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ABSTRACT
Pulmonary disease is the leading cause
of morbidity and mortality in patients
with systemic sclerosis (SSc). Recent
well-designed trials in SSc-associated
interstitial lung disease (SSc-ILD) have
provided important insights regarding
outcome measures and trial design. Recent investigations into the pathogenesis of SSc-ILD have led to a renewed
interest in assessing targeted therapies
in SSc-ILD. With this in mind, we propose recommendations for the design of
future SSc-ILD studies in this review.
Introduction
Pulmonary disease is the leading cause
of morbidity and mortality in patients
with systemic sclerosis (SSc) (1). Lung
involvement in SSc can be separated
into two distinct entities: pulmonary arterial hypertension (PAH) and interstitial lung disease (ILD) although many
patient have elements of both. Recent
well-designed trials in SSc-ILD have
provided useful information regarding outcome measures and trial design.
This, coupled with active investigation
into the pathogenesis of SSc-ILD, has
led to an interest in assessing targeted
therapies in SSc-ILD. Reliable trial
design is a requisite to assessment of
these potential therapies. With that in
mind, we propose recommendations
for the design of future SSc-ILD studies (Table I).
1. Inﬂuence of disease classiﬁcation
A number of aspects of the natural course
of SSc-ILD have been elucidated. Steen
et al. have demonstrated that the major
loss of forced vital capacity (FVC) occurred within the ﬁrst 4-6 years of SSc:
patients who developed severe restrictive disease (%FVC ≤50% of predicted)
had lost 32% of their remaining FVC
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each year for the ﬁrst 2 years, 12% of
remaining FVC for each of the next 2
years, and 3% of remaining FVC for
each of the following 2 years. Severe
ILD (found in 13% of their large cohort
of SSc patients) was seen only slightly
more commonly in diffuse SSc than in
limited SSc. This observation was replicated by White et al. suggesting that
the frequency of clinically signiﬁcant
ILD in limited SSc is only slightly less
than the frequency in diffuse SSc (2).
The Scleroderma Lung Study (SLS-I), a
multi-centre, double-blind, randomised
controlled study, evaluated the effectiveness and safety of oral CYC (up to
2.0 mg/kg/day) administered for one
year in 158 patients with symptomatic
SSc-ILD (3). SLS-I provided further
evidence that the change in FVC (in either the cyclophosphamide or placebo
groups) was virtually identical in limited and diffuse SSc (4).
2. Trial duration
SLS-I (3) showed that a 1-year parallel trial design for the primary outcome
(FVC% predicted) was sufﬁcient to
demonstrate statistically signiﬁcant
differences between cyclophosphamide vs. placebo. Sub-analysis failed
to show a signiﬁcant difference at 6
months between cyclophosphamide
vs. placebo. On the other hand, an additional 1-year of observation off of
medication following the 1-year double-blind treatment period demonstrated a further improvement in outcomes
with cyclophosphamide at 18 months.
This beneﬁt was subsequently lost, with
no differences noted at 24 months. In
a supportive study, cyclophosphamide
was administered by intravenous infusion monthly for 6 months followed
by oral azathioprine (n=23), compared
with placebo infusions and oral placebo
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(n=22), in patients with active SSc-ILD
(5). A beneﬁt in the primary endpoint
of decline in FVC% predicted trended
toward a favourable outcome in the
actively treated group (p=0.08). These
data suggest that treatment trials should
be designed for a minimum of one
year. Longer studies may be necessary
to ascertain the durability of the treatment effect beyond 1 year (especially
when medication is stopped at 1 year)
or if outcomes such as progression-free
survival are primary outcome measures
(discussed below).
3. Placebo or active controls
At this stage, cyclophosphamide has
been shown to be superior to placebo in
SSc-ILD in a single double-blind placebo controlled trial. A follow up trial
(SLS-II) is ongoing, comparing mycophenolate mofetil (test drug) for two
years to cyclophosphamide (established
drug) for one year followed by placebo
for one year. (http://sls.med.ucla.edu/).
Unless future investigators are sure that
their active arm is likely to be superior
to an active control, comparing their
active drug to cyclophosphamide or to
placebo is recommended.
4. Chest imaging
Progress toward speciﬁc treatments for
the lung disease in SSc might be accelerated by moving beyond measurements
of lung function alone to the precise assessment of the speciﬁc parenchymal
abnormalities. There are two key roles
of thoracic computer tomography (CT)
imaging in clinical trials of SSc: (1)
detection and staging baseline severity that can be effectively used for i)
cohort enrichment and ii) adjusting for
baseline severity in key treatment effect
analyses (as it is likely that a treatment
effect may differ in cases with mild
rather than extensive lung disease and
discussed in section 8a); and (2) as a
surrogate end point or more accurate
measure of serial change. In addition,
baseline CT is important in the determination of patient eligibility for excluding other signiﬁcant disease.
Detection and staging baseline severity
CT imaging provides a means of accurately characterising the nature and
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Table I. Proposed recommendations for future SSc-ILD studies.
1) Limited or diffuse cutaneous SSc.
2) 1-year RCT.
3) Placebo (or active) controlled RCT.
4) The presence of ILD should be based upon the detection of appropriate abnormalities on HRCT,
with this process subject to quality control.
5) Rigorous quality control in the accuracy of PFT estimation
6) Presence of dyspnea should not be required as an inclusion criterion.
7) The primary goal of RCT should be to prevent disease progression as deﬁned by stabilisation of
FVC% predicted (rather than to achieve regression of ﬁbrotic abnormalities)
8) Progression-free survival is an important secondary end-point.
9) A systematic attempt should be made to enhance the sensitivity of this end-point by means of:
a) Cohort enrichment: the selection of patients at greater risk of progression, based upon disease
severity, observed progression or a short duration of systemic disease. Although cohort enrichment
might be based on any single one of the criteria, it is recommended that patients attain severity
threshold based on HRCT and/or FVC%. In addition, they should meet one of the two additional
criteria: a) short duration of systemic disease (deﬁned as ﬁrst 6 years after onset of signs or symptoms attributable to SSc from ﬁrst non- Raynaud’s signs or symptoms) or b) Observed progression
(> 10% of FVC over the past 3-12 months)
10) Composite indices: Exploratory analyses in which marginal reductions in FVC (5-10%) are evaluated alone and in combination(as a composite measure) along with a) changes in dyspnea; and b)
changes in HRCT extent.
11) Evaluation of biomarker signal, to inform subsequent study design to establish
a) whether a biomarker signal at baseline predicts a treatment effect;
b) whether short term improvement in a biomarker signal predicts a longer term treatment effect.

extent of lung parenchymal changes.
SSc-ILD typically manifests on CT as
predominantly ground glass appearance
(GGO) with an admixture of pulmonary ﬁbrosis, consistent with the nonspeciﬁc interstitial pneumonia (NSIP)
pattern. Patients with SSc-ILD develop
honeycomb cystic change (reported in
11-37% of cases), unlike other patients
with NSIP who have little or no cystic
change (6).
Several visual scales of varying complexity have been developed for scoring the severity and extent of SSc-ILD
disease. All of these scales include parenchymal ground glass opacities, reticulation, and honey comb cysts. Some
scales include emphysema, architectural distortion, and ground glass with or
without architectural distortion. They
differ with respect to how the severity
of the features is assessed and how features are anatomically localised.
There are two more common visual systems in practice. The ﬁrst was originally
shown to correlate well with pathological specimens (7). This system divides
each lung into three zones (lung apex to
aortic arch, aortic arch to inferior pulmonary veins, inferior pulmonary veins
to lung bases). The reader estimates
S-56

and grades the amount and the extent of
lung abnormality (for ground glass, reticulation and honeycomb cysts) in each
zone, scoring involvement using a scale
of 0 to 4 (0= absent; 1=1 to 25%; 2=26
to 50%; 3=51 to 75%; 4=76 to 100%)
(7). The use of this scoring system was
recently found to be both predictive of
treatment outcome and a key variable in
the model to standardise patient severity in the analysis of treatment efﬁcacy
in the SLS I study.
More recently, Goh and colleagues have
proposed a simple algorithm that incorporates extent of disease (as deﬁned by
presence of ground glass opacity or ﬁbrosis on visual read) and FVC% predicted (8). HRCT involvement >20%
and a baseline FVC <70% were associated with increased mortality risk (hazard ratio [HR] 2.48 and HR 2.11).
Computer-based approaches have also
been investigated and are based upon
measurement of the density or texture
features of each pixel and assignment
of a measure of the amount of abnormal lung tissue present (9, 10). Computer based models correlate well with
visual scoring techniques for the detection of ﬁbrosis (area under the curve
[AUC]=0.86) and with the assessment
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of extent of disease (AUC=0.96 for
estimating lung involvement >25%)
without the intra-reader variation encountered with visual scoring (9).
Measuring treatment effect
The role of CT has not been extensively studied in longitudinal SSc cohorts.
The biggest challenges are: a) uncertainty of when to repeat CT scan and
b) how to compare two different CT
scans in which, by virtue of the non
contiguous image sampling, comparing
the same anatomic level is usually not
possible. In addition, when anatomic
registration is achieved, it is sometimes difﬁcult to ascertain the clinical
signiﬁcance of minor CT changes due
to reader variation inherent in visual
scoring systems (for SSc-ILD, the inter and intra reader agreement [Kappa
statistic] ranges between 0.6 and 0.8,
respectively). However, In SLS-I, CT
were scored at follow-up as “worse” or
“not worse” with respect to reticulation
(ﬁbrosis). Cyclophosphamide was associated with a treatment effect (71%
of cyclophosphamide group remained
“not worse” vs. 47% in the placebo
group; p=0.01) and was associated with
an improvement in dyspnea and FVC%
improvement (10).
Another approach to score CT scans is a
quantitative computer-assisted diagnosis (CAD) scoring system that has the
inherent advantage of no intra- or interreader variation. Therefore, if quantitative scoring system is applied to the
same anatomic data that is acquired in a
standardised fashion, any change measured may be a real change. In SLS-I,
a quantitative approach by CAD was
applied prospectively to serial CT data
to assess for interval change (11). The
quantitative estimation by CAD demonstrated the same treatment effect
(as measured by absolute reduction in
percentage of reticulation [ﬁbrosis]) as
the semi quantitative visual assessment
of “worse vs. not worse”). In addition
to being able to measure the absolute
change, CAD can also assess the rate of
change in ﬁbrosis score since CAD can
be scored as a continuous measure that
is not possible with visual approaches.
This may result in better power to detect differences between the 2 groups

and a smaller sample size. In SLS-I,
the number of cases required to show
a treatment effect by CAD scoring was
2/3 the number of cases needed to show
treatment efﬁcacy when FVC was the
endpoint, and was less than half the
number of cases needed to show treatment efﬁcacy when the visual assessment of change on HRCT was the endpoint.
Thus it would seem that visual and
computer-based quantitative scoring
systems are synergistic rather than
competitive. One potential strategy is
to use a visual approach to assess the
presence and extent of disease on the
baseline CT (to enrich study cohorts at
entry) and to use the computer-based
techniques to assess treatment efﬁcacy.
Both of these approaches would offer
the added potential advantage of decreasing the sample size.
Quality control
To achieve the roles deﬁned for HRCT,
quality control of the chest imaging
techniques is critical. At this time, the
methodology has not been standardised
but guidelines for HRCT evaluation in
ILD have been generated (12). In the
ongoing scleroderma stem cell transplant study (SCOT) and SLS II study,
as well as in two industry trials, a rigorous standardised imaging protocol has
been implemented across multiple sites
and over several time points. In these
studies rigorous quality control is applied to the imaging protocol with ongoing quality control performed after
each study by a central imaging core.
The use of a phantom at the time of
credentialing the scanners has shown
that there is signiﬁcant variation across
scanners which can be at least partially
ameliorated by modifying protocol sequences to have a similar noise and image quality across the sites. The use of
the phantom also allows for handling
changes of technology platforms that
occur during longitudinal studies. Another important aspect is the training of
technologists with respect to breathing
instructions given at the time of scanning to ensure the same level of inspiration at each scan examination.
A number of issues remain unresolved.
First, there needs to be control of or
S-57
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correction for variability in inspiratory level. Second, there are issues
with the optimum image acquisition
protocol. The often used 1mm axial
HRCT acquired image every 10 to 40
mm makes it difﬁcult to achieve exact
anatomical comparability between initial and follow-up CT evaluation, due
to the interspaced nature of high-resolution CT evaluation. Volume acquisition techniques overcome this problem
but at the cost of increased numbers of
images to review and a major increase
in the radiation dose considerations.
CT attenuation is dependent on scanner
type, model, object positioning within
the scanner gantry and various physical
factors (e.g. kilovoltage, current-time
product, slice thickness and reconstruction algorithm) (13, 14). Furthermore,
it is recognised that spatial uniformity
of CT numbers over the entire subject
area may only be achievable for certain
combinations of parameters. Nevertheless with centralised overview of
standardised image acquisition and
interpretation the image quality can be
optimised, akin to PFT tests. It is commonly recommended that interpretation
be performed by expert thoracic radiologists rather than by less experienced
observers (15, 16).
With regard to patient safety, CT examination does entail exposure to ionising radiation. Historically considered
to be a high-dose examination, modern
scanners and protocols have allowed
a great reduction in effective dose delivery without loss of ﬁdelity (17, 18).
Conventional HRCT (1.5-mm images
at 10-mm intervals with 140 kVp and
175 mAs) delivers an effective dose of
0.98 mSv, which is 12 times that of a
posteroanterior and lateral chest radiograph. Volumetric protocols entail several times this dose but the use of lowdose multidetector imaging, employing tube currents as low as 100 mAs,
reduces the dose to below that recommended in studies of mild-to-moderate
risk (3–10 mSv).
5. Pulmonary physiology
Pulmonary function tests are always
included as key inclusion/exclusion
criteria and endpoints in SSc-ILD
clinical trials (3, 5, 19). Of these, vital
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capacity (either FVC or slow vital capacity [SVC]) is usually selected as the
primary endpoint, and total lung capacity (TLC) and the DLCO are usually
included as important secondary endpoints. All of these tests are subject to
within-subject variability both within
each testing session and between sessions (20-22). This variability is related
to varying performance characteristics of the equipment used for the test,
varying proﬁciency of the technician
in conducting the tests in accordance
with standard recommendations (e.g.
the American Thoracic Society/European Respiratory Society recommendations) and varying ability or motivation
of the patient to follow the technician’s
instructions. Clearly, in order to maximise the ability to detect the impact of
an intervention on a signiﬁcant change
in lung function in a multi-centre study
population, it is important to minimise
the variability of test results within
each subject (who serves as his/her own
control), as well as between subjects
both within and between centres. The
optimal method of accomplishing this
objective involves the use of a centralised quality control program, ideally
consisting of standardised equipment
across the different centres, centralised
training and certiﬁcation of the study
technicians on study-speciﬁc equipment and central review of the pulmonary function data that are electronically transmitted to the reading centre
with timely feedback to the technicians
concerning the quality of the data (20).
Because of the expense of centrally
standardised equipment, particularly
for DLCO and plethysmographically
determined lung volumes, alternative
quality control programs are more feasible for studies in SSc-ILD. Such programs rely on: 1) the use of equipment
at each participating site that meets
recommended criteria for performance
characteristics (23-25) as determined
and afﬁrmed by the equipment manufacturer, 2) standardised methods of
calibrating the equipment with documentation that such calibrations have
been carried out, 3) certiﬁcation of
technicians based on local or central
review of the results of tests performed
on an initial sample of subjects and 4)
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ongoing review by a core reading centre of the graphic and numeric results
of tests performed on all subjects at
each site with periodic feedback to the
technicians at each site concerning the
quality of the tests performed and a plan
for remedial action should test qualify
fall below acceptable standards. Since
measurements of diffusing capacity
and plethysmographic lung volumes
are subject to instrument “drift”, their
accuracy and reliability should be veriﬁed through the use of biologic standards. Such standards involve repeated
measurements at quarterly intervals on
two standard normal subjects; measurements of lung volumes and diffusing
capacity in the same healthy individual
should agree within 10% of the mean
of measurements performed 3 months
earlier (21).
Quality control programs were implemented in SLS-I with satisfactory results with respect to achievement of acceptable test quality, which is likely to
have contributed to the ﬁnding of a statistically signiﬁcant effect of the active
study drug (oral cyclophosphamide) on
both FVC and TLC as a percent of predicted (3).
6. Respiratory symptoms
Although dyspnea is usually the presenting symptom of SSc-ILD, some patients with moderate-severe loss of lung
function/advanced ﬁbrosis on HRCT do
not report dyspnea, possibly due to an
adjustment of their lifestyle and level
of physical activity to compensate for
their functional impairment. Moreover,
the presence of dyspnea and/or diminished effort tolerance in SSc may be related to physical deconditioning, myocardial involvement and/or pulmonary
vascular disease (26). Dyspnea should
be included as a patient reported outcome but only as a secondary outcome
measure in SSc-ILD trials. At present,
only the Mahler dyspnea index meets
the requirements for validation of the
OMERACT ﬁlter (27). Baseline scores
of the Mahler dyspnea index depend
on ratings for 3 different categories:
functional impairment, magnitude of
task, and magnitude of effort. In the
SLS, baseline scores were able to discriminate between moderate and severe
S-58

physiological parameters of breathing
(FVC and DLCO) and correlated well
with the baseline breathing visual analogue scale (r=0.61) (28, 29). Mahler’s
transition dyspnea score (TDI), which
represents a change score from baseline, was able to differentiate between
patients on cyclophosphamide and placebo in SLS-I at 1-year, demonstrating
its sensitivity to change (30); signiﬁcant
improvements in TDI correlated with
both parallel improvements in FVC%
predicted and stability or improvement
in visual assessments of pulmonary ﬁbrosis on HRCT (10, 30).
7. Primary endpoints
The pathophysiology of SSc postulates
a vasculopathy and immune activation
resulting in activation of myoﬁbroblasts
to produce ﬁbrosis (31). Most patients
are not seen until the ﬁbrotic phase is
well established. The underlying process of ﬁbrosis is not known to be rapidly reversible. As an example, ﬁbrosis
on skin biopsies reversed approximately 3 years after stem cell transplantation (32). Data from SLS-I showed that
cyclophosphamide was associated with
stabilisation/ improvement of HRCT ﬁbrosis score compared to placebo group
(p=0.014) 33 and provides preliminary
data that CT measures of ﬁbrosis may
be at least partially reversible. However, neither the minimally detectable
differences (i.e. percentage of measurement error on visual reads) nor the minimally important differences for HRCT
ﬁbrosis scores have been determined.
In practice, RCTs cannot usually be
continued for three or four years, thus,
with currently available therapies, reversal of ﬁbrosis does not appear to be
a practical endpoint.
On the other hand, stabilisation of ﬁbrosis appears a more viable shortterm goal. In the SLS-I, patients on
cyclophosphamide had stabilisation of
their FVC% while the HRCT showed
less progression of ﬁbrosis in the cyclophosphamide than in the placebo
group (10). The second RCT assessing pulse cyclophosphamide also supported stabilisation of the FVC% (5).
These support the concept that prevention of progression is a viable strategy.
Large retrospective cohort studies have
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suggested that mean behavior of FVC
is stability over periods of two years,
even in patients with otherwise severe
and early disease (34). Other ﬁbrosing
lung diseases such as IPF tend to be
more predictably progressive and spontaneous or treatment reversal of ﬁbrosis
is not known to occur. Given the available clinical data and our current relative
lack of knowledge about pathophysiology, reversal is currently not a plausible
goal. Trials in SSc should strive to slow
or prevent disease progression.
8. Progression – free survival
as a candidate endpoint
Candidate measures of efﬁcacy have
been proposed for IPF that attempt to
address the inconsistent relationship of
surrogate markers such as FVC with
important outcomes such as survival.
A “time to worsening” deﬁnition has
been proposed in IPF that measures
time to clinically meaningful events
including time to acute IPF exacerbation, IPF-related death, lung transplantation, or hospitalization for respiratory
decompensation. The excellent shortterm survival in SSc-ILD (see below)
and the rarity of performance of lung
transplantation reduce the utility of this
deﬁnition of outcome and response.
An intermediate measure of poor clinical course is termed “progression free
survival”, speciﬁcally the time to ﬁrst
occurrence of either 10% absolute decline in FVC% or 15% absolute decline
in DLCO% or death. These measures
of outcome are reasonable in the setting of relatively homogeneous progressivity of IPF and the predictably
high event rates in a syndrome with
median survival 3-5 years (35).
The basic issue becomes one of parametric versus nonparametric analysis
and the evolving understanding of the
clinical, research and statistical utility
of “responder frequency analysis”. To
the clinician making bedside decisions,
it is probably more “in-life” to consider
what percentage of patients beginning a
therapy might enjoy some level of an a
priori deﬁnition of response rather than
projecting mean responses in large patient groups into interpretation of outcome in the individual. More simply,
it permits judging whether or not the

individual patient is responding or not.
The course of SSc-ILD is far less predictable than that of IPF. SSc-ILD includes many patients with extraordinarily stable disease as well as those
with rapid deterioration. In the ﬁrst
year of the SLS-I, there were only two
deaths and three patients who met the
deﬁnition of “treatment failure” (an
absolute 15% decline in FVC% predicted repeated once at least 30 days
later) out of 79 randomised to drug
and three deaths and ﬁve “treatment
failures” in 79 subjects assigned to
placebo (3). In the second year of observation, there were two deaths and
four deaths in subjects who previously
had received cyclophosphamide versus
placebo while worsening was seen in
only four and one patient respectively
(19). In the larger trial of bosentan,
there were no deaths over one year in
163 patients. FVC% and DLCO% were
strikingly stable over one year (36).
However, 22.5% and 25.6% of patients
in the bosentan and placebo groups respectively experienced “progression”
thresholds for FVC and DLCO.
Responder frequency analysis thus appears practicable in future studies of ILD
in SSc but will require robust standards
for cohort enrichment, i.e. strategies to
identify subjects at high risk of signiﬁcant deterioration as presented below.
9. Cohort enrichment
Cohort enrichment describes strategies
for selection of patients at greater risk
of progression, based upon disease severity, observed progression or a short
duration of systemic disease. Although
cohort enrichment might be based on
any single one of the criteria, it is recommended that patient meet the attainment of a primary criterion of severity
threshold based on HRCT and FVC%
and include one or both of two minor
criteria: a) short duration of systemic
disease (deﬁned as ﬁrst 6 years after
onset of signs or symptoms attributable
to SSc from ﬁrst non-Raynaud’s signs
or symptoms) or b) observed progression (>10% of FVC over the past 3-12
months).
In the SLS-I, patients, placebo patients
with baseline FVC% of ≤70% had a
greater decline in the FVC% predicted
S-59
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at 18 months. Moreover, extent of ﬁbrosis on the baseline HRCT scan was
a signiﬁcant predictor of worsening
FVC% in the placebo group and of response to cyclophosphamide in the active treatment group, as indicated by a
signiﬁcant interaction of ﬁbrosis with
treatment (p=0.009) (3). In contrast,
BAL cellularity at baseline was not a
predictor of response (37). In another
recent analysis of 215 SSc patients followed for 10 years (8), baseline PFTs
and HRCTs were predictive of mortality risk. As described earlier, when
HRCT involvement were combined in
a simple dichotomous staging system,
patients with extensive disease (HRCT
extent >20% on rapid evaluation, or
FVC <70% when HRCT extent was intermediate) had a much higher mortality
risk (HR 3.40–3.80, p< 0.0005) than patients with mild disease (HRCT extent
obviously <20%, or FVC >70% when
HRCT extent was intermediate).
The enrolment of patients in therapeutic
trials is subject to major selection bias,
especially when a studied treatment
can be routinely prescribed without trial participation. It can then be expected
that referring physicians and patients
will prefer open therapy when disease
is more extensive or progressive, rather
than accepting the possibility of inactive treatment in a placebo-controlled
study (38). Thus, trial populations may
consist of patients with milder disease
and a lower likelihood of disease progression during the trial period: interventions directed towards the prevention of disease progression will be applicable only to a minority of patients
with progressive disease. Tellingly, the
treatment effect of SLS-I was conﬁned
to a minority with more extensive disease on HRCT. Moreover, when the
management of patients in SLS cohort
was passed to local physicians, at the
end of the study period, active therapy
was thought necessary in less than 15%
of cases (19). Essentially, it appears
likely that patients most likely to beneﬁt may have been under-represented in
the SLS I study (38). The similarity in
patient baseline characteristics between
the SLS I and the BUILD2 cohorts suggests that selection biases (both investigator and subject) present in the SLS
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study are likely to be common to treatment studies in SSc-ILD.
The inevitable consequence of underrepresentation of progressive disease is
that large numbers of patients must be
enrolled in order to power the detection
of a treatment effect. Equally important,
the average treatment effect across a
cohort of patients with non-progressive
disease will be small, leading to uncertainty as to the “clinical signiﬁcance”
of the intervention. The process of “cohort enrichment” consists of the selective enrolment of patients at a higher
risk of disease progression in treatment
studies, reducing the patient numbers
required to demonstrate a treatment effect and increasing the average amplitude of such a beneﬁt.
Three factors are considered to predict a
higher likelihood of pulmonary disease
progression in SSc. Of these, we believe
more extensive pulmonary involvement
to be the most important. The link between baseline pulmonary disease severity in SSc, as judged by the severity
of pulmonary function impairment, and
mortality has been quantiﬁed in many
studies. However, linkage between disease severity at baseline and subsequent
worsening of pulmonary function was
not explored. However, in the SLS-I,
disease progression in the placebo arm
was seen in more extensive disease.
Recently, a simple staging system, in
which rapid HRCT quantiﬁcation and
FVC levels are integrated, has identiﬁed a subset of approximately 40% of
patients with SSc-ILD, in which more
extensive disease is linked to a much
higher likelihood of disease progression within the next year (8). Other important enrichment variables include:
1) A shorter duration of systemic disease. The risk of progression is highest in the ﬁrst four years of systemic
disease, based on the observations of
Steen in a large patient cohort (39).
2) Observed disease progression. It is
generally accepted that, by analogy to
reported ﬁndings in IPF (40-42), observed progression of lung disease, as
judged by signiﬁcant decline in FVC
or DLCO, predicts a higher risk of future progression. It should be stressed
that the link between observed pulmonary function trends and future
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disease progression has not been deﬁnitively studied in SSc-ILD.
In recommending that these criteria are
met, as entry criteria, we acknowledge
that in some patients, there will be insufﬁcient longitudinal data to make an
immediate assessment of disease progression. Moreover, it is not yet clear
whether disease severity, observed disease progression and a short duration
of systemic disease are all independent
predictors of more progressive disease.
However, a requirement that all three
criteria be met, prior to enrolment in a
treatment trial, would seem draconian.
One difﬁculty lies in a priori deﬁnitions
of response. For example, consider
a level of 5% decline in FVC and the
inﬂuence of Bayes theorem. In a progressive disease like IPF, with a much
higher likelihood of real decline, a 5%
decline is more likely to represent real
decline and relatively less likely to represent measurement variation.
Based on reproducibility (reliability)
data, one would expect that in a group
of 40 normal individuals, 6 of 40 (15%)
would have a reduction in FVC by 5%
due to measurement variation. In IPF,
one would expect that 20 of 40 patients
would have a decline to a threshold of
5%. Of the remaining 20, three would
have spurious decline to 5% due to
measurement variation (15%). Therefore, the likelihood that 5% represents
true decline is 20:3 or roughly 85%.
In SSc, without cohort enrichment, we
might expect that perhaps ﬁve of 40
patients would reach the 5% threshold
due to disease progression, with ﬁve of
the remaining 35 patients (15%) having
spurious decline. The likelihood that a
5% decline is real is just 5:5 or 50%.
However, with cohort enrichment,
again applying Bayes theorem to what
is now a more progressive SSc cohort,
a 5% decline becomes proportionally
more likely to be real (perhaps 70%
likely) – and this will be sufﬁcient to
provide robust whole cohort statements, even if a 5% change remains
uncertain in an individual patient. In
a nutshell, cohort enrichment allows us
to use the 5% threshold.
10. Composite indices
SLS-I was associated with a variety of
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positive outcomes that spanned physiologic (FVC and TLC), anatomic (HRCT
imaging), and patient-centred (HRQoL,
transition dyspnea index [TDI]) parameters. While FVC was a priori deﬁned as
the primary outcome, one could question
whether the most meaningful response
to cyclophosphamide was its modest
impact on pulmonary function or its
more clinically-meaningful impact on
patient-centred outcomes. Furthermore,
it is possible that information obtained
from one outcome might yield informative data related to other outcomes, resulting in a more robust measure of the
overall treatment response. The identiﬁcation of ﬁbrosis score on HRCT as
an essential covariate in the SLS conﬁrmed this hypothesis. To move beyond
the covariate analysis, a latent variable
model has been considered (43). This
approach provides an easy and intuitive
mechanism for modelling the correlation among multiple responses and is
especially useful for characterising the
“overall treatment effect”.
The model has three parts. First, a
measurement model relating each outcome to important prognostic factors
and to the latent variable (or generalisation to a very small number of latent
variables). In addition, a random intercept is assumed that models the within
subject correlation over time; a random
term (usually called random error term)
is also added to the measurement model. The second part of the model is the
latent variable model, which relates the
latent variable to the treatment and covariates, such as time and treatment by
time interaction. In addition, a random
intercept term is included to describe
the heterogeneity of underlying disease status at 3 months. Also included
in this linear mixed model for the latent variable is a random slope for time
that models the individual trajectory
of the disease status. The third part of
the model is a missing data model that
models non-ignorable missing observations (such as drop-outs due to disease
progression, adverse events or death)
on the outcomes separately.
For the SLS1 study, the measurement
model was developed for FVC, TLC,
TDI and the prognostic factors in the
measurement model included baseline
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terms separately for each outcome. The
measurement model is being expanded
to include quantitative ﬁbrosis as an
additional outcome measure. All the
factors in the measurement model are
positively correlated. A composite index was analytically derived from this
three-part model and shown to be normally distributed. In the SLS1 study the
composite index combined information
as a weighted average of the treatment
effects among the three outcomes and
led to highly signiﬁcant treatment effects. The novelty of this three-part
approach is the addition of the missing
data model and the development of an
analytical expression for the composite
index.
11. Biomarkers
There is a critical need for non-invasive, clinically applicable biomarkers
to improve the evaluation of patients
with SSc-ILD, particularly in prospective, randomised controlled trials. Surfactant Protein D (SP-D) and Krebs von
den Lungen-6 (KL-6) are glycoproteins
secreted by type II pneumocytes that
have emerged as possible surrogate
markers for ILD, including SSc-ILD.
Serum levels of SP-D and KL-6 rise
when there is damage to the alveolar
epithelium, including alveolar injury as
seen in SSc- ILD (44-46). In relatively
small series of patients, elevated levels
of serum SP-D and/or KL-6 have been
associated with decreases in FVC and
DLCO and correlated with ﬁbrosis on
HRCT (45).
SP-D and KL-6 were measured in sera
samples from patients screened for the
SLS-I, including patients with and without alveolitis, and normal controls (44).
Overall, SSc patients had signiﬁcantly
higher SP-D and KL-6 levels than did
normal controls (p<0.0001 for each).
SSc patients with alveolitis had signiﬁcantly higher levels of both SP-D
and KL-6 compared with SSc patients
without alveolitis (p<0.001 for each).
Receiver operating curve analysis demonstrated fairly good sensitivity and
speciﬁcity for each glycoprotein in the
assessment of alveolitis as deﬁned in
SLS-I (increase in BAL ﬂuid polymorphonuclear cells and/or ground glass
opacities on HRCT).

Other biomarkers are being studied.
A recent study in 53 patients with SSc
showed that serum levels of polymorphonuclear neutrophilic leukocyte
(PMN) elastase were increased in patients with SSc, especially those with
SSc-ILD, and that PMN elastase was
positively correlated with SP-D and
KL-6, making it a novel serologic
marker for SSc-ILD (47).
Future studies, including the ongoing
SLS II, will gather baseline and serial
serum samples to determine whether
biomarker signal at baseline predicts
any treatment effect and whether shortterm improvement in biomarker signal
predicts a longer-term treatment effect.
One important future role of biomarkers might lie in the selection of patients
for trial enrolment, with biomarker
estimation supplementing the staging of baseline severity, in identifying
patients likely to deteriorate and/or to
respond.
Other lessons learnt from
previous studies
1. Change in FVC is a superior end-point
compared to change in DLCO or the
six-minute walk distance and can be
regarded as a preferred primary endpoint for future studies. Change in
DLCO did not mirror treatment effects on FVC and other variables in
2 large RCTs (3, 5) and is an unsatisfactory primary end-point, inﬂuenced
equally by changes in interstitial and
vascular disease In addition, DLCO
has marked measurement variability.
We recommend not using DLCO as a
primary end point.
2. Although the 6-minute walk test
showed reliability during screening
and baseline visits in the BUILD
study, change in the six-minute walk
distance exhibited striking long-term
variability during the trial and is an
unsatisfactory primary end-point. In
addition, six-minute walk distance is
confounded by co-existing pulmonary hypertension, cardiopulmonary
deconditioning, and musculoskeletal
limitations (48).
3. Signiﬁcant pulmonary hypertension
should be excluded by right heart
catheterisation (deﬁned as mean pulmonary arterial pressure of greater
S-61
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than 25 mmHg) or echocardiogram
with Doppler (estimated right ventricular pressure of >=45 mmHg or
other signs suggestive of right atrial/
ventricular strain) before enrolling
in SSc-ILD studies as it may interfere with assessment of dyspnea and
DLCO.
Conclusion
We present preliminary recommendations on design of future SSc-ILD
RCTs. We see this review as the starting
point and welcome comments and criticisms. We anticipate revision as more
trial data become available.
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