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Usefulness of the Psoriatic Arthritis Magnetic Resonance Imaging
Scoring System for Hands in Evaluation of Therapeutic Effect of
Biological Agents in Patients with Psoriatic Arthritis
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ABSTRACT

Purpose : To determine the usefulness of the Psoriatic Arthritis (PsA) Magnetic Resonance Im-
aging (MRI) Scoring System for Hands (PsAMRIS-H) when assessing the response of patients with
PsA to biological agents.

Materials and methods : The subjects were 10 Japanese patients with PsA (8 men and 2
women ; mean age, 52.3 years) treated with biological agents. Two radiologists independently read
and scored contrast-enhanced MRI with the PsAMRIS-H before and 1 to 12 months after treatment
and compared these scores with changes in indicators of clinical severity (serum C-reactive protein
level and Psoriasis Area Sensitivity Index). The interreader and intrareader reliability of each PsAM-
RIS-H feature was analyzed by calculating k values.

Results : Serum C-reactive protein levels and Psoriasis Area Sensitivity Index scores decreased
after treatment in all 10 patients. The PsSAMRIS-H total scores decreased in 9 of the 10 patients. Al-
though « values for both intrareader and interreader reliability were low for the feature of bone ero-

sion, the reliability was rated as moderate-to-substantial for the other components.
Conclusion : The PsSAMRIS-H is useful for assessing the efficacy of biological agents in the

treatment of PsA.

(Jikeikai Med J 2017 ; 64 : 37-44)
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INTRODUCTION

Psoriasis is a chronic inflammatory skin disease char-
acterized by thick scales and well-demarcated infiltrated
erythema covering the affected parts of the body. Psoriasis
has a prevalence of approximately 2% in Western countries’
but of only 0.3% in Japan®. However, the prevalence of pso-
riasis has increased in Japan, probably because lifestyles
have been westernized and metabolic syndrome has be-

come more common®. Inflammatory arthritis might be asso-

ciated with psoriasis and, if so, is known as psoriatic arthri-
tis (PsA). The reported incidence of PsA varies. Although
7% to 15% of Japanese persons with psoriasis have PsA‘,
the current consensus is that of persons with psoriasis, PsA
will develop in approximately 30%°. Cases of PsA often oc-
cur in persons with skin symptoms. Studies by dermatolo-
gists have found that skin symptoms precede joint symp-
toms in 84% of cases, appear with them in 13% of cases,
and follow them in 3% of cases®; studies by rheumatolo-

gists have found rates of such relationships to be 60%, 20%,
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and 20%".

With the development of biological agents, PsA has be-
come a treatable disease. Therefore, to rapidly start treat-
ment and prevent further damage to affected joints, to
quickly diagnose symptoms, and to assesses disease activi-
ty in joints have become great interests of research. Al-
though magnetic resonance imaging (MRI) can be used to
detect both inflammatory changes (synovitis, tenosynovitis,
periarticular inflammation, and bone marrow edema) and
structural changes (bone erosion and proliferation), accu-
rately quantifying the treatment effects of biological agents
has become necessary for assessing PsA. In 2004, the Out-
come Measures in Rheumatology Clinical Trials group
started to develop the Psoriatic Arthritis Magnetic Reso-
nance Imaging Scoring System for Hands (PsAMRIS-H)
based on the rheumatoid arthritis MRI scoring system. The
PsAMRIS-H was revised in 2007 and completed in 2009°.

Although the PsAMRIS-H has been found to be useful
by studies in Western countries, few such studies have
been performed in Japan, where the incidence of PsA is
lower. Moreover, a literature search found no studies in Jap-
anese patients with PsA comparing changes in clinical indi-
cators of disease severity, i.e., serum C-reactive protein
(CRP) level and the Psoriasis Area Severity Index (PASI)
score, with changes in the PSAMRIS-H score. Therefore,
the purpose of the present study was to assess the clinical
usefulness of the PSAMRIS-H by comparing changes in
PsAMRIS-H scores with changes in indicators of clinical
severity in response to treatment with biological agents in
Japanese patients with PsA.
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MATERIALS and METHODS

Study design and patient subjects

Japanese patients with PsA who had visited the outpa-
tient clinic of the Department of Dermatology, The Jikei
University Hospital, from 2011 through 2015 were re-
viewed. Patients became subjects of the study if they ful-
filled the Classification Criteria for Psoriatic Arthritis®, had
been treated with biological agents (adalimumab or inflixi-
mab or both), had undergone contrast-enhanced MRI before
and 1 to 12 months after treatment with the biological
agents, and had undergone clinical assessment of serum
CRP levels and PASI scores 1 month before and after con-
trast-enhanced MRI. The inclusion criteria were met by 10
patients (8 men and 2 women ; mean age, 52.3 years old).
The biological agents administered were adalimumab alone
in 3 patients, infliximab alone in 2 patients, and a change
between the 2 agents in 5 patients. Three patients (patients
1, 6, and 7) had been included in our earlier study’. The
protocol of the present study was approved by the ethics

committee of our institution.

MRI examinations

The MRI examinations were performed with a 1.5-T
MR units (Avanto ; Siemens Healthcare, Erlangen, Germa-
ny). To obtain MRI images (Table 1) of the affected hand, a
flexible coil (CP Flex Coil, Siemens Healthcare) was used.
As the contrast medium, gadopentetate dimeglumine
(Omniscan ; GE Healthcare, Little Chalfont, UK) was ad-
ministered at a dose of 0.1 mmol/kg body weight.

Image evaluation
Two musculoskeletal radiologists independently exam-

Table 1. Magnetic resonance images sequences and variables

MRI parameters TR (msec) TE (msec) TI (msec) FA (deg) FOV (mm) Matrix size  Slice (mm) TA (sec)
T1WI coro 400 10 — 150 140 x 140 256 x 320 3 1:5
FS T1WI coro 555 10 — 150 140 x 140 256 x 320 3 2:26
STIR tra 3,000 36 180 160 130 x 130 205 x 256 4 2:17
STIR coro 3,000 36 180 160 140 x 140 205 x 256 3 2:17
STIR sag 3,000 36 180 160 140 x 140 205 x 256 4 2:17
GdFS T1WI tra 570 11 — 150 130 x 130 272 x 320 4 2:08
GdFS T1WI coro 555 10 — 150 140 x 140 256 x 320 3 2:26
GdFS T1WI sag 570 11 — 150 112 x 140 218 x 320 4 1:44

TR : repetition time ; TE : echo time ; TI: inversion time ; FA : flip angle ; FOV: field of view ; TA : acquisition time ; Coro : cor
onal ; tra: trans; sag: sagittal ; FS: fat suppression; STIR : short inversion recovery ; Gd: gadolinium ; WI: weighted image
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ined the anonymized images twice within a 3-month inter-
val and scored using the PSAMRIS-H. Reader 1 was author
S.T.,, with 10 years’ experience in musculoskeletal radiology,
and reader 2 was author A.S., with 3 years’ experience.
Twelve joints — the distal interphalangeal (DIP), proximal
interphalangeal (PIP), and metacarpophalangeal (MCP)
joints of the second to fifth fingers — of the imaged hand
were assessed and given scores for the following PsAM-
RIS-H features : synovitis (0-3), flexor tenosynovitis (0-3),
periarticular inflammation (0 or 1), bone marrow edema (0-
3), bone erosion (0-10), and bone proliferation (0 or 1).

Statistical analysis

Interreader and intrareader reliability was calculated
with Cohen’s weighted « value. The calculations were per-
formed with the statistical analysis software program Stata
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14 (StataCorp, College Station, TX, USA). The prerecorded
weight is W2 in this program, where the weights are given
by 1—{@G—j)/(k—1)}2. Reliability was assessed with the
following scale : almost perfect (k0.81-1.00), substantial
(0.6-0.80), moderate (0.41-0.60), fair (0.21-0.40), slight (0-
0.20), and poor (< 0).

RESULTS

Clinical assessment

Ten patients satisfied the inclusion criteria. They were
8 men and 2 women with a median age of 52.3 years old
(range, 34 to 80 years old). The mean duration of psoriasis
was 9.43 years (range, 6 months to 30 years), and that of
PsA was 3.0 years (range, 1 month to 12 years). After being
treated with biological agents, all patients showed de-

Table 2. Clinical assessments and psoriatic arthritis magnetic resonance imaging scoring system scores for hands in patients with pso-

riatic arthritis

Scores of Psoriatic arthritis magnetic resonance imaging scoring system for

Patient  Biological agent t\lziﬁfe%ft PASI Cpieoicegge hands features —
(mg/dl) Total  Synovitis . Flexor' ] Bone _l’erlartlcu}ar Bor}e
enosynovitis  edema  inflammation  erosion
1 ADA 0 0.3 2.5 10.5 3.5 35 0 2 15
0 12 11 4.5 3 0 2 15
32 0 0 6.5 1.5 0 1 0
2 IFX-ADA 0 2.2 0.74 8.5 2 2 2.5 2 0
30 1.4 0.31 0.5 0 0.5 0 0 0
3 IFX 0 3.5 2.04 9.5 3 2 2 2.5 0
24 0.4 0.04 1 1 0 0 0 0
4 IFX-ADA 0 11.2 2.19 6 2.5 1 0 2 0.5
28 1.2 0.11 1 0 0.5 0 0 0.5
43 1 0.18 0.5 0 0 0 0 0.5
5 IFX-ADA 0 22.7 1.44 32.5 12 10 4 6 0.5
8 15 0.44 20.5 6 8 15 4.5 0.5
32 1.2 0.06 1.5 0 0.5 0.5 0 0.5
6 ADA 0 11 2.5 2.5 1 1 0 0.5 0
8 4 0.9 2 0.5 1 0 0.5 0
24 1.6 0.1 2 0.5 1 0 0.5 0
7 ADA-IFX-ADA 0 10 2.06 24 11 13 0 0 0
40 0 1.88 8 4 4 0 0 0
8 IFX 0 0.2 0.66 8 2 4.5 0.5 0.5 0.5
43 0 0.14 0.5 0 0.5 0 0 0
9 ADA 0 3 0.21 1.5 0 1 0 0.5 0
20 1.2 0.19 0 0 0 0 0 0
10 IFX-ADA 0 0.5 0.21 24.5 4.5 13 3 4 0
32 0 0.04 15 0.5 1 0 0 0

Psoriatic arthritis magnetic resonance imaging scoring system for hands scores are the averages of 2 readers.

0 week is before treatment.

PASI, Psoriasis Area Severity Index ; ADA, adalimumab ; IFX, infliximab
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creased serum CRP levels and PASI scores (Table 2).

Interreader and intrareader reliability

The interreader reliability (Table 3) was poor for bone
erosion, with a low « value, but was generally good (moder-
ate to substantial) for the other features. The intrareader
reliability was also generally good for all features, except
bone erosion (Table 4), and was rated as perfect for synovi-
tis. The « value for bone erosion was low for reader 1.

The interreader reliability (Table 5) was good (substan-
tial to almost perfect) for synovitis in all 3 joints assessed,
and the highest k value was for the DIP joint (0.8196). Al-
though the reliability for flexor tenosynovitis was rated fa-
vorably (substantial) in all 3 joints, the « values were higher
in the PIP and DIP joints than in the MCP joint. The relia-
bility for bone marrow edema was poor in the MCP joint
but was rated favorably (substantial) in the PIP and DIP
joints. However, the reliability for bone erosion was low
(slight to poor). Although the reliability for periarticular in-
flammation was rated as fair to moderate, the x values in
the PIP and DIP joints were higher than in the MCP joint.

Table 3. Interreader reliability of the Psoriatic Arthritis Mag-
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PsAMRIS-H scores

After being treated with a biological agent, all patients
showed decreased PsAMRIS-H total scores, serum CRP
levels, and PASI scores (Table 1, Fig. 2). When these varia-
bles were plotted on line graphs, their fluctuations followed
a similar pattern, whereby numeric values had decreased
steeply by the first posttreatment assessment, with a lesser
decrease seen at the second assessment (Fig. 1). However,
in patient 1, a decrease to 0 was not observed for the
PsAMRIS-H total score but was observed for both the PASI
score and the serum CRP level. In patient 6, the PsSAMRIS-
H total score decreased more slowly than did the PASI
score and the serum CRP level, revealing that MRI findings
improved more slowly than did clinical findings.

When the PsSAMRIS-H scores were analyzed in detail
according to each variable, they were decreased in all pa-
tients with synovitis (except for patient 1). The scores for
flexor tenosynovitis and bone marrow edema decreased af-
ter treatment in all patients. The score for periarticular in-
flammation decreased after treatment in all patients, except
for a patient (patient 6) in whom it remained unchanged.

Table 4. Intrareader reliability of the Psoriatic Arthritis
Magnetic Resonance Imaging Scoring System for

netic Resonance Imaging Scoring System for Hands Hands
Weighted kappa Weighted kappa
Features Features
Reader 1 Reader 2 Reader 1 Reader 2

Synovitis 0.7446 0.777 Synovitis 0.8008 0.8086
Flexor tenosynovitis 0.7027 0.6979 Flexor tenosynovitis 0.659 0.7957
Bone marrow edema 0.4895 0.7935 Bone marrow edema 0.5947 0.7411
Bone erosion —0.0141 —0.0108 Bone erosion 0.3898 1

Periarticular inflammation (volar) 0.6692 0.3933 Periarticular inflammation (volar) 0.4781 0.5977
Periarticular inflammation (dorsal) 0.5524 0.4562 Periarticular inflammation (dorsal) 0.5853 0.4828

Weighted kappa was calculated from the scores of 2 readers.
Kappa in interpreted as follows : almost perfect : 0.81-1.00 ;
substantial : 0.61-0.80 ; moderate : 0.41-0.60 ; fair: 0.21-
0.40 ; slight: 0-0.20 ; poor: <0

Weighted kappa was calculated from the scores of 2 readers.
Kappa in interpreted as follows : almost perfect : 0.81-1.00 ;
substantial : 0.61-0.80 ; moderate : 0.41-0.60 ; fair: 0.21-
0.40 ; slight: 0-0.20 ; poor: <0

Table 5. Interobserver reliability for each joint

Periarticular Periarticular
Joint Synovitis ~ Tenosynovitis Bone edema Bone erosion inflammation inflammation
(volar) (dorsal)
Metacarpophalangeal 0.7427 0.64145 —0.01065 0 0.51585 0.31955
Proximal interphalangeal 0.74165 0.7358 0.6921 —0.00975 0.51505 0.61655
Distal interphalangeal 0.8196 0.734 0.6201 NA 0.5381 0.6076

Weighted kappa was calculated from the scores of 2 readers. Kappa in interpreted as follows : almost perfect: 0.81-
1.00 ; substantial : 0.61-0.80 ; moderate : 0.41-0.60 ; fair : 0.21-0.40 ; slight: 0-0.20; poor: < 0
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Fig. 1. Serum C-reactive protein (CRP) levels, Psoriasis Area Sensitivity Index (PASI) scores, and Psoriatic Arthritis Magnetic
Resonance Imaging Scoring System for Hands (PsAMRIS-H) total scores both before treatment (Pre) and after 1 month
of treatment (Post 1) and 12 months of treatment (Post 2) were plotted on line graphs. For each variable, the 10 gray lines
represent individual patients, and the black line is the average score of the 10 patients.

(B)

(D)

Fig. 2. A 37-year-old Japanese man (patient 2) with pain and swelling of the right fourth finger. The biological agent was first inf-
liximab and was then changed to adalimumab.
Contrast-enhanced T1-weighted images with fat suppression left, axial right, and sagittal. (A) (B) Before treatment.
There is moderate enhancement around the proximal interphalangeal (PIP) joint (synovitis ; score = 2). There is a slight
enhancement along the tendon sheath at the PIP joint (tenosynovitis ; score = 1). There is a high signal in the proximal
phalanx (bone marrow edema ; score = 3). (C)(D) Six months after treatment. There was little enhancement around the
PIP joint (synovitis ; score = 1). The slight enhancement along the tendon sheath at the PIP joint had disappeared
(tenosynovitis : score = 0). The high signal in the proximal phalanx is disappeared (bone marrow edema ; score = 0).
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Bone erosion was detected in 4 patients, 2 of whom showed
no change in scores after treatment (the posttreatment im-
age could not be assessed in patient 1 because of distor-
tion). Bone proliferation was not observed in any patient.

DISCUSSION

In the present study, Japanese patients with PsA who
had been treated with biological agents showed improved
PsAMRIS-H scores that corresponded with improved PASI
scores and serum CRP levels, which reflect clinical severi-
ty. However, PSAMRIS-H scores did not decrease to 0 in a
patient (patient 1) in whom the PASI score and serum CRP
level did decrease to 0. The PsAMRIS-H scores did not
reach 0 for synovitis, flexor tenosynovitis, or periarticular
inflammation. Our recent study evaluated, by means of the
PsAMRIS-H, the effects of adalimumab in 5 Japanese pa-
tients with PsA and found that MRI findings for synovitis
and flexor tenosynovitis improved more slowly than did
those for bone marrow edema'’. A study that had used MRI
to assess the effects of adalimumab in 15 patients with PsA
suggested that the findings for bone marrow edema were a
suitable biomarker of treatment because improvement in
MRI findings for bone marrow edema was earlier than that
for synovitis. However, residual inflammatory activity might
be present even in patients with clinical remission of PsA.
An additional study indicated that inflammatory changes of
synovitis, flexor tenosynovitis, and periarticular inflamma-
tion were improved by treatment with biological agents but
persisted on MRI images'?.

A similar discrepancy between clinical findings and
MRI findings in response to treatment has been reported in
patients with rheumatoid arthritis. One study has found that
MRI performed 1 year after clinical remission showed syn-
ovitis in 94.6% of patients, bone marrow edema in 58.6%,
and flexor tenosynovitis in 58.9% and suggest that evidence
of active inflammation persists on MRI images in such pa-
tients™. In a study of 14 patients with rheumatoid arthritis
in clinical remission who had undergone surgical synovec-
tomy, histopathologic examination of the specimens of re-
sected synovial membrane revealed severe inflammation in
4 patients, moderate inflammation in 6 patients, mild in-
flammation in 3 patients, and minimal inflammation in 2 pa-
tients. However, MRI revealed synovitis and bone marrow
edema in 86% of these patients. This study suggested that
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both histopathologic and imaging findings indicate residual
active inflammation even after clinical remission™. A simi-
lar study of asymptomatic patients with rheumatoid arthri-
tis in clinical remission found that MRI revealed synovitis
in 96% and bone marrow edema in 46%*". In resected syno-
vial membrane specimens obtained from patients in clinical
remission, MRI and ultrasonography revealed hyperplasia
accompanied by invasion of inflammatory cells, proliferation
of interstitial cells, and angiogenesis associated with abnor-
mal signals. Persistent active synovitis is believed to cause
joint destruction'*®. Thus, treatment with biological agents
should be continued even after clinical remission is achieved'®.
In the present study, inflammatory findings of synovitis,
flexor tenosynovitis, and periarticular inflammation persist-
ed in 2 patients (patients 1 and 6). Because persistent in-
flammation might result in joint destruction, we believe that
treatment and regular imaging assessment, including scor-
ing, should be continued.

The area targeted by the PsSAMRIS-H is limited to the
DIP, PIP, and MCP joints of the second through fifth fingers
of the hand ; therefore, the PSAMRIS-H scores might be
dissociated from other variables, such as PASI scores and
serum CRP levels, used to assess clinical severity. How
joints outside the target area should be evaluated for the
PsAMRIS-H is unclear. The usefulness of the PsAMRIS-H
is attributed to its ability to evaluate joints other than those
of the hands and feet, and research is underway to adjust
the scoring system for use at other joints’.

Previous studies indicate that the interreader and in-
trareader reliability of the PSAMRIS-H is good'® and sug-
gest that the scoring system is useful for quantifying the ef-
fects of treatment for PsA. However, low reliability has
been reported for periarticular inflammation in the PIP joint
and, particularly, in the DIP joint***. In the present study,
the interreader reliability for periarticular (volar) inflamma-
tion was also poor at the second assessment (k value of
0.3933). Low reliability for bone changes (bone erosion,
bone proliferation), as found in the present study, has also
been found in earlier studies'®". These studies have indi-
cated that typical findings of periarticular inflammation and
bone proliferation in PsA are not sufficiently recognized'®*
and that the small size of the PIP joint and, particularly, the
DIP joint makes their cross-sectional images difficult to
read and score®. A cross-sectional study of the PSAMRIS-
H performed at 2 institutions found that reliability for peri-



December, 2017

articular inflammation after a second trial exercise was as
low as that after a first trial exercise? ; however, reliability
was markedly improved after a third trial exercise'’. This
improvement has been attributed to the images being read
to assess the PSAMRIS-H features in the same sequence
and the readers being trained to improve their reading
skills®. Thus, to improve interreader reliability, readers
should be trained to perform scoring and to share a com-
mon knowledge of PSAMRIS-H features.

Furthermore, MRI of the DIP and PIP joints, which are
common sites for PsA, is susceptible to artifacts because of
the large areas exposed to air, and the low spatial resolution
of MRI makes peripheral small joints difficult to assess. A
study assessing PsAMRIS-H scores in 40 patients with PsA
before treatment and after 6 months of treatment attributed
their low posttreatment responses at the DIP joint to the
difficulty in scoring because of the low image quality for
small joints, indicating that higher resolution is necessary
to improve the accuracy of scoring for the small joints of the
hands and feet'®. At our hospital, we perform 3-mm-slice
imaging with a 1.5-T MR unit. However, imaging with a
3-T MR unit is suitable because as the static magnetic field
strength increases, the signal-to-noise ratio increases by
approximately 50%, while the longitudinal relaxation time
(T1) is prolonged. Because of the prolonged T1 time, con-
trast enhancement is improved when a contrast medium
that shortens the T1 time (such as gadolinium) is used.

Moreover, use of 3-dimensional volumetric interpolat-
ed breath-hold examination (3D VIBE) improves resolution,
and 3D imaging provides genuine 3D cross sections, which
can be expected to further improve the reliability of scor-
ing. When we reviewed the literature, a study using 3D
VIBE with a 1.5-T MR unit to assess bone changes in 28
patients with PsA showed that the reliability of scoring for
bone erosion and bone marrow edema was high, with intra-
class correlation coefficients of 0.80 and 0.77, respectively™.
In a study performing coronal 3D VIBE with a 1.5-T or 3-T
MR unit to investigate the morbidity of interosseous tendon
tenosynovitis of the hand in 24 patients with rheumatoid ar-
thritis, interreader agreement was good, with a k value of
0.91 for interosseous tendon tenosynovitis, 0.84 for synovi-
tis of the MCP joint, and 0.84 for flexor tendon tenosynovi-
tis*. In a study of 3D VIBE with a 1.5-T whole-body MRI
unit performed in 30 patients with PsA to determine wheth-
er whole-body MRI is useful and can provide additional in-
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formation for determining of treatment strategies, 2 experi-
enced radiologists rated the quality of images of the
peripheral joints in the hands and feet as good in 16 patients
(53%).

The present study had several limitations. First, be-
cause this study was retrospective, the collection of pa-
tients might have been selectively biased. However, we be-
lieve that we were able to avoid any substantial bias by
setting the inclusion criteria before starting this retrospec-
tive study. A second limitation was that the statistical relia-
bility of this study was low because few patients were in-
cluded. The incidence of psoriasis is so low in Japan that
few eligible patients were included as subjects. A multi-
center study would be needed to resolve this problem. A
third limitation of the present study was that the interval
between treatment and MRI examination was relatively
long. Three patients (patients 1, 5, and 6) were assessed 8
weeks after being treated, and both PASI scores and serum
CRP levels were markedly improved at that time in all pa-
tients. Biological agents are expected to quickly exert their
effects. Therefore, if the patients had been examined imme-
diately or less than 8 weeks after being treated, early
changes might have been more accurately assessed. How-
ever, our study confirmed that the PSAMRIS-H is useful for
examining Japanese patients with PsA treated with biologi-
cal agents.

CONCLUSIONS

The present study found that Japanese patients with
PsA treated with biological agents showed corresponding
decreases in PsSAMRIS-H total scores and indicators of clin-
ical severity. Therefore, PsSAMRIS-H is useful for assessing
the efficacy of these agents for the treatment of PsA.
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