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REVIEW

Expert Perspectives: Defining and Managing Progressive
Pulmonary Fibrosis in Systemic Sclerosis
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Systemic sclerosis—associated interstitial lung disease (SSc-ILD) is one of the leading causes of morbidity and
mortality in SSc, affecting up to three-quarters of patients. The disease course is highly heterogeneous, ranging from
indolent, nonprogressive forms to rapidly progressive pulmonary fibrosis (PPF). Identifying patients at risk for progres-
sion remains a key clinical challenge. Routine screening with high-resolution computed tomography at diagnosis and
regular pulmonary function test monitoring are essential for early detection and timely management. Recent efforts
have sought to harmonize the definition of PPF across fibrosing ILDs, recognizing shared clinical and pathophysiolog-
ical mechanisms beyond idiopathic pulmonary fibrosis. Approximately 20% to 30% of patients with SSc-ILD develop
PPF, yet reliable predictors of progression remain elusive. Advances in imaging, functional assessment, and molecular
biomarkers hold promise for improving risk stratification. Therapeutic approaches have evolved from conventional
immunosuppression toward combination and antifibrotic strategies. Mycophenolate mofetil remains the preferred
first-line therapy, whereas nintedanib is the only antifibrotic agent approved for both SSc-ILD and PPF, having demon-
strated efficacy in slowing lung function decline. Combination therapy, particularly mycophenolate mofetil with ninte-
danib or biologics such as rituximab and tocilizumab, is gaining traction in clinical practice despite limited
comparative data. Emerging antifibrotic and anti-inflammatory agents offer new therapeutic prospects. This review
summarizes current understanding of PPF in SSc-ILD, focusing on its evolving definition, prognostic determinants,

and treatment landscape, and highlights unmet needs for personalized, evidence-based management.

CLINICAL CHALLENGE

The patient, a 40-year-old woman of Ivorian origin, pre-
sented with a one-year history of Raynaud phenomenon and pro-
gressive skin changes, including puffy hands evolving to diffuse
skin sclerosis. Over the preceding six months, she developed
exertional dyspnea (New York Heart Association [NYHA] class II),
bilateral wrist and hands synovitis, and significant weight loss
(6 kq). Laboratory evaluation revealed high-titer antinuclear anti-
bodies (ANA; 1:2,500) with positive anti—-topoisomerase |
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antibodies (ATA), raised C-reactive protein (CRP; 15 mg/L), and
polyclonal hypergammaglobulinemia.

Pulmonary function tests (PFTs) showed severe restriction
(predicted forced vital capacity [pFVC] 39% and predicted total
lung capacity 52%) with markedly impaired gas exchange (diffus-
ing capacity for carbon monoxide [DLco] unmeasurable), while
echocardiography initially showed no sign of pulmonary hyperten-
sion (PH). Despite relatively preserved exercise tolerance, imaging
and functional findings suggested mild interstitial lung disease
(ILD) between 10% and 20% with a nonspecific interstitial
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pneumonia (NSIP) pattern. A diagnosis was made of NSIP in dif-
fuse cutaneous systemic sclerosis (dcSSc).

She was treated with vasodilators (calcium-channel blocker),
low-dose glucocorticoids, proton-pump inhibitors and methotrex-
ate (MTX), switched after three months to mycophenolate mofetil
(MMF) up to 3 g daily due to disease progression (both skin and
lung). Over the next year, she experienced worsening respiratory
symptoms (NYHA class ll), declining functional capacity (pFVC
35%), and development of PH with right ventricular dilation. Further
clinical deterioration led to discontinuation of MMF that was badly
tolerated and initiation of rituximab combined with MTX.

Despite treatment escalation, her disease progressed with
need for oxygen supplementation, thus requiring listing for lung
transplantation. She underwent lung transplantation after contin-
ued functional decline, highlighting a rapidly progressive course
of systemic sclerosis—associated ILD (SSc-ILD) with multiple risk
factors for poor ILD prognosis.

BACKGROUND

SSc is a rare autoimmune disorder characterized by wide-
spread fibrosis of the skin and internal organs, vascular abnormal-
ities, and the presence of specific autoantibodies that vary by
disease phenotype.' ILD is among the most common and serious
complications of SSc, occurring in up to 75% of patients and con-
tributing significantly to disease-related morbidity and mortality.

Alongside SSc in general, SSc- ILD presents a heteroge-
neous clinical course. Although some individuals experience a
mild, nonprogressive form of ILD, others face rapid deterioration
and severe pulmonary impairment. Therefore, regular surveillance
of all patients is essential to detect early signs of progression and
initiate timely interventions. Current evidence suggests that 20%
to 30% of patients with SSc-ILD will develop progressive pulmo-
nary fibrosis (PPF), whereas about half will remain stable or pr-
ogress slowly, and a smaller proportion may even show
improvement in lung function over time.? Accurately predicting
which patients will follow a progressive course remains a major
clinical hurdle, and managing progressive SSc-ILD remains diffi-
cult due to a limited number of high-quality trials.

This narrative review aims to provide a focused, clinically ori-
ented synthesis of current evidence on PPF in SSc-ILD, empha-
sizing its conceptual evolution, prognostic implications, and
therapeutic challenges rather than providing formal guideline
recommendations.

APPROACH

Managing PPF in SSc-ILD requires a structured yet flexible
approach that begins with establishing what progression is. The
lack of a universally accepted definition, together with varia-
bility across existing criteria and their imperfect prognostic perfor-
mance, represents a central clinical challenge that directly

impacts patient identification and treatment decisions. Although
international recommendations provide a framework for the man-
agement of SSc-ILD,3* translating these into day-to-day clinical
decisions requires a structured, stepwise approach.

In practice, treatment decisions should be guided by base-
line disease severity, risk factors, and evidence of progression
over time. In patients with limited ILD extent, no risk factors, and
preserved lung function without evidence of progression, close
monitoring every three to six months with PFTs and periodic
imaging is appropriate. However, in patients with clinically signifi-
cant ILD at baseline (eg, FVC <70% or more extensive fibrosis
on imaging), presence of risk factors or those with objective
decline in lung function, worsening respiratory symptoms, and
evolution in high-resolution computed tomography (HRCT), treat-
ment should be initiated or escalated without delay.

MMF is generally considered first-line therapy, particularly in
patients with early or inflammatory disease. Cyclophosphamide,
rituximab, or tocilizumab may be considered in selected cases
(eg, rapidly progressive disease, early inflammatory phenotype,
or intolerance to first-line therapy), although evidence and clinical
practice vary.

In patients who exhibit disease progression despite ade-
quate immunosuppression, or in whom the disease phenotype
is predominantly fibrotic, initiation of antifibrotic therapy such as
nintedanib or nerandomilast should be considered. In clinical
practice, this often results in combination therapy (immunosup-
pressive plus antifibrotic), although high-quality evidence on opti-
mal sequencing and combination strategies remains limited.

Importantly, treatment escalation should not be delayed until
advanced functional decline occurs. Instead, early identification of
progression and timely therapeutic intensification are critical because
the greatest loss of lung function frequently, although not exclusively,
occurs in the early phases of disease. Decisions should be individual-
ized based on disease trajectory, radiologic pattern, extra-lung SSc-
specific manifestations, comorbidities (including PH), and patient
preferences. Within this framework, the identification of a progressive
fibrosing phenotype serves as a practical trigger for treatment esca-
lation, rather than solely a descriptive classification.

EVIDENCE

Definition of progression in SSc-ILD. PPF represents a
concept within the spectrum of ILDs, characterized by a chronic,
filorosing phenotype that worsens over time, regardless of the
underlying disease.® Indeed, fibrosing ILDs other than idiopathic
PF (IPF), such as connective tissue disease (CTD)—associated
ILDs, fibrotic hypersensitivity pneumonitis, idiopathic NSIP, unc-
lassifiable ILDs, and others, can also behave with a progressive
fibrotic trajectory akin to IPF. Identifying these conditions is clini-
cally relevant because both functional decline and radiologic pro-
gression have been consistently associated with increased
mortality in all fibrotic ILDs, including SSc-ILD.°
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At present, there is no universally accepted definition of SSc-
ILD progression. In 2018, Cottin et al first outlined criteria for
defining PF-ILD, including a relative decline in FVC of >10%, arel-
ative decline in DLco of >15%, or an FVC decline of 5% to 10%
accompanied by worsening respiratory symptoms or radio-
graphic changes within a two-year period.” The Outcome Mea-
sures in Rheumatology (OMERACT) initiative also proposed a
definition of “clinically meaningful progression” in CTD-ILD, which
applies to SSc-ILD. This definition mirrors that of Goh et al® and is
based on PFT thresholds: a >10% relative decline in FVC or a 5%
to 10% FVC decline paired with a >15% relative reduction in DLco
over a 12-month period.®

The concept of progressive ILD gained further credibility
through the INBUILD trial,® a pivotal study that evaluated the effi-
cacy of nintedanib across diverse ILD subtypes. The INBUILD trial
included various non-IPF-fibrosing ILDs with disease extents of
>10% on HRCT at baseline and used broader criteria: a >10% rel-
ative decline in FVC, a 5% to 10% relative decline in FVC with
either worsening symptoms or increased fibrosis on HRCT, or
symptom worsening alongside radiologic progression, all within
the previous 24 months.

More recently, the 2022 Clinical Practice Guideline by the
American Thoracic Society (ATS), European Respiratory Society

Table 1. Key definitions of progression in SSc-ILD*

(ERS), Japanese Respiratory Society (JRS), and Latin American
Thoracic Association (ALAT) proposed a definition for PPF based
on the occurrence of at least two of the following three criteria
within one year: worsening respiratory symptoms, physiologic
evidence of progression (including an absolute decline in FVC of
>5% predicted and/or DLco decline of >10% predicted in the
absence of another cause such as PH), and radiologic evidence
of disease progression.® Compared to the INBUILD and OMER-
ACT, the updated consensus introduces functional progression
as an absolute (rather than relative) decline in lung function met-
rics over one year. It is important to emphasize that, in all defini-
tions, PFT or HRCT changes are assessed within a 12- or
24-month window. This does not mean that patients must wait
the full period to be classified as progressors; rather, if qualifying
changes occur at any point within this timeframe, the patient can
be appropriately classified as having disease progression. A com-
parison of the main criteria used to define progressive ILD, and
their respective studies, is provided in Table 1.

Prevalence of progression in SSc-ILD. The prevalence
of progression in SSc-ILD varies widely depending on the defini-
tion applied and the population studied.™" In cohorts including all
patients with SSc, estimates of ILD progression range broadly,

Criteria or definition Key components

Timeframe Notes

References

ATS/ERS/JRS/ALAT >2 of the following:
2022 (official PPF -+ Worsening respiratory symptoms
criteria) -+ Absolute decline in FVC >5%
+ Radiologic progression (HRCT)
- Relative decline in FVC >10%
predicted or
Relative decline in FVC >5% to
<10% predicted and worsened
respiratory symptoms or
Relative decline in FVC >5% to
<10% predicted and increased
extent of fibrosis on HRCT or
+ Worsened respiratory symptoms
and increased extent of fibrosis
on HRCT
Relative decline in FVC >10%
predicted or
Relative decline in FVC >5% to
<10% predicted with a >15%
relative decline in DLco
- Absolute decline in FVC >10%
predicted or
- Absolute decline in FVC >5% to
<10% predicted with a >15%
absolute decline in DLco
Absolute decline in FVC >5% or >10%

PF-ILD criteria
(INBUILD criteria)

OMERACT criteria

EUSTAR criteria

FVC decline alone

Within 12 mo

Most recent criteria; awaits
validation in SSc-ILD

Raghu et al®

Within 24 mo Broader than ATS definition; Flaherty et al'®
used to select patients for
INBUILD trial and the
FIBRONEER-ILD trial
12 mo Khanna et al’
12 mo De Lorenzis et al"’
6-24 mo Common in earlier studies

before composite criteria
were introduced

* ALAT, Latin American Thoracic Association; ATS, American Thoracic Society; DLco, diffusing capacity for carbon monoxide; ERS, European
Respiratory Society; EUSTAR, European Scleroderma Trials and Research; FVC, forced vital capacity; HRCT, high-resolution computed tomogra-
phy; JRS, Japanese Respiratory Society; PPF, progressive pulmonary fibrosis; SSc-ILD, systemic sclerosis-associated interstitial lung disease;

OMERACT, Outcome Measures in Rheumatology.
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reflecting differences in ILD ascertainment and follow-up. When
analyses are restricted to patients with established SSc-ILD, more
consistent estimates emerge, typically ranging from approxi-
mately 20% to 40% over one to two years.

For example, analyses from Scleroderma Lung Study Il and
European cohorts report progression rates around 19% to
30%,'>"® whereas higher estimates (up to approximately 40%)
have been observed in incident or early ILD cohorts using ATS
2022 criteria.’*'® Importantly, direct comparisons across studies
remain challenging due to heterogeneity in PPF definitions, inclu-
sion criteria, and follow-up duration (Figure 1).

Indeed, the patterns of SSc-ILD progression are highly vari-
able, making it difficult to identify which patients are at greatest
risk and to determine the optimal timing for therapeutic interven-
tion. In alandmark study,? Hoffmann-Vold et al examined disease
progression in 826 patients with SSc-ILD from the European

Scleroderma Trials and Research (EUSTAR) database. Within a
12 + 3-month period, 27% developed progressive ILD, defined
by either a moderate FVC decline (between 5% and 10%) or a
marked decline (>10%). Across any given 12-month interval,
23% to 27% of patients with SSc-ILD demonstrated progression;
however, only a small subset experienced progression over
consecutive periods. The most frequent progression pattern,
observed in 58% of progressive cases, involved a slow functional
decline interspersed with periods of stability or improvement. In
contrast, approximately 8% of patients exhibited a more aggres-
sive course, characterized by a steady and rapid FVC decline.
Overall, approximately 67% of patients with SSc-ILD experienced
disease progression at some point during an average follow-up
period of five years. In another recent study,® 25% to 30% of
patients with SSc-ILD could be classified as progressors at each
12-month follow-up, according to different definitions, but only a

Prevalence by definition / criteria

FVC decline >3%

FVC decline >5%

OMERACT

13.9

EUSTAR

INBUILD

INBUILD

INBUILD

ATS
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ATS
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39.0
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Figure 1. Prevalence of progressive phenotype in SSc-ILD across studies and definitions. Horizontal bar chart comparing the proportion of
patients with SSc-ILD meeting various definitions of progression. Definitions include relative FVC decline thresholds (>3% and >5%), progression
criteria used in OMERACT and EUSTAR cohorts, and multiple progression definitions applied in the INBUILD trial. Prevalence estimates based on
ATS/ERS/JRS/ALAT clinical practice guideline criteria are also shown. Together, the data highlight substantial variability in the proportion of
patients with SSc-ILD classified as progressive depending on the assessment framework applied. ALAT, Latin American Thoracic Association;
ATS, American Thoracic Society; ERS, European Respiratory Society; EUSTAR, European Scleroderma Trials and Research; FVC, forced vital
capacity; JRS, Japanese Respiratory Society; SSc-ILD, systemic sclerosis—associated interstitial lung disease; OMERACT, Outcome Measures

in Rheumatology.
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minority of patients showed progression in consecutive periods,
and, importantly, ILD progression at the first follow-up reduced
the risk for subsequent progression. These observations should
be interpreted with caution, however, because they may be influ-
enced by regression to the mean and by a threshold effect.

Prognosis of progressive SSc-ILD. ILD has been the
leading cause of mortality in SSc for several decades, consistently
accounting for a substantial proportion of SSc-related deaths, as
observed for example in the largest worldwide registry
(EUSTAR).'® Patients with SSc who have ILD at diagnosis, even
when mild and with FVC within the normal ranges, have reduced
survival.' Declines in lung function over 12 months, particularly
in %pFVC or %pDLco, have consistently been linked to poorer
survival outcomes.'® Notably, even a single episode of >5% FVC
decline is significantly associated with increased mortality after
adjusting for other risk factors.® 8

Early lung function decline thus serves both as a marker of
disease progression and as a potential surrogate endpoint for
clinical trials and treatment decisions. However, relying solely on
PFTs may overlook patients with preserved lung volumes but
worsening radiographic or symptomatic profiles, highlighting the
need for multidimensional assessment strategies such as PF-ILD
and PPF definitions.

The prognostic value of guideline PPF criteria remains uncer-
tain so far in SSc-ILD, although it has been confirmed in nonfibro-
tic ILDs.'® In an incident SSc-ILD cohort, applying PPF criteria
was independently associated with a 2.6-fold higher mortality.'*
However, in a prevalent SSc-ILD cohort, fulfiling PPF criteria did
not significantly predict long-term mortality, unlike other defini-
tions such as Goh staging,® INBUILD criteria, or 5% FVC
decline.'® These findings suggest that PPF criteria may be less
effective in identifying high-risk patients than less stringent defini-
tions of progression.

Screening and monitoring SSc-ILD progression. Early
detection of ILD in SSc is critical because significant lung involve-
ment can severely impair quality of life. Screening typically com-
bines symptom assessment, chest auscultation, PFTs, and
HRCT.%2° Because ILD may be present even without symptoms
or PFT abnormalities, reliance on PFT alone is problematic,
though it remains central to longitudinal monitoring.?’ HRCT is
more sensitive and considered the diagnostic gold standard, but
practices for its use vary widely worldwide.??

Recently, international guidelines from both the ERS/EULAR
task force and the American College of Rheumatology (ACR)/
American College of Chest Physicians (CHEST) collaboration
have provided updated, evidence-based recommendations on
screening and monitoring for SSc-ILD.*?® Both documents con-
verge on the central role of HRCT and PFTs as the comnerstone of
baseline evaluation. Despite low-quality evidence, both major guide-
lines support HRCT screening, albeit ERS/EULAR recommend

screening all patients with SSc, regardless of additional risk factors,
whereas ACR/CHEST suggest screening only CTD patients at
higher risk. Regarding monitoring, both guidelines support regular
PFTs and HRCT, though the intensity differs. Table 2 summarizes
similarities and differences between the two guidelines.

Quantitative HRCT and artificial intelligence—assisted imaging
approaches are emerging as objective tools to improve detection,
risk stratification, and monitoring of SSc-ILD progression, offering
greater reproducibility and sensitivity to subtle changes compared
with visual assessment.?* In parallel, novel imaging modalities,
including photon-counting CT, lung magnetic resonance imaging,
and molecular techniques such as fibroblast activation protein
inhibitor—positron emission tomography/CT, may further enhance
early detection and provide insight into active fibrotic pro-
cesses.”® However, these technologies remain investigational,
and their integration into routine clinical practice requires further
validation and standardization.

Risk factors for SSc-ILD progression. Recognized risk
factors for ILD onset in SSc include male sex, non-White ethnicity,
diffuse cutaneous involvement, ATAs, absence of anticentromere
antibodies, and elevated inflammatory markers.2® Importantly,
many of these features also translate into predictors of progres-
sion (Figure 2 and Table 3).

Among demographic factors, male sex is the most consis-
tent, conferring an approximately three-fold higher risk of devel-
oping PPF,%8:2728 \whereas older age is more strongly linked to
mortality than to progression itself.'*'"2° African American
patients with SSc consistently exhibit more severe ILD and
develop lung involvement at an earlier age compared to Cauca-
sian patients, as demonstrated across multiple cohorts. This rep-
resents an important and well-established risk factor for worse
outcomes.*°

Disease-specific features play a central role in shaping
disease trajectory: ATA positivity is strongly associated with
ILD onset and progression across cohorts, with an esti-
mated approximately 50% increased risk of PPF,"*3132 whereas
anti-Ro52 antibodies have been linked to greater disease sever-
ity.3% Other autoantibodies, including antifibrillarin, anti-Th/To,
and Anti-PM/Scl, have also been associated with ILD and should
be considered in risk stratification. Diffuse cutaneous involvement
and higher modified Rodnan skin Score without thickness consis-
tently predict functional decline, likely reflecting a greater systemic
fibrotic and inflammatory burden.?'*32 Importantly, although dif-
fuse cutaneous disease confers the highest risk, patients with lim-
ited cutaneous SSc—particularly those with  high-risk
autoantibody profiles—may also experience significant progres-
sion. In contrast, anticentromere antibodies are generally associ-
ated with a lower risk of progressive ILD. Disease duration is a
well-established determinant of progression risk, with the highest
rates of ILD progression observed in early disease. Although pro-
gression can occur later, particularly in fluctuating or relapsing
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Table 2. Comparison of ERS/EULAR and ACR/CHEST guidelines for SSc-ILD screening and monitoring*

Topic ACR/CHEST 2023

ERS/EULAR 2025

Similarities

Main differences

Conditional
recommendation for
PFTs and HRCT for
patients with SSc at risk.

Who to screen

Screening Conditionally recommend
baseline PFTs and HRCT
chest for screening of at-
risk SSc. Conditionally
recommend against
screening with chest
radiograph and 6MWD;
recommend against
surgical lung biopsy for
screening.

Monitoring Conditionally recommend
monitoring with PFTs,
HRCT chest, and
ambulatory desaturation
testing; conditionally
recommend against
routine 6MWD and chest
radiography for
monitoring. The
guideline provides
suggested monitoring
intervals (adapted to
disease and risk).

Monitoring
triggers (when to
repeat HRCT or
investigate for
progression)

Suggest repeating tests
when there is clinical
concern or change
(decline in PFTs, new or
worsening symptoms,
and desaturation), and
guidance gives context-
specific suggestions;
conditional
recommendation for
added ambulatory
desaturation in
monitoring.

Strong recommendation to
systematically screen all
patients with SSc with HRCT
(ie, independent of
additional risk factors).

Strong recommendation to
use HRCT as the primary
screening tool (do not
replace HRCT with PFTs/US).
PFTs (FVC/DLco) are
recommended as
complementary
assessments, especially if
HRCT or symptoms are
present. ERS/EULAR also
supports use of 6GMWT and
PROMs for assessment of
severity or prognosis in
appropriate patients.

Conditionally recommend
regular PFT monitoring and
suggest repeating HRCT at
intervals stratified by risk
(every 12 mo in high-risk
patients <5y of disease
duration).PFT frequency is
suggested (eg, repeat every
3-6 mo during early or
unstable period and at least
every 6-12 mo thereafter)
with stratification by risk.
6MWT and PROMs can be
used for severity or
prognosis.

ERS/EULAR recommends
repeating HRCT and PFTs if
progression suspected,
provides risk stratification to
decide monitoring
frequency, and suggests
earlier imaging for high-risk
or rapidly changing patients.

Both recommend active
screening in SSc.

Both recognize HRCT and
PFTs as the key tests.
Both discourage chest
x-ray or surgical lung
biopsy for routine
screening.

Both support longitudinal
monitoring with PFTs
and HRCT (and
acknowledge
ambulatory/exercise
testing has a role).Both
stress individualized
intervals based on risk.

Both use clinical change
(symptoms, PFT decline,
and desaturation) as
trigger for intensified
monitoring or repeat
HRCT.

ERS/EULAR: screen all
patients with SSc with
HRCT. ACR/CHEST uses
a conditional approach
(screen patients with
SSc with risk factors).

ERS/EULAR gives stronger
language in favor of
HRCT as the main
screening test for SS¢;
ACR phrases HRCT plus
PFTs as conditional
recommendations.

ERS/EULAR gives more
concrete interval
suggestions (PFT every
3-6 mo initially, then
every 6-12 mo; HRCT
every 1-2 y in SSc
unless change
suspected).ACR/CHEST
is more conservative/
conditional but offers
suggested intervals for
patients with SSc (eg,
PFTs every 3-6 mo
initially, ambulatory
desaturation every 3-
12 mo as needed).

ERS/EULAR gives more
formal risk stratification
tools or algorithms and
explicit recommended
intervals for repeat
imaging in SSc. ACR
emphasizes clinical
judgement and
provides conditional/
suggested intervals.

* 6MWD, 6-minute walk distance; 6MWT, 6-minute walk test; ACR, American College of Rheumatology; CHEST, American College of Chest

Physicians; DLco, diffusing capacity for carbon monoxide; ERS, European Respiratory Society; FVC, forced vital capacity; HRCT, high-resolution
computed tomography; PFT, pulmonary function test; PROM, patient-reported outcome measure; SSc-ILD, systemic sclerosis-associated

interstitial lung disease; US, ultrasound.

patterns, the emphasis of clinical trials on early SSc reflects the
consistent observation that the initial disease phase carries the

greatest risk. 313234

Comorbidities and systemic features may further modulate
risk: gastroesophageal reflux disease has been associated with
amodest increase in progression risk,% %35 although its indepen-
dence from other disease manifestations remains uncertain,

whereas elevated inflammatory markers such as CRP and
interleukin-6 correlate with worse lung function and outco-
mes but show limited value as independent predictors of
PPF.%:28:56-38% Addiitional clinical features incorporated into com-
posite models, such as arthritis and exercise-induced desatura-
tion, may improve early identification of patients at risk of rapid
progression.®®
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Figure 2. Predictors of progression in SSc-ILD. Schematic overview of key clinical domains and variables associated with progression of ILD in
SSc. These include demographics (male sex, potential associations with older age, longer disease duration, and ethnicity), physiology and imaging
findings (reduced FVC, impaired DLco, and greater fibrosis extent on HRCT), SSc-related features (diffuse cutaneous subtype, higher skin score,
presence of gastroesophageal reflux, and possibly arthritis), and biomarkers (anti-topoisomerase | antibodies and KL-6, with emerging roles for
CRP, CCL18, and SP-D). These factors may contribute to worsening fibrosis over time, illustrated by progression from earlier to more advanced
radiographic involvement. CCL, chemokine (C-C motif) ligand; CRP, C-reactive protein; DLco, diffusing capacity for carbon monoxide; FVC,
forced vital capacity; HRCT, high-resolution computed tomography; KL-6, Krebs von den Lungen 6; SP-D, surfactant protein-D; SSc-ILD, sys-

temic sclerosis—associated interstitial lung disease.

Among lung-specific factors, the extent of fibrosis on HRCT
appears to be more strongly associated with disease progression
and mortality than radiologic pattern alone,®2"°=*2 despite the
predominance of fibrotic NSIP and the presence of usual intersti-
tial pneumonia-like features in a subset of patients***4; however,
the independent predictive value of fibrosis extent has not been
consistent across studies. Lower baseline FVC is associated with
an increased risk of progression,?®3%° whereas reduced DLgo is
a more robust predictor of overall mortality than progression,*?
and importantly, short-term declines in FVC and DLco over the
first one to two years are stronger indicators of long-term out-
comes than baseline values alone.?® Importantly, reduced DLco
requires careful interpretation in SSc due to the frequent coexis-
tence of pulmonary vascular disease.

Biomarkers and prediction of SSc-ILD progression.
Despite these associations, prediction of progression at the indi-
vidual patient level remains challenging. Several multivariable

models incorporating demographic, clinical, functional, and sero-
logic variables have been proposed, %32 but their performance
is modest (typically area under the curve of approximately
0.60-0.70), they lack external validation, and even machine learn-
ing approaches applied to large cohorts have not substantially
improved predictive accuracy,*” highlighting the limitations of rou-
tinely collected clinical data.

Similarly, although numerous circulating biomarkers have
been investigated, none have yet been validated for routine clinical
use. Krebs von den Lungen 6 (KL-6), surfactant protein-D, and
chemokine (C-C motif) ligand 18 (CCL18) consistently correlate
with ILD presence, severity, and functional impairment,*® with
KL-6 and CCL18 also showing prognostic associations with pro-
gression and mortality,"®™°? whereas dynamic changes in KL-6
may reflect treatment response. Chemokine (C-X-C motif) ligand
4 has been associated with increased risk of PPF and may also
identify patients more likely to respond to immunosuppressive
therapy, '® whereas elevated CCL18 is linked to faster functional
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Table 3. Risk factors and predictors of progression in SSc-ILD*

Category Biomarker or risk factor

Associated with Notes

Autoantibodies Anti-topoisomerase |

Anti-CXCR3 or anti-CXCR4

Presence and progression

Progression

Strongly associated with SSc-ILD,
especially in diffuse cutaneous
SSc

Higher levels in SSc-ILD; low levels
may indicate faster progression

Inflammatory IL-6 and CRP Progression and mortality Elevated levels linked to worse
markers outcomes
CccL18 FVC decline, progression, and mortality Strong prognostic biomarker

CCL2 and CXCL4
Lung-specific KL-6 and SP-D
proteins
Demographics Male sex and African American
ethnicity
Older age
Diffuse cutaneous SSc
Low baseline FVC or DLco
Extensive disease on HRCT
History of arthritis and low SpO»
(SPAR model)

Clinical indicators

Progression
Lung damage and FVC decline
Presence and worse prognosis

Mortality

Presence and progression
Progression and mortality
Progression

Progression of mild ILD

Suggest fibrotic activity and immune
activation
Higher levels linked to advanced ILD

Higher prevalence and mortality risk

Age is an independent risk factor

More severe disease phenotype

Predictive of long-term outcomes

>20% Extent increases risk 3-fold

Predictive score for early
progression

* CCL, chemokine (C-C motif) ligand; CRP, C-reactive protein; CXCL, chemokine (C-X-C motif) ligand; CXCR, chemokine (C-X-C motif) receptor;
DLco, diffusing capacity for carbon monoxide; FVC, forced vital capacity; HRCT, high-resolution computed tomography; IL-6, interleukin-6;
KL-6, Krebs von den Lungen 6; SPAR, SpO, and arthritis; SP-D, surfactant protein-D; SSc-ILD, systemic sclerosis-associated interstitial lung

disease.

decline and poorer survival, particularly in early disease.5%*
Other candidates, such as anti-chemokine (C-X-C motif) receptor
3 and 4 antibodies, show differential expression in patients with
progressive versus stable disease, but their clinical applicability
remains uncertain.>®> A more recent study has shown that high
serum type | interferon score is associated with worse lung
involvement and poorer longitudinal outcomes in patients with
dcSSc.®® Overall, although multiple demographic, disease-
specific, functional, and molecular factors contribute to the risk
of progression, their limited predictive performance reinforces
the need for integrated, longitudinal assessment strategies rather
than reliance on single markers.

Initial management of SSc-ILD. Treatment options for
SSc-ILD have expanded significantly in recent years, with immuno-
suppressants and antifibrotics forming the cornerstone of current
management. The decision to treat or not to treat patients with
SSc-ILD is usually based on patient characteristics and risk factors
for severe disease. Given the multisystemic nature of SSc, some
patients with lung involvement may receive immunosuppressive
therapy primarily for other organ manifestations, which nonetheless
impacts on ILD progression and response. Of note, patients with
SSc-ILD left untreated may experience disease progression in up
to 40% of cases, as much as patients receiving immunosuppres-
sive therapy.®” Earlier intervention may prevent clinical worsening
and progressive ILD in patients with early SSc,%8 although in a
real-life study, earlier initiation of immunosuppressive therapy did
not prevent the onset of ILD.*® However, interpretation of these
findings is limited by the high proportion of patients receiving MTX,
which has not been shown to be effective for SSc-ILD.

MMF is considered the cornerstone of treatment for SSc-
ILD, supported by evidence from a randomized controlled trial
demonstrating a comparable efficacy to cyclophosphamide in
stabilizing lung function with better tolerability.?® MMF use
improves disease progression and quality-of-life measures as
reported by several real-life studies.®’ As such, MMF is the
first-line therapy for most patients with mild to moderate ILD
and is often maintained long-term due to its favorable safety
profile. The use of MMF in SSc-ILD has been recommended
by consensus panels?® and in recently issued treatment
guidelines.®*©2

Alternatives to MMF include rituximab and tocilizumab, both
of which have shown promise in SSc-ILD.%%%* Rituximab, tar-
geting CD20+ B cells, has demonstrated stabilization or
improvement in lung function in small trials and was noninferior
to cyclophosphamide in the RECITAL study, targeting patients
with severe CTD-ILD, with a better safety profile.?® It also
improved FVC in the DESIRES trial,®® particularly in patients with
elevated CRP, offering steroid-sparing benefits. Tocilizumab, an
anti-IL-6 receptor antibody, slowed FVC decline in the faSSci-
nate and focuSSced trials,®” with possibly greater benefit in
ATA-positive patients. It has also been associated with imp-
roved imaging findings, reduced skin involvement and favorable
long-term safety.®® Importantly, these trials were conducted in
patients with early disease, and there is currently limited evi-
dence supporting the use of tocilizumab in advanced or refrac-
tory SSc-ILD. Based on these data, tocilizumab is Food and
Drug Administration (FDA)-approved for SSc-ILD, whereas
rituximab remains widely used off-label, particularly in refractory
or overlapping cases.
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Despite the lack of head-to-head studies, real-world data
from the EUSTAR registry®® suggest comparable effectiveness
among MMF, tocilizumab, rituximab, and cyclophosphamide.
Similarly, in selected expert surveys, some clinicians have per-
ceived safety profiles as equivalent and efficacy as highest
for rituximab and nintedanib.”® Consequently, the recent
ERS/EULAR recommendations” remain guided by trial inclusion
criteria rather than direct comparative evidence, highlighting the
need for more pragmatic studies.

Although immunosuppressive agents remain central to SSc-
ILD management, antifiorotic therapy represents a complemen-
tary approach. Nintedanib is an approved antifibrotic for both
SSc-ILD and PPF, supported by the SENSCIS”! and INBUILD™®
trials. Importantly, SENSCIS evaluated nintedanib in a broad
SSc-ILD population not enriched for progressive disease, demon-
strating a reduction in FVC decline over 52 weeks, including in
patients receiving background immunosuppressive therapy. Diar-
rhea is the most common adverse event and is often manageable;
however, in the SENSCIS trial, approximately 17% of patients dis-
continued treatment due to adverse events.

Real-world data from the EUSTAR registry show a substan-
tial shift in SSc-ILD treatment strategies over time, with increased
use of immunosuppressive and combination therapies accompa-
nied by a decline in progression rates.”? However, a significant
proportion of patients continue to progress despite these
advances, underscoring the need for more effective and individu-
alized therapeutic approaches.

Management of progressive SSc-ILD. For patients with
progressive SSc-ILD, the strongest evidence for antifibrotic ther-
apy comes from the INBUILD trial,'® which enrolled patients with
progressive fibrosing ILDs, including SSc-ILD, and demonstrated
a significant reduction in the rate of FVC decline with nintedanib
compared with placebo. Although observational and real-world
studies are limited in their ability to establish efficacy, their findings
are consistent with trial results with regard to FVC trajectory, toler-
ability of the drug and lack of effects on other aspects of the
disease.”

In current clinical practice, nintedanib is frequently positioned
as a second-line agent in patients who exhibit disease progres-
sion despite immunosuppressive therapy; however, progression
is not a prerequisite for its efficacy. Yet the SENSCIS trial clearly
demonstrated that nintedanib significantly reduced the rate of
FVC decline compared to placebo even in patients with relatively
stable disease who had >10% ILD extent on HRCT, supporting
its use not only in progressive cases but also as an early interven-
tion regardless of baseline disease activity. This is also underlined
in the recent ERS/EULAR guidelines that suggest upfront combi-
nation therapy with MMF and nintedanib in patients with a high
risk of progression.”

Given its antifibrotic properties and established efficacy in
IPF, pirfenidone has also been explored as a potential alternative

to nintedanib in the treatment of progressive SSc-ILD. The
LOTUSS study, an open-label 16-week trial investigating
the safety and tolerability of pirfenidone in patients with SSc-ILD,
demonstrated an acceptable safety profile. However, the Sclero-
derma Lung Study Ill, which assessed MMF in combination with
either placebo or pirfenidone, showed no significant difference in
%pFVC at 18 months between the two arms.”* The study was,
however, believed to be underpowered to detect treatment
differences.

Phosphodiesterase 4 (PDE4) inhibition, already established
in the treatment of inflammatory diseases, has recently gained
attention for its antifiorotic potential. By preventing the breakdown
of cyclic adenosine monophosphate, PDE4 inhibitors enhance
signaling pathways involving prostaglandin E2, prostacyclin, and
adenosine, which contribute to the inhibition of fioroblast activa-
tion and promotion of epithelial repair.

Nerandomilast (formerly Bl 1015550) is a preferential PDE4B
small-molecule inhibitor developed to deliver antifibrotic and anti-
inflamsmatory effects while improving tolerability over traditional
pan-PDE4 inhibitors. Preclinical studies showed that nerandomi-
last reduces fibrotic markers, suppresses fibroblast-to-myofib-
roblast differentiation, and improves endothelial barrier integrity.
It also modulates key pathways such as MAPK and transforming
growth factor B, supporting its potential as a disease-modifying
therapy in fibrotic ILDs.

In a Phase Il trial involving patients with IPF, nerandomilast
(18 mg bis in die [BID]) stabilized FVC over 12 weeks, regardless
of background antifibrotic use. Post hoc analysis suggested an
additive effect when used with nintedanib. These promising
results led to two large Phase Il trials: FIBRONEER-IPF’® and
FIBRONEER-ILD,”® which evaluated nerandomilast in IPF
and PPF, respectively. Both trials demonstrated statistically signif-
icant reductions in FVC decline at 52 weeks for nerandomilast
(9 and 18 mg BID) compared to placebo. In FIBRONEER-IPF,
the treatment-placebo difference was +68.8 mL for the 18-mg
dose. FIBRONEER-ILD similarly showed reductions of +67.2 mL
and +81.1 mL for the 18-mg and 9-mg groups, respectively.
Importantly, nerandomilast also demonstrated a significant redu-
ction in mortality in the PPF trial, with hazard ratios of 0.48
(18 mg) and 0.60 (9 mg) compared to placebo. Diarrhea was the
most frequent adverse event, particularly at the higher dose
(41.3% vs 16.0% for placebo), but was generally manageable.
No increased risk of psychiatric or vasculitic events was
observed. Based on these data, nerandomilast has recently been
approved by the FDA for the treatment of PPF. Ongoing clinical
trials are now evaluating its role specifically in SSc-ILD and SSc
more broadly.

The role of combination therapy. Combination therapy
is gaining prominence in the management of SSc-ILD, reflecting
the disease’s dual pathogenesis of immune-mediated inflamma-
tion and progressive fibrosis. Although monotherapy remains the

25L80| SUOWILIOD BATERID 3[qealidde 2 Aq peuienoB a1e SSPIR YO 88N JO S9N 0} ARIGIT BUIIUO A3|IM UO (SUO1IPUOD-PUR-SLLLB)LIOD" A3 1 ARe.c)1jou |uoy/Sdil) SUORIPUOD PU. UL L 8L 885 *[9202/20/T0] U0 ArIg1T2UIIUO AB1IM * 81Q 1iod AISIBAIUN - SIdY 0IpUES Ag 2620, UB/Z00T OT/10p/LLI0D"/B | 1M ARR.G 1BUIUO'S N0 1de//:Sdill Wo1 papeojumod ‘0 ‘50259262



10

BENFAREMO ET AL

standard first-line approach,®? many patients continue to prog-

ress. In the SENSCIS trial, nintedanib significantly reduced FVC
decline in patients receiving background immunosuppression
with MMF, and post hoc analyses confirmed the safety and
potential additive benefit of this regimen.”” Increasing attention is
also directed toward combining MMF or other immunosuppres-
sants with biologic agents such as rituximab, particularly in refrac-
tory disease or overlapping autoimmune phenotypes. Although
early data’® and recent ERS/EULAR guidance* support such
strategies in patients at high risk of progression, robust trial evi-
dence remains limited. Nevertheless, expert surveys and registry
studies indicate that combination therapy is already widely
adopted in clinical practice,”®"? especially for nintedanib and
rituximab.

Treatment of refractory SSc-ILD and investigational
agents. In patients with rapidly progressive or refractory disease,
additional or alternative therapeutic strategies may be required.
Hematopoietic stem cell transplantation has shown significant
long-term benefits in selected patients, including improved
event-free survival and pulmonary outcomes, although at the cost
of early treatment-related morbidity and mortality. Chimeric anti-
gen receptor T cell therapy is an emerging investigational
approach, showing early promise in refractory autoimmune
diseases, including SSc-ILD, by selectively depleting autoreac-
tive B cells.”® Recent early-phase data suggest that other B
cell-targeting strategies, such as bispecific T cell engagers, may
achieve clinical improvement and stabilization of ILD even in
patients with treatment-refractory SSc.8® However, these
approaches remain experimental and are associated with signifi-
cant safety considerations, highlighting both the therapeutic
potential and current limitations of next-generation immune thera-
pies. In cases of end-stage lung disease or PPF despite maximal
medical therapy, lung transplantation may be considered.*

Table 4. Ongoing clinical trials in PPF*

Several repurposed or novel therapeutic agents are currently
under active investigation for the treatment of PPF (Table 4).
These include antifibrotic, anti-inflammatory, and immunomodu-
latory compounds aimed at halting or reversing fibrotic progres-
sion across various ILD subtypes. Tyrosine kinase inhibitors
beyond nintedanib, hedgehog pathway inhibitors, and angioten-
sin Il type 2 receptor agonists have advanced into Phase Il or lI
trials.®" Inhaled treprostinil, which targets vascular and fibrotic
pathways, has demonstrated efficacy in IPF and is also being
explored in PPF. Although most trials to date have focused on
IPF, PPF as a group, or unclassifiable fibrosis, the mechanistic
overlap between the various fibrotic ILDs suggests that select
agents may eventually benefit patients with SSc-ILD exhibiting a
progressive phenotype.

DISCUSSION

There is growing recognition that a subset of patients with
SSc-ILD develops a progressive fibrosing phenotype with impor-
tant prognostic implications. However, the clinical utility of the
PPF construct in SSc remains to be fully established, and its role
in guiding management decisions continues to evolve. This evolv-
ing recognition is shaping more tailored surveillance strategies,
with HRCT at baseline and pulmonary function monitoring playing
complementary roles in initial evaluation and long-term follow-up.
Importantly, predicting disease trajectory remains difficult
because of the heterogeneity of SSc-ILD and the limitations of
current biomarkers and clinical models. Despite these challenges,
important advances are being made, with the approval of novel
antifibrotic therapies marking a new era in PPF treatment.

Going forward, more SSc-specific prospective data are
needed to better characterize progression, refine risk stratification
tools, and validate emerging therapies. In this context, several key
challenges continue to hinder progress in the field.

Trial name or Duration;
Treatment class Molecule ClinicalTrials.gov ID Phase or type Status N Patients Primary endpoint
Antifibrotic Inhaled pirfenidone  NCT06329401 Phase 2b, DBPC, Recruiting 52 wk; 300 Change from baseline in
randomized FvC
HEC585 NCT05139719 Phase 2b, DBPC, Recruiting 24 wk; 110 Change from baseline in
(yinfenidone) randomized FvC
LPAT antagonist ~ Admilparant NCT06003426 Phase 3, DBPC, Recruiting 52 wk; 1,185 Absolute FVC change;
randomized syncopal events
Admilparant ALOFT; NCT06025578 Phase 3, DBPC, Recruiting 52 wk; 1,092 Absolute FVC change;
randomized syncopal events
Prostacyclin Inhaled treprostinil  TETON-PPF; Phase 3, DBPC, Recruiting 52 wk; 698  Absolute change from
agonist NCT05943535 randomized baseline in FVC
Hedgehog Taladegib (ENV-101) WHISTLE-PF; Phase 2b, DBPC, Not yet 24 wk; 320 Safety
inhibitor NCT06422884 randomized recruiting
Tyrosine kinase Anlotinib NCT05828953 Phase 2-3, DBPC, Recruiting 52 wk; 30 Absolute change from
inhibitor randomized baseline in FVC

* DBPC, double-blind placebo-controlled; FVC, forced vital capacity; LPA1, lysophosphatidic acid receptor 1; PPF, progressive pulmonary

fibrosis.
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A key unmet need in SSc-ILD is accurately identifying which
patients are likely to experience disease progression. Despite
advances in imaging, PFT, and biomarker research, predicting
which individual patients will progress in a timeframe of one to
three years remains a challenge. These limitations not only hinder
timely intervention but also complicate clinical trial design because
enrolling a heterogeneous population dilutes the ability to detect
treatment effects.

Another major unanswered question is why some patients
with SSc-ILD develop PPF while others remain stable for years.
The simple “progressive versus stable” model is being reconsid-
ered because many patients show fluctuating disease behavior or
slow, steady decline.® Some cycle between progression and stabil-
ity, suggesting fibrosis is dynamic and may be driven by episodic
triggers such as subclinical infections, microaspiration, immune
flares, or environmental exposures. Genetic or epigenetic factors
may also affect the lungs’ ability to repair fibrosis, whereas shifts
in the immune or fibrotic microenvironment, including cytokine pat-
terns, fibroblast behavior, and vascular changes, may intermittently
favor progression or quiescence. This complex and potentially
reversible activity highlights the need for long-term monitoring and
deeper insight into the mechanisms driving SSc-ILD progression.

The subset of patients who experience very slow but contin-
uous progression over several years, without meeting the formal
criteria for PPF, remain difficult to categorize within current defini-
tions. In this regard, emerging data demonstrate that progression
is not exclusive to high-risk phenotypes (such as patients who are
ATA-positive and diffuse cutaneous). Patients with anticentro-
mere antibodies or with less common, noncanonical antibodies
may also develop ILD progression, although typically at a slower
and more heterogeneous rate.2? Recognizing this distinction is
critical because it argues against complacency in so-called “lower
risk”” groups and instead supports a tailored approach to monitor-
ing and treatment. This perspective strengthens the rationale that
patients with slow progression should not be overlooked and may
warrant therapeutic strategies comparable to those routinely con-
sidered in higher risk groups.

Finally, the optimal strategy for managing disease progres-
sion despite initial therapy (usually MMF), ie, whether to attempt
second- or third-line immunosuppressive agents (eg, rituximab
and tocilizumab) or initiate antifibrotics, remains to be estab-
lished and calls for further systematic research to determine
which approaches best improve long-term outcomes. Future
therapeutic strategies will likely involve a combination of immu-
nomodulatory and antifibrotic approaches, tailored to individual
patient risk profiles rather than reliance on a single disease
framework.

ACKNOWLEDGMENT
Open access publication funding provided by COUPERIN CY26.

AUTHOR CONTRIBUTIONS

All authors contributed to at least one of the following manuscript
preparation roles: conceptualization AND/OR methodology, software,
investigation, formal analysis, data curation, visualization, and validation
AND drafting or reviewing/editing the final draft. As corresponding
author, Dr Allanore confirms that all authors have provided the final
approval of the version to be published and takes responsibility for the
affirmations regarding article submission (eg, not under consideration
by another journal), the integrity of the data presented, and the state-
ments regarding compliance with institutional review board/Declaration
of Helsinki requirements.

REFERENCES

1. Allanore Y, Simms R, Distler O, et al. Systemic sclerosis. Nat Rev Dis
Primers 2015;1(1):15002. doi:10.1038/nrdp.2015.2

2. Hoffmann-Vold AM, Allanore Y, Alves M, et al; EUSTAR collaborators.
Progressive interstitial lung disease in patients with systemic sclerosis-
associated interstitial lung disease in the EUSTAR database. Ann
Rheum Dis 2021;80(2):219-227. doi:10.1136/annrheumdis-2020-
217455

3. Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American College
of Rheumatology (ACR)/American College of Chest Physicians
(CHEST) guideline for the treatment of interstitial lung disease in peo-
ple with systemic autoimmune rheumatic diseases. Arthritis Care
Res (Hoboken) 2024;76(8):1051-1069. doi:10.1002/acr.25348

4. Antoniou KM, Distler O, Gheorghiu AM, et al. ERS/EULAR clinical
practice guidelines for connective tissue disease-associated interstitial
lung disease developed by the task force for connective tissue
disease-associated interstitial lung disease of the European Respira-
tory Society (ERS) and the European Alliance of Associations for
Rheumatology (EULAR) endorsed by the European Reference Network
on rare respiratory diseases (ERN-LUNG). Ann Rheum Dis 2026;85(1):
22-60. doi:10.1016/j.ard.2025.08.021

5. Raghu G, Remy-Jardin M, Richeldi L, et al. Idiopathic pulmonary fibro-
sis (an update) and progressive pulmonary fibrosis in adults: an official
ATS/ERS/JRS/ALAT clinical practice guideline. Am J Respir Crit Care
Med 2022;205(9):e18-e47. doi:10.1164/rccm.202202-0399ST

6. Hoffmann-Vold AM, Petelytska L, Fretheim H, et al. Predicting the risk
of subsequent progression in patients with systemic sclerosis-
associated interstitial lung disease with progression: a multicentre
observational cohort study. Lancet Rheumatol 2025;7(7).e463—
e471. doi:10.1016/S2665-9913(25)00026-8

7. Cottin V, Hirani NA, Hotchkin DL, et al. Presentation, diagnosis and
clinical course of the spectrum of progressive-fibrosing interstitial
lung diseases. Eur Respir Rev 2018;27(150):180076. doi:10.1183/
16000617.0076-2018

8. Goh NSL, Desai SR, Veeraraghavan S, et al. Interstitial lung disease in
systemic sclerosis: a simple staging system. Am J Respir Crit Care
Med 2008;177(11):1248-1254. doi:10.1164/rccm.200706-8770C

9. Khanna D, Mittoo S, Aggarwal R, et al. Connective tissue disease-
associated interstitial lung diseases (CTD-ILD) — report from OMER-
ACT CTD-ILD Working Group. J Rheumatol 2015;42(11):2168-
2171. doi:10.3899/jrheum.141182

10. Flaherty KR, Wells AU, Cottin V, et al; INBUILD Trial Investigators.
Nintedanib in progressive fibrosing interstitial lung diseases. N Engl
J Med 2019;381(18):1718-1727. doi:10.1056/NEJMoa1908681

11. De Lorenzis E, Del Galdo F, Natalello G, et al. Concordance and prog-
nostic relevance of different definitions of systemic sclerosis interstitial
lung disease progression. Am J Respir Crit Care Med 2024;210(11):
1348-1357. doi:10.1164/rccm.202311-21530C

12. Hoffmann-Vold AM, Petelytska L, Fretheim H, et al. OP0236 risk fac-
tors for SSc-ILD progression using the new PPF guideline and inbuild

25L80| SUOWILIOD BATERID 3[qealidde 2 Aq peuienoB a1e SSPIR YO 88N JO S9N 0} ARIGIT BUIIUO A3|IM UO (SUO1IPUOD-PUR-SLLLB)LIOD" A3 1 ARe.c)1jou |uoy/Sdil) SUORIPUOD PU. UL L 8L 885 *[9202/20/T0] U0 ArIg1T2UIIUO AB1IM * 81Q 1iod AISIBAIUN - SIdY 0IpUES Ag 2620, UB/Z00T OT/10p/LLI0D"/B | 1M ARR.G 1BUIUO'S N0 1de//:Sdill Wo1 papeojumod ‘0 ‘50259262


https://doi.org/10.1038/nrdp.2015.2
https://doi.org/10.1136/annrheumdis-2020-217455
https://doi.org/10.1136/annrheumdis-2020-217455
https://doi.org/10.1002/acr.25348
https://doi.org/10.1016/j.ard.2025.08.021
https://doi.org/10.1164/rccm.202202-0399ST
https://doi.org/10.1016/S2665-9913(25)00026-8
https://doi.org/10.1183/16000617.0076-2018
https://doi.org/10.1183/16000617.0076-2018
https://doi.org/10.1164/rccm.200706-877OC
https://doi.org/10.3899/jrheum.141182
https://doi.org/10.1056/NEJMoa1908681
https://doi.org/10.1164/rccm.202311-2153OC

12

BENFAREMO ET AL

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

PF-ILD criteria. Ann Rheum Dis 2023;82:156-157. doi:10.1136/
annrheumdis-2023-eular.3215

Volkmann ER, Wilhaime H, Assassi S, et al. Combining clinical and
biological data to predict progressive pulmonary fibrosis in patients
with systemic sclerosis despite immunomodulatory therapy. ACR
Open Rheumatol 2023;5(10):547-555. doi:10.1002/acr2.11598

Morrisroe K, Hansen D, Stevens W, et al. Progressive pulmonary
fiorosis and its impact on survival in systemic sclerosis-related intersti-
tial lung disease. Rheumatology (Oxford) 2024;63(7):1874-1881. doi:
10.1093/rheumatology/kead491

Codina-Clavaguera C, Triginer L, Villar A, Ojanguren |, Acosta-
Herrera M, Martin J, et al. POS0675 analysis and validation of the dif-
ferent progressive pulmonary fibrosis (PPF) criteria in a cohort of
patients with interstitial lung disease associated to systemic sclerosis
(SSc-ILD). Ann Rheum Dis 2025;84(Suppl 1):856-857. doi:10.1016/
j.ard.2025.06.036

Elhai M, Meune C, Boubaya M, et al; EUSTAR group. Mapping and
predicting mortality from systemic sclerosis. Ann Rheum Dis 2017;
76(11):1897-1905. doi: 10.1136/annrheumdis-2017-211448

Hoffmann-Vold AM, Fretheim H, Halse AK, et al. Tracking impact of
interstitial lung disease in systemic sclerosis in a complete nationwide
cohort. Am J Respir Crit Care Med 2019;200(10):1258-1266. doi: 10.
1164/rccm.201903-04860C

Zheng B, Nikpour M, Stevens W, et al; Australian Scleroderma Inter-
est Group and the Canadian Scleroderma Research Group. Predict-
ing trajectories of lung function decline in systemic sclerosis-related
interstitial lung disease. Rheumatology (Oxford) 2025;64(11):5892—
5898. doi:10.1093/rheumatology/keaf270

Pugashetti JV, Adegunsoye A, Wu Z, et al. Validation of proposed cri-
teria for progressive pulmonary fibrosis. Am J Respir Crit Care Med
2023;207(1):69-76. doi:10.1164/rccm.202201-01240C

Hoffmann-Vold AM, Maher TM, Philpot EE, et al. The identification and
management of interstitial lung disease in systemic sclerosis:
evidence-based European consensus statements. Lancet Rheumatol
2020;2(2):e71-e83. doi:10.1016/S2665-9913(19)30144-4

Bernstein EJ, Jaafar S, Assassi S, et al. Performance characteristics of
pulmonary function tests for the detection of interstitial lung disease in
adults with early diffuse cutaneous systemic sclerosis. Arthritis Rheu-
matol 2020;72(11):1892-1896. doi:10.1002/art.41415

Bruni C, Chung L, Hoffmann-Vold AM, et al; EUSTAR and SCTC col-
laborators. High-resolution computed tomography of the chest for the
screening, re-screening and follow-up of systemic sclerosis-
associated interstitial lung disease: a EUSTAR-SCTC survey. Clin
Exp Rheumatol 2022;40(10):1951-1955.  doi:10.55563/cline
xprheumatol/7ry6zz

Johnson SR, Bernstein EJ, Bolster MB, et al. 2023 American College
of Rheumatology (ACR)/American College of Chest Physicians
(CHEST) guideline for the screening and monitoring of interstitial lung
disease in people with systemic autoimmune rheumatic diseases.
Arthritis Rheumatol 2024;76(8):1201-1213. doi:10.1002/art.42860

Dixon G, Thould H, Wells M, et al. A systematic review of the role of
quantitative CT in the prognostication and disease monitoring of inter-
stitial lung disease. Eur Respir Rev 2025;34(176):240194. doi:10.
1183/16000617.0194-2024

Bergmann C, Distler JHW, Treutlein C, et al. ®®Ga-FAPI-04 PET-CT
for molecular assessment of fibroblast activation and risk evaluation
in systemic sclerosis-associated interstitial lung disease: a single-
centre, pilot study. Lancet Rheumatol 2021;3(3):e185-e194. doi:10.
1016/S52665-9913(20)30421-5

Khanna D, Tashkin DP, Denton CP, et al. Etiology, risk factors, and
biomarkers in systemic sclerosis with interstitial lung disease.
Am J Respir Crit Care Med 2020;201(6):650-660. doi:10.1164/
rccm.201903-0563Cl

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Campochiaro C, Hoffmann-Vold AM, Avouac J, et al; EUSTAR Col-
laborators. Sex influence on outcomes of patients with systemic
sclerosis-associated interstitial lung disease: a EUSTAR database
analysis. Rheumatology (Oxford) 2023;62(7):2483-2491. doi:10.
1093/rheumatology/keac660

Ghuman A, Khanna D, Lin CJF, et al. Prognostic and predictive
markers of systemic sclerosis-associated interstitial lung disease in a
clinical trial and long-term observational cohort. Rheumatology
(Oxford) 2024;63(2):472-481. doi: 10.1093/rheumatology/kead234

Volkmann ER, Tashkin DP, Sim M, et al; SLS | and SLS Il study
groups. Short-term progression of interstitial lung disease in systemic
sclerosis predicts long-term survival in two independent clinical
trial cohorts. Ann Rheum Dis 2019;78(1):122-130. doi:10.1136/
annrheumdis-2018-213708

Steelandt A, Benmostefa N, Avouac J, et al. Ethnic influence on the
phenotype of French patients with systemic sclerosis. Joint Bone
Spine 2021;88(2):105081. doi:10.1016/j.jospin.2020.09.013

Ramahi A, Lescoat A, Roofeh D, et al. Risk factors for lung function
decline in systemic sclerosis-associated interstitial lung disease in a
large single-centre cohort. Rheumatology (Oxford) 2023;62(7):2501-
2509. doi:10.1093/rheumatology/keac639

Kuwana M, Avouac J, Hoffmann-Vold AM, et al. Development of a
multivariable prediction model for progression of systemic sclerosis-
associated interstitial lung disease. RMD Open 2024;10(3):e004240.
doi:10.1136/rmdopen-2024-004240

Decker P, Moulinet T, Pontille F, et al. An updated review of anti-Ro52
(TRIM21) antibodies impact in connective tissue diseases clinical
management. Autoimmun Rev 2022;21(3):103013. doi:10.1016/].
autrev.2021.103013

Hoa S, Berger C, Lahmek N, et al; Canadian Scleroderma Research
Group. Characterization of incident interstitial lung disease in late sys-
temic sclerosis. Arthritis Rheumatol 2025;77(4):450-457. doi:10.
1002/art.43051

Volkmann ER, Tashkin DP, Leng M, et al. Association of symptoms of
gastroesophageal reflux, esophageal dilation, and progression of sys-
temic sclerosis-related interstitial lung disease. Arthritis Care Res
(Hoboken) 2023;75(8):1690-1697. doi: 10.1002/acr.25070

Guler S, Sarbu AC, Stalder O, et al. Phenotyping by persistent inflam-
mation in systemic sclerosis associated interstitial lung disease: a
EUSTAR database analysis. Thorax 2023;78(12):1188-1196. doi:
10.1136/thorax-2023-220541

Ross L, Stevens W, Rabusa C, et al. The role of inflammatory markers
in assessment of disease activity in systemic sclerosis. Clin Exp Rheu-
matol 2018;36(Suppl 113):S126-S134.

Liu X, Mayes MD, Pedroza C, et al. Does C-reactive protein predict
the long-term progression of interstitial lung disease and survival in
patients with early systemic sclerosis? Arthritis Care Res (Hoboken)
2013;65(8):1375-1380. doi:10.1002/acr.21968

Wu W, Jordan S, Becker MO, et al. Prediction of progression of inter-
stitial lung disease in patients with systemic sclerosis: the SPAR
model. Ann Rheum Dis 2018;77(9):1326-1332. doi:10.1136/
annrheumdis-2018-213201

Swaminathan AC, Weber JM, Todd JL, et al. Extent of lung fibrosis is of
greater prognostic importance than HRCT pattern in patients with pro-
gressive pumonary fibrosis: data from the ILD-PRO registry. Respir
Res 2025;26(1):73. doi:10.1186/s12931-025-03136-6

Goldin JG, Kim GHJ, Tseng CH, et al. Longitudinal changes in quan-
titative interstitial lung disease on computed tomography after immu-
nosuppression in the Scleroderma Lung Study Il. Ann Am Thorac
Soc  2018;15(11):1286-1295.  doi:10.1513/AnnalsATS.201802-
0790C

Moore OA, Goh N, Corte T, et al. Extent of disease on high-resolution
computed tomography lung is a predictor of decline and mortality in

25L80| SUOWILIOD BATERID 3[qealidde 2 Aq peuienoB a1e SSPIR YO 88N JO S9N 0} ARIGIT BUIIUO A3|IM UO (SUO1IPUOD-PUR-SLLLB)LIOD" A3 1 ARe.c)1jou |uoy/Sdil) SUORIPUOD PU. UL L 8L 885 *[9202/20/T0] U0 ArIg1T2UIIUO AB1IM * 81Q 1iod AISIBAIUN - SIdY 0IpUES Ag 2620, UB/Z00T OT/10p/LLI0D"/B | 1M ARR.G 1BUIUO'S N0 1de//:Sdill Wo1 papeojumod ‘0 ‘50259262


https://doi.org/10.1136/annrheumdis-2023-eular.3215
https://doi.org/10.1136/annrheumdis-2023-eular.3215
https://doi.org/10.1002/acr2.11598
https://doi.org/10.1093/rheumatology/kead491
https://doi.org/10.1016/j.ard.2025.06.036
https://doi.org/10.1016/j.ard.2025.06.036
https://doi.org/10.1136/annrheumdis-2017-211448
https://doi.org/10.1164/rccm.201903-0486OC
https://doi.org/10.1164/rccm.201903-0486OC
https://doi.org/10.1093/rheumatology/keaf270
https://doi.org/10.1164/rccm.202201-0124OC
https://doi.org/10.1016/S2665-9913(19)30144-4
https://doi.org/10.1002/art.41415
https://doi.org/10.55563/clinexprheumatol/7ry6zz
https://doi.org/10.55563/clinexprheumatol/7ry6zz
https://doi.org/10.1002/art.42860
https://doi.org/10.1183/16000617.0194-2024
https://doi.org/10.1183/16000617.0194-2024
https://doi.org/10.1016/S2665-9913(20)30421-5
https://doi.org/10.1016/S2665-9913(20)30421-5
https://doi.org/10.1164/rccm.201903-0563CI
https://doi.org/10.1164/rccm.201903-0563CI
https://doi.org/10.1093/rheumatology/keac660
https://doi.org/10.1093/rheumatology/keac660
https://doi.org/10.1093/rheumatology/kead234
https://doi.org/10.1136/annrheumdis-2018-213708
https://doi.org/10.1136/annrheumdis-2018-213708
https://doi.org/10.1016/j.jbspin.2020.09.013
https://doi.org/10.1093/rheumatology/keac639
https://doi.org/10.1136/rmdopen-2024-004240
https://doi.org/10.1016/j.autrev.2021.103013
https://doi.org/10.1016/j.autrev.2021.103013
https://doi.org/10.1002/art.43051
https://doi.org/10.1002/art.43051
https://doi.org/10.1002/acr.25070
https://doi.org/10.1136/thorax-2023-220541
https://doi.org/10.1002/acr.21968
https://doi.org/10.1136/annrheumdis-2018-213201
https://doi.org/10.1136/annrheumdis-2018-213201
https://doi.org/10.1186/s12931-025-03136-6
https://doi.org/10.1513/AnnalsATS.201802-079OC
https://doi.org/10.1513/AnnalsATS.201802-079OC

PROGRESSIVE PULMONARY FIBROSIS IN SYSTEMIC SCLEROSIS

13

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

583.

54.

55.

56.

systemic sclerosis-related interstitial lung disease. Rheumatology
(Oxford) 2013;52(1):155-160. doi: 10.1093/rheumatology/kes289

Zheng B, Marinescu DC, Hague CJ, et al. Lung imaging patterns in con-
nective tissue disease-associated interstitial lung disease imp-
act prognosis and immunosuppression response. Rheumatology
(Oxford) 2024;63(10):2734-2740. doi:10.1093/rheumatology/keac076

Stock CJW, Nan'Y, Fang Y, et al. Deep-learning CT imaging algorithm
to detect usual interstitial pneumonia pattern in patients with systemic
sclerosis-associated interstitial lung disease: association with dise-
ase progression and survival. Rheumatology (Oxford) 2025;64(Sl):
SI21-8127. doi:10.1093/rheumatology/keae571

Jang HJ, Woo A, Kim SY, et al. Characteristics and risk factors of
mortality in patients with systemic sclerosis-associated interstitial lung
disease. Ann Med 2023;55(1):663-671. doi:10.1080/07853890.
2023.2179659

Hui M, Duan X, Zhou J, et al. Prediction of progressive fibrosing inter-
stitial lung disease in patients with systemic sclerosis: insight from the
CRDC cohort study. RMD Open 2024;10(1):e003715. doi:10.1136/
rmdopen-2023-003715

Campochiaro C, Mongin D, Courvoisier DS, De Luca G, Carreira
Delgado P, de Vries-Bouwstra JK, et al. OP0082 evidence-based
detection of progression of systemic sclerosis-interstitial lung disease
patients: the EUSTAR-PPF study (CP number 148). Ann Rheum Dis
2025;84(Suppl 1):72-73. doi:10.1016/j.ard.2025.05.104

Sieiro Santos C, Antolin SC, Lorenzo JC, et al. KL6 and IL-18 levels
are negatively correlated with respiratory function tests and ILD extent
assessed on HRCT in patients with systemic sclerosis-related intersti-
tial lung disease (SSc-ILD). Semin Arthritis Rheum 2024;65:152366.
doi:10.1016/j.semarthrit.2024.152366

Yomono K, Huang S, Khanna D, et al. Performance of circulating
inflammatory biomarkers and Krebs von den Lungen 6 for predicting
progressive pulmonary fibrosis in patients with systemic sclerosis-
associated interstitial lung disease. ACR Open Rheumatol 2026;8(3):
€90013. doi:10.1002/acr2.90013

Elhai M, Hoffmann-Vold AM, Avouac J, et al. Performance of candi-
date serum biomarkers for systemic sclerosis-associated interstitial
lung disease. Arthritis Rheumatol 2019;71(6):972-982. doi:10.1002/
art.40815

Volkmann ER, Tashkin DP, Kuwana M, et al. Progression of interstitial
lung disease in systemic sclerosis: the importance of pneumoproteins
Krebs von den Lungen 6 and CCL18. Arthritis Rheumatol 2019;
71(12):2059-2067. doi: 10.1002/art.41020

Volkmann ER, Wilhalme H, Tashkin DP, et al. Treatment response bio-
markers for systemic sclerosis-associated interstitial lung disease.
Arthritis Care Res (Hoboken) 2025;77(6):753-759. doi:10.1002/acr.
25485

Hoffmann-Vold AM, Tennge AH, Garen T, et al. High level of chemo-
kine CCL18 is associated with pulmonary function deterioration, lung
fibrosis progression, and reduced survival in systemic sclerosis. Chest
2016;150(2):299-306. doi: 10.1016/j.chest.2016.03.004

Jee AS, Stewart |, Youssef P, et al; Australian Scleroderma Cohort
Study, Australian Scleroderma Interest Group, Australian Idiopathic
Pulmonary Fibrosis Registry, and associated investigators. A com-
posite serum biomarker index for the diagnosis of systemic
sclerosis-associated interstitial lung disease: a multicenter, observa-
tional cohort study. Arthritis Rheumatol 2023;75(8):1424-1433. doi:
10.1002/art.42491

Weigold F, Gunther J, Pfeiffenberger M, et al. Antibodies against
chemokine receptors CXCR3 and CXCR4 predict progressive deteri-
oration of lung function in patients with systemic sclerosis. Arthritis
Res Ther 2018;20(1):52. doi:10.1186/s13075-018-1545-8

Hinchcliff M, Khanna D, De Lorenzis E, et al. Serum type | interferon
score as a disease activity biomarker in patients with diffuse

57.

58.

59.

60.

61.

62.

63.

64.

©65.

66.

67.

68.

69.

70.

cutaneous systemic sclerosis: a retrospective cohort study. Lancet
Rheumatol  2025;7(6):e403-e414.  doi:10.1016/S2665-9913(24)
00403-X

Scheidegger M, Boubaya M, Garaiman A, et al. Characteristics and dis-
ease course of untreated patients with interstitial lung disease associ-
ated with systemic sclerosis in a real-life two-centre cohort. RMD
Open 2024;10(1):e003658. doi:10.1136/rmdopen-2023-003658

Yomono K, Kuwana M. Outcomes in patients with systemic sclerosis
undergoing early vs delayed intervention with potential disease-
modifying therapies. Rheumatology (Oxford) 2022;61(9):3677-3685.
doi:10.1093/rheumatology/keab931

Velauthapillai A, Bootsma MFR, Bruni C, et al; EUSTAR Collaborators.
Preventive effects of early immunosuppressive treatment on the devel-
opment of interstitial lung disease in systemic sclerosis. Rheumatology
2025;64(Sl):SI1122-S1130. doi: 10.1093/rheumatology/keae375

Tashkin DP, Roth MD, Clements PJ, et al; Sclerodema Lung Study |I
Investigators. Mycophenolate mofetil versus oral cyclophosphamide
in scleroderma-related interstitial lung disease (SLS Il): a randomised
controlled, double-blind, parallel group trial. Lancet Respir Med
2016;4(9):708-719. doi: 10.1016/52213-2600(16)30152-7

Herman D, Ghazipura M, Barnes H, et al. Mycophenolate in patients
with systemic sclerosis-associated interstitial lung disease: a systematic
review and meta-analysis. Ann Am Thorac Soc 2024;21(1):136-150.
doi:10.1513/AnnalsATS.202301-0540C

Del Galdo F, Lescoat A, Conaghan PG, et al. EULAR recommenda-
tions for the treatment of systemic sclerosis: 2023 update. Ann
Rheum Dis 2025;84(1):29-40. doi: 10.1136/ard-2024-226430

Ghazipura M, Macrea M, Herman D, et al. Tocilizumab in patients with
systemic sclerosis-associated interstitial lung disease: a systematic
review and meta-analysis. Ann Am Thorac Soc 2024;21(2):328-337.
doi:10.1513/AnnalsATS.202301-0560C

Macrea M, Ghazipura M, Herman D, et al. Rituximab in patients with
systemic sclerosis-associated interstitial lung disease: a systematic
review and meta-analysis. Ann Am Thorac Soc 2024;21(2):317-327.
doi:10.1513/AnnalsATS.202301-0550C

Maher TM, Tudor VA, Saunders P, et al; RECITAL Investigators.
Rituximab versus intravenous cyclophosphamide in patients with
connective tissue disease-associated interstitial lung disease in the
UK (RECITAL): a double-blind, double-dummy, randomised, con-
trolled, phase 2b trial. Lancet Respir Med 2023;11(1):45-54. doi:10.
1016/52213-2600(22)00359-9

Ebata S, Yoshizaki A, Oba K, et al. Safety and efficacy of rituximab in sys-
temic sclerosis (DESIRES): open-label extension of a double-blind,
investigators-initiated, randomised, placebo-controlled trial. Lancet Rheu-
matol 2022;4(8):e546-555. doi:10.1016/52665-9913(22)00131-X

Khanna D, Lin CJF, Furst DE, et al; focuSSced investigators. Tocilizu-
mab in systemic sclerosis: a randomised, double-blind, placebo-
controlled, phase 3 trial. Lancet Respir Med 2020;8(10):963-974.
doi:10.1016/52213-2600(20)30318-0

Khanna D, Lin CJF, Furst DE, et al. Long-term safety and efficacy of toci-
lizumab in early systemic sclerosis-interstitial lung disease: open-label
extension of a phase 3 randomized controlled trial. Am J Respir Crit Care
Med 2022;205(6):674-684. doi:10.1164/rccm.202103-07140C

Yan Q, Bruni C, Garaiman A, et al; EUSTAR collaborators. Post hoc
comparison of the effectiveness of tocilizumab, rituximab, mycophe-
nolate mofetil, and cyclophosphamide in patients with SSc-ILD from
the EUSTAR database. Ann Rheum Dis 2025;84(4):620-631. doi:
10.1016/j.ard.2025.01.014

Campochiaro C, Lazzaroni MG, Bruni C, et al. Open questions on the
management of targeted therapies for the treatment of systemic
sclerosis-interstitial lung disease: results of a EUSTAR survey based
on a systemic literature review. Ther Adv Musculoskelet Dis 2022;
14:1759720X221116408. doi:10.1177/1759720X221116408

25L80| SUOWILIOD BATERID 3[qealidde 2 Aq peuienoB a1e SSPIR YO 88N JO S9N 0} ARIGIT BUIIUO A3|IM UO (SUO1IPUOD-PUR-SLLLB)LIOD" A3 1 ARe.c)1jou |uoy/Sdil) SUORIPUOD PU. UL L 8L 885 *[9202/20/T0] U0 ArIg1T2UIIUO AB1IM * 81Q 1iod AISIBAIUN - SIdY 0IpUES Ag 2620, UB/Z00T OT/10p/LLI0D"/B | 1M ARR.G 1BUIUO'S N0 1de//:Sdill Wo1 papeojumod ‘0 ‘50259262


https://doi.org/10.1093/rheumatology/kes289
https://doi.org/10.1093/rheumatology/keae076
https://doi.org/10.1093/rheumatology/keae571
https://doi.org/10.1080/07853890.2023.2179659
https://doi.org/10.1080/07853890.2023.2179659
https://doi.org/10.1136/rmdopen-2023-003715
https://doi.org/10.1136/rmdopen-2023-003715
https://doi.org/10.1016/j.ard.2025.05.104
https://doi.org/10.1016/j.semarthrit.2024.152366
https://doi.org/10.1002/acr2.90013
https://doi.org/10.1002/art.40815
https://doi.org/10.1002/art.40815
https://doi.org/10.1002/art.41020
https://doi.org/10.1002/acr.25485
https://doi.org/10.1002/acr.25485
https://doi.org/10.1016/j.chest.2016.03.004
https://doi.org/10.1002/art.42491
https://doi.org/10.1186/s13075-018-1545-8
https://doi.org/10.1016/S2665-9913(24)00403-X
https://doi.org/10.1016/S2665-9913(24)00403-X
https://doi.org/10.1136/rmdopen-2023-003658
https://doi.org/10.1093/rheumatology/keab931
https://doi.org/10.1093/rheumatology/keae375
https://doi.org/10.1016/S2213-2600(16)30152-7
https://doi.org/10.1513/AnnalsATS.202301-054OC
https://doi.org/10.1136/ard-2024-226430
https://doi.org/10.1513/AnnalsATS.202301-056OC
https://doi.org/10.1513/AnnalsATS.202301-055OC
https://doi.org/10.1016/S2213-2600(22)00359-9
https://doi.org/10.1016/S2213-2600(22)00359-9
https://doi.org/10.1016/S2665-9913(22)00131-X
https://doi.org/10.1016/S2213-2600(20)30318-0
https://doi.org/10.1164/rccm.202103-0714OC
https://doi.org/10.1016/j.ard.2025.01.014
https://doi.org/10.1177/1759720X221116408

14

BENFAREMO ET AL

71.

72.

73.

74.

75.

76.

77.

Distler O, Highland KB, Gahlemann M, et al; SENSCIS Trial Investiga-
tors. Nintedanib for systemic sclerosis-associated interstitial lung
disease. N Engl J Med 2019;380(26):2518-2528. doi:10.1056/
NEJMoa1903076

Campochiaro C, Truchetet ME, Vonk M, et al. Impact of evolving
treatment patterns on interstitial lung disease progression in systemic
sclerosis using the EUSTAR database. Arthritis Rheumatol Published
online January 22, 2026. doi:10.1002/art.70043

Campochiaro C, De Luca G, Lazzaroni MG, et al. Real-life efficacy and
safety of nintedanib in systemic sclerosis-interstitial lung disease: data
from an Italian multicentre study. RMD Open 2023;9(1):e002850. doi:
10.1136/rmdopen-2022-002850

Khanna D, Spino C, Tashkin DP, et al; Scleroderma Lung Study I
Investigators. Combining pirfenidone with mycophenolate mofetil for
systemic sclerosis-related interstitial lung disease (Scleroderma Lung
Study Ill): an investigator-initiated, multicenter, randomized, double-
blind, placebo-controlled phase 2 trial. ACR Open Rheumatol 2025;
7(12):e70126. doi:10.1002/acr2.70126

Richeldi L, Azuma A, Cottin V, et al; FIBRONEER-IPF Trial Investigators.
Nerandomilast in patients with idiopathic pulmonary fibrosis. N Engl
J Med 2025;392(22):2193-2202. doi:10.1056/NEJM0oa2414108
Maher TM, Assassi S, Azuma A, et al; FIBRONEER-ILD Trial Investigators.
Nerandomilast in patients with progressive pulmonary fibrosis. N Engl
J Med 2025;392(22):2203-2214. doi:10.1056/NEJM0a2503643
Herman D, Ghazipura M, Barnes H, et al. Nintedanib therapy alone
and combined with mycophenolate in patients with systemic

78.

79.

80.

81.

82.

sclerosis-associated interstitial lung disease: systematic reviews and
meta-analysis. Ann Am Thorac Soc 2024;21(3):474-485. doi:10.
1513/AnnalsATS.202301-0810C

Benfaremo D, Campochiaro C, Kuménovics G, et al. OP0085 Outcomes
of upfront combination vs monotherapy with rituximab or mycophe-
nolate mofetil for systemic sclerosis interstitial lung disease
(SSc-ILD): results from an EUSTAR cohort study. Ann Rheum Dis
2025;84:75. doi:10.1016/j.ard.2025.05.107

Merkt W, Réhrich M, Mavriopoulou E, et al. Persisting CD19.CAR-T
cells in combination with nintedanib: clinical response in a patient with
systemic sclerosis-associated pulmonary fibrosis after 2 years. Lan-
cet Respir Med 2025;13(7):651-654. doi:10.1016/52213-2600(25)
00159-6

Dusing C, Gyorfi AH, Stltz AN, et al. Bispecific T cell engagers for
treatment-refractory autoimmune connective tissue diseases.
Nat Med 2026;32(4):1530-1542. doi:10.1038/s41591-026-
04238-4

Denis A, Tsiri P, Guiot J, et al. A new era in the treatment of progres-
sive fibrosing interstitial lung diseases. Breathe (Sheff) 2025;21(2):
240259. doi:10.1183/20734735.0259-2024

Volkmann ER, Assassi S, Denton CP, et al. Outcomes in systemic
sclerosis—associated interstitial lung disease based on serological
profiles with a focus on anticentromere and anti-RNA polymerase I
antibodies. J Rheumatol Published online June 1, 2025. doi:10.
3899/rheum.2024-1063

25L80| SUOWILIOD BATERID 3[qealidde 2 Aq peuienoB a1e SSPIR YO 88N JO S9N 0} ARIGIT BUIIUO A3|IM UO (SUO1IPUOD-PUR-SLLLB)LIOD" A3 1 ARe.c)1jou |uoy/Sdil) SUORIPUOD PU. UL L 8L 885 *[9202/20/T0] U0 ArIg1T2UIIUO AB1IM * 81Q 1iod AISIBAIUN - SIdY 0IpUES Ag 2620, UB/Z00T OT/10p/LLI0D"/B | 1M ARR.G 1BUIUO'S N0 1de//:Sdill Wo1 papeojumod ‘0 ‘50259262


https://doi.org/10.1056/NEJMoa1903076
https://doi.org/10.1056/NEJMoa1903076
https://doi.org/10.1002/art.70043
https://doi.org/10.1136/rmdopen-2022-002850
https://doi.org/10.1002/acr2.70126
https://doi.org/10.1056/NEJMoa2414108
https://doi.org/10.1056/NEJMoa2503643
https://doi.org/10.1513/AnnalsATS.202301-081OC
https://doi.org/10.1513/AnnalsATS.202301-081OC
https://doi.org/10.1016/j.ard.2025.05.107
https://doi.org/10.1016/S2213-2600(25)00159-6
https://doi.org/10.1016/S2213-2600(25)00159-6
https://doi.org/10.1038/s41591-026-04238-4
https://doi.org/10.1038/s41591-026-04238-4
https://doi.org/10.1183/20734735.0259-2024
https://doi.org/10.3899/jrheum.2024-1063
https://doi.org/10.3899/jrheum.2024-1063

	Expert Perspectives: Defining and Managing Progressive Pulmonary Fibrosis in Systemic Sclerosis
	CLINICAL CHALLENGE
	BACKGROUND
	APPROACH
	EVIDENCE
	Definition of progression in SSc‐ILD
	Prevalence of progression in SSc‐ILD
	Prognosis of progressive SSc‐ILD
	Screening and monitoring SSc‐ILD progression
	Risk factors for SSc‐ILD progression
	Biomarkers and prediction of SSc‐ILD progression
	Initial management of SSc‐ILD
	Management of progressive SSc‐ILD
	The role of combination therapy
	Treatment of refractory SSc‐ILD and investigational agents

	DISCUSSION
	ACKNOWLEDGMENT
	AUTHOR CONTRIBUTIONS
	References


