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Agreement Between Physician Evaluation and the
Composite Response Index in Diffuse Cutaneous
Systemic Sclerosis

Boyang Zheng,1 Mianbo Wang,2 Kerry McKenna,2 Lee Shapiro,3 Richard Silver,4 Mary Ellen Csuka,5

Frank van den Hoogen,6 David Robinson,7 John D. Pauling,8 Laura Hummers,9 Thomas Krieg,10

Francesco Del Galdo,11 Robert Spiera,12 Niall Jones,13 Nader Khalidi,14 Alessandra Vacca,15

Jeska K. de Vries-Bouwstra,16 Jessica Gordon,12 and Murray Baron,1 for the Canadian Scleroderma
Research Group

Objective. Diffuse cutaneous systemic sclerosis (SSc) is a highly heterogeneous disease. A provisionally approved
Composite Response Index in diffuse cutaneous SSc (CRISS) was developed as a 1-year outcome measure for clinical
trials. Our goal was to further validate the CRISS by examining agreement between CRISS definitions for improved/
non-improved with physicians’ evaluation of disease.

Methods. Patient profiles from a large observational cohort were created for 50 random diffuse cutaneous SSc
patients of <5 years disease duration with improved CRISS scores after 1 year and 50 with non-improved CRISS
scores. Profiles described disease features used during the initial CRISS development at baseline and at 1 year. Each
profile was independently rated by 3 expert physicians. Majority opinion determined whether a patient was improved or
not improved, and kappa agreement with the CRISS cutoff of 0.6 was calculated.

Results. Patients had mean ± SD disease duration of 2.2 ± 1.3 years. There was substantial agreement between
the physician majority opinion about each case and the CRISS (κ = 0.76 [95% confidence interval (95% CI) 0.64–
0.88]). The agreement between each individual physician opinion and the CRISS was also substantial (κ = 0.70 [95%
CI 0.62–0.78]). All CRISS non-improvers were also rated as non-improved by physician majority; however, 12 CRISS
improvers were rated as non-improved by physicians.

Conclusion. There was substantial agreement between the dichotomous CRISS rating and physician assessment
of diffuse cutaneous SSc patients after 1 year. This supports the use of a CRISS cutoff at 0.6 for improvement versus
non-improvement, although the CRISS tended to rate more patients as improved than did physicians.

INTRODUCTION

Systemic sclerosis (SSc) is an autoimmune fibrosing disorder

affecting the skin and internal organs. In the diffuse cutaneous

subtype, the hallmark is widespread skin thickening that extends

beyond the elbows and/or knees. This subtype is associated with

a worse prognosis (1) and increased organ involvement including

the lungs, skin, heart, gastrointestinal tract, and kidneys. These
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manifestations are heterogeneous and range in severity, as each

organ might be affected differently (2–4).
The multifaceted aspects of the disease and the lack of ade-

quate disease measures are particularly problematic in diffuse cuta-
neous SSc clinical trials. In the absence of a validated global
response measure, outcomes have often been evaluated on an
organ-by-organ basis, with the extent of skin involvement historically
emerging as the preferred end point for previous clinical trials of dif-
fuse cutaneous SSc. While skin involvement is weakly correlated
with other disease features (5,6), changes in 1 organ system are
often insufficient to accurately represent the overall disease state (7).

To address this, the American College of Rheumatology (ACR)
has approved a provisional Composite Response Index in diffuse
cutaneous SSc (CRISS) (8) with the goal of improving outcome
assessment in clinical trials. The CRISS assesses the likelihood of
improvement after 1 year, with a cutoff score of ≥0.6 considered
as the most sensitive and specific for improved disease and <0.6
for not improved (8). This measure assesses the changes over
1 year in 5 measures: skin involvement based on the modified
Rodnan skin thickness score (MRSS), lung involvement based on
the forced vital capacity (FVC), patient and physician global assess-
ments of disease activity, and function based on the Health
Assessment Questionnaire disability index (HAQ DI). While the use
of the CRISS has been adopted in several recent or ongoing clinical
trials (9–14), it lacks extensive external validation.

Our main goal was to assess the validity of the CRISS in an
observational cohort by examining the agreement between the
CRISS score and physicians’ opinions of disease evolution in
real-life diffuse cutaneous SSc patients. We hypothesized that
there would be good agreement between the CRISS and physi-
cian assessments to identify an improvement in diffuse cutaneous

SSc patients after 1 year. Because physician opinions were uti-
lized as the gold standard to develop the CRISS, we also aimed
to determine the sensitivity and specificity of the CRISS for
physician-assessed improvement.

PATIENTS AND METHODS

Study population. The Canadian Scleroderma Research
Group (CSRG) registry follows patients from 15 centers in
Canada and Mexico with a confirmed diagnosis of SSc made by
an experienced rheumatologist. Registry patients must be
≥18 years of age, provide informed consent, and be fluent in
English, French, or Spanish. One hundred CSRG patients with
diffuse cutaneous SSc, defined by skin thickening proximal to
the elbows or knees and/or trunk at any time, enrolled between
January 2005 and July 2017 were selected. Patients must have
<5 years disease duration from the first non–Raynaud’s phenom-
enon symptom and have at least 2 consecutive yearly follow-up
visits with all required CRISS features available. Fifty patients were
randomly selected among those with a CRISS score of ≥0.6, and
a remaining 50 patients were randomly selected from among
those with a CRISS score of <0.6 to develop 100 patient profiles.
Ethics committee approval for this study was obtained at the Jew-
ish General Hospital, Montreal, Canada and at all participating
CSRG study sites. See Appendix A for additional members of
the Canadian Scleroderma Research Group and their locations.

CRISS calculation. The CRISS score was calculated based
on 2 steps (8). Step 1 identified patients with significant worsening
or new end-organ damage and automatically assigned them a
score of 0. The criteria for significant worsening or end-organ
damage are as follows: new-onset scleroderma renal crisis; new
left-sided heart failure with left ventricular ejection fraction of
≤45% on transthoracic echocardiogram requiring treatment;
new pulmonary arterial hypertension (confirmed on right-sided
heart catheterization) requiring treatment; ≥15% decline in per-
cent of predicted FVC (FVC%) or FVC% <80% predicted in the
presence of new interstitial lung disease on lung computed
tomography scan. Step 2 of the CRISS estimates a likelihood of
improvement after 1 year using the CRISS equation. This uses a
complex probability equation derived from the logistic regression
model that takes into account the change over 1 year in the fol-
lowing: MRSS, FVC%, patient and physician global assessment
of disease severity, and HAQ DI (8). Scores range from 0–1. The
CRISS score obtained from this equation was used as a
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SIGNIFICANCE & INNOVATIONS
• Agreement between the Combined Response Index

in diffuse cutaneous Systemic Sclerosis (CRISS) and
an independent panel of expert physicians was sub-
stantial in a large diffuse cutaneous systemic sclero-
sis (SSc) cohort.

• CRISS specificity for improvement compared to
physician opinion was lower than the original deri-
vation cohort, and the CRISS was more useful to
identify non-improved subjects.

• Our findings support the validity of a dichotomous
CRISS rating to assess disease changes at 1 year in
diffuse cutaneous SSc.

PHYSICIAN EVALUATION AND THE CRISS 1807
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dichotomous variable of improved (score ≥0.6) or not improved
(score <0.6).

Patient profiles. Patient profiles were developed based
on the 15 core disease features used in the initial development
of the CRISS score and were recorded at the first (baseline) and
second (1 year) visit. These included patient-rated components
from the Scleroderma HAQ (SHAQ) as well as patient and physi-
cian global assessment scores. These were rated 0–10
(no disease to very severe disease) on numerical rating scales.
Individual SHAQ questions asked patients to “rate in the past
week: how much have your ‘breathing problems,’ ‘intestinal
problems,’ ‘Raynaud’s,’ ‘finger ulcer(s)’ interfered with your daily
activities.” The pain question asked “in the past week, howmuch
pain have you had because of your illness?” The patient global
assessment question asked “in the past week, how was your
overall health?” The physician global severity question asked
“How would you rate the patient’s overall health for the past
week?” Function was assessed using the HAQ DI, which is
scored from 0 (no disability) to 3 (severe disability). Fatigue was
assessed using the Short Form 36 (SF-36) health survey vitality
scale, and overall health-related quality of life using the SF-36
physical component score. Skin involvement was assessed
using the MRSS, which ranges from 0 (no involvement) to
3 (severe thickening) in 17 areas (score range 0–51). Tendon fric-
tion rubs and history of renal crisis were recorded as present or
absent. The number of digital ulcers was noted at each visit.

FVC% was extracted from pulmonary function tests. Body mass
index was obtained from patient measurements. Age and dis-
ease duration at baseline were provided.

Fifteen experienced scleroderma physicians assessed the
patient profiles. Each physician self-reported their clinical experi-
ence and practice setting. No additional contextual information
regarding the cases was provided. Profiles were assigned in such
a way that each patient was assessed by 3 randomly assigned
physicians. Based on the changes over 1 year, physicians then
rated each profile as “improved,” “stable,” “worsened,” or
“unable to tell.” Ratings of “stable,” “worsened,” and “unable to
tell” were considered as physician-rated “not improved” in the
primary analyses. A physician majority rating of “improved” or
“not improved” was reached if at least 2 of 3 physicians rated
the case in the same way. In sensitivity analyses to examine the
impact of the “unable to tell” rating, only “stable” and “worsened”
were considered as “not improved” for physician consensus,
while physician ratings of “unable to tell” were considered as
missing values. Physicians also answered a survey on the number
of years in practice, their type of practice (academic hospital,
community hospital, outpatient clinic), and the average number
of SSc patients they manage per year.

Statistical analysis. Descriptive statistics were used to
summarize baseline demographic and clinical characteristics.
Cohen’s kappa was calculated to assess the level of agreement
between the majority physician opinion of patient profiles and

Table 1. Baseline characteristics of study patients*

CRISS improver CRISS non-improver All patients
(n = 50) (n = 50) (n = 100)

Disease features at baseline
Age, mean ± SD years 52.4 ± 11.1 51.1 ± 13.4 51.8 ± 12.3
Disease duration, mean ± SD years 2.3 ± 1.3 2.1 ± 1.4 2.2 ± 1.3
Female 35 (70) 40 (80) 75 (75)
Immunosuppression† 23 (46) 21 (42) 44 (44)
Interstitial lung disease 18 (36) 21 (42.9) 39 (39.4)
Pulmonary hypertension 4 (8.2) 2 (4.3) 6 (6.3)
Inflammatory myositis 11 (22) 7 (14) 18 (18)
Inflammatory arthritis 12 (24.5) 12 (25.5) 24 (25)
Digital ulcers 27 (54) 21 (42) 48 (48)
Prior renal crisis 6 (12) 0 6 (6)
Autoantibodies
Anticentromere 6 (13.6) 8 (18.2) 14 (15.9)
Anti–topoisomerase I 7 (15.9) 13 (29.6) 20 (22.7)
Anti–RNA polymerase III 19 (43.2) 13 (29.6) 32 (36.4)

CRISS variables, mean ± SD
MRSS 23.0 ± 9.1 18.1 ± 8.9 20.6 ± 9.3
FVC% 89.1 ± 17.9 90.2 ± 16.3 89.6 ± 17.0
HAQ 1.2 ± 0.7 0.9 ± 0.7 1.1 ± 0.7
Patient global assessment 4.9 ± 2.5 3.4 ± 2.6 4.2 ± 2.6
Physician global assessment 4.7 ± 2.6 4.2 ± 2.1 4.4 ± 2.4

* Values are the number (%) unless indicated otherwise. CRISS = Combined Response Index in diffuse cutaneous
Systemic Sclerosis; FVC% = percent of predicted forced vital capacity; HAQ = Health Assessment Questionnaire;
MRSS = modified Rodnan skin thickness score.
† Immunosuppression includes the use of methotrexate, mycophenolate, azathioprine, or cyclophosphamide at
the baseline visit.

ZHENG ET AL1808

 21514658, 2022, 11, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/acr.24638 by U

niversity O
f L

eiden, W
iley O

nline L
ibrary on [23/02/2023]. See the T

erm
s and C

onditions (https://onlinelibrary.w
iley.com

/term
s-and-conditions) on W

iley O
nline L

ibrary for rules of use; O
A

 articles are governed by the applicable C
reative C

om
m

ons L
icense



the CRISS score. Any patient for whom a majority opinion could
not be reached because of a missing physician response was
excluded. To assess the effect of “unable to tell” ratings, kappa
was also calculated by considering physician “unable to tell” rat-
ings as missing values. Kappa values between 0.41 and 0.60
were considered as moderate agreement, 0.61–0.80 as substan-
tial, and 0.81–1 as excellent, almost perfect agreement (15). Sen-
sitivity, specificity, positive predictive value, and negative
predictive value of the CRISS for physician majority opinion were
subsequently determined.

RESULTS

Baseline characteristics of the 100 randomly selected diffuse
cutaneous SSc patients are shown in Table 1. All patients fulfilled
the ACR/European Alliance of Associations for Rheumatology
2013 classification criteria, and the mean ± SD disease duration
was 2.2 ± 1.3 years. CRISS improvers more frequently had a his-
tory of pulmonary hypertension, inflammatory myositis, renal cri-
ses, and the presence of anti–RNA polymerase III autoantibodies
at baseline (Table 1). The distribution of CRISS scores in the
cohort favored the extreme CRISS values near 0 or 1. Of the
50 CRISS non-improvers, 44 (88%) had a CRISS score of <0.1.

Of the 50 CRISS improvers, 38 (76%) had a CRISS score of
≥0.9 (Figure 1).

The 15 physician raters represent a multinational group of
experts from the US, Canada, Europe, and UK. The majority
(86.7%) have >15 years of practice in an academic institution
and manage >50 SSc patients every year.

A total of 300 surveys were sent out because each patient
profile was rated by 3 different physicians. The distribution of indi-
vidual physician opinions is shown in Table 2. The kappa agree-
ment between the CRISS and each individual physician
response was substantial (κ = 0.70 [95% confidence interval
(95% CI) 0.62–0.78]). The kappa agreement between the CRISS
and physician majority opinion was also substantial (κ = 0.76
[95% CI 0.64–0.88]). We were able to obtain a majority physician
opinion for all 100 patient profiles, despite 3 missing responses,
because at least 2 of 3 physicians rated the case the same way
(as either improved or non-improved). Based on physician major-
ity opinion, all CRISS non-improvers were also rated as non-
improved. There were disagreements concerning 12 CRISS
improvers (24% of all CRISS improvers) who were considered
non-improved by physician majority opinion (Table 3). Of these
12 cases, 8 were considered stable by the majority of raters,
and the 4 remaining patients had split physician opinion. Only a
single worsened rating was present in 2 of the cases with split
physician opinions (see Supplementary Table 1, available on the
Arthritis Care & Research website at http://onlinelibrary.wiley.
com/doi/10.1002/acr.24638).

The sensitivity of the CRISS cutoff when compared to physi-
cian majority opinion as the gold standard was 1.00 (95% CI
0.91–1.00), and the specificity was 0.81 (95% CI 0.69–0.90).
The positive predictive value of the CRISS for improved disease
was 0.76 (95% CI 0.62–0.87), and the negative predictive value
was 1.00 (95% CI 0.93–1.00). The majority (82%) of patients
rated as improved by physician majority opinion had CRISS
scores of ≥0.9, and the majority (76%) of patients with non-
improved physician majority opinion had CRISS scores of ≤0.1.

We also assessed the effect of the “unable to tell” responses.
Twenty-one patient profiles were rated by at least 1 physician as
“unable to tell” regarding how the disease changed after 1 year.
When these ratings were considered as missing, we required
both remaining physicians to agree on improved or not improved
for those cases. There were 7 profiles for which consensus now

Figure 1. Distribution of Combined Response Index in diffuse cuta-
neous Systemic Sclerosis (CRISS) scores in the entire cohort of
100 patients with diffuse cutaneous systemic sclerosis.

Table 2. Individual physician opinions of 300 patient profiles and agreement with Combined Response Index in diffuse cutaneous Systemic
Sclerosis (CRISS) score*

Improved Stable† Worsened† Unable to tell† Missing response‡ Total

CRISS improver (CRISS score ≥ 0.6) 105 31 2 10 2 150
CRISS non-improver (CRISS score < 0.6) 2 58 75 14 1 150
Total 107 89 77 24 3 300

* Values are the number. Agreement between CRISS score and all physician responses before consensus κ = 0.70 (95% confidence interval
0.62–0.78).
† A physician’s responses of stable, worsened, or unable to tell were all considered as non-improved.
‡ Missing responses were excluded from this kappa calculation.

PHYSICIAN EVALUATION AND THE CRISS 1809
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became impossible. After excluding these profiles from the kappa
calculation, the agreement was stronger (κ = 0.81 [95% CI
0.69–0.92]).

DISCUSSION

This is the first study to validate the CRISS in a longitudinal
observational cohort. We found a substantial agreement between
the dichotomous CRISS rating and physician opinion of clinical
changes after 1 year in early diffuse cutaneous SSc patients. This
strong agreement was found when we assessed individual physi-
cian opinions, majority physician opinions, and when “unable to
tell” physician opinions were removed. This provides an external
validation of the CRISS score in a manner comparable to what
was used in the determination of the CRISS cutoff but with a sep-
arate set of physicians assuming the role of evaluators.

This study could be considered as a form of criterion validity,
i.e., comparison with a gold standard, as one can hypothesize
that any valid assessment of outcome should agree with physi-
cian assessment, which in essence is the only gold standard
available. This was the underpinning of the CRISS score develop-
ment, where a cutoff of ≥0.6 had the highest sensitivity and spec-
ificity for improvement based on physician opinion. As physician
majority opinion was considered the gold standard in our study,
we found that this CRISS cutoff for improvement was extremely
sensitive and excluded all physician-assessed non-improvers.
The specificity of the CRISS was lower in our study than in the
original derivation cohort (81% versus 93%). Physicians were less
likely than the CRISS to rate a patient as improved, and 24% of
patients with a CRISS score of ≥0.6 were considered not
improved according to expert opinion. It is difficult to know what
impact this degree of error would have in clinical trials, but this
finding might influence clinical trial sample sizes in order to
increase the precision of the results.

All disagreement stemmed from cases in which the CRISS
indicated improvement but physicians felt that these patients
were either stable or had split opinions between improved and
unable to tell/stable categories. The basis for this disagreement
is difficult to assess and may have been related to changes in fea-
tures in the patient profiles that were not captured by the CRISS.
Finally the different weighting that individual physicians apply to
different disease variables is a complex issue highlighted by vari-
ous working groups on SSc outcome measures (16,17).

Additional validation of the CRISS against other SSc measures
and organ-specific outcomes will be useful, particularly to inform
on construct validity as well as content validity.

Several drug trials examining the CRISS score as a second-
ary outcome have analyzed the results as a continuous variable.
Differences were seen in the median CRISS scores between
treatment and placebo arms of clinical trials for abatacept (18),
tocilizumab (19), lenabasum (20), and belimumab (21) in diffuse
cutaneous SSc. While these results support the discriminatory
capacity of the CRISS, our study was not designed to assess
the validity of the CRISS as a continuous variable. Because our
cohort tended to have either very low or very high CRISS scores,
we were unable to perform exploratory analyses to examine
agreement outcomes at different CRISS cutoff levels. We were
also unable to assess what would constitute a clinically meaning-
ful change in the CRISS score.

Our study is not without some limitations. One is that our
physician majority opinion does not represent a true consensus
across each set of raters. During the original CRISS development
process, a higher majority (≥75% of raters and/or steering com-
mittee members) was required to reach consensus, and profiles
that could not reach consensus were not included as part of the
development process (22). However, in our study, the kappa
agreement between the CRISS and individual physician assess-
ment was only slightly lower than the agreement with physician
majority opinion, and both kappa values remained substantial.
The response by physicians to rate profiles as “unable to tell”
was regarded conservatively to represent non-improvement,
erring on the side of caution. However, if these were regarded as
non-responses and the resulting non-consensus profiles
excluded, as during the original CRISS development, then the
kappa agreement was even stronger. Thus, we found that at
worst the κ agreement was 0.70 (95% CI 0.62–0.78) and at best
0.81 (95% CI 0.69–0.92).

The extreme bimodal distribution of CRISS values could have
facilitated agreement between physician opinions with the CRISS.
Agreement may have been lower if patient CRISS scores were
closer to the 0.6 cutoff. This bimodal distribution was found in
the original CRISS development cohort (22), and the reasons for
this have not been investigated. While patients who developed
severe organ involvement with an automatic CRISS score of
0 account for some of the very low scores, the clustering of very
high scores is difficult to explain.

Table 3. Physician majority opinions of 100 patient profiles and agreement with Com-
bined Response Index in diffuse cutaneous Systemic Sclerosis (CRISS) score*

Improved Non-improved Total

CRISS improver (CRISS score ≥ 0.6) 38 12 50
CRISS non-improver (CRISS score < 0.6) 0 50 50
Total 38 62 100

* Values are the number. Agreement between CRISS score and physicianmajority opin-
ion κ = 0.76 (95% confidence interval 0.64–0.88).
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Although the CRISS was designed for use in clinical trials, it
was created using observational patient cohorts, and there is no
compelling reason to suspect that these conclusions should differ
in patients with matching inclusion criteria. However, expanded
use in everyday clinical practice may be limited by bias introduced
from unblinded observations and the difficulty in rapidly calculat-
ing the score at the bedside. Furthermore, the validity of the mea-
sure beyond the intended SSc population remains unclear, and
the clinical meaningfulness of the score in prognosis and mortality
requires further elucidation.

Further, although physicians were blinded to the actual
CRISS score, the component features of the CRISS are included
in the patient profiles. Seeing the change in these variables may
allow raters to estimate a CRISS value; however, exact calcula-
tions would be extremely difficult. We did not change the way
patient profiles were established in order to maintain consistency
with the original CRISS development study. Patient profiles
included all SSc domains with the exception of cardiac involve-
ment and pulmonary hypertension (23). While the presence of
existing pulmonary hypertension was tabulated at baseline, it
was not part of the patient profiles. Any new or worsening heart
failure and/or pulmonary hypertension would have automatically
been rated by the CRISS algorithm as non-improved. However,
given that all CRISS non-improvers were also rated as non-
improved by physicians, the absence of these 2 items is unlikely
to have made an impact on our results.

A final point is that the number of diffuse cutaneous SSc
patients with anticentromere antibody (ACA) (16%) is slightly
higher in our study than those reported in other cohorts, varying
between 6% and 12% (24–26). While this may be a concern for
disease misclassification, our study sample is consistent with the
overall pattern of diffuse cutaneous SSc previously reported in
the CSRG (27). All patients were assessed by expert rheumatolo-
gists at baseline and had skin thickening extending proximally to
either elbows or knees to be classified as diffuse cutaneous
SSc. Furthermore, ACA presence should not have biased the
agreement between physician opinion and the CRISS, given that
autoantibody status is not disclosed to physicians nor accounted
for by the CRISS.

Strengths of this study include the large number of cases
assessed in a way that closely mimics the development of the
CRISS. None of the expert physician raters were involved in the
original development process. As there is no a priori agreement
on a standard method for determining physician opinion about
individual cases, we used several different methods of assigning
physician opinion, and all methods provided substantial agree-
ment with the CRISS. Also, we included patients with <5 years
disease duration, and patients had a mean ± SD disease dura-
tion of 2.2 ± 1.3 years, which is similar to that of the intended
population for which the CRISS will be used, i.e., diffuse cutane-
ous SSc subjects with short disease duration recruited for clini-
cal trials.

In conclusion, we found that the agreement between the
CRISS and expert physician opinion was substantial in evaluating
disease improvement in diffuse cutaneous SSc. This finding sup-
ports the use of a dichotomous CRISS outcome of either
improved or non-improved after 1 year. The specificity of the
CRISS was slightly lower than in the original derivation cohort.
Further work could help validate the CRISS in other cohorts and
assess its association with other SSc outcomes and markers of
disease improvement such as survival.
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