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Assessing structural damage progression in

psoriatic arthritis and its role as an
outcome in research
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Abstract

Psoriatic arthritis (PsA) is an immune-mediated, clinically heterogeneous disease characterized by arthritis, enthesitis,
dactylitis, spondylitis, and psoriasis of the skin and nails. Persistent articular inflammation in patients with PsA can
lead to structural damage, which can result in reduced physical function and quality of life. Structural damage can
occur rapidly, and irreversible joint damage may be observed if patients are not treated promptly and appropriately.
Therefore, evaluating therapeutic agents for their ability to inhibit structural progression has become increasingly
important, with radiographic progression becoming a key efficacy outcome in clinical trials in PsA. Here, we review
how structural damage and progression are assessed in clinical trials and the use of radiographic progression as a
study outcome. We also discuss possible limitations in the current assessment of radiographic progression as well
as areas of research that may improve the assessment of structural damage in clinical trials of PsA.

Keywords: Psoriatic arthritis, Structural damage, PsA radiographic scoring systems, Biologic agents, Peripheral
arthritis
Background
Psoriatic arthritis (PsA) is an inflammatory disease that
develops in approximately 25% of patients with psoriasis
[1] and is characterized by arthritis, enthesitis, dactylitis,
spondylitis, and psoriasis of the skin and nails [2]. Per-
sistent inflammation can damage patients’ cartilage and
bone, leading to bony erosions and joint space narrow-
ing or total joint destruction; in addition, some patients
experience abnormal new bone growth [3, 4].
PsA was initially considered a mild disease, but evi-

dence has shown that PsA has a substantial impact on
patient quality of life and disability [5]. This is largely
due to the structural damage associated with the disease,
with a higher degree of joint damage correlating with
greater disability and limitation of physical function [6].
Structural damage of joints is typically measured with
conventional radiographs, and almost half of patients ex-
hibit structural damage and functional impairment
within 2 years of developing symptoms [7]. Many
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experience irreversible joint damage and disability as the
disease progresses [7], and a diagnostic delay of > 6
months between symptom onset and the first rheuma-
tologist visit has been linked to the development of per-
ipheral joint erosions and worse long-term physical
function [8]. In addition, radiographic damage has been
found to be prognostic of shorter survival in patients
with PsA [9].
Given the impact of joint damage on physical function,

quality of life, and survival, inhibiting progression of
structural damage is one of the main goals of therapy
[10, 11]. Therefore, assessment of structural damage
progression has become important in clinical trials
evaluating treatments for PsA. Radiographic progression
is currently the preferred outcome measure for struc-
tural damage progression, with therapeutic agents that
inhibit radiographic progression considered to be disease
modifying [10, 11]. This article reviews the various scor-
ing systems used to assess radiographic damage in the
peripheral joints of patients with PsA, as well as the use
of structural damage as an outcome measure in clinical
trials.
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Methods
Relevant articles were identified by conducting a tar-
geted search of the medical literature available in
PubMed. A broad search was initially performed using
psoriatic arthritis in combination with various terms, in-
cluding radiographic progression, scoring method, struc-
tural damage, radiography, and clinical trial. Identified
articles were considered relevant if they presented data
on the imaging and scoring of structural damage in
psoriatic arthritis and the use of radiographic progres-
sion as an outcome measure in clinical trials. Additional
articles were identified from the references cited in arti-
cles of interest and based on the authors’ knowledge of
the published literature.

Assessing structural damage in PsA
Imaging techniques
Radiographs have been used to measure the extent of
damage in clinical trials of PsA over the last 20 years and
remain the standard approach for assessment of struc-
tural damage [3, 12]. Radiographs are used to determine
the presence of periostitis (which has a “fluffy” charac-
teristic in PsA), assess joint damage (e.g., bone erosions,
osteolysis, subluxation, ankylosis), determine involve-
ment of the sacroiliac joint and joints of the spine, and
identify spurs at the entheses [3, 12].
Newer imaging modalities, including ultrasound, mag-

netic resonance imaging (MRI), and high-resolution
micro-computed tomography, have recently been used
to assess structural damage progression in PsA. How-
ever, these techniques are not frequently used to evalu-
ate outcomes in clinical trials and will therefore not be
discussed in this review.

Current radiographic scoring methods for structural
damage progression in PsA
Several semiquantitative scoring systems (Table 1) have
been developed for the assessment of structural damage
progression in PsA. Although they may be of limited use
in the clinic, these scoring methods have proven very
important in clinical research and have been used in
many clinical trials to assess radiographic progression in
the peripheral joints of patients with PsA (Table 2).
These methods were originally developed for use in
rheumatoid arthritis [3, 4] but have been modified for
use in PsA [3], and some have been used in trials of bio-
logic or targeted synthetic disease-modifying antirheu-
matic drugs [15, 17, 19–23, 25–27, 29, 30, 32]. The
original scoring methods in rheumatoid arthritis in-
volved assigning scores for bony erosions and joint space
narrowing in various combinations of joints in the
hands, wrists, and feet. Modifications to the scoring
methods for use in PsA included adding joints involved
more frequently in PsA and signs that are characteristic
of PsA, such as the pencil-in-cup change, gross osteoly-
sis, and ankylosis (Table 1) [3].

Modified Steinbrocker global scoring method
The original Steinbrocker method classified patients
with rheumatoid arthritis according to functional and
radiographic damage and assigned each patient a score
of 0 (normal) to 4 (total joint destruction) based on
the patient’s worst joint [3, 12]. The University of To-
ronto Psoriatic Arthritis Clinic modified the method
for use in PsA to include 42 joints in the hands, wrists,
and feet and assigned each joint a single score from 0
to 4 to reflect the extent of both erosion and joint
space narrowing, for a total score ranging from 0 to
168 (Table 1) [12, 13].

Sharp scoring method for PsA
The PsA-modified Sharp method typically assesses joints
of the hands, wrists, and feet, including the second to
fifth distal interphalangeal (DIP) joints of both hands
(total score range, 0–470); a separate evaluation of ero-
sions and joint space narrowing is also performed (Table
1) [3, 4]. Erosion is measured on a scale of 0 to 5 (total
range, 0–270) and accounts for both the number of
discrete erosions and percentage of joint involvement,
with 0 defined as no erosion and 5 defined as extensive
destruction involving > 80% of the joint. Extreme bone
destruction (pencil-in-cup changes, gross osteolysis) may
also be captured separately, but these are not included
in the total erosion score. Joint space narrowing is
scored on a scale of 0 to 4 (total range, 0–200), with a
normal joint assigned a score of 0 and the absence of
joint space or evidence of ankylosis a score of 4. Joint
space widening is scored separately; however, it is not
included in the total joint space narrowing score. Simi-
larly, other PsA-associated structural damages (e.g., peri-
ostitis, tuft resorption) are recorded separately, but are
also not included in the total score value.

Sharp-van der Heijde scoring method for PsA
The Sharp-van der Heijde score modified for PsA (SvdH;
total score range, 0–528) also assesses joints of the
hands, wrists, and feet and includes DIP joints 2 to 5 of
both hands (Table 1) [3, 4]. Scores for erosion range
from 0 to 5 in the hands and 0 to 10 in the feet and re-
flect erosion size, with 0 defined as no erosion and 3 de-
fined as a large erosion passing the midline of the joint.
If there is > 1 erosion per joint, scores can be combined
to give a maximum score of 5 per joint in the hands and
10 per joint in the feet (a maximum of 5 at each side of
the joint). Joint space narrowing scores vary from 0 to 4
in both the hands and feet, with 0 being normal and 4
being the absence of joint space with evident ankylosis
or subluxation [3, 4]. Gross osteolysis and pencil-in-cup



Table 1 Comparison of radiographic progression scoring methods in psoriatic arthritis trials

Scoring
method

Total joints, n
(range of score)

Locations
(total joints, n)

Damage score per joint Additional
features
recorded

Modified
Steinbrocker
[12, 13]

42 (0–168) Hands (28)
Wrists (2)
Feet (12)

0 = normal
1 = soft tissue swelling/osteopenia
2 = erosion
3 = erosion plus JSN
4 = total joint destruction

–

Typical
modified
Sharp used
for PsA [4]

Erosion, 54;
JSN, 50 (erosion,
0–270; JSN, 0–200;
total, 0–470)

Hands (28)
Wrists
(erosion, 14;
JSN, 12)
Feet (erosion,
12; JSN, 10)

Erosion:
0 = no erosion
1 = 1 discrete erosion or < 21% of
joint
2 = 2 erosions or 21–40% of joint
3 = 3 erosions or 41–60% of joint
4 = 4 erosions or 61–80% of joint
5 = extensive destruction, > 80%
of joint

JSN:
0 = normal joint
1 = asymmetrical/minimal
narrowing
2 = definite narrowing with
loss of ≤ 50%
3 = definite narrowing with
loss of 51–99%
4 = absence of joint space, ankylosis

Pencil
in cup;
joint
space
widening

Sharp-van der
Heijde for
PsA [4]

52 (erosion, 0–320;
JSN, 0–208; total,
0–528)

Hands (28)
Wrists (12)
Feet (12)

Erosion:
0 = no erosions
1 = discrete erosion
2 = large erosion not passing
midline
3 = large erosion passing midline
Scores can be combined if > 1
erosion per joint is present for a
maximum score of 5 per joint in
the hands and 10 per joint in the
feet
[Score of 5/10 if pencil-in-cup
change or gross osteolysis
present]

JSN:
0 = normal joint
1 = asymmetrical/minimal narrowing up to 25%
2 = definite narrowing with
loss ≤ 50%
3 = definite narrowing with loss
of 51–99% or subluxation
4 = absence of joint space, ankylosis,
or complete luxation
[Score of 4 if pencil-in-cup change or
gross osteolysis present]

Pencil
in cup;
gross
osteolysis

Psoriatic
Arthritis
Ratingen
Score [14]

40 (destruction,
0–200; proliferation,
0–160; total, 0–360)

Hands (28)
Wrists (2)
Feet (10)

Destruction:
0 = normal
1 = ≥ 1 erosion, > 1 mm
interruption of cortical plate, with
up to 10% destruction of joint
surface
2 = 11–25% destruction of joint
surface
3 = 26–50% destruction of joint
surface
4 = 51–75% destruction of joint
surface
5 = > 75% joint surface
destruction

Proliferation:
0 = normal
1 = bony proliferation of 1–2 mm or bone
growth < 25% of original diameter
2 = bony proliferation 2–3 mm or bone growth
of 25–50%
3 = bony proliferation > 3mm or bone growth
of > 50%
4 = bony ankylosis

–

JSN joint space narrowing, PsA psoriatic arthritis
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change are scored separately and, if present, are assigned
the maximum score for erosion and joint space narrow-
ing for the same affected joint [3].

Psoriatic Arthritis Ratingen score
The Psoriatic Arthritis Ratingen score (PARS) is the only
scoring system that was specifically designed for PsA
and may better account for the bone pathology changes
(destruction and proliferation) seen in these patients [3,
4, 14]. Destruction is scored from 0 to 5 and measures
percentage of joint surface destruction, with a score of 5
reflecting destruction of > 75% of the joint surface (Table
1). Proliferation is scored from 0 to 4 and measures bony
outgrowth in millimeters, also accounting for the size of
the new growth relative to the original diameter of the
bone [3, 4]. The PARS score includes assessment of 30
joints in the hands and 10 joints in the feet, with a po-
tential proliferation score of 0 to 200 and destruction
score of 0 to 160, yielding a total score ranging from 0
to 360 [3, 4].

Comparison of scoring methods
Although all four methods (the modified Steinbrocker
scoring method, the modified Sharp score, the SvdH
method, and the PARS) are reliable in the assessment
of radiographic progression, no direct comparison of
their performance in clinical trials has been conducted.
The modified Steinbrocker scoring method is generally
easier to learn and use but is less sensitive than
methods based on the modified Sharp score; this lower



Table 2 Assessment of radiographic progression in psoriatic arthritis trials

Study Scoring
method

Radiographic
assessment
time point,
week

Mean change in radiographic score at
week 24

Proportion of patients with no progression (mean
change ≤ 0.5) at week 24, %

Placebo Active treatment Placebo Active treatment

Etanercept vs
placebo
(phase 3) [15, 16]

Sharp 24 and 48 1.0a − 0.03a 8.6a,b 33.8a,b

ADEPT (adalimumab
vs placebo) [17, 18]

Sharp 24 1.0 − 0.2 71.1 91.0

IMPACT (infliximab
vs placebo) [19]

SvdH 50 − 1.95 (PBO/
infliximab)c

− 1.52c 84.8 (PBO/
infliximab)c

83.8c

IMPACT 2 (infliximab
vs placebo) [20]

SvdH 24 and 54 0.82 − 0.70 78.0 90.0

GO-REVEAL
(golimumab vs
placebo) [21]

SvdH 24 and 52 0.27 − 0.09 62.7b 77.7b

GO-VIBRANT
(golimumab vs
placebo) [22]

SvdH 24 2.0 − 0.4 43.0b 71.7b

RAPID-PsA
(certolizumab
pegol) [23, 24]

SvdH 12 and 24 0.28 0.06 (200 mg Q2W +
400mg Q4W)

80.1 93.5 (200mg Q2W); 90.4
(400mg Q4W)

PSUMMIT-1 and -2
(ustekinumab vs
placebo) [25]

SvdH 24 and 52 1.0 0.4 59.8b 66.5b

FUTURE 1
(secukinumab
vs placebo) [26]

SvdH 16 or 24 and
52

0.57 0.08 (pooled
secukinumab group)

75.7 82.3 (IV → 150mg); 92.3
(IV → 75 mg)

FUTURE 5
(secukinumab
vs placebo) [27]

SvdH 24 0.5 0.08 (300 mg + LD); 0.17
(150 mg + LD); − 0.09
(150 mg − LD)

73.6 88.0.(300 mg + LD); 79.8
(150mg + LD); 83.8
(150mg − LD)

SPIRIT-P1 (ixekizumab
vs placebo vs
adalimumab) [28]

SvdH 24 and 52 0.27 (PBO/
IXEQ4W)d; 0.41
(PBO/IXEQ2W)d

0.54 (IXEQ4W/IXEQ4W)d;
0.09 (IXEQ2W/IXEQ2W)d;
0.32 (ADA/IXEQ4W)d;
− 0.03 (ADA/IXEQ2W)d

94.1 (PBO/
IXEQ4W)d;
65.7 (PBO/IXEQ2W)d

88.9 (IXEQ4W/IXEQ4W)d; 90.4
(IXEQ2W/IXEQ2W)d; 87.5 (ADA/
IXEQ4W)d; 91.4 (ADA/IXEQ2W)d

ASTRAEA (abatacept
vs placebo) [29]

SvdH 24 and 52 0.35 0.30 32.7b 42.7b

OPAL Broaden
(tofacitinib vs
adalimumab vs
placebo) [30]

SvdH 12months Not reported by treatment arm.
Range of change from baseline,
− 0.07 to 0.09a

95.8 (PBO/TOFA 5mg)a;
91.1 (PBO/TOFA 10mg)a

95.9 (TOFA 5 mg)a; 94.9
(TOFA 10mg)a; 97.9 (ADA)a

SEAM-PsA
(methotrexate vs
etanercept vs
combination) [31]

SvdH 24 and 48 – 0.08 (MTX)e; − 0.04
(ETN)e; − 0.01
(MTX + ETN)e

– 89.4 (MTX)b,e; 94.7 (ETN)b,e; 94.7
(MTX + ETN)b,e

ADA adalimumab, ETN etanercept, IXE ixekizumab, LD loading dose, MTX methotrexate, PBO placebo, PsA psoriatic arthritis, Q2W every 2 weeks, Q4W every 4
weeks, SvdH modified Sharp-van der Heijde score for PsA, TOFA tofacitinib
aMean change from baseline at 12 months
bNo progression was defined as a mean change of ≤ 0 from baseline
cMean change from baseline at week 50
dMean change from baseline at week 52
eMean change from baseline at week 48
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level of sensitivity may be one reason the modified
Steinbrocker method has not been routinely used in
clinical trials [33]. The SvdH method for PsA has been
used to evaluate treatment in several studies of biologic
agents and has shown good sensitivity and reliability
(Table 2) [19–30, 32, 34].
A study by Tillet and colleagues compared the four
scoring methods to assess their utility in PsA [33]. Ra-
diographs of hands and feet from 50 patients with PsA
were scored at two time points by two readers using
each of the four methods. Sensitivity to change was esti-
mated using a standardized response mean and smallest
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detectable change. The SvdH method was the most reli-
able and sensitive to change but required a longer time
to perform. The Steinbrocker method was the most feas-
ible (i.e., took the least time to perform) but was not as
sensitive as the SvdH or modified Sharp score. The au-
thors concluded that the SvdH scoring method for PsA
was the best tool for use in randomized controlled trials.
Although a case study has shown that scoring methods
can detect changes in radiographic damage over time in
patients with PsA [35], Tillet and colleagues found that
none of the methods currently available provide an ad-
equate level of feasibility and sensitivity for application
in large, longitudinal studies [33]. The importance of
meeting this need is highlighted in the European League
Against Rheumatism (EULAR) research agenda, which
seeks to define the optimal use of radiographic scores
for monitoring structural damage progression in longitu-
dinal studies of PsA [11].

Assessment of structural damage progression in
clinical research
Structural damage as an outcome measure in clinical
trials
The utility of radiographic assessment of structural dam-
age as an outcome in PsA is illustrated by several phase
3 clinical trials of biologic agents used to treat PsA
(Table 2) [15, 17, 19–32, 34, 36]. The first studies of the
biologic agents etanercept [15] and adalimumab [17] in
PsA used a modified Sharp score for PsA to assess the
effect of therapy on structural damage. In the study
evaluating etanercept vs placebo, the primary radio-
graphic endpoint was the annualized rate of change in
the modified Sharp score for PsA at 6 and 12months
[15]. At 12 months, etanercept led to inhibition of radio-
graphic progression in the hands and wrists compared
with worsening in the placebo group (P = .0001); annu-
alized changes in the erosion score and joint space nar-
rowing scores were also significantly different in the two
groups. In the ADEPT study of adalimumab vs placebo,
inhibition of structural damage, as measured by the
Sharp method for PsA at week 24, was a primary efficacy
endpoint [17]. At week 24, active treatment demon-
strated significant inhibition of structural damage pro-
gression compared with placebo (P < .001). Significant
differences were also observed in erosion and joint space
narrowing scores.
Since then, other trials of biologics in PsA have used

the SvdH scoring system (Table 2). The IMPACT stud-
ies were some of the first studies to use the SvdH
method to assess structural damage in patients with PsA
being treated with a biologic agent (infliximab) [19, 20].
The primary outcome was mean progression of struc-
tural damage as demonstrated by the mean changes
from baseline in the total SvdH score, with positive
changes from baseline indicating progression of struc-
tural damage. The studies showed that the SvdH scoring
method was appropriate for use in PsA; however, the
usefulness of scoring features characteristic of PsA (e.g.,
hand DIP joints, pencil-in-cup changes, gross osteolysis)
was limited, as had been observed previously when using
the Sharp method in PsA [15, 17]. This was mainly due
to the low progression rate of these features over 6 to
12months. Importantly, the IMPACT studies showed
that biologic treatments were able to inhibit radiographic
progression as early as 6 months, and therefore assess-
ment of structural damage in clinical trials can be per-
formed after 6 months as opposed to waiting 1 to 2 years
to assess damage. These studies also suggested that for
ethical reasons, patients in clinical trials should not be
offered placebo for long periods of time but should be
allowed to receive active treatment after a 6-month
period.
In line with these findings, the GO-REVEAL [21] and

GO-VIBRANT [22] studies of golimumab showed that
24 weeks of follow-up are sufficient for radiographic
damage as an outcome. In these studies, the change
from baseline in the SvdH scoring method for PsA of
the hands and feet at week 24 was one of the two
coprimary endpoints (Table 2). Scores for PsA-specific
radiologic damage (e.g., DIPs, pencil-in-cup, and gross
osteolysis deformities) were also included. As seen in the
IMPACT studies, patients who originally received pla-
cebo and later crossed over to receive active treatment
had more structural damage after 1 year than did pa-
tients who originally received active treatment, suggest-
ing a benefit associated with earlier treatment.
As new targeted therapies for PsA have been devel-

oped, inhibiting radiographic progression has become
essential for demonstrating efficacy and disease-
modifying activity. For instance, the phase 3 studies
PSUMMIT-1 and PSUMMIT-2 of the anti–interleukin
(IL) 12/IL-23 antibody ustekinumab assessed changes
from baseline in radiographic progression at week 24
using the SvdH method for PsA (Table 2) [25]. Findings
from this study showed that inhibiting targets other than
tumor necrosis factor (i.e., IL-12 and IL-23) could also
lead to improvements in PsA and inhibition of radio-
graphic progression. In the FUTURE studies of secuki-
numab (an anti–IL-17 inhibitor), inhibition of
radiographic progression was a key secondary endpoint
[26, 27, 34]. Patients treated with secukinumab had sig-
nificantly less radiographic progression, defined as the
change from baseline in SvdH score at week 24. Inhib-
ition of radiographic progression was sustained up to 2
years for both erosion and joint space narrowing [26,
37]. These studies demonstrated that targeting IL-17A
was another therapeutic option for patients with PsA.
Similar assessments of radiographic progression were
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conducted in the SPIRIT-P1 study of ixekizumab, an-
other IL-17 inhibitor [28, 32], and in studies of the Janus
(JAK) inhibitor tofacitinib [30] and the T cell modulator
abatacept [29] (Table 2).
The impact of methotrexate on radiographic outcomes

has also been assessed. The phase 3 randomized study
SEAM-PsA, which examined the efficacy of methotrex-
ate and etanercept monotherapies vs methotrexate in
combination with etanercept [31, 36] (Table 2), found
that concomitant methotrexate did not lead to signifi-
cant changes in radiographic outcomes, consistent with
previous observations [15, 26]. However, in studies of
golimumab [21] and infliximab [20], treatment group
differences were larger in patients receiving concomitant
methotrexate.

Limitations and considerations in the analysis of
radiographic progression in clinical trials
Given that it is based on subjective interpretation of
radiographic changes, the assessment of radiographic
progression is subject to possible measurement error
and variability. In general, the presence of radiographic
damage in clinical trials is preferably assessed by 2 or 3
central readers to ensure reliable information [38]. Add-
itionally, a mean change of ≤ 0.5 in total score (vs 0) is
preferred when the mean of two readers is used to deter-
mine the absence of radiographic progression.
A main challenge in assessing radiographic progres-

sion is detecting a treatment effect [39, 40]. Ethical con-
siderations in clinical trials limit the duration of placebo
treatment, impacting the ability to detect radiographic
progression in this group. Additionally, patients random-
ized to placebo are allowed to switch to active treatment
due to lack of efficacy or to discontinue the study before
radiographic progression is assessed or discernable.
These low rates of radiographic progression in the con-
trol group and incomplete radiographic data may impact
the statistical power of these trials to detect a treatment
effect [39].
Another important challenge is mitigating the impact

of missing radiographic data. Linear extrapolation and
interpolation is a widely used approach and requires
radiographic data from ≥ 2 time points [23, 27]. Linear
mixed-effects models, which account for important co-
factors such as previous treatment and baseline values,
are another approach that can maximize the statistical
power of clinical trials and mitigate the effect of missing
data. These methodologies have been used in various
studies. For example, in the IMPACT-2 study, missing
data were imputed using linear extrapolation or the me-
dian of the change in total scores based on all patients
within the same methotrexate stratification (i.e., a me-
dian of 0) [20]. In the GO-REVEAL study, linear ex-
trapolation was used, and if data were insufficient for
linear extrapolation, the median change in total SvdH
score was used to replace missing data [21]. However,
imputation of median scores is no longer applied. In the
FUTURE5 study, radiographic data were analyzed by a
linear mixed-effects model that excluded data after es-
cape for patients treated with placebo who received es-
cape therapy at week 16. The model assumed
approximately linear progression over time and esti-
mated a difference in rates of progression over 24 weeks
to compare treatment groups [41]. However, it is im-
portant to note that imputation methodologies may sig-
nificantly influence interpretation of radiographic
outcomes, as seen in the RAPID-PsA phase 3 study of
certolizumab pegol, where (incorrect) imputation meth-
odologies resulted in a high degree of progression in all
arms [23]. In this study, not imputing missing data for
patients with ≤ 1 radiograph or 2 radiographs < 8 weeks
apart and linear extrapolation in patients with two radio-
graphs ≥ 8 weeks apart were found to be the most appro-
priate methods for the primary analysis.
In addition to imputation methodologies, enriching for

patients who are at high risk of radiographic progression
may increase the power of a study to detect treatment
effects [39]. This could be achieved by increasing the
number of patients who present with predictive factors
for radiographic progression or by indirectly enriching
the data through post hoc analyses. Although predictive
factors for radiographic progression in PsA are limited,
systemic inflammation as indicated by elevated baseline
C-reactive protein has been shown to be a strong inde-
pendent predictor of radiographic progression and may
serve as a way of enriching for high-risk patients [42,
43]. Similarly, the existence of radiographic damage is
another predictive factor. Patients with damage are more
prone to develop more damage, especially in the pres-
ence of an elevated C-reactive protein.
Another limitation of clinical trials that assess struc-

tural damage in PsA is that they tend to focus on radio-
graphic progression in peripheral joints only. For
instance, structural changes associated with enthesitis,
including anabolic bone formation, are not generally
assessed, and no systematic method of measurement is
currently available [12]. Similarly, progression in the
axial skeleton is not commonly measured. Different
scoring methods for assessment of axial involvement are
available [44]; however, they have not been used in large
clinical trials of PsA so far. A further limitation is that
minimum clinically important differences for radio-
graphic scores have not yet been established.

Future areas of research
Scoring methods for other imaging techniques (i.e.,
micro-computed tomography scan, ultrasound, MRI)
should be developed, validated, and further tested for



van der Heijde et al. Arthritis Research & Therapy           (2020) 22:18 Page 7 of 9
their propensity to assess structural damage in PsA [11].
So far, only MRI has been used and is scored using the
Psoriatic Arthritis Magnetic Resonance Image score
(PsAMRIS) [45, 46]. PsAMRIS is a semiquantitative
scoring system that has been developed for PsA by the
international MRI in arthritis group of OMERACT
(Outcome Measures in Rheumatology) [45, 46] and is
the most validated system available for the evaluation of
inflammatory and structural changes in the hands of pa-
tients with PsA [45]. PsAMRIS has been used in a few
small trials in which a significant improvement in in-
flammatory parameters was demonstrated following
treatment with a biologic agent; however, bone damage
parameters, such as bone proliferation and erosion,
showed little change over time [45]. New developments
in MRI approaches, such as dynamic contrast-enhanced
MRI and digital automated analysis, may improve MRI
techniques [47].
Additionally, further refinement of radiographic scor-

ing methods specific for PsA merits investigation. For
example, radiographic scoring methods could be im-
proved by accounting for the progression of new bone
growth, which is characteristic of PsA. Another area of
development could be the use of artificial intelligence to
assess structural damage on radiographs.
Conclusions
Structural damage in patients with PsA is associated
with decreased quality of life and physical function and
increased risk of death. Therefore, inhibition of struc-
tural damage progression is a key aspect of treatment
and a characteristic of disease-modifying therapies in
PsA. This has led to radiographic progression becoming
an important outcome measure in clinical trials that is
needed to identify effective therapies for patients with
PsA. As sustained inhibition of radiographic progression
becomes an important goal in the management of the
disease, further research will be necessary to determine
the best way of assessing radiographic progression long
term.
Abbreviations
DIP: Distal interphalangeal; ETN: Etanercept; EULAR: European League Against
Rheumatism; IL: Interleukin; IXE: Ixekizumab; LD: Loading dose; MRI: Magnetic
resonance imaging; SvdH: Sharp-van der Heijde score modified for PsA;
MTX: Methotrexate; OMERACT: Outcome Measures in Rheumatology;
PARS: Psoriatic arthritis Ratingen score; PBO: Placebo; PsA: Psoriatic arthritis;
PsAMRIS: Psoriatic Arthritis Magnetic Resonance Image score; Q2W: Every 2
weeks; Q4W: Every 4 weeks; TOFA: Tofacitinib
Acknowledgements
The authors thank Karen Chinchilla, PhD, of ArticulateScience LLC, Hamilton,
NJ, USA, for providing medical writing support/editorial support which was
funded by Novartis Pharmaceuticals Corporation, East Hanover, NJ, in
accordance with Good Publication Practice (GPP3) guidelines (http://www.
ismpp.org/gpp3).
Authors’ contributions
All authors contributed to the interpretation of data and conception of the
manuscript and critically revised and approved the final manuscript content.

Funding
Editorial support for this review article was sponsored by Novartis
Pharmaceuticals Corporation.

Availability of data and materials
Data sharing is not applicable to this article as no datasets were generated
or analyzed during the current study

Ethics approval and consent to participate
Not applicable

Consent for publication
Not applicable

Competing interests
DvdH has received consulting fees from AbbVie, Amgen, Astellas,
AstraZeneca, Bristol-Myers Squibb, Boehringer Ingelheim, Celgene, Daiichi
Sankyo, Eli Lilly, Galapagos, Gilead, GlaxoSmithKline, Janssen, Merck, Novartis,
Pfizer, Regeneron, Roche, Sanofi, Takeda, and UCB and is Director of Imaging
Rheumatology BV. DDG has received grants and/or consulting fees from
AbbVie, Amgen, Bristol-Myers Squibb, Celgene, Eli Lilly, Galapagos, Gilead,
Janssen, Novartis, Pfizer, and UCB. AK has served as a consultant for and/or
conducted clinical research sponsored by AbbVie, Amgen, Celgene, Janssen,
Lilly, Novartis, and Pfizer. PM has received grant support from AbbVie,
Amgen, Bristol-Myers Squibb, Janssen, Lilly, Novartis, Pfizer, Sun, and UCB;
worked as a paid consultant for AbbVie, Amgen, Bristol-Myers Squibb, Boeh-
ringer Ingelheim, Celgene, Galapagos, Gilead, Janssen, Lilly, Novartis, Pfizer,
Sun, and UCB; and been paid as a speaker for AbbVie, Amgen, Bristol-Myers
Squibb, Celgene, Genentech, Janssen, Lilly, Novartis, Pfizer, and UCB.

Author details
1 Department of Rheumatology, Leiden University Medical Center,
Albinusdreef 2, 2333 ZA, Leiden, the Netherlands. 2Krembil Research Institute,
Toronto Western Hospital and University of Toronto, 60 Leonard Ave,
Toronto, ON M5T 0S8, Canada. 3Division of Rheumatology, Allergy, and
Immunology, UC San Diego School of Medicine, 9500 Gilman Drive, La Jolla,
CA 92093, USA. 4Swedish Medical Center/Providence St. Joseph Health and
University of Washington, 601 Broadway Suite 600, Seattle, WA 98122, USA.

Received: 30 October 2019 Accepted: 12 January 2020

References
1. Alinaghi F, Calov M, Kristensen LE, Gladman DD, Coates LC, Jullien D, et al.

Prevalence of psoriatic arthritis in patients with psoriasis: a systematic
review and meta-analysis of observational and clinical studies. J Am Acad
Dermatol. 2019;80:251–65.e219.

2. Coates LC, Helliwell PS. Psoriatic arthritis: state of the art review. Clin Med.
2017;17:65–70.

3. Wassenberg S. Radiographic scoring methods in psoriatic arthritis. Clin Exp
Rheumatol. 2015;33:S55–9.

4. van der Heijde D, Sharp J, Wassenberg S, Gladman DD. Psoriatic arthritis
imaging: a review of scoring methods. Ann Rheum Dis. 2005;64 Suppl 2:
ii61–64.

5. Kavanaugh A, Helliwell P, Ritchlin CT. Psoriatic arthritis and burden of
disease: patient perspectives from the population-based Multinational
Assessment of Psoriasis and Psoriatic Arthritis (MAPP) survey. Rheumatol
Ther. 2016;3:91–102.

6. Kerschbaumer A, Baker D, Smolen JS, Aletaha D. The effects of structural
damage on functional disability in psoriatic arthritis. Ann Rheum Dis. 2017;
76:2038–45.

7. Kane D, Stafford L, Bresnihan B, FitzGerald O. A prospective, clinical and
radiological study of early psoriatic arthritis: an early synovitis clinic
experience. Rheumatology. 2003;42:1460–8.

8. Haroon M, Gallagher P, Fitzgerald O. Diagnostic delay of more than 6
months contributes to poor radiographic and functional outcome in
psoriatic arthritis. Ann Rheum Dis. 2015;74:1045–50.

http://www.ismpp.org/gpp3
http://www.ismpp.org/gpp3


van der Heijde et al. Arthritis Research & Therapy           (2020) 22:18 Page 8 of 9
9. Gladman DD, Farewell VT, Wong K, Husted J. Mortality studies in psoriatic
arthritis: results from a single outpatient center. II. Prognostic indicators for
death. Arthritis Rheum. 1998;41:1103–10.

10. Coates LC, Kavanaugh A, Mease PJ, Soriano ER, Laura Acosta-Felquer M,
Armstrong AW, et al. Group for Research and Assessment of Psoriasis and
Psoriatic Arthritis 2015 treatment recommendations for psoriatic arthritis.
Arthritis Rheumatol. 2016;68:1060–71.

11. Gossec L, Smolen JS, Ramiro S, de Wit M, Cutolo M, Dougados M, et al.
European League Against Rheumatism (EULAR) recommendations for the
management of psoriatic arthritis with pharmacological therapies: 2015
update. Ann Rheum Dis. 2016;75:499–510.

12. Gladman DD, Chandran V. Standardizing the monitoring of outcome
measures: imaging in psoriatic arthritis. Int J Clin Rheumatol. 2011;6:77–86.

13. Rahman P, Gladman DD, Cook RJ, Zhou Y, Young G, Salonen D. Radiological
assessment in psoriatic arthritis. Br J Rheumatol. 1998;37:760–5.

14. Wassenberg S, Fischer-Kahle V, Herborn G, Rau R. A method to score
radiographic change in psoriatic arthritis. Z Rheumatol. 2001;60:156–66.

15. Mease PJ, Kivitz AJ, Burch FX, Siegel EL, Cohen SB, Ory P, et al. Etanercept
treatment of psoriatic arthritis: safety, efficacy, and effect on disease
progression. Arthritis Rheum. 2004;50:2264–72.

16. Mease PJ, Kivitz AJ, Burch FX, Siegel EL, Cohen SB, Ory P, et al.
Continued inhibition of radiographic progression in patients with
psoriatic arthritis following 2 years of treatment with etanercept. J
Rheumatol. 2006;33:712–21.

17. Mease PJ, Gladman DD, Ritchlin CT, Ruderman EM, Steinfeld SD, Choy EH,
et al. Adalimumab for the treatment of patients with moderately to severely
active psoriatic arthritis: results of a double-blind, randomized, placebo-
controlled trial. Arthritis Rheum. 2005;52:3279–89.

18. Mease PJ, Ory P, Sharp JT, Ritchlin CT, Van den Bosch F, Wellborne F, et al.
Adalimumab for long-term treatment of psoriatic arthritis: 2-year data from
the Adalimumab Effectiveness in Psoriatic Arthritis Trial (ADEPT). Ann
Rheum Dis. 2009;68:702–9.

19. Kavanaugh A, Antoni CE, Gladman D, Wassenberg S, Zhou B, Beutler A,
et al. The Infliximab Multinational Psoriatic Arthritis Controlled Trial
(IMPACT): results of radiographic analyses after 1 year. Ann Rheum Dis. 2006;
65:1038–43.

20. van der Heijde D, Kavanaugh A, Gladman DD, Antoni C, Krueger GG, Guzzo
C, et al. Infliximab inhibits progression of radiographic damage in patients
with active psoriatic arthritis through one year of treatment: results from
the induction and maintenance psoriatic arthritis clinical trial 2. Arthritis
Rheum. 2007;56:2698–707.

21. Kavanaugh A, van der Heijde D, McInnes IB, Mease P, Krueger GG, Gladman
DD, et al. Golimumab in psoriatic arthritis: one-year clinical efficacy,
radiographic, and safety results from a phase III, randomized, placebo-
controlled trial. Arthritis Rheum. 2012;64:2504–17.

22. Kavanaugh A, Husni ME, Harrison DD, Kim L, Lo KH, Leu JH, Hsia EC. Safety
and efficacy of intravenous golimumab in patients with active psoriatic
arthritis: results through week twenty-four of the GO-VIBRANT study.
Arthritis Rheumatol. 2017;69:2151–61.

23. van der Heijde D, Fleischmann R, Wollenhaupt J, Deodhar A, Kielar D,
Woltering F, et al. Effect of different imputation approaches on the
evaluation of radiographic progression in patients with psoriatic
arthritis: results of the RAPID-PsA 24-week phase III double-blind
randomised placebo-controlled study of certolizumab pegol. Ann
Rheum Dis. 2014;73:233–7.

24. Mease PJ, Fleischmann R, Deodhar AA, Wollenhaupt J, Khraishi M, Kielar D,
et al. Effect of certolizumab pegol on signs and symptoms in patients with
psoriatic arthritis: 24-week results of a phase 3 double-blind randomised
placebo-controlled study (RAPID-PsA). Ann Rheum Dis. 2014;73:48–55.

25. Kavanaugh A, Ritchlin C, Rahman P, Puig L, Gottlieb AB, Li S, et al.
Ustekinumab, an anti-IL-12/23 p40 monoclonal antibody, inhibits
radiographic progression in patients with active psoriatic arthritis: results of
an integrated analysis of radiographic data from the phase 3, multicentre,
randomised, double-blind, placebo-controlled PSUMMIT-1 and PSUMMIT-2
trials. Ann Rheum Dis. 2014;73:1000–6.

26. van der Heijde D, Landewe RB, Mease PJ, McInnes IB, Conaghan PG, Pricop
L, et al. Brief report: secukinumab provides significant and sustained
inhibition of joint structural damage in a phase III study of active psoriatic
arthritis. Arthritis Rheumatol. 2016;68:1914–21.

27. Mease P, van der Heijde D, Landewé R, Mpofu S, Rahman P, Tahir H, et al.
Secukinumab improves active psoriatic arthritis symptoms and inhibits
radiographic progression: primary results from the randomised, double-
blind, phase III FUTURE 5 study. Ann Rheum Dis. 2018;77:890–7.

28. van der Heijde D, Gladman DD, Kishimoto M, Okada M, Rathmann SS,
Moriarty SR, et al. Efficacy and safety of ixekizumab in patients with active
psoriatic arthritis: 52-week results from a phase III study (SPIRIT-P1). J
Rheumatol. 2018;45:367–77.

29. Mease PJ, Gottlieb AB, van der Heijde D, Fitzgerald O, Johnsen A, Nys M,
et al. Efficacy and safety of abatacept, a T-cell modulator, in a randomised,
double-blind, placebo-controlled, phase III study in psoriatic arthritis. Ann
Rheum Dis. 2017;76:1550–8.

30. Mease P, Hall S, Fitzgerald O, van der Heijde D, Merola JF, Avila-Zapata F,
et al. Tofacitinib or adalimumab versus placebo for psoriatic arthritis. N Engl
J Med. 2017;377:1537–50.

31. Mease PJ, Gladman DD, Collier DH, Ritchlin CT, Helliwell PS, Liu L, et al.
Etanercept and methotrexate as monotherapy or in combination for
psoriatic arthritis: primary results from a randomized, controlled phase III
trial. Arthritis Rheumatol. 2019;71:1112–24.

32. Mease PJ, van der Heijde D, Ritchlin CT, Okada M, Cuchacovich RS, Shuler
CL, et al. Ixekizumab, an interleukin-17A specific monoclonal antibody, for
the treatment of biologic-naive patients with active psoriatic arthritis: results
from the 24-week randomised, double-blind, placebo-controlled and active
(adalimumab)-controlled period of the phase III trial SPIRIT-P1. Ann Rheum
Dis. 2017;76:79–87.

33. Tillett W, Jadon D, Shaddick G, Robinson G, Sengupta R, Korendowych E,
et al. Feasibility, reliability, and sensitivity to change of four radiographic
scoring methods in patients with psoriatic arthritis. Arthritis Care Res. 2014;
66:311–7.

34. Mease PJ, McInnes IB, Kirkham B, Kavanaugh A, Rahman P, van der Heijde D,
et al. Secukinumab inhibition of interleukin-17a in patients with psoriatic
arthritis. N Engl J Med. 2015;373:1329–39.

35. Eder L, Chandran V, Gladman DD. Repair of radiographic joint damage
following treatment with etanercept in psoriatic arthritis is demonstrable by
3 radiographic methods. J Rheumatol. 2011;38:1066–70.

36. Mease PJ, Gladman DD, Samad AS, Coates LC, Liu LXH, Aras GA, et al.
Design and rationale of the Study of Etanercept and Methotrexate in
Combination or as Monotherapy in Subjects with Psoriatic Arthritis (SEAM-
PsA). RMD Open. 2018;4(1):e000606.

37. Mease PJ, Landewe RBM, Rahman P, Tahir H, Singhai A, Boettcher E,
et al. Subcutaneous secukinumab 300 mg and 150 mg provides
sustained inhibition of radiographic progression in psoriatic arthritis
over 2 years: results from the phase 3 FUTURE-5 trial. Ann Rheum Dis.
2019;78:A262.

38. Landewé R, van der Heijde D. Radiographic progression in rheumatoid
arthritis. Clin Exp Rheumatol. 2005;23:S63–8.

39. Landewe RB, Connell CA, Bradley JD, Wilkinson B, Gruben D, Strengholt S,
van der Heijde D. Is radiographic progression in modern rheumatoid
arthritis trials still a robust outcome? Experience from tofacitinib clinical
trials. Arthritis Res Ther. 2016;18:212.

40. van der Heijde D, Landewe R. Should radiographic progression still be used
as outcome in RA? Clin Immunol. 2018;186:79–81.

41. Cosentyx (secukinumab) [package insert]. East Hanover, NJ: Novartis
Pharmaceuticals Corporation; June 2018.

42. Gladman DD, Mease PJ, Choy EH, Ritchlin CT, Perdok RJ, Sasso EH. Risk
factors for radiographic progression in psoriatic arthritis: subanalysis of the
randomized controlled trial ADEPT. Arthritis Res Ther. 2010;12:R113.

43. van der Heijde D, Gladman DD, FitzGerald O, Kavanaugh A, Graham D,
Wang C, Fallon L. Radiographic progression according to baseline c-reactive
protein levels and other risk factors in psoriatic arthritis treated with
tofacitinib or adalimumab. J Rheumatol. 2019;46:1089–96.

44. Ibrahim A, Gladman DD, Thavaneswaran A, Eder L, Helliwell P, Cook RJ,
Chandran V. Sensitivity and specificity of radiographic scoring instruments
for detecting change in axial psoriatic arthritis. Arthritis Care Res. 2017;69:
1700–5.

45. Østergaard M, Eder L, Christiansen SN, Kaeley GS. Imaging in the diagnosis
and management of peripheral psoriatic arthritis-The clinical utility of
magnetic resonance imaging and ultrasonography. Best Pract Res Clin
Rheumatol. 2016;30:624–37.

46. Ostergaard M, McQueen F, Wiell C, Bird P, Boyesen P, Ejbjerg B, et al. The
OMERACT psoriatic arthritis magnetic resonance imaging scoring system
(PsAMRIS): definitions of key pathologies, suggested MRI sequences, and
preliminary scoring system for PsA Hands. J Rheumatol. 2009;36:1816–24.



van der Heijde et al. Arthritis Research & Therapy           (2020) 22:18 Page 9 of 9
47. Cimmino MA, Barbieri F, Boesen M, Paparo F, Parodi M, Kubassova O, et al.
Dynamic contrast-enhanced magnetic resonance imaging of articular and
extraarticular synovial structures of the hands in patients with psoriatic
arthritis. J Rheumatol Suppl. 2012;89:44–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


	Abstract
	Background
	Methods
	Assessing structural damage in PsA
	Imaging techniques
	Current radiographic scoring methods for structural damage progression in PsA
	Modified Steinbrocker global scoring method
	Sharp scoring method for PsA
	Sharp-van der Heijde scoring method for PsA
	Psoriatic Arthritis Ratingen score

	Comparison of scoring methods

	Assessment of structural damage progression in clinical research
	Structural damage as an outcome measure in clinical trials
	Limitations and considerations in the analysis of radiographic progression in clinical trials
	Future areas of research

	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

