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Interstitial lung disease in SSc 

(58 years, after 1986; p,0.001). This gives them a greater
chance of dying from non-scleroderma-related causes.

Ferri et al’s study had similar findings in their long-term
outcome of 1012 Italian patients with scleroderma.4 These
patients’ 10-year survival from the time of diagnosis was 60.6%
before 1985, which improved to 76.8% in more recent years.
Although our survival figures, at 52% in the earliest time
period, improving to 68% in the most recent time period, are
not quite as good as those in the Italian population, both
studies show the same significant improvement in outcome
over time. Our population had more men and more patients
with diffuse cutaneous scleroderma than the Italian patients,
which probably accounts for the survival difference between
these two large studies.

Previous studies have focused on risk factors for poor survival
that included older age, male sex, poor socioeconomic status,
scleroderma subtype and specific organ involvement. Other
factors such as erythrocyte sedimentation rate and anaemia
have also been shown to affect survival.3 8 9 Not surprisingly,
the presence of any major organ involvement is associated with
decreased survival.8 10 A recent study showed that severity of
disease also predicted early death.11 In patients with severe skin
(modified Rodnan skin score .40), lung (vital capacity ,55%
predicted), GI (malabsorption, pseudo-obstruction), heart
(severe arrhythmia or congestive heart failure) or kidney
involvement (renal crisis), the 9-year cumulative survival was
38%, whereas, in patients who had mild organ involvement, the
9-year cumulative survival was 78%.

The most significant change in survival over time occurred in
those patients with SRC. Earlier diagnosis and aggressive use of

ACE inhibitors can prevent or even reverse renal failure, with
more than half of the cases pertaining to dialysis.12 13 The 5-year
cumulative survival for patients with SRC increased from ,10%
before the use of ACE inhibitors to 65% after the use of these
drugs.13 During the past 10 years, patients with a good outcome
from renal crisis had a 5-year cumulative survival equivalent to
that of patients with diffuse cutaneous SSc who did not have
renal crisis, approximately 90% of potential. Some people
question whether there is also an actual decrease in the
frequency of deaths due to renal crisis because of the increased
use of ACE inhibitors. However, we have not used ACE
inhibitors prophylactically, and have previously demonstrated
the dramatic improvement in survival in our patients.13 Patients
who survive the initial renal crisis do not contribute to the
increased deaths from PF. Most survivors of renal crisis who
died later succumbed to non-scleroderma-related illnesses.
Only 3% of patients who have survived SRC died of PF, and
5% died of pulmonary hypertension. This result should not be
surprising, as the most common antibody found in patients
with renal crisis is anti-RNA polymerase III, an autoantibody
that is associated with a low frequency of severe PF.14 15

PAH was the second most frequent cause of scleroderma-
related deaths in the 1970s. It has continued to be a leading
cause of death, with close to 30% of scleroderma-related deaths
being due to PAH. There is no apparent explanation for the
increase in causes of death due to PAH during the 1987–91 time
period. There was no change in the frequency of direct new
PAH referrals during this time. Around that time, we became
more aware that PAH occurred in patients with diffuse
scleroderma independent of PF. However, 11% of the patients
who died of PAH in the time periods before and after that time
period had diffuse SSc. The slight increase in deaths due to PAH
over the 25 years is likely to be the result of our more aggressive
search for this complication since treatment had become
available. Over the past 5 years, there has been a significant
improvement in the pharmacological treatment of pulmonary
hypertension.16 17 Recent studies suggest that there has been
improvement in short-term survival in patients with PAH-SSc
treated with these new drugs,18 but it is too soon to conclude
that there will be improvement in the long-term survival.

The proportion of deaths due to PF has increased from 5% of
scleroderma-related deaths in the 1970s to .30% of sclero-
derma-related deaths in the 1990s. Even considering the overall
decrease in scleroderma-related deaths over time, deaths due to
PF were found to be increased from 3% of all deaths in the
1970s to 18% of all deaths in the 1990s (p,0.001). This is not
related to the differences in disease duration in patients seen
during these time periods. It is possible that patients who
would have died of other SSc-related causes in the 1970s are
now living longer. These additional years, along with slow
progression of fibrosis, ageing or infection, are likely to
contribute to the increase in deaths due to PF. We considered

Figure 2 Changes in causes of systemic sclerosis-related deaths between
1972 and 2001. GI, gastrointestinal; PAH, pulmonary arterial
hypertension; PF, pulmonary fibrosis; SRC, scleroderma renal crisis.

Table 3 Non-scleroderma-related causes of deaths over time

1972–6 1977–81 1982–6 1987–91 1992–6 1997–2001

At risk (n) 221 493 768 1153 1460 1508
All deaths 42 105 148 211 289 364

Causes (% of all deaths)
Cancer 10 10 10 15 11 7
ASCVD 3 4 8 7 6 2
Infection 2 3 6 7 9 5
Other 7 8 12 10 10 1
Unknown 9 7 6 7 8 10
Pending 0 0 0 1 1 13

ASCVD, atherosclerotic cardiovascular disease.
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Treatment of SSc-ILD 

baseline characteristics differed between the CYC and placebo
treatment groups, except for the HAQ-DI, which was signifi-
cantly higher in the CYC than in the placebo group (0.96 6 0.08
vs. 0.68 6 0.08, respectively; P 5 0.013). In addition, a greater
percentage of the participants in the CYC group were female,
although the gender difference did not reach statistical signif-
icance (P 5 0.0627).

The 24-Month Outcomes

Mean values (6 SE) of FVC % predicted and TLC % predicted
(adjusted for baseline % predicted values and maximal HRCT-
scored fibrosis) from 6 to 24 months are shown graphically by
treatment group in Figures 2A and 2B. As with the other data
presented in subsequent figures, the mean adjusted values
shown are derived from the joint longitudinal model, and the
P values for comparison of the two treatment groups were
calculated using Huber’s robust regression analysis to minimize
the impact of outliers. For both FVC % predicted and TLC %
predicted, a significant CYC treatment effect was observed at
12 months, and was still noted at 18 months, after which the ef-
fect waned. As such, by 24 months, the mean values of both
variables were almost identical between the two treatment
groups. No significant between-group differences were observed
for DLCO % predicted or DLCO/VA % predicted at either 12

months or over the 12- to 24-month course (data for DLCO %
predicted are presented in the online supplement).

To assess whether the response to CYC might be linked to the
extent of lung disease at baseline, an exploratory analysis was
performed to examine treatment-related differences in FVC %
predicted over time in subjects who presented with either an
FVC of less than 70% predicted (n 5 77: 40 CYC; 37 placebo) or
at least 70% predicted (n 5 64: 29 CYC; 35 placebo), using the
joint longitudinal model. More severe restriction at baseline
(FVC , 70% predicted) was associated with a greater difference
in FVC % predicted at 12 months between the CYC and placebo
groups (4.62% higher FVC % predicted in the CYC group; P 5
0.007) than that observed when the entire cohort was used in the
analysis, and the CYC treatment effect was even greater at 18
months (6.8% higher FVC % predicted; P 5 0.006). In contrast,
subjects who had less-severe disease at baseline (FVC > 70%
predicted) had decidedly smaller (and nonsignificant) treatment-
related differences (0.55% higher FVC % predicted in the CYC
group at 12 mo; P 5 0.82; 2.67% higher FVC % predicted in the
CYC group at 18 mo; P 5 0.35). By 24 months, the outcome
differences between the CYC and placebo arms had decreased
substantially and were no longer significant, regardless of the
baseline FVC % predicted (1.96% difference in FVC % pre-
dicted in the more severe group; P 5 0.49; 1.11% difference in
the less severe group; P 5 0.66).

Figure 2. Time course from 6 to 24 months of
mean values (6SE) for FVC % predicted (A) and
TLC % predicted (B) of participants in the placebo
and cyclophosphamide (CYC) treatment groups
determined from a longitudinal model that ad-
justed for baseline % predicted values, maximal
high-resolution computed tomography–scored
fibrosis, and nonignorable missing data (29). For
this and subsequent figures, numbers of patients
in each treatment group at each visit are shown,
along with the P values for the between-treat-
ment differences obtained from Huber’s robust
regression analysis with multiple imputation (30).

Tashkin, Elashoff, Clements, et al.: Cyclophosphamide and Scleroderma Lung Disease 1029

Articles

www.thelancet.com/respiratory   Vol 4   September 2016 713

represented participants who had stopped drug treatment 
prematurely but returned for the 24 month outcome 
measurement. Stratifying the frequency distribution of 
outcomes by duration on the study protocol (fi gure 3B) 
confi rmed that of participants who completed the entire 
treatment period, 37 (76%) of 49 patients in the MMF 
group and 29 (81%) of 36 patients in the cyclophosphamide 
group had an overall improvement in their FVC, whereas 
of participants who prematurely withdrew from treatment 
but returned for the 24 month outcome, three (75%) of 
four patients in the MMF group versus ten (67%) of 
15 patients in the cyclophosphamide group had an overall 
worsening in their FVC (fi gure 3C). The time course of 
observed changes in FVC from baseline to 24 months, 
without modelling, appears in the appendix (p 13). These 
curves suggest an earlier increase in FVC at 6–9 months in 
participants receiving MMF compared with those given 
cyclophosphamide, but with both treatment groups 
eventually producing a similar overall maximum response. 

Applying the primary analysis approach (ie, the 
longitudinal joint model), no signifi cant between-
treatment diff erences were identifi ed for the course of 
mRSS (patients with diff use or limited cutaneous systemic 
sclerosis combined; fi gure 4; table 2) or TDI (table 2) over 
the 24 months of the study. However, as with the primary 
outcome, in post-hoc analyses the joint model identifi ed 
improvements from baseline to 24 months in each 
individual group for both the mRSS (MMF [–4·90, 95% CI 
–6·4 to –3·4] vs cyclophosphamide [–5·35, –6·9 to –3·8]) 
and the TDI (MMF [1·77, 0·75–2·79] vs cyclophosphamide 
[2·16, 1·14–3·18]; table 2). Additionally, in secondary 
analyses, the frequency distribution of individual patient 
responses showed that most participants improved 
(fi gure 4; appendix pp 21,22). Values for the mRSS 
decreased (ie, patient improved) in 38 (72%) of 53 patients 
on MMF and 39 (74%) of 53 patients on cyclophosphamide, 
and in most (26 [69%] of 38 in MMF vs 22 [56%] of 39 in 
cyclophosphamide), the improvements were 5 units or 
more. TDI values increased (ie, patient improved) by at 
least 1 unit in 19 (48%) of 40 participants on MMF and 
23 (59%) of 39 participants on cyclophosphamide, with 
16 (84%; MMF) and 18 (78%; cyclophosphamide) of these 
improvements being by 3 units or more (appendix p 22). 
As such, in most cases the improvements in skin and 
dyspnoea exceeded what are deemed minimum clinically 
important changes.22,23 By contrast, DLCO and the 
DLCO:alveolar volume ratio did not change in the MMF 
group (except for a decrease in the DLCO:alveolar volume 
ratio at 24 months) or decreased (worsened) at most 
timepoints in the cyclophosphamide group (table 2; 
appendix pp 14–15, 23–24).

Treatment with MMF or cyclophosphamide was not 
associated with a change in the HRCT-measured 
quantitative lung fi brosis scores in the lobe of most 
involvement or in the whole lung, and we did not identify 
a diff erence between the two treatment groups (table 2, 
appendix p 25). The same was true for the HRCT 

quantitative interstitial lung disease score in the lobe of 
maximum involvement. However, quantitative interstitial 
lung disease score in the whole lung was reduced 
(improved) to a small degree in the MMF (–2·51, 95% CI 
–4·9 to –0·15) and cyclophosphamide (–2·78, 
–5·17 to –0·40) groups.

The predominant causes of protocol-defi ned adverse 
events were anaemia and leucopenia (table 3); leucopenia 
occurred in signifi cantly more patients in the 
cyclophosphamide group than the MMF group (30 vs 
four patients; p<0·05). Thrombocytopenia, although 
infrequent, occurred exclusively in the cyclophosphamide 
group (four vs zero patients; p<0·05). We found no 
diff erence in the frequency of anaemia or pneumonia 
between treatment groups (appendix p 16). Serious 
adverse events occurred slightly more frequently in the 
MMF group than the cyclophosphamide group (n=42 vs 
36), whereas numerically more serious adverse events in 
the cyclophosphamide group (n=8), as compared with the 
MMF group (n=3), were deemed by the morbidity and 
mortality committee to be related to the study drug. 

Figure 2: Primary endpoint
Primary outcome assessment: the course of % predicted forced vital capacity (FVC) 
from 3 months to 24 months by treatment group based on the joint model. The 
horizontal dotted line represents the mean baseline % predicted FVC for both 
treatment groups based on the joint model (baseline values did not diff er between 
the two treatments). The vertical lines represent 95% CIs. Of the 142 randomly 
assigned participants, 126 (cyclophosphamide [n=63]; mycophenolate mofetil 
[n=63]) were included in the primary analysis. The 16 randomly assigned 
participants excluded from the analysis did not have outcome assessments at 
3 months or later or baseline high-resolution CT (HRCT) scans that were suitable 
for quantitative assessment of the extent of lung fi brosis (a covariate in the joint 
model). Two participants assigned to mycophenolate mofetil and three assigned to 
cyclophosphamide, who did not have a 3 month visit, had assessments at 6 month 
or later visits and were therefore included in the analysis. Three participants 
assigned to mycophenolate mofetil and two assigned to cyclophosphamide, who 
had a 3 month visit, did not have a baseline HRCT scan that was suitable for 
quantitative assessment of the extent of fi brosis and were therefore excluded from 
the analysis. The baseline FVC % was derived from the pooled baseline values for 
the two treatments, so the trajectories of the FVC % start at 3–24 months.
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PREVENTION? 



Do immunosuppressive drugs 

prevent incident ILD in SSc? 



Our study 

Patients without lung disease 
 

Treated with 
immunosuppressors 

 

Not treated with 
immunosuppressors 

 

New lung disease? 
 

Methotrexate 
Mycophenolate 
Azathioprine 
Cyclophosphamide 

By HRCT or, if unavailable, by CXR and/or velcro-like crackles (Steele et al, 2012) 

Follow-up: 3.6 (0-11.4) years 



Baseline characteristics (n=1126) 

* 

* * * 
* 

* 

* * 
* 
* 



Confounding 

Confounders 

Exposure to  
Immunosuppressive 

drugs 
New lung disease 

? 

Young, Black, male 
Diffuse, early disease 
ATA+, ARNAP+, ro52+ 
High mRSS, low FVC,  
High disease activity 
Arthritis, myositis 



Statistical methods 

¤  Time-dependent Cox proportional hazard regression 
¤  Adjusted for confounders 

¤  Marginal structural Cox modeling 
¤  Inverse probability of treatment weighting (IPTW) 

¤  Time-varying, ever/never exposure 

¤  Multiple imputation (for missing data) 

¤  Inverse probability of censoring weighting (IPCW) 



Inverse probability of treatment weighting (IPTW) 

Lifewire.com 



Covariate balance with IPTW 



Results 

New user 

0.77 (0.44 to 1.35) 

0.91 (0.53 to 1.56) 

0.78 (0.50 to 1.19) 

0.82 (0.52 to 1.30) 

0.96 (0.59 to 1.55) 

0.81 (0.55 to 1.19) 

HR (95% CI) 



Limitations 

¤  Survival bias 
¤  60% had >5 years of disease duration 

¤  Homogeneity of treatment 
¤  79% MTX, 23% MMF, 19% AZA, 11% CYC 

¤  Medication data: yes/no at current visit 

¤  Unmeasured confounding 

¤  Sample size for subgroup analyses 



Strengths 

¤  Robust statistical methods to address: 
¤  Non-randomization 

¤  Confounding bias 

¤  Missing data 

¤  Informative censoring 

¤  Multi-center cohort of well-described patients with SSc 



Thanks J 


