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Abstract
Objectives—To identify baseline characteristics of patients with Scleroderma-Related Interstitial
Lung Disease (SSc-ILD) which predict the most favorable response to a 12-month treatment with
oral cyclophosphamide (CYC).

Methods—Regression analyses were retrospectively applied to the Scleroderma Lung Study data
in order to identify baseline characteristics that correlated with the absolute change in %-predicted
Forced Vital Capacity (FVC) and the placebo-adjusted change in %-predicted FVC over time (the
CYC treatment effect).

Results—Completion of the CYC arm of the Scleroderma Lung Study was associated with a
placebo-adjusted improvement in %-predicted FVC of 2.11% at 12 months which increased to
4.16% when patients were followed for another 6 months (p=0.014). Multivariate regression
analyses identified the maximal severity of reticular infiltrates on baseline high-resolution
computerized tomography (HRCT), the modified Rodnan Skin Score (mRSS), and Mahler's
Baseline Dyspnea Index (BDI) as independent correlates of treatment response. When patients
were stratified based on whether 50% or more of any lung zone was involved by reticular
infiltrates on HRCT and/or the presence of a mRSS of at least 23, a subgroup emerged with an
average CYC treatment effect of 4.73% at 12 months and 9.81% at 18 months (p<0.001).
Conversely, there was no treatment effect (−0.58%) in patients with less severe HRCT findings
and a lower mRSS.
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Conclusions—A retrospective analysis of the Scleroderma Lung Study identified the severity of
reticular infiltrates on baseline HRCT and the baseline mRSS as patient features that might predict
responsiveness to CYC therapy.

INTRODUCTION
Pulmonary disease has become the leading cause of death in systemic sclerosis
(scleroderma, SSc), with interstitial lung disease (ILD) and pulmonary vascular disease
representing the two primary lung manifestations (1). At present, only daily oral or pulse
intravenous cyclophosphamide (CYC) have been shown in large randomized, double-
blinded, placebo-controlled trials to alter the course of SSc-ILD (2-3). While highlighting
that SSc-ILD is treatable, the overall magnitude of the response to CYC in these studies was
modest and the beneficial effects appeared to fade within a year after stopping treatment
(2-4). When these features are combined with the potential toxicity associated with CYC (5),
there has been considerable controversy about whether all patients with SSc-ILD should be
treated or whether therapy should be reserved for patients at the greatest risk for progression
or deterioration (6-8).

Until recently, information about disease risk and/or progression has come primarily from
convenience cohorts and retrospective analyses (6, 9-12). These studies have confirmed that
ILD is prevalent in SSc (40%-84% of patients) and that the extent of lung involvement
significantly impacts on long-term survival. Out of 900 evaluable patients analyzed by Steen
et al. (9) the presence of severe SSc-ILD was associated with a significant reduction in 10-
year survival (58% survival) when compared to those without pulmonary involvement (87%
survival). More recently, Goh et al. (6) reviewed high resolution computerized tomography
(HRCT), forced vital capacity (FVC), and mortality data from 330 consecutive SSc patients.
In their analysis, the extent of reticular changes on chest HRCT (>20% involvement) and the
impact on pulmonary function (FVC <70%-predicted) yielded the best prediction of disease
progression and long-term mortality. An increase in inflammatory cells on bronchoalveolar
lavage (BAL) has also been suggested to predict progressive lung disease (12-13). However,
the value of BAL cellularity as a predictor has been challenged by two recent studies in
which BAL cellularity was found to correlate with the extent of disease at baseline but not
with progression or the response to therapy (14-15).

In the recently completed Scleroderma Lung Study (3-4), 158 patients with dyspnea and
SSc-ILD were prospectively treated in a randomized, double-blind, multi-center study with
one year of CYC or placebo and the time course of %-predicted FVC was measured over a
period of two years. Overall, assignment to the CYC arm was associated with a modest but
statistically significant treatment effect at 12 months (3). We hypothesized that this database
would provide a unique opportunity to evaluate baseline patient characteristics for their
ability to predict the course of lung disease over time and the likelihood of responding
favorably to CYC.

PATIENTS AND METHODS
Study Patients and Design

The Scleroderma Lung Study was a multi-center randomized and double-blinded trial
comparing the course of %-predicted FVC over two years in SSc-ILD patients who were
treated for the initial 12-months with either CYC or placebo and then followed for a second
12 months (3). All patients provided written informed consent in accordance with protocols
approved by the Institutional Review Board at each institution. Key entry criteria included
the presence of diffuse or limited cutaneous SSc (dcSSc or lcSSc), disease duration of ≤ 7
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years, restrictive lung disease (FVC <85% and >40% predicted), symptomatic dyspnea, and
signs of active ILD as assessed by either HRCT and/or BAL criteria (3, 14, 16).

Chest HRCT scoring
Non-contrast HRCT scans were acquired in the prone position, end-inspiration, from the
lung apices to bases with 1-2 mm collimation at 10-mm intervals as previously detailed (16).
Scoring was carried out in a blinded manner by two independent thoracic radiologists and
discordant scores reviewed with a third core reader (JG) to produce a final consensus score.
Images from the right and left lung were each divided into 3 zones (upper, middle, and
lower) and scored for the extent of pulmonary abnormalities using a 0-4 Likert scale (0%,
1-25%, 26-50%, 51-75% and 76-100% involvement). Images were assessed for pure
ground-glass opacifications (GGO), reticular changes (fibrosis, FIB), and honeycomb cysts
(HC) as previously defined (16 and Figure S1, online supplement). Mean and maximum
(Max) scores for each abnormality were reported.

Bronchoalveolar lavage
Bronchoalveolar lavage was performed at baseline in the right middle lobe by serially
instilling and recovering four 60-ml aliquots of room-temperature saline (14). Cytospins
were stained with Diff-Quick and the % neutrophils (PMN), eosinophils (EOS) and
lymphocytes read centrally by two experienced readers.

Pulmonary function testing
Lung function was measured by study-certified technologists in accordance with published
standards to determine FVC by spirometry, total lung capacity (TLC) by plethysmography,
and single-breath diffusing capacity for carbon monoxide (DLCO), all expressed as percent
of predicted (3). Pulmonary function outcomes were assessed every three months during the
2-year study period.

Statistical analysis
Eighteen months, 6 months after completing the 12 month course of either CYC or placebo,
was previously identified as the time point of the maximal treatment response (4). As such,
linear regression was used to correlate the change in %-predicted FVC from baseline to 18
months for each evaluable participant to their baseline features including demographic
factors, pulmonary function, BAL cell counts, HRCT scores, skin involvement, symptoms,
treatment assignment and interaction terms. Three different multivariate regression models
were then assessed for their ability to predict the CYC treatment effect and identify baseline
characteristics with independent predictive value. In a targeted model, baseline features
found to have a univariate association with the change in %-predicted FVC (p≤0.10) were
combined along with the baseline %-predicted FVC. An empiric model was also derived
independently using the best subset selection approach in which 10 baseline characteristics
were empirically selected based on the optimal adjusted R-square criterion (17). Predictive
characteristics identified as potentially significant by either of these two models (p<0.05)
were then combined to form a final consensus model.

Once a set of baseline predictors had been identified, a modified classification and
regression tree (CART) analysis was used to identify a single cut-point for each of them
which best divided the patients into two distinct subsets, one characterized as CYC
responsive and the other as CYC non-responsive (18). Finally, time-trend curves that had
been adjusted for %-predicted FVC at baseline were constructed to determine the impact of
the final predictor strategy on the change in %-predicted FVC at different time points from 3
to 18 months.
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RESULTS
Enrollment and baseline characteristics

Of the 158 eligible patients enrolled into the Scleroderma Lung Study, 145 (92%) had
evaluable baseline and endpoint data at 3 months, 141 (89%) at 6 months, 136 (86%) at 9
and 12 months, 116 (73%) at 15 months, and 112 (71%) at 18 months. As previously
reported (4), 18-month outcomes demonstrated the greatest separation in %-predicted FVC
between the CYC and placebo arms and were therefore selected as the primary target for this
analysis. Baseline features, deaths, treatment failures, and withdrawals were not
significantly different between the two study arms as previously detailed (3-4). In addition,
there were no significant differences between the baseline characteristics for the entire
randomized population and the current cohort with evaluable data at 18 months. The 18-
month cohort included 55 patients assigned to the CYC arm and 57 to the placebo arm with
a mixture of lcSSc (39%) and dcSSc (61%), an average disease duration of 3.2 +0.9 years,
moderate restrictive lung disease (FVC = 68.8 ±0.9%-predicted) and a severe impairment in
gas transfer (DLCO = 42.6 ±1.0%-predicted). 71 of the 101 patients who underwent BAL
met study criteria for alveolitis and 104 out of 108 patients who underwent HRCT imaging
had abnormalities recorded. The complete profile of the 18-month cohort is presented in
Table S1 (online supplement).

Univariate and multivariate correlations with the change in %-predicted FVC
As detailed in Table 1, treatment assignment, duration of SSc symptoms other than
Raynaud's, maximal severity of reticular changes on HRCT (MaxFIB score), extent of skin
involvement (modified Rodnan Skin Score; mRSS), and interaction terms between treatment
assignment and scores for MaxFIB and mRSS, were all associated by univariate correlations
(p≤0.10) with the change in %-predicted FVC from baseline to 18 months.

Three different multivariate regression models were constructed including a targeted model
based on the positive findings from the univariate analysis, an empiric model that was
independently developed using a best subset forward-selection approach, and a consensus
model which combined the independent predictor characteristics identified by the targeted
and empiric approaches (Table S2, online supplement). Both the targeted and empiric
regression models identified assignment to the CYC arm and treatment interactions between
CYC and the mRSS as independent and significant (p<0.05) correlates of the change in %-
predicted FVC from 0 to 18 months. In the targeted model, a treatment interaction between
CYC and MaxFIB score was also identified as an independent correlation, while in the
empiric model treatment interactions between CYC and FVC, and between CYC and BDI,
were identified as significant. To reconcile these differences, all of these factors were
included in a final consensus model (Table 2), which identified CYC treatment as well as
CYC treatment interactions with MaxFIB score, mRSS, and Mahler's Baseline Dyspnea
Index (BDI) as significant independent predictors of the change in %-predicted FVC from 0
to 18 months. However, regardless of the multivariate model, no more than 14% of the
outcome variability was accounted for by these approaches. As such, these predictors were
relatively insensitive in their ability to predict the absolute change in %-predicted FVC over
time.

Relationships between baseline features and the CYC treatment effect
When assignment to the CYC arm was used as the only predictor of outcome, the overall
CYC treatment effect at 18 months was statistically significant but modest in magnitude
(4.16%; p=0.014). A central question for our analysis was whether this result was due to the
limited potency of CYC or whether it might be due to a mixture of CYC responsive and
non-responsive patients within the study population. To address this, the identified
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predictors of the change in FVC over time were evaluated for their relationship with the
magnitude of the CYC treatment effect (Figure 1). MaxFIB score, mRSS, and the BDI were
the only factors that significantly correlated with the placebo-adjusted change in %-
predicted FVC. The higher the MaxFIB score or the mRSS at baseline, the greater the CYC
treatment effect. Conversely, the higher the BDI score (indicating less dyspnea) the less the
CYC treatment effect. In contrast, while the baseline %-predicted FVC, duration of SSc, and
DLCO exhibited some utility in predicting the change in FVC over time for all subjects,
none of these factors were significantly related to the CYC treatment effect (Figure S2,
online supplement).

Clinically-relevant classification and regression tree model
We next assessed whether identified predictors of the CYC treatment effect could be used to
classify patients into two distinct clinical groups; treatment responders and non-responders.
A modified CART model was used to identify clinically-relevant cut-points for the MaxFIB,
mRSS, and BDI scores with the goal of distinguishing responders from non-responders
(Figure 2). In Step 1 of the CART model, study patients were dichotomized solely on their
treatment assignment (CYC versus placebo). This produced the overall treatment effect
averaging 4.16% (p=0.014). In the second level of the regression tree analysis, CART
modeling identified a MaxFIB score on HRCT of 3 (≥50% involvement of any lung region
by reticular changes) as the optimal cut-point to stratify subjects into CYC responsive and
CYC non-responsive subsets. In the subgroup with higher MaxFIB scores, the CYC
treatment effect was much greater, resulting in an 8.96% difference in %-predicted FVC
between the CYC and placebo study arms. In Step 3, the CART model further divided
subjects according to the extent of skin involvement (mRSS). While this produced 4
potential subgroups within each treatment arm, three of these subgroups (MaxFIB score ≥3
and mRSS ≥23; MaxFIB score ≥3 and mRSS ≤23; and MaxFIB Score ≤3 and mRSS ≥23)
were associated with an improved CYC treatment effect while one was not (MaxFIB score
<3 and mRSS <23). The three similar subgroups were therefore combined (MaxFIB score
≥3 and/or mRSS ≥23), again resulting in one subset of potential CYC responders and one
subset of potential CYC non-responders. Using this stratification, the average CYC
treatment effect in the CYC responsive subset increased further to 9.81%-predicted FVC
(p<0.001), while the average CYC treatment effect in the CYC non-responsive subset
decreased to −0.58%-predicted FVC. Addition of the BDI score as a fourth level of
stratification, in which subjects with less-severe dyspnea (BDI >7) were moved from the
responsive to the non-responsive subset, further boosted the treatment effect to 11.59% in
the CYC responsive population. However, this substantially limited the number of study
patients meeting criteria for CYC responders (from 53 to 40) and was associated with a
modest decrease in statistical significance when comparing the CYC and placebo arms (data
not shown). As a result, the addition of this fourth factor (the BDI) was not considered to
substantially improve the clinical value of the prediction model.

Time-trend analysis
A time-trend analysis was carried out to address several potential limitations that were
inherent in our analysis. First, because 29% of the enrolled patients did not have FVC
measurements at 18 months (due to their early withdrawal, treatment failure or death), their
responses to CYC were not included in our modeling. Second, by focusing on only one point
in time (18 months), there was no assurance that our predictive algorithm would apply to
treatment responses at other points in the study. Finally, the focus on treatment effect
(difference in %-predicted FVC between the CYC and placebo arms) provided little insight
into the course of disease over time. We therefore plotted the %-predicted FVC for each
treatment arm at various time points in the study from 3 to 18 months using data from all
evaluable patients at each time point (Figure 3). Compared to the unselected patient
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population, stratification of the participants based on the combination of their MaxFIB score
and mRSS resulted in two subgroups with distinctively different time-trend plots. The
subgroup classified as potential CYC responders (MaxFIB score ≥3 and/or mRSS ≥23)
demonstrated a consistent and marked separation over time between the CYC and placebo
arms. There was a clear divergence between the CYC and placebo arms starting as early as 6
months (when data from 88% of randomized patients were included) which steadily
increased through 18 months. Within this subgroup, assignment to the placebo arm resulted
in significant deterioration of pulmonary function over time while assignment to the CYC
arm was associated with a significant improvement in pulmonary function over time
(p<0.05). In contrast, the subgroup classified as CYC non-responders exhibited relatively
stable FVC values over time without a significant impact of treatment assignment on the
FVC outcome.

Taking the utility of the time-trend approach one step further, we performed a sensitivity
analysis in which all early withdrawals, treatment failures and deaths were considered as
indicators of a poor response to therapy and therefore automatically assigned to the non-
responder subset. This re-assignment had no substantial impact on the course of disease over
time in either the responder or non-responder groups. The average %-predicted FVC values
for the CYC and Plac arms of the responder population still separated in the same manner at
9, 12, 15 and 18 months (p<0.001 at all time points), while there was no significant
difference in %-predicted FVC between treatment groups in the non-responder population at
the same time points (p=0.44; 0.70; 0.31; and 0.89, respectively).

Characteristics of the CYC responsive and CYC non-responsive phenotypes
Evaluable patients from the 18-month cohort were retrospectively stratified into 53 patients
with a CYC responsive phenotype (MaxFIB score ≥3 and/or mRSS ≥23) and 57 patients
with a CYC non-responsive phenotype (MaxFIB score <3 and mRSS <23) in order to assess
the impact of this stratification on the distribution of other baseline characteristics (Table 3).
Interestingly, the baseline measures of pulmonary function (FVC, TLC and DLCO) were all
significantly worse in the potential CYC responders, as were the frequency of eosinophils on
BAL, the maximal severity of honeycomb changes on HRCT, and the health assessment
disability index. However, there was considerable overlap between the CYC responsive and
non-responsive groups with respect to all of these features (data not shown), likely
explaining why they were not identified as significant independent predictors of treatment
outcome.

DISCUSSION
Treatment with one year of oral CYC in the Scleroderma Lung Study improved pulmonary
function, dyspnea, reticular changes on HRCT, and skin disease when compared to the
effects of placebo (3-4, 19-20). While these beneficial effects were wide-ranging, the overall
magnitude of change in FVC was small and dissipated by the end of 24-months (3-4). A
small but beneficial effect of intravenous CYC on lung function was also suggested by the
Fibrosing Alveolitis in Scleroderma Trial (2). Based on these studies and the known side
effects of CYC, some investigators have concluded that the potential risks from CYC
outweigh the benefits (5, 7-8). Others have hypothesized that CYC would be more effective
if targeted for use in a select subset of patients (6, 21-22). This controversy stimulated our
retrospective analysis of the Scleroderma Lung Study with the goal of identifying predictors
of the CYC treatment effect. Using a combination of regression analyses we identified two
mutually exclusive sub-groups based on the severity of reticular infiltrates on HRCT
(MaxFIB score) and/or the extent of skin disease (mRSS). One population, described in this
report as CYC responsive and representing 49% of enrolled subjects, were identified by the
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presence of more advanced reticular disease on baseline HRCT and/or more extensive skin
involvement (MaxFIB score ≥3 and/or mRSS ≥23). On average, these patients also had
more extensive pulmonary function abnormalities, a greater percentage of inflammatory
cells on BAL, and worse disability scores at baseline than non-responders. In contrast, non-
responders were defined by the presence of relatively limited lung and skin involvement
(MaxFIB score <3 and mRSS <23). When divided into these distinct subsets, the average
CYC treatment effect in the responder population was a striking 9.81% improvement in %-
predicted FVC at 18 months, while there was no obvious benefit from CYC in the non-
responders (a −0.58% difference between the CYC and placebo groups). Similarly, meeting
the baseline criteria for being CYC responsive was associated with a 5.4 point placebo-
adjusted improvement in the mRSS at 18 months (p=0.008), while meeting the criteria for
non-responders resulted in only a 1.1 point difference in the mRSS (p=0.488). If confirmed
by additional studies, these responder and non-responder criteria could have an important
impact on how we view the selection and treatment of SSc-ILD.

The prevailing theory is that CYC can slow the progression of SSc-ILD but cannot reverse
it. As such, investigators have hypothesized that its effectiveness will be most evident in the
subset of patients at the greatest risk for future deterioration (6-7, 21-22). Based on a
longitudinal analysis of 215 SSc-ILD patients, Goh et al. (6) proposed that the extent of lung
involvement on HRCT (>20% involvement of the lung by reticular infiltrates) and
pulmonary function tests (FVC <70%-predicted) can be used to identify this target
population. The literature also frequently cites the finding by Steen et al. (9), where the
duration of SSc was found to be a key predictor of the rate of lung deterioration. Our
findings support all of these predictions to some degree, but not all were found to predict
treatment response. In reviewing the time-trend curves presented in Figure 3 there is an
obvious link between the risk for progressive lung disease and the likelihood of responding
to CYC. Patients defined as potential responders and randomized to the placebo arm
experienced a progressive and significant decline in FVC over time. In contrast, patients
categorized as non-responders exhibited a relatively stable FVC throughout the study. Our
findings also support the extent of reticular changes on HRCT as a predictor of both disease
progression (the change in FVC over time) and the CYC treatment effect. While it is
difficult to compare different HRCT outcome measures, the MaxFIB score described in this
report appears to play a similar predictive role as the HRCT staging described by Goh et al.
(6). As in other studies, we identified baseline FVC and the duration of SSc as potential
predictors of the change in FVC over time. However, these two factors were not identified
as independent predictors in our multivariate consensus model and also failed to predict the
CYC treatment effect. Instead, our analysis identified the mRSS and BDI as novel predictors
of the CYC treatment effect. This discrepancy between predictors of lung deterioration and
predictors of treatment response suggests that these two outcomes overlap but are not
identical. Indeed, as detailed in Figure 2, there were patients with significant lung
deterioration in both the responder and non-responder categories.

The unique outcomes identified in this study were made possible by the randomized
placebo-controlled design of the Scleroderma Lung Study. While convenience cohorts and
longitudinal datasets often have the advantage of a larger sample size, their analysis is
hindered by the inherent heterogeneity of patients, differences in treatment, and a marked
variability in the timing, frequency and standardization of outcome measures. More
importantly, the Scleroderma Lung Study allowed us to directly focus on the placebo-
adjusted treatment effect. As noted in the results, correlations between baseline features and
the course of %-predicted FVC over time were weak and never accounted for more than
14% of the subject-to-subject variability. However, by focusing on predictors of the CYC
treatment effect, the MaxFIB score, mRSS and the BDI emerged as much more significant
predictors of this outcome. Finally, when these individual predictors were integrated
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together with the overall effects of CYC using a step-wise CART analysis, they allowed us
to identify two distinct groups of subjects; CYC responders and non-responders. As already
noted, these two groups have many unique features and experienced markedly different
treatment responses.

While the implications stemming from this analysis are potentially important, they are
derived from a retrospective analysis of a single clinical trial and therefore require some
form of independent confirmation. The predictor analysis by Goh et al. (6) adds credence to
the use of HRCT measures of reticular lung disease as a predictor. Furthermore, the MaxFIB
score was identified as an important covariate in the primary outcome analysis of the
Scleroderma Lung Study (3). While the extent of skin disease has not previously been
shown to predict treatment responses in the lung, it has been closely correlated with the
presence and extent of SSc-ILD in several recent studies (23-24). In addition, both lung and
skin disease appear to respond to CYC therapy (3-4, 14, 16), further suggesting that these
features are linked.

In addition to the need for further validation, other potential limitations exist that might
prevent the translation of these findings into clinical practice. The Scleroderma Lung Study
employed a standardized image acquisition protocol and experienced Core readers for the
HRCT analysis (16). Given the inherent variability in clinical HRCT readings, it may be
difficult to reproduce our findings in the clinic. Further, as already noted, it is hard to relate
our HRCT measures to others that have been reported in the literature. The use of automated
computer algorithms to standardize HRCT results may provide one way to address this (25).
The same comments apply to the mRSS, which has been primarily used for research studies
rather than as a clinical tool (26). Furthermore, use of the mRSS as a predictor might be
misleading if taken out of context. When considered alone, the mRSS cutoff of ≥23 seems to
imply that only patients with dcSSc are likely to respond to CYC. However, as already
described in detail, this is not the case (20). According to our model, the primary definition
of a responder is based on the presence of reticular changes on their HRCT. As such, if
lcSSc patients exhibit significant lung disease they are just as likely to respond regardless of
their limited skin involvement. However, patients with dcSSc are likely to respond if they
exhibit extensive lung disease or if they exhibit milder lung disease but extensive skin
disease. Finally, because treatment interactions with CYC were a central feature of our
analysis, it is not clear whether the same predictors will apply when other forms of therapy
are considered (7).

In summary, a multivariate regression analysis applied to the Scleroderma Lung Study in a
retrospective manner identified the MaxFIB score, mRSS and BDI as independent correlates
of the change in %-predicted FVC over time and the CYC treatment effect. When combined
into a clinically relevant set of selection criteria, we identified two different patient subsets.
One population, exhibiting more severe reticular changes on HRCT (MaxFIB score ≥3) and/
or greater skin involvement (mRSS ≥23), appeared to be CYC responsive with an average
treatment effect approaching a 10% difference in %-predicted FVC along with a 5.4 point
improvement in their mRSS. In contrast, patients characterized by a combination of less
severe HRCT changes and less extensive skin involvement exhibited relatively stable lung
function and skin disease over time without an obvious CYC treatment response. These
findings suggest the presence of distinct disease phenotypes and may provide an approach
for targeting therapy to the most responsive subjects. However, as noted, there are several
caveats to these conclusions and further validation and clinical development are warranted.
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Figure 1. Predictors of the CYC treatment effect at 18 months
Baseline values for the (A) maximal severity of reticular changes on HRCT (MaxFIB score),
(B) modified Rodnan skin score (mRSS) and (C) Mahler's baseline dyspnea index (BDI)
were divided into clinically-relevant groups and plotted against the placebo (Plac)-adjusted
treatment effect at 18 months (the change in %-predicted FVC from baseline to 18 months in
the CYC arm minus the change observed in the same subset in the placebo arm). All of these
baseline characteristics demonstrated a significant correlation with FVC outcome (p<0.05).
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Figure 2. Multivariate tree regression analysis
In Step 1, the study population was dichotomized into those assigned to the CYC versus
placebo arms. The mean change in %-predicted FVC from 0 to 18 months is indicated, as
are the applicable subjects numbers (N) and histograms demonstrating the number of
subjects with different ranges of change in %-predicted FVC. The difference between
groups and the resulting p-value are also shown. In Step 2, each group was further
subdivided into two subsets based on the MaxFIB score. In Step 3, subjects were again
subdivided based on their mRSS score. Rather than dividing each treatment arm into 4
different subsets, subjects with a MaxFIB score ≥3 and/or a mRSS ≥23 were pooled into one
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group and subjects with a MaxFIB score <3 and a mRSS <23 were left as the alternative
grouping. When the resulting populations were compared, a CYC responsive group was
identified with an average treatment effect of 9.81%. Conversely, the subset with a low
MaxFIB score and a low mRSS demonstrated no significant CYC treatment effect.
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Figure 3. Time-trend curves
The changes in %-predicted FVC from baseline to 18 months (adjusted for baseline FVC)
are plotted for the cyclophosphamide (CYC) and placebo (Plac) arms (mean ±SEM). The
number of subjects (N) at each time-point and the p-value comparing groups is presented.
(A) There was a small but significant difference between the treatment arms at 18 months
when results were plotted for all patients. (B) Dividing the study population into Responder
and Non-responder subsets resulted in two distinct plots with a highly-significant treatment
effect from 9 to 18 months occurring only in the Responder population.
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Table 1

Univariate correlations
*
 between baseline characteristics and the change in %-predicted FVC from 0 to 18

months.

UNIVARIATE REGRESSION ANALYSIS

Baseline Variables Group Coefficient SEM r2
p-value

†

Treatment Arm

    CYC
‡
 versus Placebo All 4.17 1.91 0.04 (0.03)

Demographic

    Duration of SSc All 0.79 0.47 0.03 (<0.01)

CYC 0.64 0.59 0.02 0.28

Placebo 1.05 0.77 0.03 0.18

Pulmonary Function

    %-predicted FVC All −0.01 0.08 <0.01 0.95

CYC 0.09 0.11 0.01 0.43

Placebo −0.07 0.12 <0.01 0.56

BAL Cell Counts

    % PMN All 0.03 0.16 <0.01 0.87

CYC −0.16 0.24 <0.01 0.52

Placebo 0.23 0.22 0.02 0.29

HRCT Scores

    MaxFIB Score All 0.51 0.97 <0.01 0.60

CYC 2.43 1.44 0.05 (0.10)

Placebo −0.90 1.25 0.01 0.47

Skin Involvement

    mRSS All 0.06 0.09 <0.01 0.48

CYC 0.20 0.12 0.05 (0.10)

Placebo −0.13 0.14 0.02 0.33

Symptoms

    BDI All 0.08 0.55 <0.01 0.89

CYC −1.15 0.83 0.04 0.17

Placebo 0.78 0.70 0.02 0.27

Interaction Terms

    FVC-CYC Arm All 0.16 0.16 0.05 0.34

    Duration of SSc-CYC Arm All −0.41 0.97 0.04 0.68

    MaxFIB-CYC Arm All 3.33 1.20 0.07 (0.09)

    mRSS-CYC Arm All 0.33 0.18 0.07 (0.07)

*
All significant correlations (p≤0.10) and at least one baseline characteristic from each category are displayed.

†
p≤ 0.10 noted in bold with parentheses

‡
Table abbreviations: CYC, cyclophosphamide; SSc, scleroderma; PMN, polymorphonuclear cells; mRSS, modified Rodnan Skin Score; BDI,

Mahler's Baseline Dyspnea Index; FVC, forced vital capacity.
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Table 2

Multivariate consensus regression model.

Components of the Consensus Model Coefficient SEM p-value
*

CYC Arm 3.90 1.99 (0.05)

FVC −0.10 0.13 0.45

MaxFIB −1.64 1.30 0.21

mRSS −0.21 0.14 0.14

BDI 0.91 0.72 0.21

FVC-CYC Interaction 0.26 0.17 0.14

MaxFIB-CYC Interaction 4.94 1.97 (0.01)

mRSS-CYC Interaction 0.39 0.19 (0.05)

BDI-CYC Interaction −2.44 1.11 (0.03)

*
p≤0.05 noted in bold with parentheses
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Table 3

Phenotype of CYC Responsive and Non-Responsive subgroups.

CHARACTERISTICS Unselected Patients Predicted as CYC Responsive
(MaxFIB ≥3 and/or mRSS ≥23)

Predicted as CYC Non-Responsive
(MaxFIB <3 and mRSS <23) p-value

†

Demographic

    Number 112 53 57

    Age, yrs
46.9 (0.9)

* 47.5 (1.5) 46.2 (1.5) 0.56

    Male, % 29.5 34.0 26.3 0.38

    Duration of SSc, yrs 3.2 (0.2) 3.12 (0.3) 3.3 (0.3) 0.51

    Smoking history, % 34% 29% 39% 0.25

Pulmonary Function

    FVC, %-predicted 68.8 (0.9) 65.8 (1.6) 71.6 (1.5) (<0.01)

    TLC, %-predicted 69.8 (1.1) 67.2 (1.8) 73.5 (1.8) (0.02)

    DLCO, %-predicted 47.6 (1.0) 42.6 (1.6) 52.3 (1.5) (<0.01)

BAL Cell Counts

    % PMN 5.90 (0.51) 7.06 (0.85) 5.08 (0.86) 0.13

    % EOS 2.89 (0.34) 3.90 (0.75) 2.10 (0.34) (0.03)

HRCT Scores

    MaxGGO, 0-4 scale 0.69 (0.06) 0.65 (0.09) 0.72 (0.11) 0.62

    MaxFIB, 0-4 scale 1.95 (0.08) 2.65 (0.13) 1.33 (0.09) NA

    MaxHC, 0-4 scale 0.37 (0.04) 0.51 (0.07) 0.25 (0.07) (0.01)

Skin Involvement

    mRSS, 0-51 scale 14.9 (0.8) 19.2 (1.7) 10.9 (0.9) NA

    dcSSc, % 61.6 64.2 57.9 0.50

Symptoms

    BDI, 0-12 scale 5.4 (0.2) 5.6 (0.3) 5.2 (0.2) 0.29

    HAQ-DI, 0-3 scale 0.81 (0.06) 0.97 (0.11) 0.62 (0.07) (<0.01)

*
(SEM)

†
Comparison of the “Predicted as CYC Responsive” and “Predicted as CYC Non-Responsive” subsets by t-test or chi-square. p≤0.05 noted with

parentheses.
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