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Update on morbidity and mortality
in systemic sclerosis-related
interstitial lung disease

Elizabeth R Volkmann'(®) and Aryeh Fischer?

Abstract

Contemporary studies of systemic sclerosis consistently demonstrate that interstitial lung disease is a leading cause of
disease-related death. This review summarizes morbidity and mortality outcomes in systemic sclerosis-related interstitial
lung disease patients from high-quality observational and interventional studies over the last 50 years. The data presented
suggest a trend for improved morbidity and mortality outcomes among present day systemic sclerosis—associated
interstitial lung disease patients. Specifically, systemic sclerosis—associated interstitial lung disease patients appear to be
living longer from the time of the initial diagnosis. Despite improved survival, the number one cause of death for most
systemic sclerosis—associated interstitial lung disease patients remains respiratory failure from interstitial lung disease.
This review describes the most important demographic, clinical, and biological factors, which affect mortality in systemic
sclerosis—associated interstitial lung disease, and could be used to help stratify patients for closer monitoring and more
aggressive initial treatment. The review concludes with an overview of future research needed to (I) understand how
to personalize the care of systemic sclerosis—associated interstitial lung disease patients to improve morbidity and
mortality outcomes; and (2) investigate whether novel therapeutic interventions (e.g. anti-fibrotics, hematopoietic stem
cell transplantation) offer any meaningful long-term survival advantage over the current standard of care.
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pulmonary function test (PFT) changes’® Parenchymal
lung involvement often appears early after the diagnosis of
SSc, with 25% of patients developing clinically significant
ILD within 3 years as defined by physiologic, radiographic,
or bronchoalveolar lavage (BAL) abnormalities.’

Risk factors for the development of ILD include African
American ethnicity, degree of skin involvement, serum

Introduction

One of the most common—and potentially most devastat-
ing—manifestations of systemic sclerosis (SSc) is intersti-
tial lung disease (ILD), a group of chronic lung conditions
characterized by fibrosis and/or inflammation of the lung
parenchyma. ILD, also called pulmonary fibrosis, is now
the leading cause of SSc-related death! and SSc patients
with lung fibrosis have a mortality risk nearly three times

greater than SSc patients without lung fibrosis.?

Although estimates of the prevalence of ILD in SSc
vary by mode of detection, between 30% and 90% of
patients with SSc are believed to develop ILD over the
course of the disease.® In early autopsy series, up to 100%
of patients were found to have some degree of parenchy-
mal involvement.*> As many as 90% of patients will have
interstitial abnormalities on high-resolution computed
tomography (HRCT)® (Figure 1) and 40%—-75% will have
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creatinine and creatine phosphokinase levels, hypothy-
roidism, and cardiac involvement.”!'® Genetic factors, spe-
cific serologic findings (e.g. anti-topoisomerase I
antibodies) predict the presence of lung involvementand
the pattern of skin disease. Moreover, patients with diffuse
skin thickening have a higher incidence of ILD.!-'4
Predictors of severe restrictive lung disease (defined by a
forced vital capacity (FVC) =50%) include African
American ethnicity, male gender, the degree of physiologic
abnormalities at diagnosis (FVC and carbon monoxide dif-
fusing capacity (DLCO)), and younger age.”!* In this
update, we review the historical perspective and changing
landscape of mortality associated with ILD in SSc, describe
what pivotal systemic sclerosis—associated interstitial lung
disease (SSc-ILD) trials have taught us about prognosis,
discuss the current understanding of predictors of SSc-ILD
progression, and conclude with a discussion of future
research ideas to address unmet needs in this arena.

Figure I. High resolution computed tomography (HRCT)

scan of a patient with SSc-ILD. This image demonstrates the
radiographic features characteristic of a non-specific interstitial
pneumonia pattern commonly observed in patients with SSc-ILD.
Source: With permission from AF.

Historical perspective on morbidity
and mortality in SSc-ILD

A common theme from historical SSc cohorts is that major
organ involvement—including lung fibrosis—is associated
with worse survival, and prior to the advent of angiotensin-
converting enzyme inhibitors, renal disease was the most
dreaded manifestations (Table 1). In one early study,
Bennett et al.!® described a cohort of 67 SSc patients cared
for at Hammersmith Hospital in London between 1947 and
1970. The cumulative 5-year survival of the cohort was
73% and the 10-year survival rate was 50%.!¢ Slightly
more than a quarter of the patients had evidence of ILD
based on plain chest radiograph.'® The following features at
disease onset were associated with a worse prognosis: dif-
fuse skin involvement, age > 40, renal dysfunction, abnor-
mal electrocardiogram, and presence of lung fibrosis.!®

In another early study, Medsger and Masi analyzed the
survival of 358 men with SSc from the Veterans
Administration hospital registry between 1963 and 1968.!
They showed that SSc is associated with poor prognosis,
reporting a S-year survival rate of 44% and a 7-year survival
rate of 35%.!7 Renal failure was identified in 5% and was
rapidly progressive and uniformly fatal—thus constituting
the worst prognostic sign in the disease.!” The relative
effects on survival of renal, cardiac, or pulmonary involve-
ment found at entry were analyzed. All patients with kidney
involvement at entry died within 10 months of recognition
of this complication and only one lived beyond 3 months.'’
Pulmonary involvement also affected survival, but not to the
same devastating degree as with renal involvement. Lung
disease was described as evidence of fibrotic changes on
plain radiograph and was noted in a total of 146 patients
(41%) at study entry.!” Of the 112 patients with lung disease
without either cardiac or renal involvement, survival was
significantly reduced compared to the 178 patients with
none of these specified organs involved (p<0.01)."7

Altman et al.'® evaluated SSc-related deaths in 264
patients enrolled in a multicenter SSc registry between

Table I. Cumulative survival rates in selected historical SSc observational studies.

Study Author N Number of centers, location Study duration Survival rates
Bennett et al.'® 67 Single center (Hammersmith Hospital, 1947-1970 Syears=73%
London, United Kingdom) I0years=50%
Medsger and Masi'’ 358 VA hospitals, United States 1963-1968 Syears=44%
7years=35%
Altman et al.'® 264 29 centers, United States 19731977 2years=80%
8.5years=50%
12years=30%
Steen and Medsger!'? 221-655 Single center (University of Pittsburgh, 1972-1996 |0years =54%—66%
United States) (varied by decade)
Ferri et al.2° 1012 3 centers (Italy) 1955-1999 [0year=69%

20year=46%

SSc: systemic sclerosis.
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1973 and 1977 with a mean follow-up of 5.2 years. They
reported survival rates of 80% at 2 years, 50% at 8.5 years,
and 30% at 12years from study entry.'® The presence of
severe cardiac, renal, gastrointestinal, or pulmonary
involvement (defined as either ILD or pulmonary hyper-
tension) predicted worse survival. Renal disease accounted
for 39% of deaths compared with 20% due to pulmonary
disease.'® Patients with lower FVC had a higher risk of
death with a relative risk of 0.98 indicating that a patient
with a 1% higher percent predicted FVC had a 2% reduc-
tion in hazard of death.'®

Steen and Medsger?! similarly demonstrated that
severity of organ involvement predicted early death in
SSc. Patients with severe skin involvement, FVC <55%
(a surrogate for severe ILD), malabsorption, pseudo-
obstruction, arrhythmia, congestive heart failure, or renal
crisis had a 9-year survival rate of only 38%.2! In contrast,
those with mild organ involvement had a 9-year survival
rate of 78%.%!

Changing landscape of morbidity and
mortality in SSc-ILD

The current era has witnessed a changing landscape in the
etiology of SSc-related deaths. In a landmark study from
Pittsburgh, Steen and Medsger!® analyzed mortality in
their SSc cohort between 1972 and 1996. While the pro-
portion of deaths due to renal crisis declined from 42% to
6%, the proportion of deaths due to lung fibrosis increased
from 6% of SSc-related deaths in the 1970s to >31% of
SSc-related deaths in the 1990s.!® Cumulative survival rate
at 9years with severe ILD (FVC <55%) was ~30%, com-
pared with ~40% with severe cardiac disease and 68%
with severe renal disease after the advent of angiotensin-
converting enzyme inhibitors. !

Similar to the Pittsburgh experience, other series
consisting of cohorts studied after the introduction of
angiotensin-converting enzyme inhibitors for renal cri-
sis, consistently found ILD as a leading cause of SSc-
related deaths. In a very large Italian multicenter study,
Ferri et al.?’ evaluated 1012 SSc patients recruited
between 1955 and 1999 at three rheumatology specialty
centers. The observed SSc survival rates were signifi-
cantly lower than those expected in the Italian general
population (p < 0.00001).2° Of note, patients recruited
after 1985 showed a significantly better 10-year sur-
vival rate compared with subjects referred before 1985
(76.8% vs 60.6%, p<0.0001).2° Significantly worse
prognosis was observed in the following subgroups: dif-
fuse cutaneous disease (p<<0.00001), male sex
(» <0.00001), presence of lung involvement (ILD or
pulmonary hypertension) (p <0.00001), presence of
cardiac involvement (p <0.00001), and presence of
renal involvement (p <0.00001).2° Multivariate analy-
sis using a Cox proportional hazard regression model

demonstrated that the mortality risk was significantly
increased in male patients, in patients with diffuse cuta-
neous SSc, in patients with lung, heart, and kidney
involvement, and in patients with high erythrocyte sedi-
mentation rate (>25mm/h) evaluated at patient enroll-
ment.?’ Thirty percent of patients died during the
follow-up period; the most frequent causes of death
were cardiac (36%) and lung (24%) involvement, and
cancer (15%).2° In contrast to historical cohorts, renal
involvement was a relatively rare complication.?

Finally, more recent data from the EULAR Scleroderma
Trials and Research (EUSTAR) cohort solidify that in the
current era, ILD is the leading cause of SSc-related mortal-
ity.! Tyndall et al.! analyzed 5860 SSc patients enrolled
since 2004 from 145 centers in 28 European and 6 non-
European countries. The mean duration of follow-up was
0.9years per person. Patients that expired had been fol-
lowed in the cohort for a mean period of 1.3 years after
inclusion.! Fifty-five percent of deaths were attributed
directly to SSc and 41% to non-SSc causes (in 4%, the
cause of death was not assigned).! Of the SSc-related
deaths, 35% were attributed to ILD, 26% to pulmonary
arterial hypertension (PAH), and 26% to cardiac causes
(mainly heart failure and arrhythmias).! Independent risk
factors for mortality and their hazard ratios (HRs) were
proteinuria (HR: 3.34), the presence of PAH based on
echocardiography (HR: 2.02), ILD as evidenced by pul-
monary restriction (FVC<80%; HR: 1.64), dyspnea
above New York Heart Association Class II (HR: 1.61),
DLCO (HR: 1.20 per 10% decrease), patient age at onset
of Raynaud’s phenomenon (HR: 1.30 per 10years), and
the modified Rodnan skin score (HR: 1.20 per 10 score
points).!

SSc-ILD morbidity and mortality
outcomes from clinical trials

Follow-up data from pivotal SSc clinical trials augment
our understanding of long-term outcomes in SSc-ILD.
Clinical trial cohorts represent unique SSc-ILD patient
populations (Table 2). The nature of a clinical trial facili-
tates the collection of longitudinal data in a uniform man-
ner. Participants typically have well-characterized ILD
and are often enrolled in clinical trials at relatively early
disease stages. Moreover, all patients receive standardized
treatment and equal access to care and follow-up. As a
result, confounding due to patient-related factors that may
affect survival, such as health insurance coverage and
socioeconomic status, may be less of an issue in a clinical
trial compared with an observational study.

Scleroderma Lung Study |

Scleroderma Lung Study (SLS) I was the first randomized
controlled trial (RCT) to compare oral cyclophosphamide
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Table 2. Mortality outcomes in recent SSc RCTs with >2years of follow-up.

Study Intervention ILD One-year mortality Long-term mortality
name presence % (N) % (N)
SLS 12 Oral CYC for vs placebo 100% CYC: 1% (2/79) CYC: 48% (38/79)
for I2months Placebo: 5% (4/79) Placebo: 35% (28/79)
Median follow-up: 8years
SLS 112 Oral CYC for |2months 100% CYC: 1% (8/73) CYC: 22% (16/73)
vs MMF for 24 months MMF: 3% (2/69) MMF: 20% (14/69)
Median follow-up: 3.6 years
SCOT* HSCT vs IV CYC for 97% HSCT: HSCT: 17% (6/36)
12 months CYC: CYC: 28% (11/39)
At 4.5years
ASTIS® HSCT vs IV CYC 87% HSCT: 14% (11/79) HSCT: 24% (19/79)

CYC: 9% (7/77) CYC: 30% (23/77)

Median follow-up of 5.8years

SSc: systemic sclerosis; RCT: randomized controlled; ILD: interstitial lung; CYC: cyclophosphamide; MMF: mycophenolate mofetil; HSCT: hema-
topoietic stem cell transplantation; IV: intravenous; SCOT: Scleroderma: Cyclophosphamide Or Transplantation; ASTIS; Autologous Stem cell

Transplantation International Scleroderma Trial.

(CYC) with placebo in SSc-ILD.?? This study enrolled 158
patients (mean age: 48.5years; 59% with diffuse cutane-
ous SSc) with relatively early SSc (mean disease duration
based on the first non-Raynaud’s symptom of SSc
3.2 years) and evidence of active alveolitis either by HRCT
criteria or by inflammation in BAL specimens. At
12months, patients randomized to CYC experienced a
modest improvement in the primary endpoint of FVC%-
predicted compared with placebo (2.53%; p<<0.03), as
well as improvements in several key secondary endpoints:
patient-reported dyspnea, total lung capacity (TLC)%-
predicted, quality of life, cutaneous sclerosis, and extent of
both visually assessed and computer-assisted quantitative
lung fibrosis.?*2

One year after treatment cessation, the FVC%-predicted
returned to baseline in the CYC arm, and a responder anal-
ysis demonstrated loss of any significant treatment effect
for both the FVC%-predicted and the TLC%-predicted.?’
Moreover, a recent study demonstrated no significance dif-
ference in long-term survival in patients randomized to
CYC versus placebo in SLS 1.?8 In this study, investigators
assessed morbidity and mortality outcomes up to 12 years
from the date the first patient was randomized in SLS 1.
After a median follow-up time of 8 years for all patients,
42% of SLS I participants had died (CYC: 38; Placebo:
28).28 The majority of evaluable deaths were due to res-
piratory failure from SSc-ILD.?

In terms of morbidity outcomes, 29% of SLS I patients
were started on supplemental oxygen during or after the
study, while 2% underwent lung transplantation (LT).?®
Eight percent developed a malignancy during the long-
term follow-up period. Types/locations of malignancies
included colon (N=2), anus (N=1), vulvar (N=1), pros-
tate (N=1), sarcoma (N=1), and breast (N=1) in patients
randomized to CYC, and lung (N=3), colon (N=1),

esophageal (N=1), and Hodgkin’s lymphoma (N=1) in
patients randomized to placebo.?®

SLS 11

SLS II was a RCT comparing 24 months of mycophenolate
mofetil (MMF) with 12months of oral CYC followed by
12 months of placebo in 142 patients with SSc-ILD (mean
age: 52.3 years; 59% diffuse cutaneous disease; mean dis-
ease duration: 2.6 years).?® The entry criteria and investigat-
ing centers were nearly identical in SLS I and II. The results
demonstrated that there was no difference in the course of
the FVC%-predicted over 24 months in patients assigned to
MMEF versus CYC. Both treatment arms experienced sig-
nificant improvements in their FVC%-predicted over the
course of the trial (3.0% for CYC, 3.3% for MMF; p <0.05
for within-treatment group comparison with baseline), as
well as significant improvements in dyspnea, cutaneous
sclerosis, and quantitative extent of radiographic fibrosis
and ILD.? However, there were no significant between-
treatment differences in any of the outcome measures with
the exception of the DLCO (favored MMF).??

Up to 8years after the first patient was randomized in
SLS 11, 21% of participants had died (CYC: 16; MMEF:
14).28 Similar to SLS 1, the majority of deaths were attrib-
utable to respiratory failure due to SSc (median follow-up
time for all participants was 3.6 years).?® In terms of mor-
bidity outcomes, 8% of SLS I patients were started on sup-
plemental oxygen during or after the study, while only 1
patient underwent LT.?® Two SLS II participants developed
malignancies during the follow-up period (MMF: N=1
thyroid cancer, N=1 papillary urothelial carcinoma; CYC:
none).”® Taken together, the results of SLS I and II demon-
strate that even when patients are treated early and aggres-
sively with immunosuppressive therapy for their SSc-ILD,
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disease progression occurs in a subgroup of patients and
ILD remains the leading cause of death.

Hematopoietic stem cell transplantation trials

Recent clinical trials evaluating the safety and efficacy of
hematopoietic stem cell transplantation (HSCT) for SSc
have also yielded important data on morbidity and mortal-
ity outcomes in SSc-ILD,?*? as the majority of patients in
these landmark trials had underlying ILD (Table 2). With
subtle differences in eligibility criteria and the transplant
protocol between these studies, the results suggest that
intervention with HSCT was consistently associated with
improved overall and progression-free survival, as well as
skin score, lung function, and other indicators of disease
activity. 2%

For example, in the Scleroderma: Cyclophosphamide
Or Transplantation (SCOT) study, 36 patients were rand-
omized to HSCT and 39 were randomized to CYC. ILD
was present in 100% of the patients in the HSCT arm and
95% of the patients in the CYC arm.?* At 54 months, 9%
and 24% of patients in the HSCT and CYC, arms, respec-
tively, had died (due to any cause).?* In the per-protocol
analysis, event-free survival at 54 months and 72 months
was 79%/50% and 74%/47%, respectively, in the HSCT/
CYC arms.?* Moreover, respiratory failure was the most
common type of organ failure (5 participants in the HSCT
arm and 13 in the CYC arm), and the most frequent cause
of death in the CYC arm.?*

In the Autologous Stem cell Transplantation Inter-
national Scleroderma Trial (ASTIS) trial, 79 patients were
randomized to HSCT and 77 patients were randomized to
CYC.? Similar to the SCOT trial, the majority of study
patients had underlying ILD (HSCT: 86%, CYC: 87%).%
The all-cause mortality rate in this trial was 24% and 30%
of patients in the HSCT and CYC arms, respectively, over
a median follow-up time of 5.8 years.?> However, over the
course of 4years, patients randomized to HSCT experi-
enced improved long-term event-free survival compared
to those randomized to CYC (p=0.03).%

The aforementioned trials have demonstrated that
HSCT is a viable option for patients with SSc-ILD. While
there does appear to be a heightened risk of mortality
within the first year of HSCT, the long-term mortality rate
appears comparable to other interventional studies (e.g.
SLS I and II). However, all of these RCTs illustrate that
despite aggressive and early treatment for SSc, mortality is
still high and more research is needed to develop safe and
effective disease-modifying therapies for this condition.

LT in SSc-ILD

An increasing number of patients with SSc-ILD are being
referred for LT. Studies have demonstrated comparable
survival rates between SSc patients and non-SSc patients

following LT for ILD.*® A systematic review reported data
from seven observational studies (total N from all studies
was 96 patients) investigating SSc post-LT outcomes and
demonstrated that survival in these studies ranged from
59% to 93% at 1 year, 49% to 80% at 2 years, and 46% to
79% at 3 years.’! The range of survival rates was likely due
to the different inclusion/exclusion criteria for LT at the
various study centers. The causes of death included graft
failure, infection, cardiac events, hemorrhagic stroke, res-
piratory failure, malignancy, pulmonary hypertension,
complications of bronchiolitis obliterans syndrome, scle-
roderma renal crisis, and anesthetic complication.’!

Notably, none of the aforementioned studies reported
recurrence of SSc in the lung allograft. Since a relatively
small number of patients with SSc-ILD undergo LT, it is
unclear how this intervention affects overall survival rates
for SSc-ILD. However, for the individual patient, LT can
be a life-saving intervention.

Predicting mortality in SSc-ILD

A number of studies have examined predictors of mortality
in unselected, retrospective, and prospective SSc cohorts
with patients followed for relatively short time inter-
vals.!"1932736 While these studies have shed light on impor-
tant prognostic factors for SSc patients in general, many of
these studies included patients who developed SSc over
20years ago. Given the changes in the medical manage-
ment of SSc-ILD in the past decade,’” it is unclear whether
these study findings are relevant in the modern ILD treat-
ment era. Furthermore, these prognostic factors may or
may not affect mortality in an SSc patient with clinically
significant ILD. Fewer studies have examined predictors
of mortality in SSc patients with well-characterized ILD.?’
Among studies in SSc-ILD specifically, demographic fac-
tors, disease-specific features of SSc, severity and progres-
sion of ILD, as well as candidate biomarkers, have been
found to predict mortality in SSc-ILD (Table 3; Figure 2).

Demographic factors

Specific demographic characteristics are associated with
increased mortality in patients with SSc-ILD. Male sex is
associated with increased mortality in observational SSc-
ILD studies.’®* African American race has also been
linked with worse survival in patients with SSc-ILD in
observational studies.”*! However, a recent study suggests
that socioeconomic disparities may underlie some of the
racial differences observed in SSc-ILD observational stud-
ies.*! Indeed, an analysis of the SLS I and II cohorts dem-
onstrated no difference in long-term survival between
African Americans and non-African American patients
who participated in these two trials.> Finally, older age
consistently predicts poor outcomes in SSc-ILD in both
observational studies*®***? and in clinical trial cohorts.?®
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Table 3. Clinical and biological factors associated with increased mortality in SSc-ILD.?

Factor Effect on mortality
Male sex3®0 Increased risk of mortality
African American race’* Potential increased risk of mortality

Increased age?8383942

Anti-topoisomerase | antibodies***

Consistently found to increase risk of mortality
Increased risk of mortality

Diffuse cutaneous sclerosis*#° Increased risk of mortality
Greater extent of ILD on HRCT imaging*>4° Consistently found to increase risk of mortality

Early progression of ILD based on pulmonary
physiology?424

Baseline FVC74047

Baseline DLCO*0#7

Presence of PH or PAH#4

C-reactive protein (CRP)*®

An early decline in lung function is associated with an increased risk of
mortality in both clinical trial?® and observational cohorts
Lower FVC is associated with an increased risk of mortality

Lower DLCO is associated with an increased risk of mortality
Increased risk of mortality

High levels associated with an increased mortality in a single-center,

42,46

prospective cohort (N=266)*
High levels associated with an increased mortality in a single-center,
prospective cohort (N=75)¥

CC chemokine ligand 18 (CCL8)*°

Increased mortality in a single-center, prospective cohort (N=96

)49

Increased mortality in 14-center, clinical trial cohort among patients
randomized to CYC (N=71)>

SSc: systemic sclerosis; ILD: interstitial lung disease; HRCT: high-resolution computed tomography; FVC: forced vital capacity; DLCO: carbon mon-
oxide diffusing capacity; CYC: cyclophosphamide; PH: pulmonary hypertension; PAH: pulmonary arterial hypertension.
This table only includes mortality predictor variables that have been identified in at least two SSc-ILD studies, which used HRCT to define the pres-

ence of ILD.

Patient Characteristics

* Increased Age
+ Male Sex
+ African American Race

Physiologic Variables

« Decline in FVC and DLCO
over 12 to 24 months

« Baseline DLCO

Predictors of Mortality
in SSc-ILD

Radiographic Variables

« Baseline FVC * Increased extent of ILD « Presence of PAH/PH
on HRCT

Candidate biomarkers

+ C-reactive protein
+ CCL-18

SSc-related Features

« Anti-topisomerase | antibodies
« Diffuse SSc

Figure 2. Predictors of mortality in SSc-ILD. This figure describes the key factors associated with mortality in SSc-ILD.
Source: This figure was adapted and modified from the systematic review by Winstone et al.>' to include only those predictor variables, which have
been found to predict mortality in two independent SSc-ILD cohorts, which used HRCT to define the presence of ILD.

Disease-specific factors

Certain disease features of SSc are associated with
increased risk of mortality in SSc-ILD, including the
presence of the anti-topoisomerase I antibody,*** diffuse
cutaneous disease,* and greater extent of ILD on HRCT
imaging.’®44 A small study in patients with limited
cutaneous SSc (N=22) found that those with biopsy-
proven nonspecific interstitial pneumonia (NSIP) had
improved survival compared to usual interstitial pneumo-
nia (UIP) (15 vs 3 years).>* However, a subsequent study
did not detect an increase in mortality in SSc-ILD with a
UIP pattern, but this study used radiographic criteria to
define UIP.*

A number of prior observational studies have identified
factors associated with SSc-ILD progression, which may in
turn diminish survival. These factors include low FVC,7*
shorter total disease duration,” and low DLCO.!543:4454
Historical studies identified cigarette smoking as predictor
of ILD progression.%33-3

ILD progression

Recent data from observational cohorts*>*® and clinical

trials?® demonstrate that early progression of ILD indepen-
dently predicts mortality. Goh et al.*> demonstrated that
pulmonary function trends at 1- and 2 years predicted both
intermediate and long-term mortality in 140 patients
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followed at a single center over 15years. Specifically, a
FVC decline from baseline of =10% or the composite an
FVC decline of 5%-9% in association with a DLCO
decline of =15% at 1 year was the most accurate predictor
of mortality in patients with extensive ILD.** At 2 years, a
decline in the diffusing capacity coefficient (KCO) of
=10% was the single best independent predictor of mor-
tality in SSc patients with both limited and extensive ILD
based on the criteria established by the same group.*’ Since
this was an observational study, the investigators could not
evaluate treatment effects and their impact on survival.

These findings are consistent with an earlier study by
Moore et al.* of 264 SSc patients with HRCT-defined
ILD. In this observational cohort, the rates of decline and
the percentage change in the FVC, DLCO, and KCO pre-
dicted 1-year adverse outcomes (defined as death (N=38),
initiation of supplemental oxygen (N=10), or LT (N=1)).4¢
Specifically, a decline in the FVC of 10% and in the DLCO
and KCO of 15% yielded the most optimal sensitivity and
specificity for predicting adverse outcomes with a nega-
tive predictive value of 92%-93%.4

Volkmann et al.?® tracked survival in 300 patients who
participated in SLS I and I and found that the course of the
FVC and DLCO in the first 2 years was a better predictor
of survival than the baseline FVC or DLCO.?® Patients
who experienced an improvement in their FVC and DLCO
in response to immunosuppressive therapy had better sur-
vival than those who experienced worsening of these pul-
monary function parameters, regardless of baseline disease
severity.?® Since this study evaluated patients who partici-
pated in a RCT, the investigators were able to control for
treatment arm assignment and explore interactions between
treatment arm and ILD progression.

Candidate biomarkers

Selected peripherally measured proteins have been associ-
ated with mortality in SSc-ILD. For example, in a single-
center observational study of 266 SSc patients (44% with
underlying ILD), higher baseline C-reactive protein (CRP)
levels were associated with increased progression of ILD
based on FVC decline, as well as increased mortality.*®

Other candidate biomarkers associated with mortality
in SSc-ILD include interleukin (IL)-6,°” monocyte chem-
oattractant protein-1 (MCP-1),® and CC chemokine ligand
18 (CCL18).#°° The aforementioned studies were all sin-
gle-center, observational cohort studies with patients on
different/no ILD therapies and with varying follow-up.
Further research to identify reliable, reproducible, and
affordable serologic biomarkers in SSc-ILD is greatly
needed, and clinical trial cohorts may offer unique research
opportunities to evaluate whether specific biomarker
assessment can improve the prediction of ILD progression
or prognostication.

Future research on morbidity and
mortality outcomes in SSc-ILD

Using SSc-ILD mortality prediction models for
precision medicine

Across disease states, health outcomes improve when evi-
dence-based prediction tools are used to personalize the
care of patients. This approach is directly relevant and of
paramount importance in SSc-ILD, a disease with varying
progression and therapeutic response rates. Personalizing
the care of patients with SSc-ILD may begin with the iden-
tification and characterization of specific SSc-ILD sub-
groups based on disease progression. Specifically, studies
are needed to develop valid morbidity and mortality SSc-
ILD prediction tools that are reproducible across diverse
SSc-ILD populations.

The factors which most consistently predict mortality
across various SSc-ILD cohorts include increased age, dif-
fuse cutanecous disease, increased ILD disease severity at
baseline, as well as increased progression of ILD early in
the disease course. While no valid mortality prediction
models exist for SSc-ILD, a recent study examined mortal-
ity prediction in an SSc-ILD cohort from a single center
(N=156) using mortality risk models for idiopathic pulmo-
nary fibrosis (IPF).> This study assessed the Composite
Physiologic Index (CPI: FVC, FEV1, DLCO), Interstitial
Lung Disease—Gender, Age, Physiology Index (ILD-GAP
index: sex, age, FVC, DLCO), du Bois index (age, respira-
tory hospitalization, FVC, change in FVC), and the modi-
fied du Bois index (age, respiratory hospitalization, FVC,
change in FVC, 6-minute walk distance (6MWD), change
in 6MWD). Among these prediction models, the modified
du Bois index yielded the best discrimination and calibra-
tion for the prediction of 1-year mortality in SSc.>

Future studies are needed to expand upon this work and
develop SSc-specific ILD mortality prediction tools to
help identify patients at highest risk for mortality not just
at 1 year, but at later time points in the disease course. It is
critical to identify those patients who are at greatest risk
for disease progression to stratify high-risk patients for
aggressive ILD therapy and consider referral for HSCT at
an carly disease stage.

Will novel SSc-ILD therapeutics affect morbidity
and mortality outcomes?

Future research efforts in this area should also aim to under-
stand how novel SSc-ILD therapeutics affect mortality. The
therapeutic pipeline for SSc-ILD has burgeoned in recent
years.®” More clinical trials are being conducted in SSc-ILD
than ever before and in addition to evaluating the safety and
efficacy of specific agents there is also need to investigate
their longer-term impact on quality of life and mortality.
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Conclusion

Data from observational and clinical trial cohorts have
both informed and broadened our understanding of mor-
bidity and mortality outcomes in SSc-ILD. Recent
reports suggest that outcomes for SSc-ILD patients have
improved in recent years, although it is challenging to
compare survival rates from prior studies since the
design of historical studies differed considerably from
present day studies (i.e. ILD detection and characteriza-
tion method; study duration; study entry criteria; use of
a selected or unselected population; use of prevalent or
inception cohorts). Furthermore, unique differences
undoubtedly exist between SSc-ILD patients who par-
ticipate in RCTs and those consecutively enrolled in reg-
istry studies.

Data from both historical and modern-day studies have
consistently revealed a number of poor prognostic factors
in SSc-ILD: increased age, diffuse cutancous disease,
increased ILD disease severity at baseline, as well as
increased progression of ILD early in the SSc disease
course. Factors which do not consistently predict mortal-
ity outcomes across different SSc-ILD populations
include male gender, African American race, anti-topoi-
somerase [ antibody status, disease duration, specific ILD
pattern (e.g. UIP vs NSIP).

Understanding the factors that predict morbidity and
mortality outcomes for SSc-ILD will hopefully allow us to
offer a more personalized approach to the care of these
patients. The development of a modern day SSc-ILD mor-
tality prediction tool could help clinicians identify patients
who may benefit from early, aggressive ILD therapy and
possible referral for HSCT. With the potential advent of
novel therapeutics in SSc-ILD on the horizon, the assess-
ment of meaningful long-term clinical outcomes, such as
quality of life and survival, will be important.
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