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Reliability and Minimal Clinically Important Differences of FVC
Results from the Scleroderma Lung Studies (SLS-I and SLS-II)
Suzanne Kafaja1, Philip J. Clements1, Holly Wilhalme1, Chi-hong Tseng1, Daniel E. Furst1, Grace Hyun Kim2,
Jonathan Goldin2, Elizabeth R. Volkmann1, Michael D. Roth1, Donald P. Tashkin1, and Dinesh Khanna3

1Department of Medicine, David Geffen School of Medicine at University of California, Los Angeles, California; 2Department of
Radiological Sciences, University of California, Los Angeles, California; and 3Department of Medicine, University of Michigan, Ann
Arbor, Michigan

Abstract

Rationale: FVC percent predicted (FVC%) is the primary
outcome measure in clinical trials of systemic sclerosis interstitial
lung disease. For interpretation of change in the FVC%over time, it is
important to define whether these changes are clinically meaningful.

Objectives:: To assess the reliability and the minimal clinically
important differences (MCID) for FVC% in the Scleroderma Lung
Study I and II (SLS-I and -II).

Methods:Using data from SLS-I and -II (N = 300), we evaluated the
test-retest reliability for FVC% (screening vs. baseline) using
intraclass correlation. MCID estimates at 12 months were calculated
in the pooled cohort (SLS-I and -II) using two anchors: Transition
Dyspnea Index (>change of 1.5 units for improvement and
worsening, respectively) and the Medical Outcomes Short Form-36
Health Transition question (“Compared with one year ago, how
would you rate your health in general now”?), where “somewhat
better” or “somewhat worse” were defined as the MCID estimates.
We next assessed the association of MCID estimates for
improvement and worsening of FVC% with patient-reported
outcomes (PROs) and computer-assisted quantitation of extent
of fibrosis (QLF) and of total interstitial lung disease (QILD) on

high-resolution computed tomography. Student’s t test was used
to compare the mean difference in outcomes between the MCID
improvement/worsening and the “no change” group.

Measurements and Main Results: Reliability of FVC%, assessed
at a mean of 34 days, intraclass correlation was 0.93 for the pooled
cohort. The MCID estimates for the pooled cohort at 12 months
for FVC% improvement ranged from3.0% to 5.3%and forworsening
from23.0% to23.3%. FVC% improvement by greater than or equal to
MCID was associated with either statistically significant or numerical
improvements in some PROs, QILD, and QLF, whereas FVC%
worsening greater thanor equal toMCIDwas associatedwith statistically
significant or numerical worsening of PROs, QILD, and QLF.

Conclusions: FVC% has acceptable test-retest reliability, and we
have provided the MCID estimates for FVC% in systemic sclerosis
interstitial lung disease–based changes at 12months from baseline in
two clinical trials.

Clinical trial registered with www.clinicaltrials.gov (NCT00004563
for SLS-I and NCT00883129 for SLS-II).

Keywords: interstitial lung disease; systemic sclerosis; FVC%;
minimal clinically important differences; patient-reported
outcomes
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Systemic sclerosis (SSc; scleroderma) is a
multiorgan disease with a complex interplay
among inflammation, fibrosis, and
vasculopathy. Although organ involvement
in SSc varies, lung involvement is one of the
leading causes of morbidity andmortality (1).
SSc-related interstitial lung disease
(SSc-ILD), therefore, has received a prime
clinical and therapeutic emphasis in SSc
patient care and clinical research, and
evaluating lung physiology has gained a
central role in clinical trials of SSc. FVC
percent predicted (FVC%) is the primary
outcome measure in most clinical trials of
SSc-ILD (2–4), including the Scleroderma
Lung Study (SLS)-I and SLS-II (5, 6).

For interpretation of change in the FVC%
within a group of subjects with SSc-ILD
over time or differences between two groups,
it is important to define whether these
changes are clinically meaningful. The
minimal clinically important difference
(MCID) is defined as the smallest difference
in a measure or instrument of interest that is
considered to be “worthwhile or important”
to the patient (7). For the clinician, MCID
helps guide treatment. Although there are
several methods for calculating MCID, the
estimate of MCID using an external anchor

method is often preferred over other
methods (8). In this article, we analyzed data
from two clinical trials in SSc-ILD (SLS-I
and SLS-II) to assess the test-retest reliability
of FVC% and to calculate the MCID
estimates of FVC% in subjects with SSc-ILD.

Methods

Subjects
All subjects with any 12-month follow-up
outcome data in SLS-I and -II were
evaluated in this post hoc analysis. The
study protocols for both SLS-I and -II were
approved by the local institutional review
boards, and written informed consent was
obtained from all subjects. The trial designs
for both SLS-I and -II have been published
elsewhere (5, 6). Briefly, subjects meeting
the 1980 SSc classification criteria were
included if they had changes on high-
resolution computed tomography (HRCT)
consistent with SSc-ILD, including
ground-glass opacity, and symptoms of
breathlessness (grade 2 on the Functional
Impairment domain of the Mahler Baseline
Dyspnea Index). Subjects in SLS-I were
randomized to 1 year of oral placebo or oral
cyclophosphamide, with the primary
endpoint being change from baseline in
FVC% at 1 year, whereas subjects in
SLS-II were randomized to 2 years of
mycophenolate mofetil or 1 year of oral
cyclophosphamide followed by 1 year of
placebo. The primary endpoint for SLS-II was
the course of the FVC% from baseline to
24 months using a joint model, which
examined the repeated measurements of
FVC%.

Methods and Procedures
Subjects’ clinical data included age, sex,
race, disease duration (from first non-
Raynaud symptom attributable to SSc),
skin subtype of SSc (diffuse or limited
cutaneous), and the modified Rodnan Skin
Score (mRSS). The patient-reported
outcome measures (PROs) included the
Mahler Transition Dyspnea Index, the
Health Assessment Questionnaire disability
index, and the Medical Outcomes Short
Form-36 (SF-36) in SLS-I and -II (9). In
addition, SLS-II PROs included the Leicester
Cough Questionnaire and the St. George’s
Respiratory Questionnaire (SGRQ).

Dyspnea. Dyspnea was assessed using
Baseline Dyspnea Index (BDI) and
Transition Dyspnea Index (TDI) (10). TDI

measured the change from baseline, and
ranged from 23 to 13 for three domains,
for a sum ranging between 29 and 19.
Higher positive scores connote less dyspnea.
Although BDI and TDI were assessed in
SLS-I using a paper questionnaire, both
indices were assessed in SLS-II using a self-
administered, computer-generated format.

SGRQ. SGRQ is a self-administered
questionnaire for assessing health-related
quality of life (HRQoL) in respiratory
diseases (11). It contains 50 items
distributed over three scales. A total score,
from 0 to 100, is the weighted average of
these three subscores. SGRQ differentiates
between SSc with and without interstitial
lung disease (ILD) (12).

Health Assessment Questionnaire
disability index. Health Assessment
Questionnaire disability index is a 20-item
questionnaire assessing functional disability
in eight domains. Scores range from 0.0
(best) to 3.0 (worst) (13). It is validated in
SSc (14).

SF-36 version 2. SF-36 version 2 is a
self-administered survey focusing on
generic HRQoL. It generates a physical
component summary and a mental
component summary (15), and is measured
on a T-score metric with a U.S. population
mean of 50 (SD, 10); a higher score denotes
better HRQoL. It has been previously
validated in SSc (16).

Leicester Cough Questionnaire.
Leicester Cough Questionnaire is a self-
administered questionnaire that assesses
the impact of chronic cough on HRQoL (17).
It has physical, social, and psychological
domains, with a total score between 3 and
21. A higher score suggests less impairment.
The Leicester Cough Questionnaire was
administered in SLS-II (18).

Quantitative lung fibrosis and
quantitative ILD on HRCT. On HRCT
quantitative lung fibrosis (QLF) measures
the extent of reticulation with architectural
distortion, and quantitative interstitial
lung disease (QILD)measures the total extent
of ILD. They each range from 0 to 100%,
where high scores represent an increasing
amount of ILD/fibrosis. The score is based on
a classification algorithm using texture
features from a calibrated HRCT (19). For
this analysis, we used the most severe
zone/lobe for the QILD and QLF (20) and
present the data for the two trials separately
because SLS-I obtained follow-up HRCT at
12 months, whereas SLS-II obtained it at
24 months. Based on sequential data obtained

At a Glance Commentary

Scientific Knowledge on the
Subject: FVC percent predicted
(FVC%) is the primary outcome
measure in most clinical trials of
systemic sclerosis interstitial lung
disease. For interpretation of change in
the FVC% within a group of subjects
with systemic sclerosis interstitial lung
disease over time or differences
between two groups, it is important to
define whether these changes are
clinically meaningful.

What This Study Adds to the
Field: Using the data from the
Scleroderma Lung Study I and II, the
minimal clinically important difference
estimates for the FVC% improvement
ranged from 3.0% to 5.3% and for
worsening from 23.0% to 23.3%.
These changes were associated with
statistically significant or numerical
changes in patient-reported outcome
measures and high-resolution
computed tomography changes.
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in SSc-ILD a change of 2% was considered
measurement error for most severe
zone/lobe for the QILD and QLF and based
on changes greater than 2% (19). In our
study population, we assessed the
proportion of subjects who had
improvement and worsening in QILD and
QLF in the MCID groups.

Statistical Analysis
Summary statistics were calculated for all
demographic and clinical variables.
Continuous variables were reported as mean
and SD; frequencies were reported for
categorical variables.

Reliability. To assess the test-retest
reliability of the FVC%, intraclass
correlation (ICC) was measured for the
screening and baseline FVC% in SLS-I
and SLS-II. ICC was also assessed for the
overall subjects in pooled data from both
studies. An ICC of greater than or equal
to 0.90 is considered excellent at the
individual level (21). In addition, we
assessed the variability within each
subject by calculating the coefficient of
variation (CV; ratio of SD in relation to the
mean). Confidence intervals for the CV
were estimated using a bootstrapping
sampling procedure. A total of 1,000
sample datasets were generated from the
original sample with replacement and the
CV was estimate for each. The 95%
confidence interval of the CV was
calculated as the 2.5th and 97.5th
percentiles of the distribution of
bootstrapped CVs.

Anchors to Assess the MCID. In
our current analysis, we considered three
anchors: 1) the health transition (HT)
question from the SF-36, 2) the TDI, and
3) the SGRQ based on their relationship to
FVC% in previous studies (22–24). These
were selected given their relationship
between dyspnea and FVC%, and the
previous use of HT in assessing MCID in
ILD (25). In addition, experts recommend
multiple anchors to obtain robust
estimates (8). The HT question asks
whether the subject is better or worse at
1 year than at baseline. The “somewhat
better” and the “somewhat worse” responses
to this question were chosen as the anchors
for calculating MCID (24, 25). For the TDI,
we chose previously published MCID
estimates of 1.5 units for improvement
and worsening in SSc-ILD (24). For
SGRQ, we used a cutoff of 4.0 and
5.0 units as the MCID, based on the

literature pertaining to COPD and
idiopathic pulmonary fibrosis (IPF),
respectively (26). For all these analyses, we
chose a 12-month period to assess MCID
because the experts agree that trial design
for SSc-ILD should be a minimum of
12 months (4).

We judged the appropriateness of the
anchors by assessing Spearman correlations
between the anchors (TDI and changes in
HT) and changes in FVC%; a correlation
coefficient of greater than or equal to 0.30
was considered acceptable and reflects
moderate effect size when using the Cohen
rules of thumb (8, 27, 28). We assessed the
magnitude of the MCID estimates using the
effect size (mean change in the FVC%
divided by the SD at baseline) and
interpreted based on Cohen criteria:
0.20–0.49 represents a small change,

0.50–0.79 a medium change, and greater
than or equal to 0.80 a large change (28).

We also sought to determine whether
MCID estimates for FVC% were associated
with changes in PROs, mRSS, and HRCT
findings. Student’s t test was used to
compare the mean difference in outcomes
(PROs and HRCT) between the MCID
improvement or worsening group and
the “no change” group. P values less
than 0.05 were considered statistically
significant and no adjustment was made
for multiple testing.

Results

Baseline Characteristics
A total of 300 subjects were enrolled in both
studies (158 in SLS-I and 142 in SLS-II) (see
Table E1 in the online supplement).

Table 1. Intraclass Coefficient and Coefficient of Variation of FVC Percent Predicted in
Combined Group, SLS-I, and SLS-II

Intraclass
Coefficient

Coefficient of
Variation (%) 95% CI

Combined group 0.93 4.8 4.2–5.3%
SLS I 0.90 5.8 5.0–6.5%
SLS II 0.97 3.1 2.8–3.6%

Definition of abbreviations: CI = confidence interval; SLS = Scleroderma Lung Study.

Table 2. Estimation of MCID in FVC Percent Predicted using Medical Outcomes Short
Form-36 Health Transition Anchor by Combined Group, SLS-I, and SLS-II

N

Unadjusted Analysis Adjusted Analysis

Mean 95% CI ES Mean 95% CI

Combined Group
Much better 48 4.45 2.40 to 6.51 0.63 5.02 2.97 to 7.08
Somewhat better 34 2.40 0.00 to 4.80 0.34 2.97 0.57 to 5.37
Same 66 20.57 22.09 to 0.95 20.09 0 21.52 to 1.52
Somewhat worse 32 23.89 26.77 to 1.01 20.48 23.32 26.20 to 20.44
Much worse 3 22.02 211.47 to 7.43 20.53 21.45 210.90 to 8.00

SLS-I
Much better 15 1.29 22.58 to 5.17 0.18 3.75 20.12 to 7.63
Somewhat better 13 1.44 24.18 to 7.07 0.15 3.9 21.72 to 9.53
Same 32 22.46 24.51 to 0.41 20.43 0 22.05 to 2.05
Somewhat worse 17 24.49 28.3 to 0.69 20.61 22.03 25.84 to 1.77
Much worse 0

SLS-II
Much better 33 5.89 3.50 to 8.59 0.87 4.69 2.30 to 7.09
Somewhat better 21 2.99 0.72 to 5.26 0.60 1.79 20.48 to 4.06
Same 34 1.20 20.96 to 3.37 0.19 0 22.16 to 2.17
Somewhat worse 15 23.20 28.09 to 1.69 20.36 24.4 29.29 to 0.49
Much worse 3 22.02 211.47 to 7.43 20.53 23.22 212.67 to 6.23

Definition of abbreviations: CI = confidence interval; ES = effect size; MCID =minimal clinically
important difference; SLS = Scleroderma Lung Study.
Negative sign denotes decline in FVC percent predicted.
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Follow-up data were available for 110
subjects in SLS-I and 142 subjects in SLS-II.
The mean (SD) age of the pooled cohort
was 50.3 (11.3) years, mean (SD) disease
duration was 2.9 (2.0) years, and the mean
(SD) FVC% at baseline was 67.4% (10.8%);
59% of the subjects had diffuse cutaneous
SSc in both trials (see Table E1). Although
both studies were comparable in most
baseline characteristics, SLS-II had a lower
mean disease duration (2.6 vs. 3.2 yr;
P = 0.01) and lesser baseline dyspnea, as
assessed by the BDI (7.2 vs. 5.7; P, 0.001).
Baseline characteristics (sex, diffuse
cutaneous SSc, race, FVC%, and DLCO%)
did not significantly differ between those
subjects who were included in this analysis
in pooled cohort and those who were
excluded because of missing follow-up data,
except that those who were excluded had
shorter disease duration (2.2 yr vs. 3.0 yr;
P = 0.01) and older age (53.8 yr vs. 49.6 yr;
P = 0.02).

Reliability of FVC%
ICC reliability of FVC% was 0.90 for SLS-I,
0.97 for SLS-II, and 0.93 for the overall
subjects in pooled data from both trials. The
mean difference between the screening and
baseline FVC% in both trials was 0.58 (SD,
4.51; 95% confidence interval, 0.06–1.09)
with the mean (SD) number of days
between two measurements being 34 (33)
days (Table 1). The within-subject CV was
5.8% in SLS-I, 3.1% in SLS-II, and 4.8% in
pooled data.

Correlation Coefficients to Assess for
the Appropriateness of Anchors
For our MCID analysis, the correlation
coefficients between the anchors (HT and
TDI) and the change in FVC% over
12 months met the 0.30 threshold (for HT:
20.30 for SLS-I, 20.42 for SLS-II, and
20.39 for pooled data; P, 0.01 for all
comparisons) (for TDI: 0.41 for SLS-I,
0.42 for SLS-II, and 0.43 for pooled data;
P, 0.01 for all comparisons). SGRQ, which
was only administered in the SLS-II, had a
coefficient of 20.24 and was discarded as an
anchor because it was less than a priori
cutoff greater than or equal to 0.30.

MCID Estimates
We provide both unadjusted and adjusted
(adjusted for the mean change in the group
reporting no change) MCID estimates for
improvement and worsening in FVC%
(Table 2). For the HT, the mean MCID

estimate for worsening (defined as the
“somewhat worse” group) of FVC% was
23.89% in the unadjusted analysis and
23.32% in the adjusted analysis. The mean
MCID estimate for improvement (defined
as the “somewhat improved” group) was
2.40 in the unadjusted analysis and 2.97 in
the adjusted analysis. These estimates were
larger than those for the no-change group
(Table 2). For SLS-I, the adjusted mean
estimates for improvement and worsening
were 3.9% and 22.03%, respectively, and
for SLS-II, the adjusted mean estimates for
improvement and worsening were 1.8%
and 24.4%, respectively. The effect size for
MCID estimates for the improved group
was 0.34 (small effect size) in the combined
group, 0.15 in SLS-I, and 0.60 in SLS-II, and
the effect size for MCID estimates for the
worsened group was 0.48 (small effect size)
in the combined group, 0.61 in SLS-I, and
0.36 in SLS-II.

The TDI was grouped into three levels:
1) no change corresponding to 21.5 less than
TDI less than 1.5; 2) better corresponding to
TDI greater than or equal to 1.5; and 3) worse
corresponding to TDI less than or equal to 1.5.
The mean MCID estimate for worsening of
FVC% was24.18% in the unadjusted analysis
and 22.86% in the adjusted analysis. The
mean MCID estimate for improvement was
4.02% in the unadjusted analysis and 5.34% in
the adjusted analysis. These estimates were
larger than those for the no-change group
(Table 3). For SLS-I, the adjusted mean
estimates for improvement and worsening
were 6.9% and 22.5%, and for SLS-II the

adjusted mean estimates for improvement and
worsening were 2.6% and 22.7%.

The effect size forMCID estimates for the
improved group was 0.62 (moderate effect
size) in the combined group, 0.54 in SLS-I, and
0.53 in SLS-II. The effect size for MCID
estimates for the worsened group was 0.50
(moderate effect size) in the combined group,
0.77 in SLS-I, and 0.08 in SLS-II.

Relationship between the MCID
Estimates with PROs, Skin Score, and
DLCO% Predicted
We explored whether the subjects who
improved or worsened by greater than or
equal to MCID over 12 months translated
into parallel changes in PROs scores in SLS
I-and SLS-II (Tables 4 and 5). Using the
HT anchor, we used a 3.0% change as
improvement, and a 23.3% change for
worsening as FVC% MCID estimates. For
improvement, statistically significant
improvements were noted for the SF-36
physical component summary, TDI, and
Health Assessment Questionnaire disability
index compared with the no-change group
(P, 0.05 for all comparisons). For
subjects who worsened, statistical
significances were noted with TDI, SGRQ,
mRSS, and DLCO% predicted compared
with the no-change group (Table 4).

For theMCIDbased onTDI as the anchor,
we considered a change of 5.3% for
improvement and 23.0% for worsening. For
improvement, statistically significant
improvement was only noted for SF-36 physical
component summary compared with the no-

Table 3. Estimation of MCID in FVC Percent Predicted Using the Transition Dyspnea
Index Anchor by Combined Group, SLS-I, and SLS-II

Unadjusted Analysis Adjusted Analysis

N Mean 95% CI ES Mean 95% CI

Combined Group
TDI> 1.5 65 4.02 2.41 to 5.63 0.62 5.34 3.73 to 6.95
21.5, TDI, 1.5 113 21.32 22.72 to 0.08 20.18 0 21.40 to 1.40
TDI<21.5 45 24.18 26.69 to 21.68 20.50 22.86 25.37 to 20.36

SLS-I
TDI> 1.5 31 3.41 1.1 to 5.71 0.54 6.85 4.54 to 9.15
21.5, TDI, 1.5 69 23.44 25.26 to 21.62 20.45 0 21.82 to 1.82
TDI<21.5 30 25.93 28.8 to 23.06 20.77 22.49 25.36 to 0.38

SLS-II
TDI> 1.5 34 4.58 2.24 to 6.93 0.53 2.57 0.23 to 4.92
21.5, TDI, 1.5 44 2.01 0.14 to 3.88 0.33 0 21.87 to 1.87
TDI<21.5 15 20.69 25.54 to 4.16 20.08 22.7 27.55 to 2.15

Definition of abbreviations: CI = confidence interval; ES = effect size; MCID =minimal clinically
important difference; SLS = Scleroderma Lung Study; TDI = transition dyspnea index; TDI> 1.5 =
improved group; TDI<21.5 = worsened group.
Negative sign denotes decline in FVC percent predicted.
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change group. For subjects who worsened,
statistically significant differences were noted
with SGRQ, mRSS, and DLCO% predicted
compared with the no-change group (Table 5).

Relationship between the MCID
Estimates and HRCT Findings
We assessed the relationship of MCID
estimates to the HRCT QILD and QLF
separately in the SLS-I and SLS-II cohorts,
because the follow-up HRCTwas performed
at the 12-month period in SLS-I and the
24-month period in SLS-II (Table 6). Mean
MCID estimates for both improvement
and worsening using each anchor were
associated with statistically significant
changes (compared with the no-change
groups) for QLF in SLS-II. In SLS-I,

however, MCID estimates for worsening
were significantly associated with changes
in QLF only using the HT anchor (P =
0.044), and nearly significantly associated
using the TDI anchor (P = 0.080). In SLS-II,
MCID estimates for improvement in FVC%
were significantly associated with changes
in QILD using the TDI anchor (P = 0.02),
and the estimates for worsening were
significantly associated with changes in
QILD using both the HT and TDI anchors
(P = 0.005 and P = 0.0003, respectively).
When assessing improvement in the QLF
and QILD as defined by more than 22%
change, a larger proportion of participants
had improvement among those who also
showed improvement in FVC% in SLS-I
and SLS-II (Table 6). Similarly, a larger

proportion of subjects who had worsening
in the FVC% also exhibited worsening in
the QILF and QILD, as defined by greater
than 12% change.

Discussion

The FVC% has traditionally served as the
primary endpoint in fibrotic ILD clinical
trials, because a decrement in FVC% is the
physiologic hallmark of ILD that defines the
disease (5, 29–32). In addition, FVC% is
easily measured, is responsive to change,
and has an acceptable measurement
error (if performed using standardized
methodology). Using two randomized
controlled trials (RCTs), SLS-I and -II,
we show that the FVC% has an acceptable

Table 4. Change in Patient-Reported Outcome Measures, Skin Score, and DLCO% by MCID (as Based on the Health Transition
Question from the SF-36)

Change in FVC% by >3.0%
Improvement (MCID
Improved Group)

3.3% Worsening in
FVC% to <3.0% Improvement
in FVC% (No Change Group)

Change in FVC% by >3.3%
Worsening (MCID
Worsened Group)

SF-36 PCS*
N 72 73 38
Mean (SD) difference 4.32 (7.96) 20.51 (7.82) 21.74 (8.48)
P value ,0.001 ref 0.45

SF-36 MCS*
N 72 73 38
Mean (SD) difference 3.36 (10.50) 1.44 (10.25) 0.51 (10.42)
P value 0.34 ref 0.65

TDI*
N 77 89 58
Mean (SD) difference 2.61 (3.70) 0.12 (3.10) 21.36 (3.19)
P value ,0.001 ref 0.006

HAQ-DI†

N 85 93 61
Mean (SD) difference 20.13 (0.50) 0.03 (0.43) 0.11 (0.50)
P value 0.01 ref 0.31

SGRQ (Total)†

N 51 41 15
Mean (SD) difference 25.72 (14.90) 22.36 (10.41) 6.05 (16.35)
P value 0.23 Ref 0.030

LCQ*
N 51 38 15
Mean (SD) difference 20.05 (2.84) 0.59 (3.20) 0.49 (3.25)
P value 0.32 ref 0.92

mRSS†

N 84 94 61
Mean (SD) difference 23.45 (6.16) 23.32 (5.69) 21.16 (5.72)
P value 0.88 ref 0.02

DLCO%
N 84 96 61
Mean (SD) difference 1.74 (10.26) 21.06 (9.66) 28.41 (9.95)
P value 0.06 ref ,0.001

Definition of abbreviations: FVC%= FVC percent predicted; HAQ-DI = Health Assessment Questionnaire disability index; LCQ = Leicester Cough
Questionnaire; MCID =minimal clinically important difference; MCS =Mental Component Summary; mRSS =modified Rodnan Skin Score; PCS = Physical
Component Summary; SF-36 =Medical Outcomes Short Form 36; SGRQ= St. George’s Respiratory Questionnaire; TDI = transition dyspnea index.
P value is based on the comparison between the no-change group.
*Higher score denotes better health or higher DLCO.
†Higher score denotes worse health or more severe mRSS.
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test-retest reliability in SSc-ILD, and the
MCID estimates for improvement range
between 3.3% and 5.3%, and for worsening
are between 23.0% and 23.3%.

Reliability is defined as the extent to
which the measure yields the same score
when the outcome has not changed (33).
Reliability is important for the evaluation
of an outcome measure, and test-retest
reliability is central to the evaluation of an
outcome measure for clinical trials. The
test-retest reliability of FVC measurements
over a short interval (approximately 1 mo)
in our pooled database was 0.93, and is in
agreement with the analysis from large
RCTs of IFN-g1b in IPF, where the ICC
was also 0.93 (25). In both the SLS-I and -II
trials, spirometry was conducted according
to the American Thoracic Society/European
Respiratory Society standard protocol (34).
In addition, emphasis was given to
individual site training, centralized

quality assurance monitoring, and the
involvement of both pulmonologists and
rheumatologists at each site, and the
acceptability and repeatability of all
spirometric tests was evaluated by a central
quality control core. It was also encouraged
that repeat testing be done on the same
equipment and by the same tester whenever
possible. This may also explain the
acceptable within-subject CV of 4.8% in
the pooled database between screening
and baseline visits. CV is a measure of
variability, and in healthy subjects, a
within-subject week-to-week CV of
5.0–7.8% has been reported (35). In
restrictive lung disease, the within-subject
week-to-week CV has not been reported
but is likely larger.

MCID estimates are an approximation
and experts have suggested using multiple
anchors to define a range for these
estimates (8). Our data suggest that a

change between 3.0% and 5.3% is the
MCID for improvement, and a change
of 23.0% to 23.3% is the MCID for
worsening (after adjusting for the no-
change group). In the unadjusted analysis,
the mean changes in the improvement and
worsening MCID groups were larger and in
the right direction compared with the no-
change group, giving us confidence in the
data. When using the effect size, the MCID
estimates for the improved and worsened
groups were 0.34 and 0.48, respectively,
for the SF-36 HT question and 0.62 and
0.50, respectively, for the TDI question.
Previously published data have suggested
that the MCID estimates range between 0.2
and 0.6 SD (8, 27), and our estimates are in
line with these observations. The variability
noted in the estimates based on the two
anchors may be caused by the five-point
response for HT (no-change, somewhat
worse or better, and much worse or better),

Table 5. Change in Patient-Reported Outcome Measures and Skin Score by MCID (as Based on the Transition Dyspnea Index)

Change in FVC% by >5.3%
Improvement (MCID
Improved Group)

3.0% Worsening in FVC%
to <5.3% Improvement in
FVC% (No Change Group)

Change in FVC% by >3.0%
Worsening (MCID
Worsened Group)

SF-36 PCS*
N 61 84 38
Mean (SD) difference 3.57 (7.76) 0.67 (8.39) 21.74 (8.48)
P value 0.04 Ref 0.15

SF-36 MCS*
N 61 84 38
Mean (SD) difference 2.76 (10.80) 2.13 (10.14) 0.51 (10.42)
P value 0.72 Ref 0.42

HAQ-DI†

N 71 107 61
Mean (SD) difference 20.11 (0.52) 0.00 (0.44) 0.11 (0.50)
P value 0.14 Ref 0.12

SGRQ (Total)†

N 43 49 15
Mean (SD) difference 24.4 (15.34) 24.07 (11.00) 6.05 (16.35)
P value 0.91 Ref 0.008

LCQ*
N 43 46 15
Mean (SD) difference 20.37 (2.83) 0.78 (3.08) 0.49 (3.25)
P value 0.07 Ref 0.75

mRSS†

N 71 107 61
Mean (SD) difference 23.85 (6.42) 23.07 (5.53) 21.16 (5.72)
P value 0.4 Ref 0.03

DLCO*
N 70 110 61
Mean (SD) difference 1.77 (10.21) 20.73 (9.81) 28.41 (9.95)
P value 0.10 Ref ,0.001

Definition of abbreviations: FVC%= FVC percent predicted; HAQ-DI = Health Assessment Questionnaire disability index; LCQ = Leicester Cough
Questionnaire; MCID =minimal clinically important difference; MCS =Mental Component Summary; mRSS =modified Rodnan Skin Score; PCS = Physical
Component Summary; SF-36 =Medical Outcomes Short Form 36; SGRQ= St. George’s Respiratory Questionnaire.
P value is based on the comparison between the no-change group.
*Higher score denotes better health or higher DLCO.
†Higher score denotes worse health or more severe mRSS.
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whereas the TDI was grouped into three
levels (no-change, better, and worse, based
on the MCID of 1.5 for the TDI). Our data
are in accord with the MCID estimates in
two large RCTs in IPF with a range between
2% and 6% for worsening in the FVC% (25).
The authors did not report an MCID for
improvement, because stabilization of
FVC% is currently the best case scenario in
IPF (25).

One point to highlight is that theMCID
estimates are calculated at a group level and
should not be confused with change in a
measure in an individual patient. At an
individual level, a larger change (likely
greater than the CV) is required to be
considered a statistically significant change,
and is influenced by both measurement
error and normal biologic variability. In
other words, a change of 3.0–5.3% is
clinically important in a group of patients,
but is within measurement variability for
an individual patient. Pennock and
colleagues (35) have suggested multiplying

the CV by 1.65 to determine the limit by
which change in FVC might represent a
significant change.

Our MCID estimates were associated
with statistically significant or numerical
changes in the PROs, mRSS, and HRCT
findings in the right directions, a finding
that suggests that these MCID estimates
translate into how a patient feels and
functions (36, 37). For HRCT QLF scores,
the associations with our MCID estimates
were statistically significant for
improvement in SLS-II, but not SLS-I. It is
possible that this difference in the results
for the two trials could be caused by the fact
that in SLS-II, a larger number of subjects
noted clinically meaningful improvement
in FVC% compared with SLS-I. In addition,
the magnitude of improvement in
radiographic evidence of ILD was also
greater in SLS-II than SLS-I (19, 38).
Furthermore, the follow-up HRCT in
SLS-II was performed at 24 months, in
contrast to 12 months in SLS-I, possibly

contributing to the differences observed for
the statistical significance of the association
between the MCID for FVC% and this
radiographic measure between the two
trials.

Our study has many strengths. First, we
used prospective data from two large SSc-
ILD RCTs (SLS-I and -II) to assess MCID
estimates. Second, we provided MCID
estimates for both improvement and
worsening, because these can be different.
Third, our study provided MCID estimates
that correspond both with PROs and with
HRCT changes over time, supporting the
validity of these estimates. Finally, we used
two anchors to assess the MCID estimates
and our MCID for FVC% was reassuringly
similar to those reported for IPF, thus
providing further confidence in our results.

Our study is not without limitations.
First, the analysis was post hoc rather than
a priori. Second, SLS-I and -II were of
different durations and the methodology
of administering the questionnaire for one

Table 6. Change in the HRCT Findings by MCID Estimates

MCID Estimates Using HT
as an Anchor

MCID Estimates Using TDI
as an Anchor

Change in FVC%
by >3.0%

Improvement
(MCID

Improved
Group)

3.3%
Worsening in

FVC% to <3.0%
Improvement in

FVC% (No
Change Group)

Change in FVC%
by >3.3%
Worsening

(MCID
Worsened
Group)

Change in FVC%
by >5.3%

Improvement
(MCID

Improved
Group)

3.0%
Worsening in

FVC% to <5.3%
Improvement in

FVC% (No
Change Group)

Change in FVC%
by >3.0%
Worsening

(MCID
Worsened
Group)

SLS-I
N 15 33 32 10 37 33
QILD, mean (SD) difference 28.05 (15.11) 20.11 (14.52) 3.82 (13.70) 211.85 (15.91) 0.15 (14.05) 3.35 (13.75)
P value 0.089 Ref 0.27 0.02 Ref 0.34
Improvement.2%, n (%) 11 (73.3) 12 (36.4) 11 (34.4) 8 (80) 14 (37.8) 12 (36.4)
Worsening .2%, n (%) 3 (20.0) 16 (48.5) 19 (59.4) 1 (10) 18 (48.7) 19 (57.6)
QLF, mean (SD)
difference

22.84 (14.60) 0.44 (17.63) 9.66 (18.67) 26.73 (14.17) 1.38 (17.15) 9.01 (18.75)

P value 0.53 Ref 0.04 0.18 Ref 0.08
Improvement.2%, n (%) 7 (46.7) 10 (30.3) 6 (18.8) 6 (60) 10 (27.0) 7 (21.2)
Worsening .2%, n (%) 4 (26.7) 15 (45.5) 20 (62.5) 2 (20) 17 (46.0) 20 (60.6)

SLS-II
N 56 25 16 39 40 18
QILD, mean (SD) difference 24.96 (9.38) 21.79 (10.53) 9.33 (13.18) 26.79 (9.09) 22.01 (9.05) 9.58 (13.29)
P value 0.18 Ref 0.005 0.022 Ref 0.0003
Improvement.2%, n (%) 35 (62.5) 11 (44.0) 3 (18.8) 29 (74.4) 16 (40.0) 4 (22.2)
Worsening .2%, n (%) 12 (21.4) 8 (32.0) 11 (68.8) 6 (15.4) 13 (32.5) 12 (66.7)
QLF, mean (SD) difference 22.43 (9.58) 2.40 (6.63) 11.19 (13.20) 23.96 (9.84) 1.80 (7.40) 10.27 (12.69)
P value 0.03 Ref 0.007 0.004 Ref 0.002
Improvement.2%, n (%) 24 (42.9) 3 (12.0) 2 (12.5) 18 (46.2) 9 (22.5) 2 (11.1)
Worsening .2%, n (%) 16 (28.6) 10 (40.0) 12 (75.0) 9 (23.1) 16 (40.0) 13 (72.2)

Definition of abbreviations: FVC%= FVC percent predicted; HRCT = high-resolution computed tomography; HT = health transition question in Medical
Outcomes Short Form 36; MCID =minimal clinically important difference; QILD = quantitative interstitial lung disease; QLF = quantitative lung fibrosis;
SLS = Scleroderma Lung Study; TDI = transition dyspnea index.
Computer-assisted QLF and QILD scores were derived from the most severe lobe for volumetric scans or zone for nonvolumetric scan. A negative score
denotes improvement in HRCT scores over time.
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of the anchors (TDI) also differed. Second,
although the correlation between the HT
and FVC% was above the proposed
cutoff point of 0.30, the relationship
between this general health anchor and
the lung function outcome could have
been influenced by changes in variables
unrelated to the lung, including skin,
gastrointestinal involvement, and other
disease manifestations. Third, our CV of
4.8% was based on strict institution of the
American Thoracic Society/European
Respiratory Society guidelines for
spirometry and training of the technicians.
In real life, the CV is likely to be greater
than 4.8%. Fourth, the participants came
from two different trials with different
immunosuppressive treatments, and
placebo. The differing interventions
influenced FVC%, and subclinical or mild
pulmonary hypertension may have
influenced PROs. Therefore, the MCID
estimates should be considered preliminary
and confirmed in an independent clinical
trial. Fifth, although we had missing data,
baseline differences were largely similar in
those with complete versus missing data.
Lastly, a longer follow-up period is required
to assess the impact of MCID estimates on
mortality.

In conclusion, our study demonstrates
that FVC has an acceptable test-retest
reliability and we propose MCID estimates
derived from two large RCTs. These data
can be used for interpretation of the results

of ongoing clinical trials in SSc-ILD and for
sample size estimation in future trials. n
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