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Inhibition of radiographic progression in psoriatic
arthritis by adalimumab independent of the
control of clinical disease activity
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Abstract

Objectives. To evaluate the relationship between radiographic progression and disease activity in subjects with PsA
treated with adalimumab (ADA) or placebo (PBO) and the impact of concomitant MTX.

Methods. This was a post hoc analysis of the randomized, double-blind, PBO-controlled ADEPT trial. Subjects were
categorized according to time-averaged (TA) disease activity (remission, low, moderate or high) based on Disease
Activity Score of 28 joints with CRP [DAS28(CRP)], Disease Activity Index for Psoriatic Arthritis (DAPSA) or Psoriatic
Arthritis Disease Activity Score (PASDAS), and achievement of minimal disease activity (MDA) at week 24. Radiographic
progression was assessed as change in modified total Sharp score (AmTSS) from baseline to week 24. The analyses
included interaction terms between disease activity and treatment on radiographic progression, comparison of radio-
graphic progression in subjects categorized by disease activity and treatment, and correlation between disease activity
and radiographic progression by treatment.

Results. The interaction terms for TA disease activity and treatment on AmTSS were significant (P = 0.002-0.008).
Irrespective of concomitant MTX, AmTSS was lower with ADA vs PBO in all disease activity categories. Importantly, even
in subjects having moderate or high disease activity or not achieving MDA, AmTSS was significantly lower on ADA than
PBO (P = 0.05-0.001 for TA-DAPSA, TA-PASDAS and MDA). Correlations between TA disease activity scores and
AmTSS were moderately positive and significant (P < 0.001) with PBO but non-significant with ADA.

Conclusion. Among subjects with PsA treated with ADA, there was evidence of a ‘disconnect’ between disease activity
and radiographic progression: inhibition of radiographic progression was greater than expected based on control of
clinical disease activity alone. MTX had no added effect.

Trial registration. ClinicalTrials.gov, http://clinicaltrials.gov, NCT00646386.
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Rheumatology key messages

o Evidence is provided for a disconnect between disease activity and radiographic progression in PsA patients
receiving adalimumab.

o Disease activity correlated with radiographic progression in patients receiving placebo, but not patients receiving
adalimumab.

o Concomitant methotrexate treatment appeared to have little influence on radiographic progression.

as a result of cartilage degradation, bone resorption and
osteoproliferation [1, 2]. Therapies for PsA, which include
PsA, an inflammatory peripheral joint disease associated  conventional synthetic disease-modifying anti-rheumatic
with psoriasis, is often characterized by structural damage drugs (csDMARDs) and biologic agents (bDMARDSs), aim
to reduce the underlying inflammation, thereby also pre-
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inhibitors as well as IL-12/23 and IL-17 inhibitors, are ef-
fective in controlling the signs and symptoms of PsA and
have been shown to inhibit radiographic progression
[3-6], whereas csDMARDs have not shown effective in-
hibition of structural damage [3, 4, 7-9].

In RA, inhibition of radiographic progression under TNF
inhibitor therapy has been shown to be greater than ex-
pected based on the control of clinical disease activity.
This ‘disconnect’ phenomenon, an uncoupling between
inflammation and structural progression, has been
observed in subjects with RA treated with infliximab in
combination with MTX in the ATTRACT and ASPIRE
trials [10, 11], as well as after treatment with etanercept
in the TEMPO trial [12]. However, this phenomenon has
yet to be explored in PsA.

In the ADEPT trial of subjects with PsA, adalimumab
(ADA) significantly inhibited structural progression over
24 weeks compared with placebo (PBO), and the inhibi-
tory effect was maintained in a 2-year open-label exten-
sion period [13]. Preliminary results showed that a
disconnect phenomenon, similar to that observed in sub-
jects with RA, may also be seen in subjects with PsA fol-
lowing ADA therapy [14]. The objective of this analysis
was to further examine the relationship between inhibition
of structural progression and control of clinical disease
activity in subjects with PsA treated with ADA within the
ADEPT trial, and to assess the impact of concomitant
MTX usage.

Methods

Subjects and study design

ADEPT was a double-blind, randomized, PBO-controlled,
parallel-group, 24-week trial comparing the efficacy and
safety of ADA therapy with PBO in subjects with active
PsA. Details of subjects, methods and the primary results
of the ADEPT study have been published previously [15].

In brief, subjects included in ADEPT were >18years old
and had moderately to severely active PsA (>3 swollen
joints and >3 tender or painful joints) with either active
psoriatic skin lesions or a documented history of psoria-
sis. Subjects had a history of inadequate response or in-
tolerance to non-steroidal anti-inflammatory drug therapy
and were TNF inhibitor naive. MTX use was allowed prior
to and during the study if it had been taken for >3 months
with stable dosage for >4 weeks prior to the baseline
visit. Use of csDMARDs other than MTX was not per-
mitted. Subjects were grouped according to MTX use
and degree of psoriasis at baseline [>3% or <3% of
body surface area (BSA)], and were randomized 1:1 to
receive ADA or PBO 40 mg subcutaneously every other
week. This post hoc analysis included subjects who had
evaluable radiographs at baseline and week 24.

All research was conducted in compliance with the
Declaration of Helsinki, and the protocol was approved
by the institutional review boards of the participating cen-
tres. Investigators at each site enrolled patients into the
trial, and all patients gave their written informed consent
before participating in the study.
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Study assessments

The following composite measures of PsA disease activity
were used: Disease Activity Score of 28 joints with CRP
[DAS28(CRP)] [16]; Disease Activity Index for Psoriatic
Arthritis (DAPSA) [17, 18]; and Psoriatic Arthritis Disease
Activity Score (PASDAS) [19, 20]. Disease activity was
categorized as follows: DAS28(CRP) remission (<2.6),
low (>2.6-<3.2), moderate (>3.2-<5.1) and high (>5.1)
disease activity; DAPSA remission (<4), low (>4-<14),
moderate (>14-<28) and high (>28) disease activity
[21]; and PASDAS low (<3.2), moderate (>3.2-<5.4)
and high (>5.4) disease activity [22]. Subjects were also
categorized by achieving or not achieving minimal disease
activity (MDA) [23].

Radiographic progression was measured by the mod-
ified total Sharp score (mTSS) on the radiographs of
hands and feet taken at baseline and week 24.

Statistical analyses

The analyses were performed using as-observed data.

Disease activity by continuous measures (DAS28,
DAPSA and PASDAS) was averaged over the period
from baseline to week 24: time-averaged (TA) data were
calculated as area under the curve for each disease ac-
tivity measure and standardized by the length of the ob-
servation (24 weeks). The achievement of MDA, which is a
binary measure (yes/no), was considered as a point as-
sessment at week 24.

The interaction between treatment (ADA or PBO) and
disease activity on AmTSS was evaluated using an ana-
lysis of covariance model adjusting for baseline mTSS,
with disease activity, treatment and their interaction
included in the model. TA-DAS28(CRP), TA-DAPSA and
TA-PASDAS were modelled as continuous variables and
MDA as a categorical variable. The different disease ac-
tivity measures were introduced in separate models.

Changes in mTSS from baseline to week 24 in subjects
categorized by TA disease activity or MDA status were
compared between the treatments received (ADA or PBO).

The correlation between disease activity and AmTSS
was assessed by Pearson [TA-DAS28(CRP), TA-DAPSA
or TA-PASDAS as continuous variable] or biserial (DA
status as binary variable) correlation coefficients.

To assess the impact of MTX on the relationship be-
tween disease activity and structural progression, the
same analyses were performed taking into account the
presence or absence of concomitant MTX therapy in sub-
jects treated with either ADA or PBO.

The o level of all statistical analyses was 0.05.

Results

Baseline demographics and disease characteristics

Of the 315 subjects randomized to receive treatment in
ADEPT, 313 had evaluable radiographs at baseline and
week 24. Of these, 151 received ADA and 162 PBO; ap-
proximately half of the subjects in both the ADA and PBO
groups received concomitant MTX. Subjects’ baseline
demographic and disease characteristics were comparable
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Inhibition of radiographic progression in PsA

between the treatment groups. Baseline characteristics
based on MTX use (Table 1) were also comparable
across subgroups; only the frequency of baseline psoriasis
BSA >3% was lower in subjects receiving MTX.

Interaction between treatment and disease activity on
radiographic progression

We first assessed the interaction between treatment
(ADA or PBO) and disease activity on the change in
mTSS at week 24. The interaction term was significant for
TA-DAS28(CRP), TA-DAPSA and TA-PASDAS (P = 0.002,
P =0.008 and P = 0.006, respectively), indicating that the
relationship between disease activity and radiographic
progression did indeed differ between the subjects trea-
ted with ADA or PBO. No significant interaction between
treatment and disease activity on structural progression
could be observed by using MDA status at week 24 rather
than TA measures of disease activity. This led us to further
investigate the changes in radiographic progression
across different levels of disease activity in patients
receiving ADA or PBO.

Radiographic progression in subjects categorized by
disease activity and treatment

At week 24, the mean change in mTSS was low in sub-
jects with remission or low disease activity, and increased
in those with moderate or high disease activity (Fig. 1A-D).
The subjects treated with ADA experienced lower mean
changes in mTSS in all disease activity categories and by
all disease activity measures compared with PBO
(Fig. 1A-D). Remarkably, there was significantly less pro-
gression on ADA than PBO in subjects with moderate or
high disease activity based on TA-DAPSA and -PASDAS
or achievement of MDA at week 24. Although the numer-
ical differences between radiographic progression on
ADA and PBO were the largest with TA-DAS28, statistical
significance was not reached, which could be due to
low patient numbers in the categories of moderate
and high disease activity (Fig. 1A-D). Similar results
were seen with changes in both erosion and joint
space narrowing scores across the TA-DAS28(CRP) dis-
ease activity categories (Supplementary Fig. 1, available
at Rheumatology online).

Correlation between disease activity and radiographic
progression

In subjects receiving PBO, there was a medium sized and
statistically significant positive correlation between TA
disease activity expressed by all disease activity meas-
ures and change in mTSS at week 24 (Table 2). No such
relationship was observed in subjects treated with ADA.
There was also no correlation between disease activity
and structural progression for subjects treated with
either ADA or PBO using MDA status at week 24 as a
binary PsA disease activity measure, possibly due to the
low number of patients achieving MDA in the PBO group.

https://academic.oup.com/rheumatology

Impact of MTX on the relationship between disease
activity and radiographic progression

Irrespective of the presence or absence of MTX, the sub-
jects treated with ADA experienced numerically less radio-
graphic progression than those treated with PBO within all
disease activity categories and by all disease activity
measures (Fig. 2A-D). Further, concomitant MTX did not
appear to markedly influence structural progression in
subjects treated with ADA. Although not formally tested,
there was also little difference between structural progres-
sion on PBO+MTX compared with PBO alone (Fig. 2A-D).

Discussion

The present analyses confirmed that treatment with ADA
inhibited radiographic progression to a larger extent than
might be expected based on the control of clinical disease
activity alone, and that this was irrespective of concurrent
MTX use. We first showed that the interaction terms for
TA disease activity and treatment on radiographic pro-
gression were significant, implying that the relationship
between disease activity and radiographic progression
differed between ADA and PBO. Further investigation
found that, as expected, radiographic progression was
low in subjects in remission or low disease activity irre-
spective of treatment (although it was numerically lower in
subjects treated with ADA). Radiographic progression
increased in subjects with moderate or high disease
activity, reflecting the fact that disease activity drives
radiographic progression. However, the increase in radio-
graphic progression in subjects with moderate or high dis-
ease activity was mainly seen in those receiving PBO,
suggesting a disconnect between disease activity and
radiographic progression in subjects treated with ADA.
In support of this disconnect, radiographic progression
only correlated positively with disease activity in subjects
receiving PBO (the higher the disease activity the greater
progression), but not in those receiving ADA.

Evidence for a disconnect between disease activity and
radiographic progression has been observed previously in
subjects with RA. In the ATTRACT study, infliximab ap-
peared to inhibit radiographic progression independently
of its effect on disease activity [10]. However, the statis-
tical interaction between disease activity and radiographic
progression as a result of treatment group was not for-
mally assessed, so false correlations could be inferred
when separating data into treatment subgroups [24].
Additionally, these analyses compared radiographic pro-
gression data solely with the achievement of 20% im-
provement in the American College of Rheumatology
(ACR20) criteria rather than with more robust measures
of disease activity. The ASPIRE study later confirmed
the inhibitory effect of infliximab plus MTX (but not MTX
alone) on radiographic progression in subjects with RA
across all disease activity levels classified by the
Simplified Disease Activity Index [11]. The disconnect
phenomenon in RA has been further demonstrated in sub-
sequent exploratory analyses of the TEMPO study of eta-
nercept, using TA-CRP and TA-DAS to measure disease
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Inhibition of radiographic progression in PsA

Fic. 1 Change in mTSS from baseline to week 24 in subjects grouped by disease activity and treatment
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(A) TA-DAS28(CRP); (B) TA-DAPSA,; (C) TA-PASDAS; (D) MDA status at week 24. *P < 0.05, **P < 0.01, ***P < 0.001 for
ADA vs PBO. Error bars indicate s.0. ADA: adalimumab; DAS28: Disease Activity Score of 28 joints; MDA: minimal
disease activity; mTSS: modified total Sharp score; DAPSA, Disease Activity Index for Psoriatic Arthritis; PASDAS:
Psoriatic Arthritis Disease Activity Score; PBO: placebo; TA: time averaged.

TaBLe 2 Correlation between TA disease activity or MDA status and change in mTSS at week 24

Disease activity measure? Treatment n Correlation (95% CI) P-value
TA-DAS28(CRP) PBO 152 0.351 (0.202, 0.482) <0.001
ADA 144 0.123 (—0.042, 0.280) 0.144
TA-DAPSA PBO 152 0.338 (0.188, 0.471) <0.001
ADA 144 0.141 (—0.023, 0.298) 0.091
TA-PASDAS PBO 150 0.300 (0.146, 0.438) <0.001
ADA 136 0.076 (—0.094, 0.241) 0.381
MDA PBO 146 —0.078 (—0.237, 0.086) 0.353
ADA 139 —0.020 (—0.186, 0.147) 0.815

2TA-DAS28(CRP), TA-DAPSA and TA-PASDAS assessed using Pearson correlation; MDA assessed using biserial correlation.
ADA: adalimumab; DAS28: Disease Activity Score of 28 joints; MDA: minimal disease activity; mTSS: modified total Sharp
score; DAPSA, Disease Activity Index for Psoriatic Arthritis; PASDAS: Psoriatic Arthritis Disease Activity Score; PBO: placebo;
TA: time averaged.
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Fic. 2 Change in mTSS from baseline to week 24 in subjects grouped by disease activity and treatment
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(A) TA-DAS28(CRP); (B) TA-DAPSA; (C) TA-PASDAS; (D) MDA status at week 24 *P < 0.05, **P < 0.01, ***P < 0.001 for
ADA vs PBO. Error bars indicate s.n. ADA: adalimumab; DAPSA: Disease Activity Index for Psoriatic Arthritis; DAS28:
Disease Activity Score of 28 joints; MDA: minimal disease activity; mTSS: modified total Sharp score; PASDAS: Psoriatic
Arthritis Disease Activity Score; PBO: placebo; TA: time averaged.

activity over time [12]. Similar to the present data in PsA,
the authors found a significant interaction between treat-
ment and disease activity with respect to radiographic
progression, suggesting that the relationship between dis-
ease activity and radiographic progression differed by
treatment. Higher disease activity was related to
increased radiographic progression in subjects treated
with MTX only; this relationship became less clear upon
treatment with etanercept and was absent in subjects
receiving etanercept in combination with MTX.
Importantly, in our PsA analyses MTX appeared to have
little influence on radiographic progression and the rela-
tionship between disease activity and radiographic pro-
gression. Subject numbers in the treatment groups

1030

receiving ADA or PBO with or without MTX were probably
too low to allow for a more definite conclusion. Our ob-
servation is nevertheless in line with previous findings that
MTX in combination with a TNF inhibitor does not add a
clear benefit in terms of either clinical or structural out-
comes in PsA [15, 25-27]. The reasons for this remain
largely unclear. In contrast, findings from studies in RA,
such as TEMPO and PREMIER, have shown that MTX
enhances inhibition of structural progression in subjects
treated with a TNF inhibitor [28, 29]. Landewé and col-
leagues [12] suggested that etanercept and MTX may
block different pathways of joint damage in RA, but
these treatments may have different effects in PsA due
to differing pathogenetic disease mechanisms.

https://academic.oup.com/rheumatology
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One may argue that the conventional radiography used
to measure structural changes in our study is not sensitive
enough and therefore more subtle structural changes may
have been missed. Furthermore, osteoproliferative
changes are not captured by the mTSS scoring method.
An imaging study using more sensitive techniques, such
as magnetic resonance imaging and computed tomog-
raphy, in addition to conventional radiography showed
no significant progression of erosive or proliferative struc-
tural lesions either, despite persistence of certain levels of
inflammation [30]. The subjects with PsA in that study
otherwise demonstrated a clinical response to ADA ther-
apy after 48 weeks. The authors speculated that TNF an-
tagonists may inhibit the development of structural
changes through an additional pathway and not only by
suppressing inflammation [30]. Interestingly, evidence for
uncoupling between disease activity and structural pro-
gression has been seen in our study for both erosions
and joint space narrowing (Supplementary Fig. 1, avail-
able at Rheumatology online). This indicates that the dis-
connect phenomenon in PsA may be due to ADA
inhibiting a common pathogenetic pathway for erosions
and joint space narrowing, but certainly more research
would be needed for a better understanding.

The limited duration of follow-up in the imaging study
[30] was one drawback, and this may have also been a
limitation of our analyses, which included ADEPT data
through the initial 24-week PBO-controlled period [15].
The long-term open-label extension period of ADEPT
showed that ADA maintained inhibition of radiographic
progression in most subjects [13]. Additional radiographs
taken at weeks 48 and 144 as part of this long-term ex-
tension could be analysed for correlation with disease ac-
tivity in future work.

The vast majority of PsA subjects included in the ADEPT
study and our analyses had polyarthritis. The existence of
the disconnect phenomenon under ADA therapy remains
to be investigated in the oligo- and mono-articular pheno-
types of PsA, although there is little reason to believe that
it would be different. It would also be of interest to inves-
tigate the relationship between radiographic progression
and disease activity after treatment with other TNF inhibi-
tors as well as other bDMARDs in subjects with PsA. In
RA, the disconnect phenomenon has also been demon-
strated with the IL-6 inhibitor tocilizumab and the B cell
directed agent rituximab, both in combination with MTX
[31, 32]. As these two bDMARDs are generally not effica-
cious in PsA, the ability of IL-17 and IL-23 inhibitors to
retard radiographic progression beyond the control of
clinical disease activity, and the dependency of this
uncoupling on the use of concomitant MTX, would be of
major interest.

In summary, this is the first in-depth analysis of the re-
lationship between radiographic progression and disease
activity under treatment with a TNF inhibitor in subjects
with PsA. Treatment with ADA resulted in the inhibition of
radiographic progression that was greater than expected
based on clinical disease activity. The data suggest that
even if a treatment target of remission or low disease

https://academic.oup.com/rheumatology

activity is not achieved, radiographic progression may
be inhibited in subjects with PsA receiving ADA. This
may be particularly relevant in PsA subjects who are at
high risk of comorbidities and may find it difficult to toler-
ate intensified treatment. Further analyses are needed to
explore the long-term effect of this disconnect phenom-
enon and to better understand its potential thresholds and
underlying mechanisms.
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sets), as well as other information (e.g. protocols and clin-
ical study reports) from AbbVie-sponsored Phase II-IV
global interventional clinical trials conducted in patients
(completed as of May 2004, for products and indications
approved in either the United States or the European
Union), as long as the trials are not part of an ongoing
or planned regulatory submission. This includes requests
for clinical trial data for unlicensed products and
indications.

Access to this clinical trial data can be requested by any
qualified researchers who engage in rigorous, independent
scientific research, and will be provided following review
and approval of a research proposal and Statistical
Analysis Plan (SAP) and execution of a Data Sharing
Agreement (DSA). Data requests can be submitted at any
time and the data will be accessible for 12 months, with
possible extensions considered. For more information on
the process, or to submit a request, visit the following link:
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Supplementary data

Supplementary data are available at Rheumatology online.
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