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ABSTRACT
Objectives To assess the discriminatory capacity of
various outcome measures and response criteria in
patients with peripheral spondyloarthritis (pSpA).
Methods Data originated from two randomised
controlled trials, ABILITY-2 and Tnf Inhibition in
PEripheral SpondyloArthritis (TIPES). Continuous outcome
measures included patient’s global assessment
(PGA)/physician’s global assessment of disease (PhGA),
C-reactive protein (CRP), tender joint counts (TJC)/swollen
joint counts (SJC), Bath Ankylosing Spondylitis Disease
Activity Index (BASDAI), and the Ankylosing Spondylitis
Disease Activity Score (ASDAS). Dichotomous response
criteria included Peripheral SpondyloArthritis Response
Criteria (PSpARC), American College of Rheumatology
(ACR), ASDAS and BASDAI response criteria. The capacity
to discriminate between adalimumab and placebo groups
was assessed by standardised mean differences (SMD) for
continuous variables, and Pearson’s χ2 for dichotomous
response criteria.
Results Within each trial, the composite indices for axial
SpA assessment, ASDAS-CRP (SMD: −0.63 and −0.89 in
ABILITY-2 and the TIPES trial, respectively) and BASDAI
(SMD: −0.50 and −0.73), and the single-item measures
PGA (SMD: −0.47 and −1.12) and PhGA (SMD: −0.64
and −0.87) performed better than other single-item
measures, such as CRP (SMD: −0.18 and −0.53), SJC or
TJC. In general, the PSpARC and ACR response criteria
discriminated better than ASDAS and BASDAI response
criteria.
Conclusions The axial SpA-specific ASDAS-CRP and
BASDAI, but also PGA and PhGA, demonstrated good
discriminatory ability in patients with pSpA. The pSpA-
specific pSpARC response criteria and the rheumatoid
arthritis-specific ACR response criteria also discriminated
well. To fully capture typical pSpA manifestations, it may
be worth developing new pSpA-specific indices with
better performance and face validity.
Trial registration numbers ABILITY-2:
NCT01064856; TIPES: EUDRACT 2008-006885-27.

INTRODUCTION
Spondyloarthritis (SpA) is a spectrum of diseases
with several subtypes with overlapping clinical,
radiographic and genetic characteristics.1 Recently,
the Assessment in SpondyloArthritis international
Society (ASAS) has developed classification criteria
for SpA, based on the predominant clinical mani-
festation, as either axial SpA (axSpA), presenting
with chronic back pain, or peripheral SpA (pSpA),
presenting with arthritis, enthesitis or dactylitis.1 2

Several tumour necrosis factor inhibitors (TNFi)

have been approved for axSpA (both non-
radiographic axSpA (nr-axSpA) and ankylosing
spondylitis (AS)), as well as for psoriatic arthritis
(PsA), although not for pSpA.3–7 Two randomised
controlled trials (RCTs) have been performed to
assess the efficacy of TNFi in pSpA.8 9 Adalimumab
(ADA) was effective in both trials, which had differ-
ent primary endpoints because no composite mea-
sures or response criteria had been previously
validated in patients with pSpA. In the ABILITY-2
trial, a new composite outcome measure, the
Peripheral SpondyloArthritis Response Criteria
(PSpARC)40, was developed as the primary end-
point.9 In the Tnf Inhibition in PEripheral
SpondyloArthritis (TIPES) trial, the improvement in
patient’s global assessment of disease (PGA) was
chosen as the primary endpoint.8

Therefore, there exists a need to identify discrimin-
ant outcome measures for pSpA. Several efficacy vari-
ables were used in the two RCTs, including measures
developed specifically for AS, such as the Ankylosing
Spondylitis Diseases Activity Score (ASDAS) and the
Bath Ankylosing Spondylitis Disease Activity Index
(BASDAI); and measures developed specifically for
rheumatoid arthritis (RA, also applied in PsA), includ-
ing the American College of Rheumatology (ACR)
20/50/70. However, the performance of all these
outcome measures in pSpA is unknown, and we
hoped to determine which measures best reflect
disease activity and clinical response, because the
success of future therapeutic clinical trials depends
not only on a well-defined patient population, but
also on the availability of valid outcome measures
and response criteria. Taking into account the
Outcome Measures in Rheumatology Clinical Trials
(OMERACT) guidance,10 11 we compared the dis-
criminative properties of outcome measures in pSpA.
The aim of this study was to assess the sensitivity to
change and discriminatory aspects of outcome mea-
sures and response criteria in pSpA.

METHODS
Patient population
The analysis included data from two double-blind
placebo (PBO)-controlled RCTs, ABILITY-2 and
TIPES,8 9 which evaluated the efficacy and safety of
ADA in active patients with pSpA. ABILITY-2
(NCT01064856) included patients fulfilling the
ASAS pSpA criteria2 who did not have PsA or AS.
The primary endpoint was PSpARC40 at week 12,
defined as ≥40% improvement from baseline in
PGA and patient global pain, and ≥40% improve-
ment in any of the following: (1) swollen joint

Open Access
Scan to access more

free content

1302 Turina MC, et al. Ann Rheum Dis 2016;75:1302–1307. doi:10.1136/annrheumdis-2014-207235

Clinical and epidemiological research
 on January 20, 2021 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2014-207235 on 5 A

ugust 2015. D
ow

nloaded from
 

 on January 20, 2021 by guest. P
rotected by copyright.

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/annrheum

dis-2014-207235 on 5 A
ugust 2015. D

ow
nloaded from

 
 on January 20, 2021 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2014-207235 on 5 A

ugust 2015. D
ow

nloaded from
 

http://dx.doi.org/10.1136/annrheumdis-2014-207235
http://dx.doi.org/10.1136/annrheumdis-2014-207235
http://dx.doi.org/10.1136/annrheumdis-2014-207235
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2014-207235&domain=pdf&date_stamp=2015-08-05
http://www.eular.org/
http://ard.bmj.com
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/


count (SJC) and tender joint count (TJC); (2) enthesitis count;
or (3) dactylitis count.

The TIPES trial (EUDRACT 2008-006885-27) included
patients with pSpA, fulfilling the European Spondyloarthropathy
Study Group (ESSG) criteria and/or the Amor criteria,12 13

without PsA or AS. The primary endpoint was the change in
PGA at week 12.

Outcome measures and response criteria
The performance of the following outcome measures in asses-
sing disease activity and treatment response after 12 weeks was
evaluated: PGA, patient global pain, physician’s global assess-
ment of disease activity (PhGA), ASDAS-CRP, BASDAI, SJC,
TJC and C-reactive protein (CRP).

The patient global pain in the past week, PGA and PhGA of
current disease activity were recorded on a 0–100 mm visual
analogue scale (VAS). The ASDAS-CRP, originally developed
for AS, includes questions pertaining to axial and peripheral
symptoms, PGA and CRP.14 Disease activity was classified as
follows: <1.3, inactive disease; 1.3 to <2.1, moderate disease;
2.1 to ≤3.5, high disease; and >3.5, very high disease.15 The
BASDAI, also developed for AS, consists of questions mainly for
axial and peripheral complaints, measured on a 0–10 cm VAS.

Clinical response criteria assessed were PSpARC40/50/70,
ASDAS-major improvement (ASDAS-MI, change in ASDAS≥2.0),
ASDAS-clinically important improvement (ASDAS-CII, change in
ASDAS≥1.1), ASDAS-inactive disease (ASDAS-ID, ASDAS< 1.3),15

BASDAI50 (improvement of ≥50% in BASDAI score), BASDAI
≥2 units (improvement of ≥2 units)16 and ACR20/50/70.

Since the TIPES trial did not capture patient global pain,
enthesitis or dactylitis counts, a modified PSpARC40 was deter-
mined, which included 40% improvements from baseline in
PGA, patient global pain and SJC66 and TJC68. Patient global
pain was calculated as the mean of BASDAI components #3
( joint pain/swelling) and #4 (enthesitis) because these showed
the highest correlation to patient global pain in the ABILITY-2
trial (Spearman’s coefficient=0.6). Modified ACR20/50/70 cri-
teria were derived for the TIPES study, where patient global
pain was calculated as above.

Statistical analysis
Analyses were performed for all outcome measures, for the two
RCTs in the ‘as observed’ population, without imputation for
rare missing data. The RCTs were separately analysed because
this allowed results from one trial to be used to confirm results
from the other and also because there were differences in the
outcome measures collected and the inclusion criteria.

First, we evaluated whether levels assessed by these measures
could discriminate between two states of disease activity. Since
no gold standard is available to define disease activity states in
pSpA, patients (in each trial) were assigned to (arbitrarily deter-
mined) states of low disease activity and high disease activity
based on the PhGA and PGA at baseline of treatment (<40 vs
≥60 mm, excluding patients with values in between, in order to
increase separation). In subgroups with low disease activity and
high disease activity, the standardised mean difference (SMD)
was calculated as the difference between the group means
divided by the pooled SD. The SMD has no units, which facili-
tates comparison across disease measures. An SMD with higher
absolute value indicates better discriminatory ability.

For the continuous outcome measures, the sensitivity to
change of each outcome measure for detecting improvement
from baseline to week 12 was determined by comparing the
adjusted standardised means of change from baseline to week

12 for all measures for both treatment groups separately.
Adjusted standardised mean changes from baseline to week 12
were obtained for each continuous outcome measure (depend-
ent), stratified for treatment (ADA and PBO) and adjusted for
baseline values of the corresponding outcome measure (covari-
ate), using analysis of covariance. The following formula was
used for standardising: ‘disease activity outcome change (week
12—baseline) divided by SD of that outcome at baseline’. These
standardised mean changes reflect sensitivity to change of an
outcome measure within a treatment group (ADA vs PBO).

We then evaluated whether responses assessed by these mea-
sures could discriminate between ADA treatment and PBO treat-
ment by determining SMDs, which reflect the capacity of
continuous outcomes measures to discriminate between change
under ADA and change under PBO. Furthermore, the t-score
and the Guyatt’s effect size (ES) were determined for discrimin-
atory capacity and sensitivity to change, respectively. Guyatt’s
ES is the mean change in the treatment group divided by the SD
of the PBO group, and relates the magnitude of the effect (the
‘signal’) to the magnitude of the non-specific change (the
‘noise’). Guyatt’s ES of 0.2, 0.5 and 0.8 represent small,
medium and large effect size, respectively.17 A higher t-score
indicates a better discriminatory ability within the same trial.
The discriminatory ability of the dichotomous response criteria
was determined by Pearson’s χ2 or Fisher’s exact test (if n<5).
With a constant number of observations per outcome measure,
a higher χ2 indicates better discriminatory ability. Analyses were
performed using SPSS V.20 (SPSS, Chicago, Illinois, USA).

RESULTS
Demographics and disease characteristics
In total, 205 patients were included: 165 from ABILITY-2 and
40 patients from the TIPES trial. The primary results have been
reported previously.8 9 Patients with pSpA were more often
female, and the mean age was around 40 years. Half of them
were human leukocyte antigen (HLA)-B27 positive, and the
mean number of swollen joints was 5–6 (see online supplemen-
tary table S1). Of note, a high proportion had a history of
enthesitis, and in ABILITY-2, dactylitis was not common. About
half of them were using disease-modifying antirheumatic drugs,
most often methotrexate or sulfasalazine, in equal proportions.
Overall, the outcome measures were similar at baseline between
the ADA and PBO groups in both studies.

Discrimination between disease activity states
In the ABILITY-2 subgroups with low disease activity versus high
disease activity at baseline based on PhGA, the SMD was highest
for ASDAS-CRP (1.16), followed by BASDAI (1.13), patient
global pain (1.03) and BASDAI#3 (1.00) (table 1). In the TIPES
trial, the SMD was highest for BASDAI #1 (2.66), PGA (2.01),
ASDAS-CRP (1.84) and BASDAI (1.75). In the ABILITY-2 sub-
groups with low disease activity versus high disease activity based
on PGA, the SMD was highest for patient global pain (4.46), fol-
lowed by ASDAS-CRP (2.08), BASDAI#4 (1.62) and BASDAI
(1.61) (data not shown). In the TIPES trial, the SMD was highest
for BASDAI (2.22), followed by ASDAS-CRP (2.18), patient
global pain (1.89) and PhGA (1.71).

Sensitivity to change of continuous outcome measures
All measures showed an improvement after 12 weeks of treat-
ment in both trials, with greater improvements observed in
patients on ADA versus PBO treatment (figure 1). Across both
studies, the outcome measures with greatest sensitivity in detect-
ing change from baseline after 12 weeks of treatment were
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PhGA, PGA, patient global pain, ASDAS-CRP, BASDAI and SJC.
The ranking of the adjusted standardised means of change from
baseline of the measures differed slightly between the trials. In
ABILITY-2, the largest changes from baseline were observed in
PhGA, patient global pain, PGA and ASDAS-CRP. In the TIPES
study, the largest changes from baseline were observed in
ASDAS-CRP, PGA, PhGA and patient global pain.

Discriminatory aspects of continuous outcome measures
In ABILITY-2, PhGA had the highest SMD (−0.64) (as well as
Guyatt’s ES and t-scores, data not shown), followed by
ASDAS-CRP (−0.63), patient global pain (−0.50), BASDAI
(−0.50), TJC78 (−0.50) and PGA (−0.47) (table 2). In the
TIPES trial, PGA had the highest SMD (−1.12) (and Guyatt’s
ES and t-scores, data not shown), followed by patient global
pain (−0.93), ASDAS-CRP (−0.89), PhGA (−0.87) and some
single-item components of BASDAI and BASDAI itself (−0.73).
SJC discriminated well in the TIPES, but not the ABILITY-2
trial. Since the discriminatory performance of outcome mea-
sures had not been previously investigated in the pSpA popula-
tion, the effects of level of high or low levels of disease activity
at baseline on performance were measured. The measures per-
formed similarly, independently of level of disease activity at
baseline (data not shown). However, in ABILITY-2, but not
TIPES, the discriminatory ability of ASDAS-CRP, BASDAI, PGA,
PhGA and TJC78 was enhanced in the subgroups with higher
disease activity at baseline defined by BASDAI, compared with
the subgroup with lower disease activity.

Discriminatory ability of categorical clinical response criteria
Among the response criteria used in both studies, ACR20/50
and PSpARC40/50 performed comparatively well in differentiat-
ing between ADA and PBO treatment with χ2 (in ABILITY-2
and the TIPES trial, respectively) for ACR20 of 16.05 and
11.79; for ACR50, 13.66 and 8.58; for PSpARC40, 8.18 and
8.58; and for PSpARC50, 13.46 and 7.13 (table 3). PSpARC70
showed significant discriminatory ability in ABILITY-2, although

not in the TIPES trial (χ2 13.49 and 3.26, respectively). Among
the AS-specific measures used in ABILITY-2 and the TIPES
study, respectively, ASDAS-ID (χ2 7.17 and 10.13), ASDAS-CII
(χ2 9.44 and 6.91) and BASDAI50 (χ2 10.90 and 7.13) showed
significant discriminatory activity across trials. As expected, the
TIPES trial reached less discrimination compared with
ABILITY-2.

DISCUSSION
In conducting trials, as well as in monitoring patients in clinical
practice, there is a need to define the optimal measures for
disease activity and clinical response. This is acknowledged as an
important research focus for pSpA, given the growing awareness
and diagnosis of this disease and the need for new therapies. In
our assessment of the performance and hierarchy of outcomes in
two independent RCTs, we have found that among the status
measures evaluated for disease activity, ASDAS-CRP, BASDAI,
PGA, patient global pain and PhGA consistently had both the
highest sensitivity to change from baseline and the highest level
of discriminatory ability. Concerning the response criteria (to be
used in RCTs), in both trials ACR20 and PSpARC50/70 per-
formed best in terms of discrimination. Previously, a similar ana-
lysis in AS18 determined that ASDAS-CRP performed extremely
well compared with other outcome measures with respect to sen-
sitivity to change and discrimination.

The two RCTs used different inclusion criteria: ABILITY-2
used the ASAS criteria, whereas TIPES used the ESSG/Amor cri-
teria, resulting in slight differences in the patient populations.
Also, the trials partly assessed different outcome measures:
PSpARC, ACR and patient global pain were assessed in
ABILITY-2 but not TIPES. Therefore, we analysed them inde-
pendently. Importantly, this allowed the validation of findings
from one population in the other, thus adding robustness. As
there is no gold standard for high disease activity or low disease
activity in pSpA, we artificially constructed states of low disease
activity and high disease activity based on two external con-
structs: PhGA and PGA. Regardless of the external construct

Table 1 Validation constructs: discrimination between low disease activity and high disease activity according to physician’s global assessment
at baseline

ABILITY-2 TIPES

Low (<40) mean (SD)
n=15

High (≥60) mean (SD)
n=84 SMD

Low (<40) mean (SD)
n=6

High (≥60) mean (SD)
n=12 SMD

PGA, 0–100 mm VAS 55.3 (17.0) 71.0 (15.7) 0.99 45.8 (13.4) 75.2 (15.1) 2.01

Patient global pain, 0–100 mm VAS 53.7 (14.8) 69.7 (15.5) 1.03 34.4 (21.0) 58.2 (18.5) −0.04
ASDAS-CRP, 0–10 cm VAS 2.3 (0.8) 3.2 (0.8) 1.16 1.9 (0.7) 3.4 (0.9) 1.84

BASDAI total (0–10 cm VAS) 4.2 (1.9) 6.0 (1.5) 1.13 3.4 (1.5) 6.2 (1.7) 1.75

BASDAI #1 4.4 (1.9) 6.6 (2.1) 0.89 2.8 (1.1) 7.2 (1.9) 2.66

BASDAI #2 2.7 (2.7) 4.3 (3.0) 0.53 3.4 (2.6) 5.9 (3.5) 0.77

BASDAI #3 5.4 (2.2) 7.1 (1.6) 1.00 3.9 (2.6) 6.2 (2.6) 0.87

BASDAI #4 4.3 (2.8) 6.5 (2.1) 0.97 3.0 (2.3) 5.5 (2.8) 0.94

BASDAI #5 4.9(2.9) 6.1 (2.4) 0.50 4.9 (2.5) 7.1 (2.2) 1.00

BASDAI #6 3.4 (2.8) 5.6 (2.8) 0.78 2.6 (1.9) 5.2 (3.5) 0.83

BASDAI mean #5 and #6 4.1 (2.7) 5.8 (2.3) 0.71 3.7 (2.1) 6.2 (2.7) 1.00

SJC76* 5.1 (5.1) 7.5 (8.1) 0.31 2.5 (2.7) 4.2 (3.4) 0.52

TJC78† 8.3 (4.9) 14.8 (15.7) 0.45 5.7 (3.8) 9.0 (6.5) 0.57

CRP (mg/L) 7.3 (8.9) 13.0 (20.7) 0.29 1.6 (1.1) 16.7 (31.0) 0.59

*In TIPES, SJC was 0–66 joints.
†TJC 0-68 joints and patient global pain were derived from the mean of BASDAI #3 and #4.
ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score based on C-reactive protein; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; CRP, C-reactive protein; PGA, patient
global assessment; SJC, swollen joint count; SMD, standardised mean difference; TIPES, Tnf Inhibition in PEripheral SpondyloArthritis; TJC, tender joint count; VAS, visual analogue scale.

1304 Turina MC, et al. Ann Rheum Dis 2016;75:1302–1307. doi:10.1136/annrheumdis-2014-207235

Clinical and epidemiological research
 on January 20, 2021 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2014-207235 on 5 A

ugust 2015. D
ow

nloaded from
 

http://ard.bmj.com/


used, the AS-specific indices ASDAS-CRP and BASDAI showed
the best performance in both trials. The relatively better per-
formance of the ASDAS and BASDAI indices, which were ori-
ginally developed for AS, may be because both measures include
aspects of peripheral joints (the presence of peripheral swelling;
BASDAI also includes a question regarding enthesitis).

Interestingly, PGA and PhGA, which are non-disease-specific
measures, performed as well as ASDAS-CRP and BASDAI
(axSpA-specific measures). This finding was consistent across all
analyses, supported by the fact that these four outcome mea-
sures showed the best discrimination between treatment groups.
Notably, these non-disease-specific measures were used in the
first trials with TNFi in SpA,19 20 when disease-specific outcome
measures had not yet been developed. Possibly a similar cycle of
outcome measure development may be required for pSpA. Our
data strongly suggest that the perceptions of patients as well as
physicians about disease activity are thus far not captured by
existing disease activity indices and that the use of

axSpA-specific disease measures inherently lacks face validity.
The sensitivity and discriminatory ability of almost all these
measures was increased in subgroups of patients with higher
disease activity at baseline in the ABILITY-2 trial.

Among the response criteria evaluated, the PSpARC and the
ACR criteria performed relatively well in both trials. The per-
formance of the ACR20/50, which are used in RA and PsA, in
the pSpA population, may be attributed to the overlapping arth-
ritic symptoms between RA and pSpA. Although the ACR
response criteria appeared to perform better than the PSpARC,
unlike the PSpARC, these do not capture all manifestations of
pSpA symptoms, which may limit their usefulness for patients
with pSpA. In addition, the TIPES trial did not collect data on
patient global pain, enthesitis and dactylitis, and therefore, the
PSpARC was calculated using the PGA, patient global pain (cal-
culated as mean of BASDAI questions 3 and 4), SJC and TJC.
The performance of the axSpA-specific response criteria,
ASDAS-MI and ASDAS-CII, and BASDAI50, was worse than

Figure 1 Sensitivity to change of
continuous outcome measures.
Adjusted standardised mean changes
from baseline for all outcome
measures, adjusted for baseline values
of variables. Outcomes are ranked
independently for each trial in
descending order based on the
adjusted standardised means of
change for the active treatment group.
For Tnf Inhibition in PEripheral
SpondyloArthritis (TIPES), patient
global pain was derived from the
mean of Bath Ankylosing Spondylitis
Disease Activity Index (BASDAI) #3 and
#4. ADA, adalimumab; ASDAS-CRP,
Ankylosing Spondylitis Disease Activity
Score based on C-reactive protein;
PBO, placebo; PGA, patient’s global
assessment; PhGA, physician’s global
assessment of disease; SJC, swollen
joint count; TJC, tender joint count.
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ACR20 and PSpARC50/70. This is most likely because the
cut-off levels for ASDAS-MI/CII and BASDAI50 were obtained
and tested in populations with axSpA, and not in populations
with pSpA. Our analyses suggest that certain disease activity
states are specific to the population in which they have been
validated. In other words, it is questionable whether ASDAS/
BASDAI response criteria should be used in populations with

pSpA, despite their very acceptable psychometric characteristics
in this regard.

To our knowledge, this is the first study specifically looking
into outcome measures in pSpA. A limitation of this study is
that due to the different outcomes assessed in the trials, patient
global pain, pSpARC40/50/70 and ACR20/50/70 were retro-
actively derived for TIPES. The differences in performance of

Table 2 Discrimination of disease activity measurements between patients on ADA versus PBO

ABILITY-2 TIPES

Mean Δ from BL ADA (SD),
N=82

Mean Δ from BL PBO (SD),
N=81 SMD

Mean Δ from BL ADA (SD),
N=19

Mean Δ from BL PBO (SD),
N=19 SMD

PGA, 0–100 mm VAS −28.0 (26.0)* −16.2 (24.5)† −0.47 −31.0 (23.3) −5.9 (21.4) −1.12
Patient global pain,
0–100 mm VAS

−29.3 (24.6) −17.0 (24.4)† −0.50 −21.9 (26.9) −0.6 (17.5) −0.93

PhGA, 0–100 mm VAS −32.7 (22.5) −18.2 (22.9) −0.64 −19.8 (19.5) −4.1 (16.4) −0.87
ASDAS-CRP, 0–10 cm VAS −1.1 (1.1)‡ −0.5 (0.9)§ −0.63 −1.5 (1.2) −0.6 (0.8) −0.89
BASDAI, 0–10 cm VAS −2.1 (2.3) −1.0 (2.2)† −0.50 −1.9 (2.6) −0.3 (1.5) −0.73
BASDAI #1 −1.9 (2.6) −1.0 (2.6) −0.36 −1.2 (3.6) −0.5 (2.3) −0.20
BASDAI #2 −1.2 (3.0) −0.0 (2.4) −0.42 −1.7 (3.3) −0.8 (2.3) −0.33
BASDAI #3 −2.9 (2.9) −1.7 (2.9) −0.40 −2.6 (3.5) −0.0 (1.5) −0.96
BASDAI #4 −2.7 (2.9) −1.2 (2.7) −0.54 −1.8 (2.7) −0.1 (2.8) −0.62
BASDAI #5 −2.3 (2.8) −1.1 (2.7) −0.44 −2.8 (3.3) −0.7 (2.1) −0.77
BASDAI #6 −1.8 (2.8) −1.2 (2.7) −0.21 −1.2 (3.3) 0.0 (2.2) −0.43
BASDAI mean #5 and #6 −2.1 (2.6) −1.2 (2.5) −0.35 −2.0 (3.1) −0.3 (1.9) −0.64

SJC 76¶ −3.6 (4.3) −3.1 (5.6) −0.10 −2.5 (4.1) −0.4 (1.8) −0.67
TJC 78** −6.0 (8.7) −1.8 (8.4) −0.50 −1.8 (9.2) 1.7 (6.5) −0.45
CRP (mg/L) −5.8 (18.7)* −2.9 (11.0)† −0.18 −5.7 (12.4) 4.0 (22.9) −0.53

Observed data.
*N=81.
†N=80.
‡N=80.
§N=77.
¶In TIPES, SJC was 0–66 joints.
**In TIPES, TJC was 0–68 joints and patient global pain was derived from the mean of BASDAI #3 and #4.
ADA, adalimumab; ASDAS-CRP, Ankylosing Spondylitis Disease Activity Score based on C-reactive protein; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; BL, baseline;
CRP, C-reactive protein; PBO, placebo; PGA, patient global assessment; PhGA, physician global assessment; SJC, swollen joint count; SMD, standardised mean difference; TIPES,
Tnf Inhibition in PEripheral SpondyloArthritis; TJC, tender joint count; VAS, visual analogue scale; Δ, change.

Table 3 Discrimination between patients on adalimumab versus placebo at week 12 using clinical response criteria

ABILITY-2 TIPES

ADA n (%) N=82 PBO n (%) N=80 Pearson’s χ2 p Value ADA n (%) N=19 PBO n (%) N=19 Pearson’s χ2 p Value

PSpARC40 33 (41)* 16 (20) 8.18 0.004 7 (37) 0 (0) 8.58 0.008

PSpARC50 29 (36)* 9 (11) 13.46 <0.001 6 (32) 0 (0) 7.13 0.020

PSpARC70 19 (24)† 3 (4) 13.49 <0.001 3 (16) 0 (0) 3.26 0.230

ASDAS-MI 18 (23)† 5 (6)‡ 8.04 0.005 5 (26) 2 (11) 1.58 0.405

ASDAS-CII 35 (44)† 16 (21)‡ 9.44 0.002 12 (63) 4 (21) 6.91 0.020

ASDAS-ID 27 (34)† 12 (15)§ 7.17 0.007 8 (42) 0 (0) 10.13 0.003

BASDAI50 35 (43) 15 (19) 10.90 0.001 8 (42) 1 (5) 7.13 0.019

BASDAI≥2 39 (48) 24 (30) 5.25 0.022 7 (37) 2 (11) 3.64 0.124

ACR 20 47 (57) 21 (26) 16.05 <0.001 9 (47) 0 (0) 11.79 0.001

ACR 50 28 (34) 8 (10) 13.66 <0.001 7 (37) 0 (0) 8.58 0.008

ACR 70 15 (18) 2 (3) 10.75 0.001 4 (21) 0 (0) 4.47 0.105

Observed data.
For TIPES, modified PSpARC and ACR were calculated.
*N=81.
†N=80.
‡N=77.
§N=78.
ACR, American College of Rheumatology; ADA, adalimumab; ASDAS-CII, ASDAS-clinically important improvement; ASDAS-ID, ASDAS-inactive disease; ASDAS-MI, Ankylosing Spondylitis
Disease Activity Score-major improvement; BASDAI, Bath Ankylosing Spondylitis Disease Activity Index; PBO, placebo; PSpARC, Peripheral SpondyloArthritis Response Criteria;
TIPES, Tnf Inhibition in PEripheral SpondyloArthritis.
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some measures between the two studies may have been influ-
enced by smaller sample size of the TIPES trial. The strengths of
this study include the reasonably high number of patients, the
controlled prospective design, the availability of a PBO group
for comparison and the inclusion of many existing outcome
measures and response criteria.

In conclusion, the continuous composite outcome measures
ASDAS-CRP and BASDAI, as well as the single-item measures,
PGA and PhGA, performed consistently well in both pSpA
trials, and better than other single-item measures such as CRP
and TJC, in detecting change from baseline, and in discriminat-
ing between active and PBO treatment. To fully capture typical
pSpA manifestations such as enthesitis and dactylitis, it may be
worthwhile to develop new composite measures, specific for
pSpA, as the performance of PGA and PhGA in this analysis
suggests that important parts of the patient’s and physician’s
perceptions of disease activity are not yet captured by the
current constructs. Regarding the response criteria, our results
suggest the use of the disease-specific PSpARC and non-specific
ACR criteria in future clinical trials because they represent mul-
tiple facets of pSpA disease (face validity), include patient’s and
physician’s assessments (face validity), and performed well in
both RCTs (discrimination) in comparison to other response cri-
teria evaluated.
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Supplemental Table S1. Baseline characteristics of the study populations in ABILITY‐2 and TIPES – ITT 

  ABILITY‐2  TIPES 
Characteristics  ADA (N=84)  PBO(N=81)  ADA 

(N=20) 
PBO (N=20) 

Demographics         

Age, years  42.5 (10.8)  38.5 (12.8)  41.5 (12.8)  44.4 (11.1) 
Disease duration, years  7.7 (7.9)  6.6 (6.3)  7.9 (9.3)  6.7 (6.2) 
Gender (male), n (%)  36 (42)  39 (48)  9 (45)  12 (60) 

Disease Characteristics         

HLA‐B27 positive, n (%)  56 (67)  44 (56)  11 (55)  5 (25) 

IBD (past/present), n (%)  5 (6)  3 (4)  1 (5)  3 (15) 

PGA , 0‐100 mm VAS  65.2 (15.2)  66.4 (15.9)  65.8 (18.1)  68.4 (17.4) 

Patient global pain, 0‐100 mm  64.3 (14.0)  65.6(15.9)  59.6 (21.5)  57.9 (16.4) 

PhGA , 100 mm VAS  60.3 (15.5)  57.0 (15.0)  47.8 (11.8)  57.0 (12.6) 

ASDAS‐CRP 0‐10 cm VAS  2.9 (0.8)  3.1 (0.8)  2.9 (1.0)  3.2 (0.9) 

BASDAI, 0‐10 cm VAS  5.7 (1.7)  5.6 (1.6)  5.5 (2.3)  6.0 (1.4) 

BASDAI #1   6.0 (2.1)  5.8 (2.2)  5.7 (2.9)  6.5 (2.0) 

BASDAI #2  4.3 (3.1)  4.0 (2.8)  5.0 (3.3)  6.0 (2.9) 

BASDAI #3  6.6 (2.0)  6.7 (1.7)  6.3 (2.4)  5.9 (2.2) 

BASDAI #4  6.1 (2.4)  5.9 (2.2)  5.6 (2.9)  5.6 (2.2) 

BASDAI #5  5.7 (2.6)  5.8 (2.3)  5.9 (3.0)  6.7 (1.9) 

BASDAI #6  4.9 (2.8)  5.2 (2.8)  4.1 (3.1)  5.1 (3.3) 

BASDAI mean #5, #6  5.3 (2.4)  5.5 (2.3)  5.0 (2.9)  5.9 (2.3) 

SJC  6.1 (5.6)a  7.3 (8.0)a  4.3 (4.2)b  2.5 (1.9)b 

TJC  13.0 (12.8)c  13.6 (16.1)c  9.4 (8.2)d  10.6 (5.9)d 

Enthesitis (past/present), n (%)  48 (57)  57 (70)  13 (65)  14 (70) 

Dactylitis (past/present), n (%)  23 (27)  27 (33)  4 (20)  1 (5) 

CRP, mg/l   9.7 (17.7)  10.7 (15.7)  7.8 (13.3)  13.5 (26.4) 

Concomitant therapies         

Concomitant NSAIDs, n (%)  57 (68)  65 (80)  13 (65)  14 (70) 
Concomitant DMARD, n (%)  38 (45)  41 (51)  14 (70)  11 (55) 
Concomitant MTX, n (%)  23 (27)  25 (31)  5 (25)  6 (30) 
Concomitant SSZ, n (%)  20 (24)  27 (33)  7 (35)  4 (20) 

All values are the mean (SD), unless otherwise specified. †2 paƟents missing. ‡5mg/l is upper limit of 

normal in both trials. #, number; ITT, Intention to treat; ADA, adalimumab; PBO, placebo; HLA‐B27, 

human leukocyte antigen B27;  IBD, Inflammatory Bowel Disease; PGA, patient global assessment; 

PhGA, physician global assessment; VAS, visual analogue scale; ASDAS‐CRP, Ankylosing Spondylitis 

Disease Activity Score based on C‐reactive protein;  BASDAI, Bath Ankylosing Spondylitis Disease 

Activity Index; SJC, swollen joint count; TJC, tender joint count; CRP, C‐reactive protein; NSAID, 

nonsteroidal anti‐inflammatory drug; DMARD, disease modifying antirheumatic drug; MTX, 

methotrexate;  SSZ, sulfasalazine.  aSJC 0‐76 joints, bSJC 0‐66 joints, cTJC 0‐78 joints, dTJC 0‐68 joints. For 

TIPES, patient global pain was derived from the mean of BASDAI #3 and #4. 
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