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Abstract
Objective

To evaluate improvement in pain and fatigue in ankylosing spondylitis (AS) patients treated with secukinumab over 
2 years (MEASURE 2 study).

Methods
Patients with active AS were randomised to receive secukinumab 150 mg, 75 mg, or placebo weekly until Week 4, and 

every 4 weeks thereafter. This post hoc analysis included assessment of spinal and nocturnal back pain, FACIT-Fatigue, 
and association between pain and either FACIT-Fatigue or ASQoL item 5 (sleep quality) for the approved secukinumab 

150 mg dose in the overall population, and stratified by baseline high-sensitivity C-reactive protein (hsCRP) levels 
(normal [<5 mg/L] or elevated [≥5 mg/L]) or prior TNF inhibitor therapy status (TNFi-naïve or inadequate response 

[TNFi-IR]). 

Results
Secukinumab-treated patients reported rapid improvement in pain and fatigue scores in overall population by Weeks 1 
and 4, respectively; this trend of improvement was also observed irrespective of baseline hsCRP levels or prior TNFi 

therapy. Mean change at Week 16 in spinal/nocturnal pain (secukinumab vs. placebo) for the subgroups were -34.6/-30.2 
vs. -16.6/-10.0, p<0.05/0.01 (normal hsCRP); -26.7/-31.6 vs. -7.8/-9.3, p<0.001/0.0001 (elevated hsCRP); -33.2/-35.4 vs. 

-13.2/-14.9, both p<0.0001 (TNFi-naïve); and -22.5/-22.8 vs. -9.4/-4.0, p=0.06/p<0.01 (TNFi-IR). FACIT-Fatigue was 
7.1 vs. 3.3, p=0.15 (normal hsCRP); 8.7 vs. 3.6, p<0.05 (elevated hsCRP); 10.0 vs. 5.2, p<0.05 (TNFi-naïve); and 

5.7 vs. 0.5, p=0.06 (TNFi-IR). These improvements were sustained or further improved through Week 104. 

Conclusion
Secukinumab provides rapid and sustained relief of pain and fatigue over 2 years in patients with AS regardless of 

baseline hsCRP levels and prior TNFi therapy. 
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Introduction
Ankylosing spondylitis (AS) is a 
chronic inflammatory condition asso-
ciated with pain, stiffness of the spine, 
and sometimes the peripheral joints, 
fatigue and poor sleep quality. Around 
30–35% of patients report pain and 50–
65% of patients report fatigue as their 
major and most troubling symptoms 
that result in impaired physical func-
tion and reduced work productivity and 
quality of life (QoL) (1-7). While there 
are some conflicting reports on the cor-
relation between pain and fatigue (8), 
there have been studies wherein pain 
was found to be the most strongly as-
sociated factor with fatigue (2, 3, 9). 
Patients with AS often report multiple 
nocturnal awakenings and early morn-
ing awakening, which leads to sleep 
disturbance and fatigue (3, 4, 7, 10). 
Sleep disturbance has been positively 
correlated with pain and fatigue inten-
sity in patients with AS (11). Similarly, 
a decrease in pain has been shown to be 
correlated with improved sleep quality 
and fatigue status (12, 13). An elevated 
level of C‑reactive protein (CRP) is one 
of the relevant inflammatory markers 
in AS (14) and has been reported to be 
associated with both pain and fatigue 
(15, 16). Although the relationship 
between pain, fatigue, and CRP is not 
well defined, these are independently 
assessed variables that are components 
of important composite measures of 
AS treatment efficacy (e.g. Bath An-
kylosing Spondylitis Disease Activity 
Index [BASDAI], AS Disease Activity 
Score), and are thus associated with 
improvement in treatment response of 
patients with active AS (17-21).
Non-steroidal anti-inflammatory drugs 
(NSAIDs) are the standard of drug 
management for patients with AS (22). 
At present, tumour necrosis factor al-
pha inhibitors (TNFi) and interleukin-
17A (IL-17A) inhibitors are the only 
classes of biologics that have shown 
effectiveness in controlling disease 
activity and symptoms of AS and are 
approved for its treatment (23). While 
TNFi are commonly used as the first-
line biologics, a substantial proportion 
of patients exhibit inadequate response 
or become intolerant to TNFi therapy 
(22, 24). Moreover, response to TNFi 

in patients with AS is associated with 
elevated levels of CRP as patients with 
normal CRP levels may not respond 
adequately to TNFi (18-21, 25-28).  
Secukinumab, a fully human mono-
clonal IgG1κ antibody that selectively 
neutralises IL-17A, significantly im-
proved the signs and symptoms of ac-
tive AS in the phase 3 MEASURE 1 
(NCT01358175) and MEASURE 2 
(NCT01649375) studies, with respons-
es sustained through Weeks 156 and 
104, respectively (29-31). The main 
objective of this post hoc analysis of 
the MEASURE 2 study was to evaluate 
improvements in pain and fatigue with 
secukinumab treatment compared to 
placebo through Week 16 stratified by 
baseline high-sensitivity CRP (hsCRP) 
levels or prior TNFi therapy, and assess 
the sustainability of the improvements 
through 104 weeks. Additionally, the 
association between pain and either fa-
tigue or sleep quality was also assessed.

Methods
Study design and patients
The MEASURE 2 study design, pa-
tients, methodology and statistical anal-
ysis have been described previously 
(31). In brief, this is a 5-year phase 3 
study to evaluate the efficacy, safety, 
and tolerability of subcutaneous (s.c.) 
loading and maintenance dosing of 
secukinumab in patients with active AS. 
Patients were randomly assigned to re-
ceive s.c. secukinumab 150 mg, 75 mg, 
or placebo at baseline, Weeks 1, 2, and 
3, followed by every 4 weeks starting 
at Week 4. At Week 16, placebo-treat-
ed patients were re-randomised to s.c. 
secukinumab 150 mg or 75 mg every 4 
weeks, regardless of clinical response. 
Herein, only data for the approved dose 
of secukinumab 150 mg are reported.
Patients aged ≥18 years with AS ful-
filling the Modified New York Crite-
ria (32), with a BASDAI score of ≥4 
(scores range from 0–10) (33), and a 
spinal pain score of ≥4 cm on a 10 cm 
visual analogue scale (VAS) despite 
treatment with NSAIDs were eligible 
for study participation. Patients who 
had taken not more than one previous 
TNFi with an inadequate response or 
intolerance were also allowed to enter 
the study. This represents a broader 
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population than studied in pivotal TNFi 
trials in AS, with a greater proportion 
of biologic treatment-refractory pa-
tients than in earlier phase 3 biologic 
development programmes in AS. Key 
exclusion criteria were total spinal an-
kylosis, evidence of infection (human 
immunodeficiency virus or hepatitis B 
or C), malignancy on chest x-ray, ac-
tive systemic infection 2 weeks before 
randomisation, and previous treatment 
with cell-depleting therapies or biolog-
ic agents other than TNFi.
MEASURE 2 was conducted in ac-
cordance with the Declaration of 
Helsinki (as revised in Brazil 2013), 
available at http://www.wma.net/en 
/30publications/10policies/b3/index.
html, and was approved by the insti-
tutional review boards or independent 
ethics committees for each study site. 
Written informed consent was obtained 
from all screened patients.

Outcome measures 
The main objectives of this post hoc 
analysis were to assess pain (total spi-
nal and nocturnal back pain) and fatigue 
(Functional Assessment of Chronic Ill-
ness Therapy-Fatigue [FACIT-Fatigue]) 
scores from baseline through Week 104 
in the overall population, and in sub-
groups of patients stratified by baseline 
hsCRP levels and prior use of TNFi ther-
apy. In addition, correlations between 
pain and fatigue, pain and ASQoL item 5 
response (sleep quality), and proportion 
of patients reporting clinically meaning-
ful improvements (≥20% mean change 
from baseline) in spinal pain were as-
sessed in the overall population and in 
the subgroup by prior TNFi therapy.  

• Patient’s assessment of back pain 
  intensity
Patient’s assessment of back pain in-
tensity was assessed using a 10 cm 
VAS ranging from no pain to unbear-
able pain (34). Total spinal pain was 
based on the question “what was the 
amount of back pain at any time that 
the patient had experienced during the 
previous week?” in the BASDAI and 
nocturnal back pain was based on the 
question, “what was the amount of back 
pain at night that the patient had ex-
perienced during the previous week?” 

The total spinal pain and nocturnal 
back pain VAS scores were assessed at 
baseline; Weeks 1 through 4; every 4 
weeks through Week 32; Weeks 40, 52, 
and 60; every 8 weeks through Week 
92; and final assessment at Week 104. 
A clinically meaningful improvement 
in pain was defined as ≥20% mean 
change from baseline score. 

• Functional Assessment of 
  Chronic Illness Therapy-Fatigue 
FACIT-Fatigue is a 13-item question-
naire that assesses self-reported fatigue 
and its impact upon daily activities and 
function (35). The total possible range 
of the fatigue scale was 0 to 52, with 
higher scores representing lower fa-
tigue levels. The FACIT-Fatigue re-
sponse was defined as improvement ≥4 
points from baseline. FACIT-Fatigue 
was assessed at baseline and Weeks 4, 
8, 12, 16, 24, 52, and 104. Improvement 
in fatigue using BASDAI Question no. 
1: Overall level of fatigue was also as-
sessed through Week 104.  

• Ankylosing Spondylitis Quality of 
  Life  item 5 response (sleep quality) 
Sleep quality was assessed using a spe-
cific question pertaining to sleep cap-
tured as item 5 of the ASQoL (impossi-
ble to sleep). ASQoL contains 18 items 
with a dichotomous “Yes/No” response 
option (36). Patients were asked to con-

sider the impact “at the moment” and re-
sponded “Yes/No” to the item. A single 
point (one) is assigned for each “Yes” 
response and zero point for each “No” 
response, resulting in overall scores that 
range from zero (least severity) to 18 
(highest severity) wherein a lower score 
indicates a better QoL. ASQoL was as-
sessed at baseline and Weeks 4, 8, 12, 
16, 24, and 52; ASQoL was not assessed 
after Week 52 as per the MEASURE 2 
study assessment plan.

Statistical analysis
Results are reported for the overall 
population, patients stratified by base-
line hsCRP levels (normal [<5 mg/L] 
or elevated [≥5 mg/L]), and prior TNFi 
therapy (TNFi-naïve or with previous 
inadequate response or inability to toler-
ate not more than one TNFi [TNFi-IR]) 
for those patients who were originally 
randomised to secukinumab 150 mg 
s.c. (approved dose). Pain and fatigue 
scores (mean change) were evaluated 
from baseline through Week 104 for 
patients with baseline and at least one 
post-baseline scores. The proportion of 
patients who reported clinically mean-
ingful improvements in pain scores were 
summarised up to Week 104. Between-
treatment differences in changes from 
baseline in pain and fatigue were evalu-
ated using mixed-effects model repeated 
measure (MMRM) analysis through 

Table I. Baseline demographic and clinical characteristics.

		  Secukinumab	 Placebo
		  150 mg (n=72)	 (n=74)

Age (years), mean (SD)	 41.9	 (12.5)	 43.6	 (13.2)
Male, %	 63.9		  75.7
Caucasiana, % 	 95.8		  94.6
Weight (kg), mean (SD)	 82.3	 (18.0)	 80.3	 (15.2)
BMI (kg/m2), mean (SD)	 27.4	 (5.8)	 27.1	 (5.7)
Positive for HLA-B27, %	 79.2		  78.4
TNFi-IR, %	 38.9		  39.2
hsCRP (mg/L), median (min–max),	 7.5	 (0.4–237)	 8.3	 (0.5–84.6)
   Q1–Q3	 3.3–22.8	 3.2–20.7
Total BASDAI score, mean (SD)	 6.6	 (1.5)	 6.8	 (1.3)
BASDAI Question no. 1: Overall level of fatigue, mean (SD)	 7.1	 (1.4)	 7.2	 (1.6)
Spinal pain (0–100 mm), mean (SD)	 66.2	 (16.7)	 69.2	 (18.8)
Nocturnal pain (0–100 mm), mean (SD)	 65.9	 (17.2)	 64.0	 (21.8)
FACIT-Fatigue score, mean (SD)	 22.6	 (8.8)	 24.3	 (9.0)

There were no clinically meaningful differences in the baseline characteristics between groups. 
aRace was self-assessed
BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; BMI: body mass index; FACIT-Fa-
tigue, Functional Assessment of Chronic Illness Therapy-Fatigue; HLA: human leukocyte antigen; 
hsCRP: high-sensitivity C-reactive protein; IR: inadequate responders; n: number of patients ran-
domised; Q: quartiles; SD: standard deviation; TNFi: tumour necrosis factor inhibitor.
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Week 16 with treatment regimen, anal-
ysis visit, and randomisation stratum 
(TNFi status: -naïve or -IR) as factors, 
weight and baseline score as continu-
ous covariates, and treatment by analy-

sis visit and baseline score by analysis 
visit as interaction terms. Owing to re-
randomisation of patients in the placebo 
group at Week 16 to active treatment, 
statistical comparisons of secukinumab 

versus the placebo groups are presented 
up to Week 16. Analyses are exploratory 
and were conducted using observed data. 
No adjustments were made for multiple 
comparisons. Unadjusted summary data 
are presented for secukinumab 150 mg 
from Weeks 20 to 104.

Correlation analysis 
The correlation coefficients between 
pain (spinal and nocturnal) and fatigue 
(FACIT-Fatigue score and response), 
between pain and fatigue measured by 
BASDAI Question no. 1 through Week 
104, and between pain and sleep qual-
ity (ASQoL item 5) through Week 52 
were evaluated. Pearson and polyserial 
correlations were used to calculate the 
correlation coefficients.

Results
Details regarding patient disposition 
and retention rates through Week 104 
have been reported elsewhere (30, 31). 
Of the 219 patients randomised at base-
line, 174 (79.5%) completed 104 weeks 
of treatment. Of the 72 patients origi-
nally randomised to receive secuki-
numab 150 mg, 60 (83.3%) patients 
completed 104 weeks of treatment. 
The majority of patients randomised to 
the secukinumab 150 mg and placebo 
groups were male (63.9% and 75.7%) 
with a mean age of 41.9 and 43.6 years 
(standard deviation [SD] = 12.5 and 
13.2), respectively. In this post hoc 
analysis, 36.3% of patients had nor-
mal (<5 mg/L) hsCRP levels. Baseline 
disease characteristics were generally 
comparable between the secukinumab 
150 mg and placebo groups (Table I). 

Outcome measures 
As reported previously, the secukinum-
ab 150 mg dose significantly improved 
the primary and all key secondary 
endpoints at Week 16 versus placebo, 
and these clinical improvements were 
sustained or further improved through 
Week 104 in patients originally ran-
domised to secukinumab (30, 31). 

• Reductions in total spinal and 
  nocturnal back pain scores 
Patients treated with secukinumab 150 
mg (n=72) reported rapid reductions 
across pain scores by Week 1, which 

Fig. 1. Improvement in Total Spinal Pain (A), Nocturnal Back Pain (B) VAS, and FACIT-Fatigue (C) 
scores through Week 104.
*p<0.0001; †p<0.001; §p<0.01; ‡p<0.05 vs. placebo; LS mean change using MMRM from Week 1-16 
and observed data presented from Week 20-104 (shaded area). FACIT-Fatigue, Functional Assessment 
of Chronic Illness Therapy-Fatigue; LS, least squares; MMRM, mixed-effects model repeated meas-
ures; N: number of randomised patients; n: number of evaluable patients; VAS: visual analogue scale.
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were sustained or further improved 
through Week 104 (Fig. 1a-b). Secuki-
numab reduced pain scores irrespective 
of baseline hsCRP levels (Fig. 2a-b). 

Improvements were seen with secuki-
numab as early as Week 4 in the normal 
hsCRP group and by Week 1 in the el-
evated hsCRP group. The mean change 

from baseline at Week 16 (secuki-
numab vs. placebo) in spinal pain was 
-34.6 versus -16.6 (p<0.05) for normal 
hsCRP and -26.7 versus -7.8 (p<0.001) 

Fig. 2. Improvement in Total Spinal Pain (A), Nocturnal Back Pain (B) VAS, and FACIT-Fatigue (C) scores by baseline hsCRP through Week 104.
*p<0.0001; †p<0.001; §p<0.01; ‡p<0.05 vs. placebo; LS mean change using MMRM from Week 1–16 and observed data presented from Week 20–104 
(shaded area). 
hsCRP: high-sensitivity C-reactive protein; FACIT-Fatigue: Functional Assessment of Chronic Illness Therapy-Fatigue; LS: least squares; MMRM: mixed-
effects model repeated measures; N: number of randomised patients; n: number of evaluable patients; VAS: visual analogue scale.
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for elevated hsCRP; and in nocturnal 
pain was -30.2 versus -10.0 (p<0.01) 
for normal hsCRP and -31.6 versus -9.3 
(p<0.0001) for elevated hsCRP. These 

improvements in spinal/nocturnal pain 
were sustained or further improved at 
Week 104 in the normal hsCRP (-32.4/-
33.8) and elevated hsCRP (-38.7/-

41.4) groups. Reduction in pain scores 
showed similar trends among TNFi-
naïve and TNFi-IR patients treated with 
secukinumab, with a greater magnitude 

Fig. 3. Improvement in Total Spinal Pain (A), Nocturnal Back Pain (B) VAS, and FACIT-Fatigue (C) score through Week 104 by prior TNFi therapy.
*p<0.0001; †p<0.001; §p<0.01; ‡p<0.05 vs. placebo; LS mean change using MMRM from Week 1–16 and observed data presented from Week 20–104 
(shaded area). 
FACIT-Fatigue: Functional Assessment of Chronic Illness Therapy-Fatigue; IR: inadequate response; LS: least squares; MMRM, mixed-effects model 
repeated measures; N: number of randomised patients; n: number of evaluable patients; TNFi: tumour necrosis factor inhibitor; VAS: visual analogue scale. 
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of improvement observed in the TNFi-
naïve group (Fig. 3a-b). Improvement 
was seen by Week 2 in TNFi-naive pa-
tients (spinal and nocturnal back pain) 
and by Weeks 1 (nocturnal back pain) 
and 3 (spinal pain) in TNFi-IR pa-
tients. The mean change from baseline 
at Week 16 (secukinumab vs. placebo) 
in spinal pain was -33.2 versus -13.2 
(p<0.0001) for TNFi-naïve and -22.5 
versus -9.4 (p=0.06) for TNFi-IR pa-
tients; and in nocturnal pain was -35.4 
versus -14.9 (p<0.0001) for TNFi-na-
ïve and -22.8 versus -4.0 (p<0.01) for 
TNFi-IR patients. These improvements 
in spinal/nocturnal pain were sustained 
or further improved at Week 104 in the 
TNFi-naïve (-37.7/-40.5) and TNFi-IR 
(-33.7/-34.8) groups.

• Clinically meaningful improvements 
  in pain
A majority (63%) of patients from the 
secukinumab 150 mg dose group report-
ed clinically meaningful improvements 
(≥20% mean change from baseline) ver-
sus placebo (36%, p<0.01) in spinal pain 
as early as Week 3, which increased to 
78% at Week 104; improvements were 

also observed regardless of prior TNFi 
therapy status (Table II). 

• Improvements in FACIT-Fatigue
  scores 
The mean improvement in FACIT-
Fatigue total score from baseline was 
higher in the secukinumab 150 mg 
group compared to the placebo group 
at Week 4, which continued to improve 
through Week 104 (Fig. 1c). Fatigue 
scores also improved in patients strati-
fied by baseline hsCRP levels (Fig. 
2c) and prior TNFi therapy status 
(Fig. 3c). Improvement was seen with 
secukinumab at the earliest assessed 
time point of Week 4 in both hsCRP 
and TNFi subgroups. The mean change 
from baseline at Week 16 (secuki-
numab vs. placebo) was 7.1 versus 3.3 
for normal hsCRP (p=0.15), 8.7 ver-
sus 3.6 (p<0.05) for elevated hsCRP, 
10.0 versus 5.2 (p<0.05) for TNFi-
naïve and 5.7 versus 0.5 (p=0.06) for 
TNFi-IR groups. At Week 104, higher 
magnitudes of improvements in FAC-
IT-Fatigue scores were observed in 
patients with elevated hsCRP (12.9) 
than normal hsCRP (8.3); however, 

improvements were comparable be-
tween TNFi-naïve (11.0) and TNFi-
IR (11.6) patients. Improvements in 
fatigue measured by BASDAI Ques-
tion no. 1 were also observed in pa-
tients treated with secukinumab versus 
placebo at Week 16 across all groups 
(overall population, by baseline hsCRP 
levels, and by TNF status), which were 
sustained or further improved through 
Week 104 (Fig. 4). 

• Correlation analysis
At Week 16, associations between spinal 
and nocturnal pain and fatigue (spinal/
nocturnal pain correlation coefficients 
with FACIT-Fatigue score: -0.49/-0.48 
[p<0.05 for both correlations] and with 
FACIT-Fatigue response: -0.48/-0.51 
[p<0.05 for both correlations]; Table 
II), between pain and overall level 
of fatigue (BASDAI Question no. 1: 
0.72/0.65 [p<0.05 for both correla-
tions]), and between pain and ASQoL 
item 5 (sleep quality) response (-0.46/-
0.43 [p<0.05 for both correlations]; Ta-
ble II) were observed in patients treated 
with secukinumab 150 mg. Correlation 
coefficients between pain and either 

Table II. Correlation coefficients (between pain and either fatigue or sleep quality) and spinal pain VAS response. 

Correlation coefficienta	 Overall population	 TNFi-naïve	 TNFi-IR

	 Week 	 Spinal pain	 Nocturnal pain	 Spinal pain	 Nocturnal pain	 Spinal pain	 Nocturnal pain

FACIT-Fatigue score	 16	 -0.49‡	 -0.48‡	 -0.51‡	 -0.55‡	 -0.42‡	 -0.31‡

	 104	 -0.58‡	 -0.50‡	 -0.59‡	 -0.50‡	 -0.55‡	 -0.51‡

FACIT-Fatigue response	 16	 -0.48‡	 -0.51‡	 -0.45‡	 -0.59‡	 -0.49‡	 -0.34‡

	 104	 -0.68‡	 -0.58‡	 -0.68‡	 -0.56‡	 -0.68‡	 -0.61‡

BASDAI Question no. 1: Overall level	 16	 0.72‡	 0.65‡	 0.73‡	 0.70‡	 0.70‡	 0.54‡ 
   of fatigue	 104	 0.66‡	 0.62‡	 0.73‡	 0.69‡	 0.52‡	 0.53‡

ASQoL Item 5 response	 16	 -0.46‡	 -0.43‡	 -0.47‡	 -0.41‡	 -0.46	 -0.57‡

	 52	 -0.31‡	 -0.34‡	 -0.39‡	 -0.49‡	 -0.10	 -0.07

Spinal pain VAS response (≥20% mean change from baseline), n (%)

	 Overall population	 TNFi-naïve	 TNFi-IR

	 Week 	 Secukinumab	 Placebo	 Secukinumab	 Placebo	 Secukinumab	 Placebo 
		  150 mg 	 (n=74)	 150 mg	 (n=45)	 150 mg	 (n=29)
		  (n=72)		  (n=44)		  (n=28)	

	 16	 52 (77.6)§	 31 (49.2)	 36 (83.7)§	 21 (50.0)	 16 (66.7)	 10 (47.6)
	 104	 46 (78.0)	 -	 29 (74.4)	 -	 17 (85.0)	 -

aData presented as observed, Pearson correlation coefficients calculated for FACIT-Fatigue score and polyserial correlation coefficients calculated for 
FACIT-Fatigue response and ASQoL item 5 response.  
FACIT-Fatigue response dichotomised (using observed data) as 1 if FACIT-Fatigue score improvement of ≥4 points, or otherwise 0. ASQoL item 5 response 
dichotomised (using observed data) as 1 if item response went from 1 at baseline to 0 at the specified visit, or otherwise 0. 
‡p<0.05 for all values, p-value calculated using the Chi-Square likelihood ratio test 
§p<0.01 vs. placebo, p-value calculated using Fisher’s exact test 
ASQoL: Ankylosing Spondylitis Quality of Life; FACIT-Fatigue: Functional Assessment of Chronic Illness Therapy-Fatigue; IR: inadequate responders;     
n: number of randomised patients; TNFi: tumour necrosis factor inhibitor; VAS: visual analogue scale.
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Fig. 4. Improvement in BASDAI Question no. 1 (Overall Level of Fatigue): Overall Population (A), by hsCRP Level (B), and by TNF Status (C) through 
Week 104.
†p<0.001; §p<0.01; ‡p<0.05 vs. placebo; LS mean change using MMRM from Week 1–16 and observed data presented from Week 20–104 (shaded area). 
BASDAI: Bath Ankylosing Spondylitis Disease Activity Index; hsCRP: high-sensitivity C-reactive protein; IR: inadequate response; LS: least squares; 
MMRM: mixed-effects model repeated measures; N, number of randomised patients; n: number of evaluable patients; TNFi: tumour necrosis factor inhibitor.
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FACIT-Fatigue, overall level of fatigue 
(BASDAI Question no. 1), or ASQoL 
item 5 (sleep quality) followed a simi-
lar trend among TNFi-naïve and TNFi-
IR patients treated with secukinumab, 
with a greater magnitude of improve-
ment reported in the TNFi-naïve group 
(Table II).

Discussion
The long-term (Week 104) efficacy and 
safety data of secukinumab in AS from 
the MEASURE 2 study has been pub-
lished previously (30). This is the first 
report detailing the effects of secuki-
numab treatment specifically on pain 
and fatigue over 2 years in patients with 
AS from the MEASURE 2 study at the 
approved dose of 150 mg. These find-
ings demonstrated that secukinumab 
provided rapid and sustained improve-
ment in pain and fatigue, two of the 
most troubling symptoms in patients 
with AS, and that improvements were 
observed regardless of baseline hsCRP 
levels or prior TNFi therapy. 
Elevated baseline CRP levels have been 
reported to be associated with pain and 
fatigue symptoms in patients with AS 
(15-16) and reported as a predictor of 
treatment response to TNFi (18-21, 25-
28). It has been shown that serum IL-17 
levels are strongly correlated with in-
flammation and CRP levels in rheuma-
toid arthritis (37). However, this corre-
lation is not fully known or understood 
in AS, with CRP being one of many 
inflammatory markers involved in the 
pathogenesis of AS (14-16, 37). In this 
post hoc analysis, secukinumab 150 mg 
improved pain and fatigue scores in AS 
patients  with  normal baseline hsCRP, 
suggesting IL-17A inhibition may have 
an effect on patients’ symptoms that 
is independent of detectable levels of 
baseline inflammation. Secukinumab 
improved pain and fatigue scores in pa-
tients regardless of prior TNFi therapy, 
with a higher magnitude of improve-
ment in pain scores in TNFi-naïve pa-
tients; improvements in fatigue scores 
were similar in TNFi-naïve and TNFi-
IR patients.  
According to literature reports, spinal 
and nocturnal back pain are the great-
est factors contributing to the severity 
of fatigue in patients with AS during 

the daytime (3, 4, 7, 10). In this study, 
a correlation between pain (spinal or 
nocturnal) scores and FACIT-Fatigue, 
as well as between pain and fatigue 
assessed by BASDAI Question no. 1, 
were observed. Thus, improvement in 
pain may lead to improvement in fa-
tigue, suggesting that an early reduc-
tion in pain symptoms could play a role 
in controlling fatigue in AS patients 
treated with secukinumab. A correla-
tion was also observed between pain 
scores and ASQoL item 5 (sleep qual-
ity) response in patients treated with 
secukinumab 150 mg. Although there 
are conflicting reports regarding the 
correlation between AS-associated pain 
and fatigue in patients, studies have 
shown that pain reduces the quality of 
sleep, which ultimately could increase 
the levels of fatigue (2, 3, 9, 13). TNFi 
have been reported to reduce sleep dis-
turbance by reducing AS-associated 
pain and thereby decreasing fatigue 
(12, 13, 15). Similarly, in this study, 
the improvements in fatigue and sleep 
with secukinumab may have been as a 
result of improvements in pain. How-
ever, additional multivariate analysis 
is needed to establish the associations 
among these symptoms and to further 
characterise the treatment response to 
secukinumab. 
The MEASURE 2 study was not de-
signed to evaluate the impact of pain 
and fatigue in patients with AS, which 
are presented here as post hoc analy-
ses. Moreover, according to the prede-
fined patient population in the protocol, 
the MEASURE 2 study only included 
patients with AS, as opposed to the 
broader population of patients with 
axial spondyloarthritis, which includes 
non-radiographic axial spondyloarthri-
tis. In addition, there was no placebo 
comparator group beyond Week 16 
for ethical reasons, as per the MEAS-
URE 2 study design. The ASQoL item 
5 (sleep quality) data was not derived 
from a dedicated and validated instru-
ment for sleep assessment, as has been 
used in other studies (13). Despite these 
limitations, multivariate analyses could 
better characterise the relationship be-
tween pain, sleep quality, and fatigue 
as concurrent phenomena. Also, further 
analysis needs to be done to establish 

the relationship between hsCRP levels 
and pain or fatigue symptom in AS.
In conclusion, secukinumab provided 
rapid and sustained relief in pain and 
fatigue symptoms over 2 years in pa-
tients with active AS, regardless of 
baseline hsCRP levels or prior TNFi 
therapy, providing further evidence that 
IL-17A inhibition with secukinumab is 
an effective treatment for the signs and 
symptoms of AS.
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