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Abstract Our objective was to audit the respiratory
outcome, toxicity and long-term survival of systemic
sclerosis associated interstitial lung disease (SSc-ILD)
treated with intravenous (i.v.) cyclophosphamide. We
ascertained whether i.v. cyclophosphamide associates with
a better outcome in SSc-ILD diagnosed due to a decline in
screening lung function than in those diagnosed due to
respiratory symptoms. A retrospective case-note audit was
carried out for SSc-ILD patients treated with i.v. cyclo-
phosphamide between January 1999 and March 2009 at the
Royal Derby, Kings Mill and Nottingham University
Hospitals. Forced vital capacity (FVC) and transfer factor
at 6, 12 months after starting i.v. cyclophosphamide were
the primary end points. Kaplan–Meier curves were plotted

to estimate survival. Thirty-seven i.v. cyclophosphamide
treatment cycles were administered to 36 patients (27
women). Fourteen cycles associated with side effects and
eight were terminated prematurely. SSc-ILD was diagnosed
due to respiratory symptoms in 13 and in response to
deteriorating screening pulmonary function test (PFT) in 24
instances. Overall, i.v. cyclophosphamide led to stabilisa-
tion in lung function. However, the FVC declined by 7% in
SSc-ILD presenting with respiratory symptoms over
12 months. These patients had significantly lower FVC at
6 and 12 month than those with SSc-ILD diagnosed due to
decline in screening lung function. The 5-year survival was
76.1% (overall), 62.9% (diagnosed due to respiratory
symptoms) and 91.5% (diagnosed due to decline in
screening lung function, p=0.05). I.V. cyclophosphamide
stabilises lung function in individuals with SSc-ILD and
may associate with better respiratory outcome in patients
diagnosed on screening PFTs.

Keywords Cyclophosphamide . Interstitial lung disease .

Scleroderma

Introduction

Interstitial lung disease (ILD) and pulmonary hypertension
are the commonest causes of death in systemic sclerosis
(SSc) [1]. Cyclophosphamide is the treatment of choice for
alveolitis in SSc associated ILD (SSc-ILD) [2]. This is
supported by two randomised controlled trials, where oral
cyclophosphamide improved forced vital capacity (FVC)
significantly and i.v. cyclophosphamide had similar effects
[3, 4]. Of these, i.v. cyclophosphamide is preferred as it has
less side effects, lower cumulative dose, and smaller
malignancy risk [5].
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In clinical practice, SSc-ILD is diagnosed if there is a
decline in screening pulmonary function test (PFT)—with
or without respiratory symptoms on enquiry; or due to
respiratory symptoms like shortness of breath. Although
intuitive, it is not established if the former group has a
better respiratory outcome with i.v. cyclophosphamide [6].

Previous reports of i.v. cyclophosphamide for SSc-ILD
are frequently small, selective, and only one reports long-
term survival [4, 7–23]. The side effect profile of i.v.
cyclophosphamide, at the doses used for SSc-ILD is not
well established. This combined with a lack of information
about predictors of favourable clinical response causes
difficulty in counselling these patients about treatment
options. This difficulty is pronounced in instances where
SSc-ILD is diagnosed due to asymptomatic decline in
screening PFTs.

We reviewed case notes of all SSc-ILD patients treated
with i.v. cyclophosphamide over the past 10 years at three
National Health Service (NHS) hospitals in East Midlands,
UK, in order to audit their respiratory outcome, toxicity and
long-term survival. Outcome comparisons were made
between SSc-ILD diagnosed because of declining PFTs
and respiratory symptoms.

Methods

All patients treated with i.v. cyclophosphamide for SSc or
Mixed Connective Tissue Disease (MCTD)-associated ILD
at the Royal Derby, Kings Mill and Nottingham University
Hospitals between January 1999 and March 2009 were
identified using rheumatology day-case unit databases. In
our hospitals, i.v. cyclophosphamide is the first line drug
for SSc-ILD. Patients are not required to fail on other drugs
prior to i.v. cyclophosphamide. No patient received oral
cyclophosphamide or rituximab before i.v. cyclophospha-
mide. The standard treatment regime includes six, monthly
pulses of i.v. cyclophosphamide (15 mg/kg) as in the FAST
trial [4]. Four patients received fortnightly i.v. cyclophos-
phamide between 2000 and 2002 (median dose, duration
4.25 g, 2 months). ILD was diagnosed on the presence of
either ground glass or fibrotic changes on HRCT chest. This
audit was registered with audit department at each hospital.

Information was collected about disease phenotype; age
at onset of Raynaud’s phenomenon, diagnosis of SSc/
MCTD, diagnosis of ILD and i.v. cyclophosphamide
treatment; smoking status and history of chronic obstructive
pulmonary disease (COPD) or asthma. Most recent echo-
cardiogram was used to assess ejection fraction and systolic
pulmonary artery pressure.

For each i.v. cyclophosphamide treatment cycle, infor-
mation about pre-treatment PFT, total cyclophosphamide
dose (g), treatment duration (months), adverse events, peak

prednisolone dose (mg/day) and sequential immunosup-
pressive treatment was recorded. We ascertained whether
the request for HRCT chest that led to diagnosis of ILD was
triggered by the patient presenting with respiratory symp-
toms or if it was in response to a decline in annual
screening PFTs. The primary outcomes were FVC and
transfer factor (DLCO) at approximately 6, 12 months after
starting i.v. cyclophosphamide.

Disease and demographic characteristics were summa-
rized using mean (SD) for continuous and n (%) for
categorical variables. Continuous and categorical variables
were compared using t test and chi-square test, respectively.
The PFTs were analyzed post hoc to establish if i.v.
cyclophosphamide associates with better respiratory out-
come in SSc-ILD diagnosed on screening PFTs, than in
those diagnosed due to respiratory symptoms. Covariate
analysis was used to compare FVC and DLCO between the
two groups at baseline and at 6 and 12 months after
adjusting for age and gender. Kaplan–Meier curves were
plotted to estimate survival. If the patient was not dead or
lost to follow-up, data were censored on 31/01/2010. Log
rank test was used to ascertain differences in survival
between the two groups (vide supra). Statistical analysis

Results

We identified 36 patients (27 women) who received i.v.
cyclophosphamide for SSc/MCTD-ILD. Of these, 12 had
limited SSc, 19 had diffuse SSc and five had MCTD.
Thirty-five were antinuclear antibody (ANA) positive. Ten
had anti-Scl-70, eight anti-centromere, three anti-nucleolar
pattern ANA and five had anti-RNP antibody. One person
had asthma. None had COPD, congestive cardiac failure or
pulmonary arterial hypertension. With the inclusion of a
patient who received 2 cycles of i.v. cyclophosphamide
>3 years apart, data for 37 i.v. cyclophosphamide treatment
cycles were analysed.

Twenty-nine treatment cycles were completed (78.4%).
Fourteen (37.8%) treatment cycles associated with side
effects (Table 1). Nausea and vomiting despite regular
ondansetron or granisetron was the commonest side effect.
Side effects did not vary according to age (p=0.94) or
gender (p=0.17). Eight i.v. cyclophosphamide treatment
cycles were terminated prematurely (median dose and
duration 1.75 g, 1 month). Six of these were subsequently
commenced on an immunosuppressant (oral cyclophospha-
mide 2, azathioprine 2, tacrolimus 2 patients each). One
patient withdrew consent for further treatment, and infor-
mation regarding immunosuppressant use could not be
ascertained for one. Patients who could not complete an i.v.
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was carried out using SPSS (v14). Statistical significance
was set at p≤0.05 (two-tailed).



cyclophosphamide treatment cycle were more likely to be
women (p=0.05), and young (mean (SD) 46.38(14.42),
56.43(13.36) year, p=0.07). However, two patients with
severe neutropenia requiring treatment discontinuation were
older (65, 68 years) and had chronic kidney disease 3
(eGFR 30–60 ml/min).

The HRCT chest which showed changes of ILD was
performed in response to respiratory symptoms in 13, and in
response to decline in monitoring PFTs in 24 instances
respectively. There was no difference between these two groups
for demographic features, disease subtype and treatment
(Table 2). SSc-ILD patients diagnosed with symptomatic
ILD had lower FVC and DLCO at baseline (Table 3).

There was 0.8% increase in FVC and 2.4% decline in
DLCO at 12 months compared to baseline (Table 3).
However, SSc-ILD patients presenting with respiratory
symptoms showed 7.0% decline in FVC over 12 months,
while those diagnosed on screening had a minimal (0.4%)
increase in FVC in the same time period. After adjusting for
age and gender, the FVC at 6 and 12 months was
significantly lower and decline in DLCO larger in SSc-
ILD patients presenting with respiratory symptoms. After
i.v. cyclophosphamide, immunosuppression was continued
with oral cyclophosphamide (2), azathioprine (17), myco-
phenolate mofetil (11), tacrolimus (2) and ciclosporin (1).

Eight patients have died over 159.2 patient years. The
mean (95% confidence interval (95% CI)), survival after
treatment with i.v. cyclophosphamide was 7.7 (6.3–9.2)
years overall, 4.7 (3.3–6.1) years for SSc-ILD presenting
with respiratory symptoms and 8.9 (7.6–10.2) years for
SSc-ILD diagnosed due to decline in screening PFTs.
Overall survival was 76.1% at 5 years. The 5-year survival
for SSc-ILD diagnosed due to symptoms and SSc-ILD
diagnosed due to decline in screening PFTs was 62.9% and
91.5%, respectively (p=0.05, log rank test; Fig. 1).

Discussion

This audit is among the largest to report on outcome of
SSc-ILD treated with i.v. cyclophosphamide [16, 21]. It
enables evaluation of respiratory outcome of SSc-ILD using
routine clinical data. Utilising the outcomes of routine

Table 1 Side effects due to i.v. cyclophosphamide

Side effects No. of cycles
n=37

No. stopped due
to side effectsa

Nausea and vomiting despite
regular anti-emetics

7

Neutropenia 3 3b

Diarrhoea 2

Fatigue and arthralgia 1

Confusion 1

Facial flushing 1 1b

Allergy 1 1

Poor i.v. access 1 1

a Other reasons for stopping: withdrawal of consent (1) and reason unclear (1).
b One patient also had nausea despite regular anti-emetics

Table 2 Disease and demographic features according to the clinical indication for high-resolution CT chest leading to i.v. cyclophosphamide
treatment

Overalla n=36 Group Ab n=13 Group Bc n=23 P value

Age at treatment with i.v. cyclophosphamide years, Mean (SD) 54.26 (14.03) 57.34 (12.56) 52.88 (15.01) 0.37

Disease duration at treatment with i.v. cyclophosphamide years, Mean (SD) 3.42 (5.81) 4.80 (6.17) 2.60 (5.58) 0.28

Gender n, (% female) 27 (75.0%) 8 (61.5%) 19 (82.6%) 0.16

Current or ex-smoker n, (%) 12 (40.0%) 5 (45.5%) 7 (33.3%) 0.70

dSSc n, (%) 19 (52.8%) 8 (61.5%) 11 (47.8%)

lSSc n, (%) 12 (33.3%) 4 (30.8%) 8 (34.8%)

MCTD n, (%) 5 (13.9%) 1 (7.7%) 4 (17.4%) 0.90

Living n, (%) 28 (77.8%) 8 (61.5%) 20 (87.0%) 0.08

Total dose of i.v. cyclophosphamide (gram), Mean (SD)a 5.72 (3.16) 6.01 (3.48) 5.56 (3.03) 0.69

Total duration of i.v. cyclophosphamide (month), Mean (SD)a 4.76 (2.97) 4.75 (2.53) 4.91 (3.25) 0.88

Treatment stopped prematurely due to side effects n, (%) 8 (22.2%) 3 (23.1%) 5 (21.7%) 0.87

Peak prednisolone dose (mg/day), Mean (SD)a 10.00 (8.08) 7.73 (6.37) 11.00 (8.94) 0.29

On continued immunosuppression after i.v. cyclophosphamide, n (%) 28 (84.8) 9 (69.2) 19 (95.0) 0.07

a One patient received two treatment cycles, and is not included here
b Group A: SSc-ILD diagnosed due to respiratory symptoms
c Group B: SSc-ILD diagnosed due to decline in screening lung function tests
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clinical practice can lead to important treatment observa-
tions in rare disorders, and this approach has been adopted
by European Scleroderma Observational Study, a study of
outcomes in Scleroderma [24].

I.V. cyclophosphamide stabilized lung function overall.
This is likely to be a treatment effect, and not due to
regression to the mean (period of slow or no disease
progression after a period of deterioration), as untreated
SSc-ILD patients show a decline in PFTs [25]. As the initial
doses of cyclophosphamide and subsequent oral immuno-
suppression may exert a treatment effect, the eight
treatment cycles where cyclophosphamide was stopped
prematurely were included. A similar approach was used
in FAST trial [4].

SSc-ILD diagnosed due to decline in serial PFTs
associated with a better respiratory outcome than that

diagnosed due to respiratory symptoms. This is a novel
observation, and there are several explanations for this—
including lead time bias—early diagnosis resulting in
prompt treatment. There may be differences in natural
history, and in the extent of pulmonary involvement, which
was not quantified. The lack of difference between disease
and demographic features in the two groups in part argues
against any substantial differences in their natural history.
However, patients with comparable characteristics may still
experience different pattern of end organ damage.

The improved respiratory outcome at 12 months in those
with SSc-ILD diagnosed on screening PFTs may be
confounded by a greater proportion continuing oral immu-
nosuppression after i.v. cyclophosphamide in this group.
SSc-ILD patients who improve continue on treatment, and
patients who fail to improve, or deteriorate stop all

Table 3 Forced vital capacity (FVC) and transfer factor (DLCO) before treatment with i.v. cyclophosphamide and at 6, 12 months follow-up,
adjusted for age (years) and gender

FVC (Litre) DLCO (mmol/min/kPa)

Baselinea 6 monthsa 12 monthsa Baselinea 6 monthsa 12 monthsa

Overall 2.40 (0.10) 2.42 (0.10) 2.42 (0.12) 3.83 (0.18) 3.77 (0.21) 3.72 (0.25)

Group A 2.30 (0.16) 2.21 (0.16) 2.14 (0.23) 3.29 (0.29) 3.06 (0.34) 3.13 (0.45)

Group B 2.68 (0.11) 2.63 (0.11) 2.69 (0.12) 4.38 (0.21) 4.48 (0.26) 4.30 (0.26)

pb 0.07 0.04 0.05 <0.01 <0.01 0.04

aMean (standard error)
b For difference between groups A and B, adjusted for age, gender. Group A: SSc-ILD diagnosed due to respiratory symptoms, Group B: SSc-ILD
diagnosed due to decline in screening lung function tests

Fig. 1 Survival after treatment
with i.v. cyclophosphamide for
systemic sclerosis-associated
interstitial lung disease:
stratified by indication for
treatment, decline in screening
lung function tests versus
symptomatic presentation

1102 Clin Rheumatol (2011) 30:1099–1104



treatment, and due to paucity of evidence for treatment of
SSc-ILD refractory to cyclophosphamide, are difficult to
persuade otherwise.

Neutrophilic alveolitis [8] and high-dose prednisolone
[12] associate with better response to i.v. cyclophosphamide
in SSc-ILD. However, the latter study was confounded by
non-random allocation and severe lung fibrosis in low-dose
prednisolone group [12].

Five-year survival of 76.1% highlights the poor progno-
sis associated with SSc-ILD. This is comparable with a
previously reported 2-year survival of 88.8% [16]. Another
study reported a 5-year survival of 48% in SSc-ILD treated
with oral cyclophosphamide [26]. SSc-ILD diagnosed due
to a decline in screening PFTs had a better 5-year survival
than those presenting with respiratory symptoms. However,
we do not have information about the cause of death and
are unable to say if the survival benefit is due to improved
respiratory outcome. None of the eight deaths reported here
were directly related to i.v. cyclophosphamide treatment.
Respiratory failure is the most frequent cause of death in
other reports of SSc-ILD treated with i.v. cyclophospha-
mide [7, 12, 15–17, 23, 26]. Studies with <12-month
follow-up do not report any deaths [8, 10, 11, 13, 18, 27].

The proportion of patients who could not complete
treatment was comparable to that in the FAST trial [4].
However, side effects were more common than previous
reports [4, 7–20, 22]; none of which reported severe
neutropenia. Two patients with severe neutropenia had
impaired renal function, and failure to reduce i.v. cyclo-
phosphamide dose may have been a contributing factor.
Lymphopenia responding to i.v. cyclophosphamide dose
reduction has been reported [22].

This audit reflects clinical events and outcomes in the
real world. The main strength is the inclusion of every
patient with SSc-ILD treated with i.v. cyclophosphamide at
three hospitals over 10 years, irrespective of disease
severity, treatment outcome and their long-term follow-up.

However, there are several caveats. Firstly, the findings
are limited by retrospective nature of routine data. Howev-
er, large prospective studies examining predictors of
outcome in SSc-ILD are difficult due to its rarity.
Alternative approaches, based on observational methods,
are needed if people with rare diseases are to receive safe
and effective treatments [28, 29]. Secondly, we do not have
information about subtype of ILD because HRCT scans
were not reported according to ILD subtypes at our
hospitals in early 2000s. However, similar to this report,
patients in FAST or SLS were not classified according to
their ILD subtypes [3, 4]. We are unable to access HRCT
films, as many scans predate electronic archiving and are
difficult to locate. Thirdly, HRCT scans have not been
scored for ground glass changes and fibrosis. Again, this
reflects clinical practise in our hospitals. Although this is a

significant limitation, we have no reason to believe that it
undermines the clinical message conveyed in this paper,
that treatment of SSc-ILD diagnosed on screening PFTs
may associate with a better respiratory outcome. Indeed,
one of the potential explanations for this observation is that
patients with SSc-ILD diagnosed on screening PFTs have
limited or mild ILD. Finally, we do not have information
about the cause of death. This was not documented in the
case notes, as patients may have died at care homes or at
another hospital.

In conclusion, treatment of SSc-ILD with i.v. cyclo-
phopshamide stabilised lung function. Regular PFTs and
advising patients to seek medical opinion at an early stage
for any new-onset cough or dyspnoea may facilitate early
diagnosis, treatment and improve respiratory outcome in
SSc-ILD. However, further prospective studies are required
to firmly establish this approach.
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Key message

• I.V. cyclophosphamide stabilises lung function in SSc-ILD.
• Treatment with i.v. cyclophosphamide may be more effective in less
severe SSc-ILD.
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