 36-Item
Short Form Health Survey (SF-36) vitality
subscale scores were greater with IV-
golimumab versus placebo at week 16
(- 2.74/8.46 versus - 0.73/2.08,
both nominal p B 0.003); by week 52,
after placebo crossover to IV-golimumab,
differences between groups narrowed
(- 3.18/9.39 versus - 3.07/9.17).

A one-point/five-point improvement in
BASDAI-fatigue/SF-36 vitality scores at
week 16 increased the likelihood of
concurrent ASAS20 (odds ratios [95%
confidence intervals]: 3.15 [2.21, 4.50]
and 2.10 [1.62, 2.71], respectively) and
ASAS40 responses (3.04 [2.15, 4.28] and
2.24 [1.68, 3.00], respectively), and a one-
point/five-point improvement in BASDAI-
fatigue/SF-36 vitality scores at week 16
predicted increased likelihood of
achieving ASAS20 (1.62 [1.35, 1.95] and
1.52 [1.25, 1.86], respectively) and ASAS40
(1.62 [1.37, 1.92] and 1.44 [1.20, 1.73],
respectively) responses at week 52.

IV-golimumab provided important
and sustained fatigue improvement in
patients with active AS that was positively
associated with achievement of
a composite measure of clinical response.

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic
inflammatory arthritis predominantly affecting
the spine [1]. In addition to the symptoms of
back pain and progressive spinal stiffness, AS is
also frequently associated with severe fatigue
[1–4]. Fatigue has also been identified by the
Assessment of SpondyloArthritis international
Society (ASAS)/Outcome Measures in Rheuma-
tology Clinical Trials (OMERACT) groups as one
of the mandatory core domains that should be
assessed in AS research, management, and
clinical trials [5, 6]. In patients with AS, fatigue
is a complex mixture of both physical and
mental exhaustion associated with impaired
health-related quality of life (HRQoL) and
reduced physical function and work productiv-
ity [1, 4, 7]. In a global survey of patients with
AS receiving tumor necrosis factor inhibitors
(TNFi), mobility, work productivity, and daily
activity were significantly more impaired in
patients with high versus low levels of fatigue
[4]. The pathophysiology of fatigue in AS is not
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known, although factors such as disease activ-
ity, inflammation, pain, stiffness, depressed
mood, reduced physical activity, anemia, and
disrupted sleep are thought to be underlying
factors [1, 8].

Intravenous (IV)-golimumab is a TNFi
approved in the United States since October
2017 to treat adults with active AS [9]. IV-
golimumab significantly reduced the signs and
symptoms of active AS in adults compared with
placebo through week 16 [10], and clinical
response was maintained through 1 year [11].
IV-golimumab-treated patients with AS also
reported sustained improvements in overall
HRQoL and productivity through 1 year
[12, 13]. We hypothesized that IV-golimumab
treatment would result in sustained improve-
ment in patient-reported fatigue in patients
with active AS and aimed to explore the asso-
ciations between improvement in fatigue and
other clinical outcomes.

The primary objective of these post hoc
analyses was to conduct a comprehensive eval-
uation of the effect of IV-golimumab on fatigue
through 1 year among patients with active AS in
GO-ALIVE (NCT02186873; the registrational
trial for approval of IV-golimumab for AS in the
United States). Secondary objectives were to
assess the relationship between improvement in
fatigue and clinical response at weeks 16 and 52,
and to assess whether change in this important
outcome at week 16 could predict clinical
response at week 52.

METHODS

Patients and Trial Design

GO-ALIVE inclusion/exclusion criteria and trial
design were previously published [10]. Briefly,
GO-ALIVE was a phase 3, double-blind, ran-
domized, placebo-controlled trial of
adults C 18 years of age diagnosed with AS
for C 3 months (defined by the modified New
York criteria) [14] with symptoms of active dis-
ease (i.e., Bath Ankylosing Spondylitis Disease
Activity Index [BASDAI] score C 4 [15], total
back pain visual analog scale [VAS, 0–10 cm]
score C 4, and C-reactive protein [CRP]

level C 0.3 mg/dL) who had an inadequate
response or intolerance to nonsteroidal anti-
inflammatory drugs (NSAIDs). Concomitant use
of NSAIDs throughout the study was permitted
at stable doses established C 2 weeks prior to
the first study drug administration. No more
than 20% of the study population could have
received prior treatment with one TNFi other
than golimumab. Additionally, these patients
could not have discontinued the TNFi due to
lack of efficacy within the first 16 weeks of
treatment and could not have received the TNFi
within 3 months of the first study drug admin-
istration (except etanercept within 6 weeks).
Previous treatment with golimumab, other
biologics, or Janus kinase inhibitors was not
permitted. Additional inclusion and exclusion
details are summarized in the Supplementary
Material.

Patients were randomized 1:1 using an
interactive Web-response system to receive IV-
golimumab 2 mg/kg at weeks 0, 4, 12, then
every 8 weeks (Q8W) or placebo at weeks 0, 4,
and 12 with crossover to IV-golimumab 2 mg/kg
at weeks 16 and 20, then Q8W through
week 52. Randomization was stratified by geo-
graphic region and prior TNFi therapy (Yes, No).

The trial was conducted in accordance with
the principles of the Declaration of Helsinki of
1964 and its later amendments and Good
Clinical Practices. The protocol was approved
by Schulman Associates Institutional Review
Board (IRB) for seven sites in Canada (approval
number: 201404734) and the United States
(approval number: 201404241); the remaining
39 sites received approval from their local IRB or
ethics committee (see list in Supplementary
Material). All patients gave written informed
consent.

Trial Assessments and Outcomes

Available measures of fatigue from GO-ALIVE
were the BASDAI question assessing the overall
level of fatigue/tiredness in the past week and
the 36-Item Short Form Health Survey (SF-36)
vitality subscale, a general measure of
energy/fatigue. Both of these measures have
been shown to be appropriate for the
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assessment of fatigue in patients with AS
[1–3, 16, 17]. The BASDAI is a patient-reported
assessment of AS disease activity with six ques-
tions evaluating different disease characteristics
[15]. The fatigue question (Question #1) of the
BASDAI questionnaire assesses the severity of
fatigue using the question, ‘‘How would you
describe the overall level of fatigue/tiredness
you have experienced?’’ scored on a VAS rang-
ing from 0 (none) to 10 cm (worst). The SF-36 is
a patient-reported assessment that evaluates
overall HRQoL and is not disease specific [18].
The SF-36 vitality subscale includes four items
that assess energy level and fatigue on a scale
from 0 (worst score) to 100 (best score). The
questions included in the SF-36 vitality subscale
are: How much of the time during the past
4 weeks (1) Did you feel full of pep?; (2) Did you
have a lot of energy?; (3) Did you feel worn
out?; and (4) Did you feel tired? The four scores
are averaged together.

Efficacy in GO-ALIVE was assessed using
ASAS domains (total back pain [0–10 cm VAS],
patient global [0–10 cm VAS], function [Bath
Ankylosing Spondylitis Functional Index
(BASFI) score], and inflammation [mean of
BASDAI Questions #5 and #6 regarding morn-
ing stiffness]) [19, 20], the Ankylosing
Spondylitis Disease Activity Score (ASDAS)
[21–23], the BASFI score [24–26], the BASDAI
[15], and the SF-36 [18]. Predetermined clinical
response endpoints assessed in GO-ALIVE uti-
lized in these analyses included ASAS20 (C 20%
improvement from baseline in at least three of
the four ASAS domains with an absolute
improvement C 1 [0–10 cm VAS] and an
absence of deterioration [C 20% worsening and
absolute worsening C 1] in the potential
remaining domain); ASAS40 (C 40% improve-
ment from baseline in three of the four ASAS
domains with an absolute improvement C 2
[VAS 0–10 cm] and no worsening in the
remaining domain); ASAS 5/6 (C 20%
improvement from baseline in any five of the
following six components: the four ASAS
domains, CRP level, and spinal mobility [lum-
bar side flexion]) [20]; ASAS partial remission
(a score B 2 out of ten in each of the ASAS
domains) [20]; ASDAS [21–23] clinically impor-
tant improvement (decrease C 1.1), major

improvement (decrease C 2.0), and inactive
disease (score\ 1.3); and C 20% improvement
from baseline in BASFI score [24–26].

Statistical Methods

The analyses reported here were performed post
hoc and included all randomized patients ana-
lyzed by assigned treatment group. Descriptive
statistics were reported as counts and percent-
ages for dichotomous endpoints and means and
standard deviations (SD) for continuous end-
points. For the BASDAI-fatigue and SF-36 vitality
scores (continuous endpoints), missing baseline
data were replaced with the median value, and
last observation carried forward was used for all
other missing data. For the binary clinical
response endpoints (i.e., ASAS20, ASAS40, ASAS
5/6, ASAS partial remission, ASDAS clinically
important improvement, ASDAS major
improvement, ASDAS inactive disease, and
C 20% improvement in BASFI score), patients
with missing data were considered nonrespon-
ders (nonresponder imputation).

Mean (SD) change from baseline was deter-
mined for the BASDAI-fatigue score (at weeks 2,
4, 8, 12, 16, 20, 28, 36, 44, and 52) and the SF-36
vitality score (at weeks 8, 16, 28, and 52). The
distribution-based minimally important differ-
ences (MIDs) for the BASDAI-fatigue and SF-36
vitality scores were defined as one-half the SD of
the baseline score [27]. The proportions of
patients who achieved the MID for the BASDAI-
fatigue or SF-36 vitality scores through week 52
and the proportions of patients who achieved
the accepted minimum clinically important
difference (MCID) for the BASDAI-fatigue (im-
provement C 1; validated as the MCID [28] and
used in previous analyses [29]) or SF-36 vitality
(improvement C 5; validated as the MCID
[18, 30]) scores through week 52 were assessed
by treatment group. The proportions of patients
achieving clinical response (ASAS20, ASAS40,
ASAS 5/6, ASAS partial remission, ASDAS clini-
cally important improvement, ASDAS major
improvement, ASDAS inactive disease, and
C 20% improvement in BASFI score) were
determined among patients who did or did not
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achieve the MIDs for the BASDAI-fatigue or
SF-36 vitality scores at weeks 16 and 52.

Multivariable logistic regression models were
used to evaluate the relationship between clin-
ical response endpoints (dependent variables)
and improvement from baseline in BASDAI-
fatigue score or SF-36 vitality score

(independent variables), after adjustment for
baseline ASDAS, prior TNFi therapy (Yes, No),
baseline CRP level, and treatment group. The
resulting odds ratios and 95% confidence inter-
vals (CIs) estimated the fold increase in the odds
of achieving a clinical response endpoint at week
16 or 52 with each one-point concurrent

Fig. 1 Mean (SD) change from baseline in the
a BASDAI-fatigue score and the b SF-36 vitality score
through week 52. Improvement is indicated by a decrease
in BASDAI-fatigue score and increase in SF-36 vitality
score. Patients randomized to placebo crossed over to IV-
golimumab 2 mg/kg at week 16 (dotted line). Missing
baseline data were replaced with the median value, and last

observation carried forward was used for all other missing
data. Nominal p values are based on analysis of covariance
with factors of treatment group, baseline score, and prior
TNFi therapy (Yes, No). BASDAI Bath Ankylosing
Spondylitis Disease Activity Index, IV intravenous, SD
standard deviation, SF-36 36-Item Short Form
Health Survey, TNFi tumor necrosis factor inhibitor
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improvement in the BASDAI-fatigue score
(MCID [28, 29]) or five-point concurrent
improvement in the SF-36 vitality score (MCID
[18, 30]) at week 16 or 52 among all randomized
patients. Multivariable logistic regression models
with clinical response endpoints at week 52
as dependent variables and improvement from
baseline in BASDAI-fatigue score or SF-36
vitality score at week 16 as independent variables
were also conducted.

A Cochran–Mantel–Haenszel test stratified
by prior TNFi therapy (Yes, No) was used to
compare the proportions of patients who
achieved BASDAI-fatigue or SF-36 vitality MIDs
by treatment group and to compare clinical
responses among patients who did or did not
achieve BASDAI-fatigue or SF-36 vitality MIDs.
Analysis of covariance with factors of treat-
ment group, baseline score, and prior TNFi
therapy (Yes, No) was used to compare change

Fig. 2 Proportion of patients who achieved a BASDAI-
fatigue score (C 0.73) or b SF-36 vitality score (C 3.98)
MID through week 52. Patients randomized to placebo
crossed over to IV-golimumab 2 mg/kg at week 16 (dotted
line). Missing baseline data were replaced with the median
value, and last observation carried forward was used for all

other missing data. Nominal p values are based on
Cochran–Mantel–Haenszel test stratified by prior TNFi
therapy (Yes, No). BASDAI Bath Ankylosing Spondylitis
Disease Activity Index, IV intravenous, MID minimally
important difference, SF-36 36-Item Short Form
Health Survey, TNFi tumor necrosis factor inhibitor
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from baseline in BASDAI-fatigue and SF-36
vitality scores between treatment groups. All
statistical tests were performed at a two-sided
a = 0.05 level, and all p values are nominal.

RESULTS

Patient Disposition and Baseline
Characteristics

A total of 208 patients were randomized and
treated in the GO-ALIVE trial (IV-golimumab
N = 105, placebo N = 103) [10]. Detailed patient
characteristics and demographics have been
previously reported [10]. Overall, 78% of
patients were male and the mean age was 39
years. Mean duration since AS diagnosis was
5.5 years, and 12 patients (5.8%) had complete
ankylosis of the spine. Fourteen percent of
patients had previously received one TNFi (IV-
golimumab N = 16; placebo N = 14). The pro-
portion of patients receiving NSAIDs at baseline

was comparable between groups (89.5% in the
IV-golimumab group and 87.4% in the placebo
group). Patients reported substantial fatigue at
baseline, with mean ± SD BASDAI-fatigue and
SF-36 vitality scores of 7.1 ± 1.5 and 38.4 ± 7.4,
respectively, in the IV-golimumab group and
7.2 ± 1.5 and 37.4 ± 8.5, respectively, in the
placebo group.

Fatigue Improvement

At the earliest time points evaluated and through
week 16, mean improvements from baseline in
BASDAI-fatigue and SF-36 vitality scores were
greater in IV-golimumab-treated versus placebo-
treated patients (Fig. 1a, b). The mean change
from baseline in BASDAI-fatigue score in IV-
golimumab-treated versus placebo-treated
patients at week 16 was - 2.74 versus - 0.73,
respectively (Fig. 1a), and themean change from
baseline in SF-36 vitality score was 8.46 versus
2.08, respectively (Fig. 1b). Following crossover
of the placebo group to IV-golimumab atweek 16
and through week 52, mean improvements in
BASDAI-fatigue and SF-36 vitality scores were
similar between the treatment groups. At week
52, the mean change from baseline in BASDAI-
fatigue score in the IV-golimumab and placebo-
crossover groups was - 3.2 and - 3.1, respec-
tively, and the mean change from baseline in
SF-36 vitality score was 9.4 and 9.2, respectively.

The distribution-based MIDs for the BASDAI-
fatigue and SF-36 vitality scores were determined
to be C 0.73 and C 3.98, respectively. Greater
proportions of IV-golimumab-treated versus
placebo-treated patients achieved the MIDs for
BASDAI-fatigue and SF-36 vitality scores at the
earliest time points evaluated and through week
16 (Fig. 2a, b). At week 16, 75.2% of IV-goli-
mumab-treated patients versus 42.7% of pla-
cebo-treated patients achieved the BASDAI-
fatigue MID, and 71.4% versus 35.0%, respec-
tively, achieved the SF-36vitalityMID. Following
placebo crossover and through week 52, the
proportions of patients achieving the BASDAI-
fatigue or SF-36 vitality MIDs were similar
between the treatment groups (Fig. 2a, b). At
week 52, approximately 80% of IV-golimumab

bFig. 3 Proportion of patients who achieved an ASAS (a,
c) or ASDAS response (b, d) at week 16 or 52 among
patients randomized to IV-golimumab who did or did not
achieve the BASDAI-fatigue score (C 0.73) or SF-36 vitality
score (C 3.98) MID at week 16 or 52. Missing baseline data
were replaced with the median value, and last observation
carried forward was used for all other missing data. For week
52, nominal p values are based on a Cochran–Man-
tel–Haenszel test stratified by prior TNFi therapy (Yes,
No). ASAS20 and ASAS40 are defined as C 20% or
C 40% improvement, respectively, from baseline in ASAS
criteria. ASAS 5/6 is defined as C 20% improvement from
baseline in any five of the six ASAS criteria. ASAS partial
remission is defined as a score B 2 out of ten in each of four
ASAS domains (total back pain, patient’s global, function,
and inflammation). ASDAS clinically important improve-
ment and major improvement are defined as a de-
crease C 1.1 or decrease C 2.0, respectively, in ASDAS.
ASDAS inactive disease is defined as anASDAS score\ 1.3.
ASAS Assessment of SpondyloArthritis international Soci-
ety, ASDAS Ankylosing Spondylitis Disease Activity Score,
BASDAI Bath Ankylosing Spondylitis Disease Activity
Index, IV intravenous, MID minimally important differ-
ence, SF-36 36-Item Short Form Health Survey, TNFi
tumor necrosis factor inhibitor
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andplacebo-crossoverpatients achieved theMID
for the BASDAI-fatigue score, and approximately
70% achieved the MID for the SF-36 vitality
score. At all time points evaluated, the propor-
tions of patients who achieved the established
BASDAI-fatigue (C 1) or SF-36 vitality (C 5) score
MCIDs were similar to those who achieved the
BASDAI-fatigue (C 0.73)or SF-36vitality (C 3.98)
scoreMIDs, respectively (Supplementary Fig. S1).

Maintenance of fatigue improvement from
week 16 to week 52 was also observed in most
patients randomized to IV-golimumab. Among
IV-golimumab-treated patients who achieved
the BASDAI-fatigue MID at week 16, 94.9%
maintained the MID at week 52. Among IV-
golimumab-treated patients who achieved the
SF-36 vitality MID at week 16, 86.7% main-
tained the MID at week 52.

Relationship Between Fatigue
Improvement and Clinical Response

Across all predetermined clinical efficacy end-
points evaluated (i.e., ASAS20, ASAS40, ASAS
5/6, ASAS partial remission, ASDAS clinically
important improvement, ASDAS major
improvement, ASDAS inactive disease, and
C 20% improvement in BASFI score), concur-
rent clinical response rates were greater in
patients randomized to IV-golimumab who
achieved the BASDAI-fatigue or SF-36 vitality
MID compared with those who did not (Fig. 3
and Supplementary Fig. S2). For example, 86.1%
of patients who achieved the BASDAI-fatigue
score MID (C 0.73 improvement) at week 16
also achieved an ASAS20 response at week 16
(the GO-ALIVE primary endpoint) (Fig. 3a). In
contrast, 34.6% of patients who did not achieve
the BASDAI-fatigue MID at week 16 achieved an
ASAS20 response at week 16. Similarly, 86.7% of
patients who achieved the SF-36 vitality score
MID (C 3.98 improvement) at week 16 also
achieved an ASAS20 response at week 16 versus
40.0% of patients who did not. At week 52, an
ASAS20 response was achieved by 83.3% of
patients who achieved the BASDAI-fatigue MID
at week 52 versus 14.3% of patients who did
not, and by 80.0% of patients who achieved the

SF-36 vitality MID versus 43.3% of patients who
did not (Fig. 3c).

Multivariable logistic regression models
demonstrated that, among all randomized
patients combined, fatigue improvement was
determined to be significantly associated with
concurrent clinical efficacy response (Table 1
and Supplementary Table S1). Patients with a
one-point improvement in BASDAI-fatigue or
five-point improvement in SF-36 vitality score
at week 16 were more likely to achieve an
ASAS20 response at week 16 (OR 3.15, 95% CI
2.21, 4.50 and OR 2.10, 95% CI 1.62, 2.71,
respectively). Similarly, patients with a one-
point improvement in BASDAI-fatigue or five-
point improvement in SF-36 vitality score at
week 52 were more likely to achieve an ASAS20
response at week 52 (OR 2.73, 95% CI 2.06, 3.62
and OR 1.95, 95% CI 1.56, 2.43, respectively).
Results were similar across all clinical response
endpoints evaluated (ASAS20, ASAS40, ASAS
5/6, ASAS partial remission, ASDAS clinically
important improvement, ASDAS major
improvement, ASDAS inactive disease, and
C 20% improvement in BASFI score).

Fatigue improvement at week 16 was also a
nominally significant predictor of future clini-
cal response (Table 2). Patients with a one-point
improvement in BASDAI-fatigue score at week
16 were more likely to achieve an ASAS20
response at week 52 (OR 1.62, 95% CI 1.35,
1.95), and patients with a five-point improve-
ment in SF-36 vitality score at week 16 were
more likely to achieve an ASAS20 response at
week 52 (OR 1.52, 95% CI 1.25, 1.86). Results
were similar across all clinical endpoints evalu-
ated except for C 20% improvement in BASFI
score, which had a lower nominally nonsignif-
icant OR of association with BASDAI-fatigue
(1.07, 95% CI 0.95, 1.20) than the other clinical
efficacy endpoints (Supplementary Table S1).

DISCUSSION

This comprehensive analysis of fatigue in
patients with active AS demonstrated that IV-
golimumab treatment resulted in early
and sustained important improvement of fati-
gue. Among patients randomized to IV-
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golimumab, improvement was observed at the
earliest time points evaluated (week 2 for
BASDAI-fatigue and week 8 for SF-36 vitality),
increased through week 16, and was subse-
quently sustained through week 52. Among
patients randomized to placebo, after crossover
to IV-golimumab at week 16, mean improve-
ment in fatigue was similar to that observed in
the IV-golimumab group by week 20 and was
sustained through week 52. These results are
consistent with the improvement in fatigue
reported with IV-golimumab in patients with
psoriatic arthritis [31] and rheumatoid arthritis
[32]. Additionally, although comparison would
not be appropriate due to differences in study
designs, populations, and fatigue assessment
tools, subcutaneous golimumab has also been
shown to improve fatigue in patients with
rheumatoid arthritis, psoriatic arthritis, or AS
[33, 34] and reduce sleep disturbance in patients
with AS [35].

Table 1 Improvement in fatigue at weeks 16 and 52 was
significantly associated with concurrent achievement of
clinical response at weeks 16 and 52

Efficacy endpoint Odds ratio 95% CI

1-point improvement in BASDAI-fatigue score at week 16

Clinical response at week 16

ASAS20 3.15 2.21–4.50

ASAS40 3.04 2.15–4.28

ASAS 5/6 2.29 1.75–3.00

ASAS partial remission 2.94 1.93–4.50

ASDAS clinically important improvement 2.22 1.69–2.92

ASDAS major improvement 2.35 1.73–3.20

ASDAS inactive disease 2.66 1.81–3.91

5-point improvement in SF-36 vitality score at week 16

Clinical response at week 16

ASAS20 2.10 1.62–2.71

ASAS40 2.24 1.68–3.00

ASAS 5/6 2.30 1.72–3.07

ASAS partial remission 2.10 1.44–3.06

ASDAS clinically important improvement 1.90 1.47–2.45

ASDAS major improvement 2.12 1.54–2.92

ASDAS inactive disease 2.10 1.44–3.06

1-point improvement in BASDAI-fatigue score at week 52

Clinical response at week 52

ASAS20 2.73 2.06–3.62

ASAS40 2.81 2.14–3.70

ASAS 5/6 2.13 1.73–2.62

ASAS partial remission 2.59 1.92–3.48

ASDAS clinically important improvement 2.46 1.88–3.22

ASDAS major improvement 2.75 2.09–3.62

ASDAS inactive disease 2.49 1.88–3.29

5-point improvement in SF-36 vitality score at week 52

Clinical response at week 52

ASAS20 1.95 1.56–2.43

ASAS40 2.02 1.63–2.51

ASAS 5/6 1.70 1.41–2.05

ASAS partial remission 1.80 1.46–2.24

Table 1 continued

Efficacy endpoint Odds ratio 95% CI

ASDAS clinically important improvement 1.70 1.39–2.08

ASDAS major improvement 1.68 1.40–2.02

ASDAS inactive disease 1.72 1.40–2.10

In these multivariable logistic regression models, clinical response end-

points at week 16 or 52 were dependent variables and improvement from

baseline in BASDAI-fatigue or SF-36 vitality scores at week 16 or 52 was

an independent variable. Models were adjusted for baseline ASDAS, prior

TNFi therapy (Yes, No), baseline CRP level, and treatment group. Data

from all randomized patients were included in the models

ASAS20 and ASAS40 are defined as C 20% or C 40% improvement,

respectively, from baseline in ASAS criteria. ASAS 5/6 is defined as

C 20% improvement from baseline in any five of the six ASAS criteria.

ASAS partial remission is defined as a score B 2 out of ten in each of four

ASAS domains (total back pain, patient’s global, function, and inflam-

mation). ASDAS clinically important improvement and major improve-

ment are defined as a decrease C 1.1 or decrease C 2.0, respectively, in

ASDAS. ASDAS inactive disease is defined as an ASDAS score\ 1.3

ASAS Assessment of SpondyloArthritis international Society, ASDAS

Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylosing

Spondylitis Disease Activity Index, CI confidence interval, CRP C-reac-

tive protein, SF-36 36-Item Short Form Health Survey, TNFi tumor

necrosis factor inhibitor
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The findings reported here derive from
patient assessments utilizing the BASDAI-
fatigue and SF-36 vitality instruments, and pre-
vious studies in patients with psoriatic arthritis
[31] or rheumatoid arthritis [32] utilized the
SF-36 vitality and the Functional Assessment of
Chronic Illness Therapy-Fatigue [36] instru-
ments. Although improvement in fatigue with
IV-golimumab has been consistently observed
regardless of the instrument used, further
research studying other assessment tools com-
monly utilized in clinical settings may also be
informative.

At weeks 16 and 52, the majority of IV-
golimumab-treated patients (70% to 80%) had
achieved the MID (as determined using a dis-
tribution-based method) in BASDAI-fatigue and
SF-36 vitality scores. At week 16, 42.7% of pla-
cebo-treated patients achieved the BASDAI-
fatigue MID and 35.0% achieved the SF-36
vitality MID. Significant improvement in sub-
jective and objective outcomes in placebo-trea-
ted patients is commonly reported in
randomized, placebo-controlled trials [37].
Reasons for this placebo response may include
psychological placebo effect, high disease
severity at baseline, natural history disease
fluctuation, and/or regression to the mean
phenomenon.

These analyses also demonstrated the rela-
tionship between improvement in fatigue and
clinical response, supporting the importance of
addressing this common yet challenging
symptom when managing patients with AS.
Improvements in BASDAI-fatigue and SF-36
vitality scores at weeks 16 and 52 were signifi-
cantly associated with concurrent clinical
response, as assessed by ASAS20, ASAS40, ASAS
5/6, ASAS partial remission, ASDAS clinically
important improvement, ASDAS major
improvement, ASDAS inactive disease, and
C 20% improvement from baseline in BASFI
score. In addition, fatigue improvement at week
16 predicted clinical response at week 52. It
should be noted that although C 20%
improvement from baseline in BASFI score is
not a validated outcome in patients with AS, it
is in line with published minimum clinically
important improvement values for this func-
tional measure [24–26]. These associations and

Table 2 Improvement in fatigue at week 16 was a sig-
nificant predictor of future achievement of clinical
response at week 52

Efficacy endpoint Odds

ratio

95% CI

1-point improvement in BASDAI-fatigue score at week 16

Clinical response at week 52

ASAS20 at week 52 1.62 1.35–1.95

ASAS40 at week 52 1.62 1.37–1.92

ASAS 5/6 at week 52 1.51 1.28–1.77

ASAS partial remission at week 52 1.50 1.29–1.76

ASDAS clinically important improvement at

week 52

1.60 1.32–1.94

ASDAS major improvement at week 52 1.54 1.32–1.80

ASDAS inactive disease at week 52 1.43 1.23–1.66

5-point improvement in SF-36 vitality score at week 16

Clinical response at week 52

ASAS20 at week 52 1.52 1.25–1.86

ASAS40 at week 52 1.44 1.20–1.73

ASAS 5/6 at week 52 1.44 1.19–1.73

ASAS partial remission at week 52 1.49 1.20–1.85

ASDAS clinically important improvement at

week 52

1.41 1.15–1.72

ASDAS major improvement at week 52 1.32 1.10–1.58

ASDAS inactive disease at week 52 1.41 1.15–1.73

In these multivariable logistic regression models, clinical response end-

points at week 52 were dependent variables and improvement from

baseline in BASDAI-fatigue or SF-36 vitality scores at week 16 was an

independent variable. Models were adjusted for baseline ASDAS, prior

TNFi therapy (Yes, No), baseline CRP level, and treatment group. Data

from all randomized patients were included in the models

ASAS20 and ASAS40 are defined as C 20% or C 40% improvement,

respectively, from baseline in ASAS criteria. ASAS 5/6 is defined as

C 20% improvement from baseline in any five of the six ASAS criteria.

ASAS partial remission is defined as a score B 2 out of ten in each of four

ASAS domains (total back pain, patient’s global, function, and inflam-

mation). ASDAS clinically important improvement and major improve-

ment are defined as a decrease C 1.1 or decrease C 2.0, respectively, in

ASDAS. ASDAS inactive disease is defined as an ASDAS score\ 1.3

ASAS Assessment of SpondyloArthritis international Society, ASDAS

Ankylosing Spondylitis Disease Activity Score, BASDAI Bath Ankylosing

Spondylitis Disease Activity Index, CI confidence interval, CRP C-reac-

tive protein, SF-36 36-Item Short Form Health Survey, TNFi tumor

necrosis factor inhibitor
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identification of improvement in fatigue as a
significant predictor of future clinical response
emphasize the importance of the early assess-
ment and management of fatigue in patients
with AS. These results are also consistent with
the significant correlation of improvement in
disease activity with improvement in fatigue
previously reported in patients with rheumatoid
arthritis treated with IV-golimumab [32].

The odds ratios for the associations between
BASDAI-fatigue and response were slightly lar-
ger than those for the SF-36 vitality score for
nearly all clinical response endpoints, and it is
important to note that the magnitude of the
differences for these measures are not directly
comparable. The BASDAI-fatigue score is an AS-
specific measure and may be a more sensitive
predictor of clinical response in patients with
AS compared with the SF-36 vitality score,
which is not disease specific. Additionally, the
BASDAI-fatigue question assesses only fatigue
whereas the SF-36 vitality questions assess both
fatigue and energy. Fatigue and energy may not
be experienced in exactly the same way, even
though they are similar concepts, as one could
be interpreted as physical and the other as
mental fatigue. For example, lack of energy may
not be the same as feeling fatigued, and not
feeling fatigued may not be the same as having
energy/being energized [7].

The positive associations between concurrent
improvements in fatigue and achievement
of clinical response support the results of previ-
ous studies that demonstrated that fatigue is
related to a broad range of the symptoms expe-
rienced by patients with AS, including pain and
stiffness, as well as impaired sleep quality and
HRQoL and reduced physical function
[35,38–43].The lowpercentagesof IV-golimumab-
treated patients who did not achieve the BAS-
DAI-fatigue (0%) or SF-36 vitality (6.7–13.3%)
MID among patients who achieved ASAS partial
remission or ASDAS inactive disease at weeks 16
and 52 support the association of fatigue with
these symptoms. The relatively substantial pro-
portions of patients who did not achieve the
BASDAI-fatigue (14.3–53.8%) or SF-36 vitality
(40.0–56.7%) MID among patients who
achieved less stringent measures of clinical
response (i.e., ASAS20 and ASDAS clinically

important improvement) demonstrate that
fatigue associated with AS is multidimensional
and, in some patients, fatigue improvement
may be influenced by different factors than
those that affect clinical response, such as pain,
sleep, work, disease activity, anemia, functional
ability, global well-being, and mental health, as
has been previously suggested [1, 2, 7, 16, 44].

The impact of disease duration on improve-
ment in fatigue outcome measures was not
assessed in these analyses, which is a limitation
of this study. However, impact of disease dura-
tion on IV-golimumab efficacy and safety was
assessed in a previously published post hoc
analysis of data from the GO-ALIVE trial [45]. In
this analysis, IV-golimumab improved the signs
and symptoms of AS compared with placebo in
patients with early (symptom duration of 2 to 3
years) and late (symptom duration of 21 to 24
years) disease, although mean improvements
and response rates, including BASDAI, were
numerically higher in patients with early dis-
ease. These data suggest fatigue improvement
may also be greater in patients with early versus
late disease. Another limitation of the data
presented here is the small number of patients
who had previously received a TNFi (N = 30),
which precluded assessment of the effect of IV-
golimumab on fatigue in TNFi-experienced
versus TNFi-naı̈ve patients, potentially reducing
the generalizability of the results of this study. It
should be noted that patients who discontinued
a prior TNFi due to primary lack of response
were excluded from GO-ALIVE and the propor-
tions of TNFi-experienced patients were bal-
anced between groups, limiting any potential
impact of such patients on analysis findings.

CONCLUSIONS

In these post hoc analyses, compared with pla-
cebo, IV-golimumab treatment resulted in sig-
nificantly greater improvements from baseline
in BASDAI-fatigue and SF-36 vitality scores as
early as week 2 and week 8, respectively,
continuing through week 16. Additionally,
greater proportions of IV-golimumab-treated
versus placebo-treated patients achieved the
distribution-based MIDs for the BASDAI-fatigue
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and SF-36 vitality scores at week 16. Fatigue
improvement was sustained through week 52.
This improvement in fatigue was associated
with concurrent and future improvements in
other clinical symptoms and may be predictive
of better clinical outcomes. These results
demonstrate that IV-golimumab is effective in
the management of many symptoms that are
important to patients with AS [5, 6].
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