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Background: The Scleroderma Lung Study (SLS) demonstrated significant treatment-associated
improvements in pulmonary function and symptoms when patients with scleroderma-related inter-
stitial lung disease (SSc-ILD) were treated with a 1-year course of cyclophosphamide (CYC) in a
randomized, double-blinded, placebo-controlled clinical trial. This study examined thoracic high-
resolution CT (HRCT) scans obtained during the SLS for treatment-associated changes over time.
Methods: Ninety-eight of the 158 subjects (CYC group, 49 subjects; placebo group, 49 subjects)
participating in the SLS underwent thoracic HRCT scans both at baseline and after 12 months of
treatment, which were available for analysis. Two independent radiologists visually scored the
baseline HRCT scans for the presence of ground-glass opacities (GGOs), fibrosis (FIB), and
honeycomb cysts (HCs) on a scale of 0 to 4. The treatment effect at 12 months was assessed by a
blinded comparison of baseline and follow-up scans for evidence of stability and improvement (not
worse) or deterioration (worse).
Results: At the end of treatment, FIB was significantly worse in the placebo treatment group than in
the CYC treatment group (p � 0.014). Furthermore, differences in the 12-month change in FIB
between the CYC and placebo groups correlated significantly with other outcome measures,
including the 12-month changes in FVC (p < 0.05), total lung capacity (p < 0.05), and dyspnea
(p < 0.001) scores. However, no differences were noted between the two groups with respect to
changes in either GGOs or HCs.
Conclusions: A 1-year course of treatment of SSc-ILD with CYC was associated with treatment-related
changes in FIB scores on HRCT scans, which correlated with other measures of treatment response.
Trial registration: ClinicalTrials.gov Identifier: NCT00004563 (CHEST 2009; 136:1333–1340)

Abbreviations: CYC � cyclophosphamide; Dlco � diffusing capacity of the lung for carbon monoxide; FIB �
fibrosis; GGO � ground-glass opacity; HAQ-DI � Health Assessment Questionnaire-Disability Index; HC � honeycomb
cyst; HRCT � high-resolution CT; SF-36 � Medical Outcomes Study 36-item short-form; SLS � Scleroderma Lung Study;
SSc-ILD � scleroderma-related interstitial lung disease; TDI � transitional dyspnea index; TLC � total lung capacity

S ystemic sclerosis, scleroderma is a complex and
life-threatening autoimmune disease associated

with tissue fibrosis (FIB) and small-vessel vasculopa-
thy that target the skin, lungs, heart, GI tract,
peripheral circulation, and musculoskeletal system.
Lung involvement has emerged as the leading

cause of morbidity and mortality1–3 and has been
the target of a number of clinical investigations.4
Corticosteroids, D-penicillamine, relaxin, or an en-
dothelin receptor antagonist have not been proven to
be effective.4 However, the results of two prospec-
tive randomized clinical trials5,6 have suggested that
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treatment with cyclophosphamide (CYC) can modify
pulmonary outcomes. Findings from a recent retro-
spective, open-label study7 of 6 months of treatment
with IV CYC followed by 18 months of treatment
with oral azathioprine showed comparable results.

Pulmonary function test results, particularly for
FVC, have been studied5–10 extensively as the pri-
mary measures of treatment efficacy. Although the
response to a 1-year course of treatment with CYC in
the Scleroderma Lung Study (SLS) was statistically
significant, the magnitude of change in FVC percent
predicted between patients treated with placebo
and those treated with CYC averaged only 2.53%
after 12 months of treatment5 and 4.80% at 18
months (ie, 6 months after completing therapy).11

These modest changes have raised questions about
the clinical significance of CYC therapy.12 Although
high-resolution CT (HRCT) scanning has been
used to characterize the nature and extent of
scleroderma-related interstitial lung disease (SSc-
ILD)13–17 and even to predict outcomes,18–20 there is
limited experience21–24 with its use as an outcome
measure in therapeutic trials. HRCT findings16,17

have suggested that SSc-ILD is associated with a
nonspecific interstitial pneumonitis pattern more com-
monly than a usual interstitial pneumonitis pattern.
Classically, nonspecific interstitial pneumonitis is char-
acterized by finer FIB and a higher proportion of
ground-glass opacity (GGO), and is associated with a
better prognosis than is usual interstitial pneumonitis.16

In the SLS,5 a greater amount of HRCT scan-
detected FIB on the baseline scan was found to be
predictive of a positive treatment response to CYC
than placebo at 12 months. In the present study, we
examined the difference in parenchymal abnormali-
ties between baseline and follow-up HRCT scans

performed after patients completed 1 year of blinded
treatment with either CYC or placebo. We hypoth-
esized that treatment with CYC is associated with a
lack of progression and improvement in HRCT
evidence of parenchymal abnormalities, and that
treatment-associated changes seen on HRCT scans
would correlate with changes in pulmonary function
and patient-reported outcome scores.

Materials and Methods

Patient Selection

The SLS was a multicenter, randomized, double-blind com-
parison of a 1-year course of treatment with CYC (� 2 mg/kg/d)
vs treatment with placebo in 158 patients with dyspnea with
active SSc-ILD as defined by evidence on either a HRCT scan
(the presence of any GGO through which lung architecture could
be seen) or BAL fluid testing (� 3.0% neutrophils, � 2.0%
eosinophils, or both).5 Pulmonary function was assessed every 3
months during the first year; the primary end point was FVC
percent predicted at 12 months adjusted for baseline FVC
percent predicted and the degree of FIB seen on the baseline
HRCT scan. Secondary end points included the percent pre-
dicted for total lung capacity (TLC) and single-breath diffusing
capacity of the lung for carbon monoxide (Dlco); dyspnea was
assessed using the transitional dyspnea index (TDI),25 and health-
related quality of life was assessed using the Medical Outcomes
Study 36-item short-form (SF-36) general health survey and the
Health Assessment Questionnaire-Disability Index (HAQ-DI).26

HRCT Scanning

HRCT scans were obtained at the 13 clinical sites with one of
four CT platforms (Somatom Plus 4; Siemens; Erlangen, Ger-
many; TCT-900S; Toshiba Medical Systems; Tokyo, Japan; or
HiSpeed Advantage or HiSpeed Cti; GE Medical Systems;
Milwaukee, WI) using a standardized protocol that was developed
and monitored by a radiology core at the University of California
(Los Angeles, CA), as previously described.16,17 Patients were
scanned with 1- or 2-mm collimation at 10-mm intervals from lung
apices to bases during suspended end inspiration while in the prone
position without IV contrast. Images were reconstructed with a
high-spatial frequency algorithm. The SLS protocol included a
baseline scan obtained during screening, and this was supplemented
by funding from an ancillary study to obtain a second HRCT scan at
the end of the 12-month treatment period.

Interpretation of HRCT Scans

Two independent SLS core thoracic radiologists with 15 and 20
years of experience who were blinded to all patient information
visually scored the HRCT scans. A specially designed training
disk with characteristic HRCT scan features was used to stan-
dardize the scoring. At the completion of the independent
scoring phase, scans that had been scored in a discordant manner
(8 scans for FIB, 3 for GGOs, and 11 for honeycomb cysts [HCs])
were jointly reviewed with a third reader to obtain a final
consensus decision. Each lung was divided into three zones (lung
apex to aortic arch, aortic arch to inferior pulmonary veins,
inferior pulmonary veins to lung bases), and the extent of
parenchymal abnormality in each zone was scored on a scale of 0
to 4 (0 � absent; 1 � 1 to 25%; 2 � 26 to 50%; 3 � 51 to 75%;
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4 � 76 to 100%). The following HRCT scan findings were
recorded: pure GGO (defined as increased lung attenuation in
the absence of reticular interstitial thickening or architectural
distortion); lung FIB (defined as reticular intralobular interstitial
thickening, traction bronchioectasis, bronchioectasis, or any com-
bination); and HCs (defined as clustered air-filled lung cysts with
contiguous walls).

The comparison of baseline and 12-month HRCT scans for
each patient was carried out side by side by randomly assigning
one as scan A and one as scan B in order to keep readers blinded
to which scan was the true baseline scan and which was the true
12-month follow-up scan. Scans A and B for each patient were
then assessed for changes in each outcome measure (ie, FIB,
GGO, or HC) for each lung zone in a dichotomized manner, with
scan B read as either worse or not worse (ie, same or better)
compared with scan A, assuming that scan A was always the true
baseline scan (even though it could have been the 12-month
scan). The same tie-breaker radiologist scored all cases for
change between scans A and B, and the majority vote was
recorded as final. Subsequently, the statistician reordered each
pair of scans for each patient and readjusted the scoring (worse or
not worse) accordingly.

Pulmonary Function Tests

Pulmonary function tests (spirometry, lung volumes, and
Dlco) were performed at baseline and every 3 months during
the treatment period, using standardized methods, as previously
described.5

BAL

Right-middle-lobe BAL was performed prior to randomization at
each center, as previously described,26 to detect the presence or
absence of neutrophilia (� 3%) and eosinophilia (� 2%).27 The
baseline HRCT scan was performed shortly before BAL or, if it was
performed first, at least 4 weeks after BAL.

Patient-Centered Measures

The cough index, dyspnea index, SF-36, HAQ-DI, and skin
thickness (modified Rodnan skin score) were assessed at baseline
and every 3 months during the treatment period, as previously
reported.5

Statistical Analysis

Baseline characteristics of patients assigned to the CYC and
placebo arms of the SLS were compared by an unpaired t test or
Fisher exact test. Differences in the HRCT scan measures (FIB,
GGO, and HC) between the baseline and 12-month scans for
each patient were recorded in a dichotomized manner as 0 for
worse (if any region of the lung had a worse score) and 1 for not
worse (if all regions of the lung were either stable or improved)
based on the readers’ visual side-by-side assessment of change.
The changes in HRCT scan measures from baseline to the
12-month follow-up were then analyzed using logistic regression
(analysis of covariance), with separate logistic covariance regres-
sions performed for each variable (FIB, GGO, and HC). Factors
included in the covariance model were treatment group assign-
ment (CYC or placebo), baseline maximum HRCT FIB score
(the maximum score over the six regions), and baseline FVC
percent predicted. Odds ratio estimates for each covariate were
calculated from the regression model.

Kendall � rank correlations also were determined between the
binary FIB outcome variable (worse or not worse) and the

12-month changes from baseline in physiologic measures (FVC,
TLC, and Dlco, all as percent predicted). The McNemar test
was used to determine the association between the binary FIB
outcome and clinically relevant patient-centered outcome vari-
ables (ie, TDI, modified Rodnan skin score, HAQ-DI, and
cough). The latter outcome measures were dichotomized using 0
for any response that was worse by comparing 12-month with
baseline values, and 1 for an outcome that was not worse (ie,
stable or improved). Agreement among the three radiologists
with regard to scoring each radiographic feature (FIB, GGO, and
HC) at baseline or during the comparison reading was assessed
using the � statistic.28

Results

Of the 158 patients who were eligible and random-
ized into the SLS, 98 patients (CYC group, 49
patients; placebo group, 49 patients) who had both
baseline and 12-month HRCT scans and had com-
pleted a BAL procedure were analyzed (Fig 1).
Table 1 shows the mean values (or percentage of
patients) for clinically relevant baseline demograph-
ics and disease characteristics for these 98 patients as
well as their worst recorded scores for HRCT scan
measures of FIB, GGO, and HC (ie, the worst score
among all lung zones). The CYC and placebo treat-
ment groups were well balanced for all of these
baseline features (Table 1), and this subset of 98
patients was comparable with the entire group of 158
randomized patients.5

The main focus of the current analysis was the
visually identifiable change over time in HRCT
findings of FIB, GGO, and HC using a dichotomous,

158 Eligible
& Randomized

79 CYC 79 Placebo

98 with paired
HRCT & BAL

53 without 12-month HRCT
7 without BAL

49 CYC 49 Placebo

158 Eligible
& Randomized

79 CYC 79 Placebo

98 with paired
HRCT & BAL

53 without 12-month HRCT
7 without BAL

49 CYC 49 Placebo

Figure 1. Patients with symptomatic SSc-ILD (n � 158) were
eligible and randomized into the SLS to receive a 12-month course
of treatment with either CYC or placebo according to a randomized,
double-blind, placebo-controlled study design. Of these, 98 patients
met the current study criteria by having both paired baseline and
12-month HRCT scans available for analysis and BAL fluid cell
counts. Forty-nine patients were randomized to the CYC arm, and
49 patients were randomized to the placebo arm.
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worse-or-not-worse scoring system as illustrated in
Figure 2. At least moderate agreement was noted
among the three readers with respect to changes in
FIB (� � 0.51), but only fair vs poor agreement with
respect to changes in GGO (� � 0.36) and HC
(� � 0.16), respectively. Among patients in the CYC
group, the FIB was worse at 12 months than at
baseline in 14 patients and was not worse in 35
patients. In contrast, among patients in the placebo
group, the FIB was worse at 12 months in 26 patients
and was not worse in 23 patients (Table 2). FIB
worsened in a significantly higher proportion of
patients in the placebo group than in the CYC group
(p � 0.014 [�2 test]). On the other hand, no differ-
ential effect of treatment was noted on dichotomized
changes in GGO or HC. When changes in GGO
were expressed as worse, better, or no change,
treatment with CYC was not found to result in any
more frequent resolution of GGOs than treatment
with placebo (Table 2).

Table 3 shows the results of the logistic regression
for the FIB outcome with covariate adjustments as
well as the odds ratios derived from the logistic
regression for the binary changes in FIB. Treatment
group (CYC vs placebo) significantly influenced the
outcome after adjustment for the other variables
(p � 0.012) with an odds ratio of 3.26 (95% CI, 1.30
to 8.17%) for the treatment group. The baseline

FVC percent predicted was also a strong predictor of
the FIB outcome (p � 0.01).

Neither the inclusion of the percentage of neutro-
phils and the percentage of eosinophils from the
BAL fluid nor the baseline extent of GGO (maxi-
mum score in any of the six lung regions) had any
significant effect on these results. Similarly, neither
of these variables was found to be a significant
predictor of the FIB outcome. Separate logistic
regression analyses in which the dependent variables
were either GGO or HC also did not show a
treatment effect with respect to these variables.

We assessed whether the dichotomized HRCT
scan scores (worse vs not worse) for FIB correlated
with the mean changes at 12 months from baseline
for pulmonary function outcomes (percent predicted
FVC, TLC, and Dlco) and the number of patients
with worse or not worse scores for skin thickness,
HAQ-DI, TDI, or cough. Table 4 lists Kendall � rank
correlation coefficients or the McNemar test be-
tween these outcomes and the binary outcome for
FIB (worse vs not worse). For the TDI, the total
scores (sum of the functional, magnitude-of-task, and
magnitude-of-effort domains) are shown. A change
in TDI that was zero or positive indicated not worse,
whereas a change in TDI that was negative indicated
worse. The results show a statistically significant, albeit
modest, correlation between changes in HRCT FIB
and pulmonary function and skin thickness scores
(correlation coefficients, approximately 0.2). Weak
associations were noted between changes in FIB and
HAQ-DI and cough (correlation coefficients, 0.071
vs 0.065, respectively). Changes over time in dyspnea
(total TDI and the three domains) showed moderate
and significant correlations with changes in FIB.

Discussion

SSc-ILD is a serious and therapeutically challeng-
ing manifestation of systemic sclerosis, scleroderma.
Although a number of agents have been evaluated as
treatments for SSc-ILD, only oral CYC has been
proven to be effective in a randomized controlled
study5 demonstrating statistically significant placebo-
adjusted improvements in FVC and TLC after 12
months of therapy. A small randomized controlled
trial6 using IV CYC showed similar results to those
with oral CYC, reinforcing this finding. The current
analysis provides for the first time a visual confirma-
tion of this treatment efficacy by demonstrating less
worsening of FIB on serial HRCT scans (baseline to
12 months) in patients treated with CYC than in
those treated with placebo.

It has been argued that although the placebo-
adjusted improvements in FVC and TLC in response

Table 1—Baseline Patient Characteristics With Both
Baseline and 12-Month HRCT Scan Readings by

Treatment Assignment

Characteristics
CYC Group

(n � 49)
Placebo Group

(n � 49) p Value*

Age, yr 46.1 47.0 0.70
Female gender 38 (87.6) 35 (71.4) 0.49
Disease duration, yr 3.2 3.2 0.92
FVC, % predicted 68.3 69.8 0.52
FEV1/FVC ratio 82.3 82.9 0.74
TLC, % predicted 70.0 70.0 0.91
FRC, % predicted 76.0 71.9 0.29
Dlco, % predicted 46.0 47.9 0.50
BDI (0–12) 5.9 5.5 0.22
Cough 32 (68.1) 36 (73.5) 0.56
SF-36 (0–100)

Physical component
summary

32.9 34.6 0.45

Mental component
summary

48.5 50.8 0.29

HAQ-DI (1–3) 0.95 0.73 0.11
Skin score (0–51) 15.5 14.2 0.58
HRCT scan score (range)

FIB 2.0 (0–4) 1.96 (0–4) 0.89
GGO 0.67 (0–3) 0.65 (0–2) 0.61
HC 0.35 (0–3) 0.41 (0–2) 0.61

Values are given as the mean or No. (%), unless otherwise specified.
BDI � baseline dyspnea index; FRC � functional residual capacity.
*Unpaired t test.
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to treatment with CYC were statistically significant
in the SLS,5 they were small in magnitude.11 How-
ever, concurrent improvements in dyspnea, skin
changes, and several patient-reported outcomes have
boosted confidence that the physiologic responses to
CYC are real and beneficial, although these improve-
ments still have to be weighed against the potential
side effects of a 1-year course of treatment with oral
CYC, including possible long-term consequences,
such as bladder, hematologic, and skin cancers.
Consistent with the improvements in FVC and TLC,
the present study reveals a significantly more favor-
able course of HRCT scan-assessed FIB (ie, im-
provement or stability as opposed to worsening) in
the CYC treatment group than in the placebo group
(p � 0.014 [�2 test]) but no difference in the course
of other radiographic features (GGO or HC). More-
over, in separate analyses, treatment group assign-
ment was a significant predictor of the change in FIB
over the 12-month treatment period. In addition,

change in FIB over time was significantly correlated
with physiologic measures of improvement (FVC
and TLC) as well as with improvement in dyspnea
and skin thickness.

These HRCT scan findings provided independent
validation of the treatment effect produced by CYC
and suggested that treatment-related differences in
the 1-year course of measures of restriction (FVC
and TLC) reflect structural changes in lung tissue.
The HRCT scan findings, therefore, provide support
for the interpretation that CYC slowed the progres-
sion of FIB compared with placebo over the 1-year
treatment period.

At the same time, it is interesting that there was no
observed treatment effect with respect to changes
over time in GGO, including improvement, despite
the fact that CYC is an immunosuppressive agent
that might be expected to suppress inflammation.
Thus, the absence of any beneficial effect of CYC on
GGO argues against equating GGO with inflamma-

Figure 2. Representative paired images from a patient in the placebo arm whose FIB was visually
scored as being worse over time (A, baseline; B, 12-month follow-up) and a patient in the CYC arm
whose serial scans were scored as not worse (C, baseline; D, 12-month follow-up).

Table 2—Number of Patients in Each Treatment Group With Worse (or Not Worse) FIB, GGO, or HC in at Least
One Lung Zone on the 12-Month HRCT Scan Compared to the Baseline Scan

Treatment Groups

Fibrosis GGO HC

Worse Not Worse Worse Not Worse* Worse Not Worse

CYC 14 35 13 36 3 46
Placebo 26 23 16 33 3 46

p � 0.014 for FIB; p � 0.507 for GGO; p � 1.000 for HC (�2 test).
*Of the 36 patients in the CYC group and 33 in the placebo group with not worse GGO, improvement in GGO was noted in 8 CYC patients and
10 placebo patients.
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tion. These results are contrary to previously re-
ported findings.21,22 GGO is classically defined29 as
alveolar opacification through which vessel architec-
ture is still visualized. In the setting of interstitial
lung disease, GGO may reflect either alveolar filling
by inflammatory cells or subresolution FIB. In pa-
tients with SSc-ILD in which nonspecific interstitial
pneumonitis is the typical pathology, GGO has been
correlated with alveolitis on BAL fluid findings in
some studies,30 and more extensive GGO seen on
HRCT scans has been associated significantly with a
lower Dlco, which is analogous to the association
between BAL fluid evidence of alveolitis and a
reduced Dlco.31 In still other studies,26 little corre-
lation between BAL evidence for alveolitis and CT
scan evidence for GGO has been shown. This uncer-
tainty regarding the structural basis for GGO makes
the absence of a change in GGO between the two
treatment groups difficult to interpret. Interpreta-
tion of the lack of change in GGO is further
hindered by the greater interreader variability in
grading this HRCT scan finding (� � 0.36) com-
pared with FIB (� � 0.51). The poorer interreader

agreement in scoring changes in GGO, especially in
HC (� � 0.16), could be due to the more limited
abnormalities in GGO and HC seen on the baseline
HRCT scan (scores of 0.65 to 0.67 vs 0.35 to 0.41,
respectively, on a scale of 0 to 3) compared with FIB
(scores of 1.96 to 2.0, on a scale of 0 to 4) [Table 1].

There were several major limitations for the present
study. First, the ancillary study needed to obtain an
HRCT scan at the end of the 12-month treatment
period was not available until well after the start of
the SLS. Consequently, approximately one-third of
the SLS patients did not have a follow-up HRCT
scan, reducing the power to show a treatment effect.
Second, in accordance with the intention-to-treat
principle, some of the patients who underwent a
12-month HRCT scan had prematurely withdrawn
from the double-blind treatment phase of the study.
The failure of some patients in the CYC arm to
receive a complete course of therapy could confound
the results. However, these confounding effects
would bias the results toward the null and could not
have been responsible for the positive treatment
effect on HRCT scan-assessed changes in FIB.

Table 3—Impact of Covariates on FIB Outcome (Logistic Model)

Covariates Estimate SE p Value Odds Ratio (95% CI)

Intercept �4.05 1.67 0.015
Group (CYC/placebo) 1.18 0.47 0.012 3.26 (1.30–8.17)
Max FIB score, baseline �0.22 0.22 0.331 0.81 (0.52–1.25)
FVC % predicted, baseline 0.06 0.02 0.004 1.06 (1.02–1.10)

Table 4—The 12-Month Change in Score Between FIB and FVC, TLC, DLCO, Skin Score, HAQ, Cough, and
Dyspnea in 98 Patients

Parameters

FIB

Kendall � Rank Correlation McNemar Test p ValueWorse Not Worse

Average change score �4.35 �0.82 0.21 0.041
FVC12-0, % predicted �4.87 �0.47 0.22 0.035
TLC12-0, % predicted �6.38 �2.91 0.199 0.053
Dlco12-0, % predicted

Number of patients
Skin

Worse 15 25 0.206 0.042
Not worse 11 47

HAQ
Worse 18 22 0.071 0.489
Not worse 22 36

Cough
Worse 9 31 0.065 0.52
Not worse 10 48

Dyspnea
Worse 21 19 0.355 � 0.001
Not worse 10 48

FVC12-0 � change in FVC between 0 (baseline) and 12 months; TLC12-0 � change in TLC between 0 (baseline) and 12 months; Dlco12-0 � change
in Dlco between 0 (baseline) and 12 months.
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Third, the scans were performed using axial incre-
mental images every 10 mm (as was the convention
at the time), resulting in image data sets at the two
time points that were not always at exactly the same
anatomic lung levels, potentially affecting the ability to
infer changes due to sampling differences. Fourth, the
side-by-side comparisons of the baseline and 12-
month HRCT scans were scored visually, thus result-
ing in subject-to-interreader differences in interpre-
tation. This interreader variability for changes over
time in FIB was reflected by a � statistic of 0.51 for
agreement among trained readers. This only moder-
ate degree of concordance could compromise the
clinical utility of HRCT scans as an objective marker
of treatment-related changes in FIB. Improvements
in imaging technique (including full-lung volumetric
acquisition) and technological advances in the devel-
opment of software for computerized quantitative
assessments of the distribution and extent of pulmo-
nary FIB should help to resolve some of these
difficulties.32

The assessment of FIB on the HRCT scans of
patients with SSc-ILD has been shown to be a
predictor of the progression of FIB in the absence of
active treatment and of a favorable response to
treatment with CYC compared with placebo.5 It also
has been shown to be a predictor of mortality in an
observational study.20 On the other hand, HRCT
scanning has infrequently been used in a prospec-
tive, systematic manner as an outcome parameter for
assessing therapeutic responses in patients with SSc-
ILD.21,22 The results of the present study suggest
that the incorporation of follow-up HRCT scans in
controlled clinical trials of interventions in patients
with SSc-ILD (or potentially in other interstitial
pneumonitides) might prove a usual adjunct to con-
ventional physiologic and patient-centered end
points, although cost and radiation exposure need to
be considered.
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