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Summary: 218/250

Systemic sclerosis (SSc;  scleroderma) has the highest individual mortality of all rheumatic 

diseases and interstitial lung disease (ILD) is among the leading causes of SSc-related death. Two 

drugs are now approved by the Food & Drug Administration (FDA) and indicated for slowing 

the rate of decline in pulmonary function in patients with SSc-ILD: nintedanib (a tyrosine kinase 

inhibitor) and tocilizumab (the first biologic agent targeting the interleukin-6 pathway in SSc). In 

addition, two generic drugs with cytotoxic and immunoregulatory activity, mycophenolate mofetil 

and cyclophosphamide, have shown comparable efficacy in a Phase II trial but are not FDA-

approved for SSc-ILD. In light of the heterogeneity of the disease, the optimal therapeutic 

strategy in the management of patients with SSc-ILD is still to be determined. The objectives of 

this review are two-fold: (1) review the body of research focused on the diagnosis and treatment 

of SSc-ILD; and (2) propose a practical approach for diagnosis, stratification, management, and 

therapeutic decision-making in this clinical context. This review presents a practical classification 

of SSc patients in terms of disease severity (subclinical vs. clinical ILD) and associated risk of 

progression (low vs. high risk). The pharmacological and non-pharmacological options as first 

and second-line therapy, as well as potential combination approaches, are discussed in light of the 

recent approval of tocilizumab for SSc-ILD.  

Key words: Systemic sclerosis, interstitial lung disease, lung fibrosis, tocilizumab, 

nintedanib, mycophenolate mofetil, cyclophosphamide, stem cell transplant 

Introduction 

Systemic sclerosis (SSc; scleroderma) is a heterogeneous chronic autoimmune disease 

characterized by vascular damage, inflammation, and fibrosis of the skin and internal organs (1). 

SSc is the rheumatic disease with the highest individual mortality and has a detrimental impact on 

quality of life (1,2). Two main subsets of SSc are described based on the distribution of skin 

involvement: limited cutaneous systemic sclerosis (lcSSc) characterized by distal skin thickening, 

and diffuse cutaneous systemic sclerosis (dcSSc) with widespread distal and proximal cutaneous 

changes (3,4). SSc is also characterized by the detection of specific and often mutually exclusive 

serum autoantibodies (5). A composite classification of SSc patients based on the combination of 

degree of skin involvement and antibody subtype is now considered more helpful in predicting 



ARTHRITIS AND RHEUMATOLOGY 
Review article 

This article is protected by copyright. All rights reserved

disease course as scleroderma-specific antibodies are predictive of internal organ involvement (6). 

Patients who develop progressive SSc-associated interstitial lung disease (SSc-ILD) are more 

likely to be positive for the anti-topoisomerase I antibody (anti-Scl-70 antibody) and anti-nuclear 

antibody with nucleolar pattern (notably including anti-PM/Scl-75, anti-PM/Scl-100, anti-Th/To, 

anti-U3-RNP/Fibrillarin, anti-RNA-polymerase I, or anti-NOR-90 antibodies), regardless of the 

cutaneous subset (6–9). 

ILD is among the leading causes of SSc-related death (10). The prevalence of SSc-ILD 

varies depending on the assessment method (X-Rays, high resolution computed tomography 

[HRCT]), the screening strategy (systematic HRCT versus selection of patients based on the 

results of pulmonary function tests [PFTs]), the targeted populations (dcSSc versus lcSSc), and 

differences in geographic location or expertise of the medical center (11,12). In national 

observational registries and international cohorts, approximately 65% of SSc-patients have or will 

develop ILD in the course of their disease (11–14). The high mortality related to SSc-ILD has led 

to recent randomized controlled trials (RCTs) forging substantial progress in the management of 

this manifestation (15). Conventional immune-modulatory agents such as cyclophosphamide 

(CYC) and mycophenolate mofetil (MMF) are evidence-based treatments typically implemented 

in clinical practice (16,17). More recently, well-conducted phase III RCTs have led to the 

approval of two targeted therapies for SSc-ILD by the U.S. Food and Drug Administration 

(FDA)  (18–22). Nintedanib is a tyrosine kinase inhibitor; in 2019 it became the first medication 

approved to slow the rate of decline in pulmonary function in patients with SSc-ILD, based on 

the results of the SENSCIS trial (NCT02597933) (18,19).  Tocilizumab is a monoclonal antibody 

targeting the interleukin (IL)-6 receptor; in 2021 it became the first biologic medication approved 

for the same indication, based on the results of the faSScinate (NCT01532869) and focuSSced 

(NCT02453256) trials (20–22). 

Despite these recent FDA approvals, the optimal therapeutic strategy for the 

management of patients with SSc-ILD is yet to be determined, especially given the heterogeneity 

of the disease (23). The objectives of this review are two-fold: (1) to review the body of research 

focused on diagnosis and treatment of SSc-ILD and (2) to propose a practical approach for 

diagnosis, stratification, management, and therapeutic decision-making in this clinical context. 

The management strategy proposed in this review reflects the authors’ opinions, experience, and 

clinical practice. 

Pathogenic considerations and rationale for available therapeutic options in SSc-

ILD. 
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The pathogenesis of SSc-ILD is not fully understood but includes a triad of pathogenic 

events: endothelial dysfunction, early inflammatory features, and excessive deposition of 

extracellular matrix (ECM) components produced by activated myofibroblasts (9,24). ECM 

deposits induce an increased stiffness of lung tissue with reduction of pulmonary compliance and 

volumes. These pathogenic events can lead to a restrictive ventilatory defect captured by 

spirometry alongside impairment in gas exchange; some patients may remain asymptomatic 

despite evidence of disease on HRCT, whereas the consequences of severe and advancing disease 

include dyspnea and death. 

The direct inhibition of myofibroblast activation or the targeting of other cellular subsets 

participating in the production of key mediators responsible for myofibroblast activation provide 

the rationale for candidate drugs in SSc-ILD. Early inciting factors include epithelial and 

endothelial damage that may be promoted by abberant  innate and adaptive immunity that can 

produce pro-fibrotic and pro-inflammatory mediators inducing myofibroblast activation. 

Through the production of IL-13 and IL-4, Th2-lymphocytes have a direct impact on fibroblasts 

and can induce the activation of alternative pro-fibrotic M2 macrophages that notably produce 

high levels of transforming growth factor  (TGF), platelet-derived growth factor (PDGF), and 

factors from the fibroblast growth factor (FGF) family favoring myofibroblast activation (25–27). 

The tyrosine kinase inhibitor, nintedanib, inhibits the receptors of vascular endothelial growth 

factor (VEGF), PDGF, and FGF family with subsequent anti-fibrotic properties (28). Acute 

phase reactants, and specifically IL-6, play an important role in the pathogenesis of SSc-ILD. IL-

6 is produced by B-cells, M1 macrophages, and myofibroblasts (29,30). In vitro studies suggest 

that IL-6 can favor the expression of IL-4 and IL-13-receptors with subsequent increase of pro-

fibrotic M2 macrophage polarization (31). The inhibition of the IL-6 receptor by tocilizumab can 

directly impact myofibroblast activation and M2 macrophage polarization with potential anti-

fibrotic properties (29,32). Through their impact on the proliferation of fibroblasts, B-cells, and 

T-helper lymphocytes, conventional immunomodulatory agents such as MMF, an inhibitor of de-

novo synthesis of guanosine nucleotides, or the alkylating agent cyclophosphamide can also have 

anti-fibrotic effects (33,34). 

Key parameters for the diagnosis, screening and assessment of SSc-ILD  

HRCT is the reference standard for early diagnosis of SSc-ILD (12,35,36). In the majority 

of patients (70%-80%), SSc-ILD is characterized by a pattern of nonspecific interstitial 

pneumonia (NSIP) that includes parenchymal changes classically located in bi-basal and posterior 
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regions of the lungs, and defined by the presence of reticular abnormalities with peri-

bronchovascular extension and subpleural sparing with absence of honeycombing and frequent 

ground-glass attenuations (Figure 1A) (13,37,38). Ground glass opacity in early SSc may 

represent either inflammation or fibrosis that is below the resolution of the HRCT technique at 

the level of intralobular septa and interstitium surrounding alveoli. Early radiologic-pathologic 

correlation studies using HRCT have demonstrated that bronchiectasis or bronchiolectasis within 

areas of ground glass are strong indicators of fibrosis, whereas ground glass without 

bronchiectasis is strong evidence of inflammation (39). The presence of traction bronchiectasis 

with minimal ground glass opacifications is thus more specifically consistent with fibrotic NSIP. 

Approximately 10% of patients with SSc-ILD have an HRCT pattern of usual interstitial 

pneumonia (UIP) defined by subpleural and basal predominant lesions including honeycombing 

(mandatory criterion) with or without peripheral traction bronchiectasis or bronchiolectasis 

(Figure 1B). In patients with connective tissue disease (CTD)-ILD, especially rheumatoid 

arthritis-ILD, UIP predicts a worse prognosis compared with NSIP; the specific prognostic value 

of HRCT patterns in SSc-ILD is more controversial (40). Patient survival in SSc-ILD does not 

differ between NSIP and UIP according to the histopathological patterns on lung biopsy (41). 

Considering the sensitivity and specificity of HRCT for SSc-ILD and the lack of predictive value 

of histopathological patterns in SSc-ILD, lung biopsy is thus not recommended for the diagnosis 

and assessment of SSc-ILD.  A prone HRCT acquisition is recommended to rule out early ILD, 

as the predominant bi-basal and posterior localization of HRCT findings in SSc-ILD may 

produce false-positives due to position-induced changes (i.e., atelectasis) (Figure 1 C,D) (42). 

Quantitative HRCT allows precise quantification of SSc-ILD lung involvement (QILD, or the 

sum of lung involvement with ground glass opacities, fibrotic reticulations, and honeycombing) 

and of fibrotic changes (quantification of lung fibrosis [QLF], or fibrotic reticulations alone) 

(43,44). The extent of lung involvement has been demonstrated to have prognostic value; 

accurately assessing the degree of lung involvement provides a valuable tool for stratifying disease 

severity and risk of progression (45,46). 

Spirometry and gas exchange are the reference standard measurements for the assessment 

of lung physiology. The impact of SSc-ILD on forced vital capacity (FVC), total lung capacity 

(TLC), and diffusion capacity of the lungs for carbon monoxide (DLco) is a marker of disease 

severity.  In terms of screening and diagnosis, SSc-ILD may initially have only mild or no impact 

on PFT parameters; normal values of FVC, TLC and DLco do not rule out early SSc-ILD (12). 

In a US multicenter study of patients with early dcSSc, FVC<80% (%predicted) had a sensitivity 

of 63% and a negative predictive value (NPV) of 61% for the detection of SSc-ILD. The 
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combination of FVC<80% or DLco <80% had a sensitivity and NPV of 85% and 70% 

respectively, demonstrating that PFTs alone are an inadequate screening tool for the diagnosis of 

SSc-ILD (12). A European study also demonstrated similar results and highlighted that among 

patients with normal FVC (%predicted) but with SSc-ILD on HRCT, 50% had extensive ILD 

(>20% of parenchymal involvement) (47). In addition, the range of FVC% predicted in healthy 

volunteers ranges between 80-120% predicted, which can miss clinically meaningful decline in a 

patient who declines within the FVC% predicted “normal range,” e.g., from 110% to 80%. 

Therefore, it is now accepted that both PFT and HRCT should be performed for initial screening 

and diagnosis of SSc-ILD (35). We recommend performing HRCT and PFT for baseline ILD 

screening in all early SSc patients (early relates to the onset of their symptoms that are specific for 

SSc), regardless of the cutaneous or autoantibody subtypes (36). Every patient with a new 

diagnosis of SSc-ILD based on HRCT should have initial full PFTs (i.e., spirometry, lung 

volumes, and DLco) for baseline reference and a 6-minute walk test (6MWT) to assess the 

impact on gas exchange and exercise capacity. Although 6MWT can be influenced by different 

organ involvement in SSc such as pulmonary vascular disease and cardiac involvement,for 

example, we use 6MWT in clinical practice to document baseline distance and oxygen saturation 

and follow it annually (or more frequently for new or worsening of symptoms) to assess for 

decline in both of these parameters (48,49).  Clinical scales such as the modified Medical 

Research Council dyspnea scale or the New York Heart Association functional classification of 

dyspnea are simple to incorporate in clinical practice and can provide important information to 

assess for SSc-ILD progression (50,51). 

Progression of SSc-ILD : definitions, risk factors and monitoring.  

There are different definitions for the progression of SSc-ILD. OMERACT (Outcome 

Measures in Rheumatology) has proposed the definition of “clinically meaningful progression” of 

CTD-ILD based on the evolution of PFT parameters; this definition can be applied to SSc-ILD. 

OMERACT defines progression as ≥10% relative decline in FVC(%predicted) or 5 to <10% 

relative decline in FVC (%predicted) and ≥15% relative decline in DLco(%predicted). The 

INBUILD trial, which focused on fibrotic ILDs, has also proposed a composite definition of 

“progressive fibrosing ILD” as an inclusion criterion, that was notably applied to patients with 

SSc-ILD (19). In this trial, one of the following criteria was required to fulfill the definition of 

progression within the prior 24 months: a) ≥10% relative decline in FVC(%predicted), or b)  5 to 

<10% relative decline in FVC(%predicted) and worsening of respiratory symptoms or an 
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increased extent of fibrosis on HRCT, or c) worsening of respiratory symptoms and an increased 

extent of fibrosis on HRCT, regardless of the evolution of FVC(% predicted). 

The results from the focuSSced trial demonstrate that early treatment should be 

considered in patients with SSc-ILD at high-risk of progression, regardless of the actual 

progression rate and/or before decline of lung function or progression is identified through close 

monitoring (21). This approach constitutes a paradigm shift in the field of SSc-ILD and 

emphasizes the need for reliable and accessible predictive markers of SSc-ILD progression. The 

predictive value of such markers in observational studies and RCTs varies according to the 

targeted populations and the definition of SSc-ILD progression (Table 1) (36,52). Serum markers 

used in clinical practice such as anti-topoisomerase I antibodies and higher C-reactive protein 

(CRP) values are associated with SSc-ILD progression (53,54). Other biomarkers such as KL-6, 

CCL2, CCL18, CXCL4, or SP-D may predict the progression of SSc-ILD but are not available in 

routine practice and are currently used in the context of exploratory clinical research  

(36,52,55,56). Negative anti-centromere antibody and history of smoking may also constitute as 

risk factors for progressive ILD although the data are less consistent (6,57).

The heterogeneous rates of disease progression and treatment response underscore the 

need for close monitoring of patients with SSc-ILD after initial diagnosis or treatment initiation 

(35,58).  The majority of patients who will develop severe SSc-ILD will do so in the first 5 years 

after the onset of the disease, although late progression may also occur (52). After initial 

diagnosis of SSc-ILD with baseline HRCT and PFT, the follow-up of all SSc-ILD patients should 

include PFT (FVC and DLco) at least every 6 months for the first 3 to 5 years from onset of the 

first non-Raynaud’s phenomenon manifestation (Table 1) in order to monitor for progression 

(36,52). Although substantial progress has been made in HRCT techniques, allowing high-quality 

HRCT with low dose radiation (typically 1.5-2.5 mSv), the systematic follow-up and monitoring 

of all SSc-ILD patients with sequential chest HRCT is not currently recommended (35,36). In 

case of worsening symptoms or clinically meaningful progression (as defined in the  INBUILD 

trial), a follow-up HRCT can be considered to assess for progressive ILD. Other causes of 

progressive symptoms such as pulmonary vascular disease or cardiac involvement should also be 

considered due to the multifactorial nature of SSc-associated manifestations. In SSc patients 

without ILD or with stable or controlled ILD after the first 3 to 5 years, annual PFTs are useful 

to monitor both onset or progression of SSc-ILD and to screen for SSc-associated pulmonary 

arterial hypertension (PAH) (7,59).  



ARTHRITIS AND RHEUMATOLOGY 
Review article 

This article is protected by copyright. All rights reserved

Classification of SSc-ILD and sub-groups of patients depending on initial severity 

and risk of progression. 

SSc-ILD trajectories are divided into two large subsets, depending on the initial clinical 

presentation. Subclinical ILD is classified by the presence of  ILD with minimal extent on HRCT 

(usually 5- 10% based on visual or computer quantification) and no ILD-related clinical 

symptoms (such as dyspnea and cough) and normal initial PFT (including FVC and DLco) or no 

clinically meaningful decline in PFT, if serial PFTs are available. With the institution of HRCT 

for screening and diagnosis of SSc-ILD, this subgroup is likely to increase over time. Clinicians 

also need to use their judgment to assess if symptoms such as cough are related to ILD or to 

other causes such as silent gastric aspiration or upper airway cough syndrome. 

The remaining patients with ILD are classified as clinical ILD (which is the majority of 

current cases of SSc-ILD due to lack of universal screening in SSc patients); they are classified by 

the presence of mild to severe ILD on HRCT and one or more of the following features: 

abnormal initial PFT (including FVC and/or DLco) and/or clinically meaningful decline of PFT 

parameters (including FVC and/or DLco). Clinical ILD is associated with ILD-related symptoms 

or impact of ILD on daily life.  

Within these subsets, patients can be further divided into low risk of progressive ILD (no 

elevated acute phase reactants, positive anti-centromere antibody) and high risk of progressive 

ILD (Table 1). The subgroups of subclinical ILD patients at high risk of progression (as shown 

in the focuSSed trial), as well as all patients with clinical ILD, would benefit from early 

therapeutic intervention for SSc-ILD. Close monitoring (at least every 6 months) is also necessary 

in patients with subclinical ILD with low risk of progression to confirm stability.   

Clinical evidence for the management of SSc-ILD based on Phase II and III trials 

The main therapeutic agents for the treatment of SSc-ILD have immunomodulatory 

properties, anti-fibrotic properties, or both (23). The results from the main phase II and III RCTs 

and their targeted populations are detailed in Table 2. 
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The Scleroderma Lung Study I (SLS-I) evaluated the effects of oral cyclophosphamide 

(CYC) versus placebo in SSc-ILD. SLS-I demonstrated that the mean absolute difference in 

adjusted 12 month FVC (%predicted) was 2.53% favoring CYC (p<0.03) (16). CYC also 

improved dyspnea and quality of life compared to placebo.  SLS-I is a pivotal study which 

demonstrated for the first time that SSc-ILD is responsive to immunosuppressive treatment in a 

clinical trial setting. The Scleroderma Lung Study II (SLS-II) demonstrated that the treatment of 

SSc-ILD with MMF for 2 years or CYC for 1 year was associated with statistically significant 

improvement of FVC(%predicted) in both arms at 24 months, without a between-arm difference 

(P=0.24) (17). Significant favorable transitions from ground-glass and/or lung fibrosis HRCT 

patterns to a normal pattern were observed in both arms of SLS-II (44,60). MMF and CYC also 

improved the modified Rodnan skin score (mRSS) course over 24 months in participants with 

dcSSc (61). In SLS-II, MMF was associated with less toxicity and was better tolerated than CYC. 

For these reasons, MMF is now considered the standard of care as first-line therapy for the 

treatment of SSc-ILD (62). 

The SENSCIS trial, a Phase III RCT, evaluated the efficacy of nintedanib compared to 

placebo for patients with SSc-ILD. Patients receiving a stable dose of MMF or methotrexate for 

at least 6 months prior to randomization were permitted to enroll. The intergroup difference of 

the annual rate of change in FVC was 41.0 mL per year (95% CI 2.9 to 79.0) in favor of 

nintedanib (p=0.04) (18). The treatment effect of nintedanib on the annual rate of change in 

FVC was numerically, but not statistically significantly, lower in participants who were taking 

MMF at baseline than in those not taking MMF (difference of nintedanib versus placebo of 26.3 

ml per year (95%CI -27.9 to 80.6) and 55.4 ml per year (95%CI 2.3-108.5) in the groups taking 

and not taking MMF, respectively). In addition, there were marked geographic differences in the 

background use of MMF. In North America, where the majority of patients were receiving MMF, 

the difference between treatment arms was even smaller at 10.3 ml per year (95%CI -27.9 to 

80.6), but still in favor of nintedanib. As a result, the SENSCIS data suggest a possible additive or 

synergistic effect from combining MMF and nintedanib but the details of such a combination 

require further clarification (63).  

The phase II faSScinate and phase III focuSSced trials evaluated the safety and efficacy of 

tocilizumab in patients with early active dcSSc (20,21). The primary endpoint was the difference 

in mean change from baseline in mRSS at week 24 and 48 in faSScinate and focuSSced, 

respectively. Despite a numerical difference in favor of tocilizumab in change in mRSS, neither 

trial reached statistical significance at p< 0.05 for their primary endpoints. However, the key 

secondary endpoint showed statistically significant and clinically meaningful differences in change 
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from baseline in FVC (% predicted) at week 48 in favor of tocilizumab. In faSScinate, patients 

treated with tocilizumab had a smaller decrease in FVC from baseline to 24 weeks (least square 

mean difference 136 mL, 95% CI 9 to 264; p=0.04 in favor of tocilizumab) with a numerical 

effect in favor of tocilizumab also observed at week 48 (least square mean difference 120 mL, 

95% CI –23 to 262; p=0.099 in favor of tocilizumab) (20). At both time points, fewer patients in 

the tocilizumab group than in the placebo arm had worsening of FVC (% predicted). In the 

focuSSced trial, 68 patients in each arm had SSc-ILD on HRCT (representing 67% and 65% of 

the patients in the tocilizumab and placebo arms, respectively). In these patients, risk factors for 

SSc-ILD progression were similar in the tocilizumab and placebo arms, including (mean (SD)) 

disease duration (23 months (17.2) vs. 22.6 (16.6)), proportion with positive anti-topoisomerase 

antibodies (68.7% vs. 68.8%), C-reactive protein levels (11.2 milligram/liter (17.4) vs. 8.0 (13.1)), 

baseline FVC (%pred; 77.7 (13.9) vs. 81.5 (14.9)) and baseline Quantitative ILD (20.5% (12.8) vs. 

16.8% (8.8)) in the tocilizumab and placebo arms respectively (22). In the focuSSced trial,  the 

least square mean difference of FVC (% predicted) in patients with SSc-ILD showed a change 

from baseline of -6.4% for placebo and +0.1 for tocilizumab (least square mean difference 

between groups of 6.5% (95%CI 3.4-9.5) p<0.0001) (21). Post-hoc analysis showed that early 

SSc-ILD was not synonymous with minimal ILD on HRCT as 41% had total lung involvement 

of >10 to 20% and 36% had total lung involvement >20% using a computer-generated 

algorithm. These data highlighted that the stabilization of lung function in the tocilizumab arm 

was consistent across all severity groups of SSc-ILD, demonstrating that the effects of 

tocilizumab were observed in all subgroups (22).

Other targeted biologics such as rituximab (anti-CD20 antibody)  and abatacept (CTLA4 

immunoglobulin fusion protein) have shown some beneficial effects on FVC in patients with 

SSc-ILD (64). In a phase II trial, abatacept showed a non-significant reduction of FVC decline at 

12 months (least square mean FVC(%predicted) 2.79%, 95%CI (−0.69, 6.27), favoring abatacept 

compared to placebo) (64). A similar trend was observed in the open-label extension at month 18 

(65).  In an open-label trial comparing rituximab to CYC, mean FVC (% predicted) improved 

from 61.30% (SD=11.28) at baseline to 67.52% (SD 13.59) at 6 months in the rituximab arm, but 

declined from 59.25% (SD 12.96) to 58.06% (11.23) in the CYC arm, with a mean difference in 

FVC (% predicted) at 6 months of 9.46 (95% CI: 3.01-15.90; p=0.003) (66). A recent Japanese 

Phase II trial evaluating the impact of rituximab on skin involvement also showed promising 

results on FVC progression, as FVC (% predicted) change from baseline to week 24 was 0.09% 

in the rituximab group compared with –2.87% in the placebo group (difference 2.96% [95% CI 

0.08–5.84]; p=0.04 favoring rituximab) (67). 
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The phase II Scleroderma: Cyclophosphamide Or Transplantaion (SCOT) trial has 

demonstrated the efficacy of myeloablative chemotherapy with radiation and hematopoietic stem 

cell transplantation (HSCT) to improve survival in a population of severe SSc patients. Among 

the included patients, 100% had SSc-ILD in the transplantation group and 95% in the CYC 

control group (68). In this RCT, 36% of patients in the HSCT arm had improvement of FVC 

≥10% compared to 23% in the CYC arm. The proportion of the patients with decreased FVC 

≥10% was lower in the HSCT arm than in the CYC arm (17 versus 41% respectively). 

Observational before-and-after HSCT studies also suggest an improvement of ILD extent on 

HRCT, although the small sample size precludes firm conclusions (69).

Lung transplant could be considered for patients with SSc-ILD, especially when other 

available treatments have failed (70,71). Referral for lung transplant should notably be considered 

in cases of progressive FVC and DLco decline despite combination of immunosuppressive and 

anti-fibrotic therapies, worsening symptoms such as dyspnea on exertion (without any other 

identifiable cause), and/or increasing oxygen requirement (72). In carefully selected patients with 

mild- to- moderate extra-pulmonary manifestations related to SSc, lung transplant for SSc-ILD 

has shown similar outcomes as in other fibrotic lung diseases or in PAH (73). 

Points to consider when interpreting the nintedanib and tocilizumab SSc-ILD 

RCTs

When interpreting the results of SENSCIS and foscuSSced, it is important to underscore 

that the study populations were different in these trials (early active dcSSc in focuSSced, 

progressive ILD regardless of the cutaneous subset in SENSCIS) with potential impact on the 

natural progression rate in the placebo arms. Moreover, background therapies were allowed in 

SENSCIS, which could have contributed to limiting the FVC decline in both arms and could 

have impacted the results on extra-pulmonary manifestations. The expected FVC decline in the 

general population after age 25 years is 25-30 ml/year which is another point to consider in 

interpreting the FVC decline in these phase III trials, notably in the placebo arms (74). In 

SENSCIS, the FVC decline in the placebo arm was 93.3 mL (119.3 mL in patients not taking 

MMF in the placebo group), a 3- to 4-fold greater decline compared with the healthy population 

(18,63). In focuSSced, the placebo arm showed an absolute FVC decline of 255 mL which 

corresponds to a 10-fold greater decline compared to the healthy population, highlighting that 

included patients were at high risk of severe decline (21). This difference in rate of FVC decline 

between the two trials can be explained by the natural history of SSc-ILD and the underlying 
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pathogenic mechanisms. In focuSSced, the patients included had early dcSSc, with more 

prominent immune-inflammatory features that were captured at a very early phase, without 

significant SSc-ILD during the screening phase prior to randomization and baseline HRCT (75). 

These patients were rarely included in previously designed SSc-ILD studies because significant 

and/or progressive clinical ILD was a required inclusion criterion. Thus the early treatment of 

this specific population of inflammatory SSc patients at high risk of progression may represent a 

window of opportunity to prevent the decline of pulmonary function in SSc-ILD. The patients 

included in the SENSCIS trial had clinical ILD where we can hypothesize that fibrotic pathways 

were more established with an FVC decline more predictable and similar to what was expected 

based on previous SSc-ILD studies (16,17). Both tocilizumab and nintedanib, nonetheless, 

showed biological effects that can be considered disease-modifying in SSc-ILD.

A proposed strategy for the management of SSc-ILD 

All patients with SSc-ILD deemed appropriate for pharmacologic treatment should be 

initiated on immunomodulatory treatment, as the pathogenesis of early ILD includes immune 

dysfunction and inflammation resulting in fibrosis (Figure 2).  Our treatment decision algorithm 

for SSc-ILD is provided in Figures 2 and 3. The first step in the treatment decision algorithm is 

the classification of the patient along the dimension of disease severity (subsets of subclinical 

ILD or clinical ILD), based on ILD-specific symptoms and clinical impact, extent of ILD on 

HRCT, and functional impact based on FVC and/or DLco (58,70). All patients with clinical ILD 

should be considered for immunomodulatory treatment (15,35). If a patient has subclinical ILD, 

further stratification regarding risk of progressive disease determines if a given patient is a 

candidate for pharmacologic treatment.  Treatment options may be further stratified based on the 

severity or activity of the extra-pulmonary manifestations of SSc. 

Non-Pharmacological measures 

All patients should be educated about ILD, symptom monitoring, and non-

pharmacologic management. Non-pharmacological treatments include receipt of appropriate 

vaccinations such as influenza, pneumococcal, and COVID vaccines, pulmonary rehabilitation, 

and oxygen therapy if indicated. Pulmonary rehabilitation should be offered to those patients 
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with SSc-ILD in whom dyspnea and other aspects of ILD are limiting functional capacity  (76). 

Oxygen therapy should be considered in cases of hypoxemia (spO2<88%). The 6MWT is useful 

to evaluate cardiopulmonary exercise desaturation that would require oxygen therapy.  

Patients should be educated about silent aspiration; optimal care of gastroesophageal 

reflux disease should be undertaken with early initiation of proton-pump inhibitors. Any 

inhalation of recreational drugs such as tobacco, marijuana, vaping, and other products should be 

discontinued. Recent studies have highlighted the importance of fostering a good nutritional 

status to maintain respiratory function in chronic respiratory disorders, especially in patients with 

gastrointestinal symptoms (77–79). Annual screening for immunosuppressant-induced non-

melanoma skin cancers is also recommended. 

Pharmacological treatment 

Data emerging from the recent RCTs of tocilizumab suggest that early 

immunomodulatory treatments should be considered for patients with subclinical ILD with a 

high risk of progression (i.e., early SSc with progressive skin disease, or anti-topoisomerase 

antibody or elevated acute phase reactants). Tocilizumab may be proposed as initial treatment 

based on Phase II and III trials; patients should be advised to administer the weekly 

subcutaneous injections in parts of the body spared or minimally involved with skin thickening, 

typically the upper, outer/posterior region of the arm  (21,80). MMF and CYC remain alternative 

options, although they lack RCT data in the context of subclinical ILD. In patients with 

subclinical ILD and low risk of progression, close monitoring of PFT every 6 months in early 

SSc is needed and case-by-case treatment decisions may be considered.  

As mentioned above, all patients with clinical ILD should be considered for 

immunomodulatory treatment (15,35). In case of quiescent skin and musculoskeletal 

manifestations, MMF is the initial treatment from the authors’ perspective, with CYC and 

nintedanib as other acceptable first-line options that might be considered. In case of active 

disease including skin and/or musculoskeletal manifestations, tocilizumab, CYC, or MMF should 

be introduced, considering their effects on extra-pulmonary manifestations in focuSSced, SLS-I 

and II, respectively. Rituximab may also be an option although we usually reserve this as second-

line treatment given the absence of randomized double-blind controlled trials for this drug in 

SSc-ILD (Figure 3). Up-front combination of nintedanib with MMF in patients with active 

extra-pulmonary and rapidly progressive disease is also acceptable first-line therapy (such patients 

may also be candidates for autologous hematopoietic stem cell transplant). We do not 
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recommend nintedanib alone as first-line therapy in patients with SSc-ILD with active extra-

pulmonary disease given the absence of impact on these manifestations in SENSCIS (63). 

After treatment initiation, clinical monitoring with FVC and DLco at least every 6 months 

is recommended, although in those with progressive ILD, we may consider FVC and DLCo 

every 4 months until stabilization is documented (58). In case of stabilization, first-line treatment 

should be continued. In case of worsening respiratory symptoms, other diagnoses, such as 

cardiac involvement or pulmonary vascular disease, should be explored.  If worsening 

parenchymal disease is suspected, a repeat HRCT should be performed to confirm progression 

of ILD.  In the event of advancing disease despite first-line therapy, a second-line therapeutic 

strategy should be employed. 

Three main options are proposed as second-line therapeutic strategies (Figure 3): 1) 

switching to another treatment, 2) considering combination of an immunomodulatory agent with 

an antifibrotic agent or combining two immunomodulatory agents (e.g., MMF and tocilizumab, 

or MMF and rituximab; although there are no data supporting the efficacy and/or safety of these 

combination therapies), 3) considering HSCT.  Lung transplant is usually reserved for those with 

progressive ILD despite trials of different therapies and requires referral to a lung transplant 

center. 

Long-term management 

The follow-up of patients from SLS-I, SLS-II, and the CYC arm of SCOT have suggested 

that the benefit of immunomodulation was not maintained after discontinuation of the 

immunomodulatory agent (68,81,82). Although the optimal duration of treatment has not been 

determined to date, we would recommend at least 5 years of treatment, although many require 

longer-term treatment. This duration should take into account the initial severity of ILD, the 

evaluation and stabilization of ILD-related symptoms, the extra-pulmonary manifestations of 

SSc, and the risk of ILD progression/relapse once the treatment is stopped. In our practice, 

approximately 20-30% of patients experience relapse of skin and/or lung involvement once 

immunomodulatory therapy is discontinued. To date, there are no clinical data to support dose 

adjustments, such as decreased MMF dosage, after stabilization of the disease. Lower dosage may 

limit the risk of long-term side effects, including risk of malignancy, but such adjustments should 

be based on individual patient preferences and should take into account initial severity and 

subsequent impact of progression in case of relapse. As an example, a patient with moderate ILD 

and FVC% of 70% may have adequate pulmonary reserve to consider dose down-titration but 
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someone with an FVC% of 40% who requires supplemental O2 therapy would likely not be an 

appropriate candidate for medication down-titration.

In case of stabilization on treatment, and/or after treatment discontinuation, PFT should 

continue to be performed at least every 6 months in all SSc patients for 1-2 years. After this 

period of close monitoring, all patients should undergo annual PFT, as late progression may 

occur despite long-term stabilization. The screening for other visceral manifestations, especially 

PAH, should also be continued according to the published screening algorithms (59).  

Perspectives: early introduction of combination therapies and new combinations 

Recent RCTs in PAH have demonstrated that substantial progress could be obtained 

through an early combination of existing drugs (83,84). The combination of bDMARDS with 

cDMARDS is widely used and recommended for the treatment of extra-pulmonary 

manifestations in other CTDs, such as rheumatoid arthritis. The complex and overlapping 

pathobiology involved in SSc-ILD, which involves inflammation, fibrosis, and vascular changes, 

also supports the potential for combination therapies, as does the finding that a diverse range of 

drugs has clinical utility. As such, there are many reasons to consider combination therapy as a 

viable approach for treating SSc-ILD.  

The combination of MMF and nintedanib demonstrated a reasonable safety profile in 

SENSCIS, although the benefit of the combination of the two active drugs compared with 

monotherapy alone could not be fully demonstrated in this trial (63). In the focuSSced trial, 

patients taking cDMARDS were excluded, precluding any conclusion regarding the safety or 

efficacy of tocilizumab in combination with MMF or methotrexate (21). Nonetheless, with their 

differing mechanisms of action, MMF and tocilizumab may have complementary effects (85). 

However, we need additional data to assess for trade-offs between efficacy and safety of this 

combination. The efficacy and safety of the combination of a biologic such as tocilizumab with a 

tyrosine kinase inhibitor such as nintedanib, is still to be determined. This combination may be 

especially relevant considering the anti-inflammatory properties of tocilizumab and the potential 

more specific anti-fibrotic effects of nintedanib through PDGF and FGF-R inhibition, as well as 

its potential impact on vasculopathy through VEGF-R inhibition (28). The ongoing SLS-III 

study is investigating the impact of pirfenidone, another anti-fibrotic agent indicated for the 

treatment of idiopathic pulmonary fibrosis (NCT03221257), as an upfront combination 

treatment with MMF versus placebo and MMF in patients with SSc-ILD (86). 
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Conclusion

The current review provides a state-of-art practical overview of the management of SSc-

ILD. As therapeutic options expand, expert perspective remains an important source of 

treatment guidance. The recent addition of two FDA approved medications for SSc-ILD have 

broadened the cache of available treatments; management should be determined by stratifying 

patients in terms of disease severity, risk of progression, and activity of extra-pulmonary disease. 

Patients with subclinical ILD and a high risk for progression should be provided therapy to 

prevent lung function loss; tocilizumab has demonstrated benefit in those with high risk for 

progression. As shown in the focuSSed trial, early ILD is not necessarily mild ILD. Tocilizumab 

is effective in attenuating lung function loss along a wide spectrum of lung involvement on 

HRCT, suggesting it can be utilized in clinical ILD with a spectrum of degree of underlying lung 

involvement.  Nintedanib can be considered as first-line therapy in SSc-ILD but preferentially in 

those with limited extra-pulmonary disease (a rare scenario in early SSc) or as part of upfront 

combination therapy for progressive SSc-ILD in patients who are candidates for HSCT.  

Immunosuppressive therapy with MMF should also be considered as a primary treatment 

approach for clinical ILD and particularly in those with other active manifestations. In this 

setting, MMF has the potential to improve pulmonary function over time in the majority of 

patients and is similarly active with respect to improvements over time in skin disease, dyspnea, 

and health-related quality of life (87). Current immunomodulatory and anti-fibrotic interventions 

attenuate the impact of SSc-ILD but have yet to demonstrate long-lasting benefit on how 

patients feel, function, or survive.  Further questions of upfront or sequential combination 

therapy with immunosuppressives and anti-fibrotics, or addition of bDMARDs, as done in other 

rheumatic diseases, remain areas of further research.
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2 Tables and 3 figures

Figure 1: HRCT images of three different patients with SSc-interstitial lung disease.

Nonspecific interstitial pneumonitis (NSIP) with a lower lobe subpleural predominant 

distribution of primarily ground glass opacity (* and circles) (A). Definite usual interstitial 

pneumonitis (UIP) with subpleural lower lobe honeycombing (arrows) (B). Mild interstitial lung 

disease on the supine image (arrows) (C) which could be interpreted as dependent atelectasis, 

however it persists on the prone image (D), confirming the presence of interstitial lung disease; 

the pattern of septal thickening (arrows) and ground glass opacity (*) without bronchiectasis is 

most consistent with NSIP in a patient with scleroderma.

Figure 2: Conceptual framework for the management of SSc-ILD

 

Figure 3: Expert opinion on the management of SSc-ILD
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Table 1: Parameters available in clinical practice and associated with progressive SSc-ILD 

Parameters

Demographical and clinical parameters

Advanced age 

Male gender 

African-American ethnicity 

dcSSc

Pulmonary Function Tests 

Low baseline FVC (%predicted)*

Low baseline DLco (%predicted)* 

HRCT findings

Extent of ILD on HRCT 

(cut-off value >20% of lung parenchyma for total lung involvement) 

Serum markers

Anti-Scl70/Topoisomerase I antibody 

Nucleolar pattern (especially including anti-Th/To and U3-RNP)

Elevated acute phase reactants, including serum CRP levels greater than upper limit of normal

* cut-off values vary across studies

ILD=Interstitial Lung Disease; dcSSc=diffuse cutaneous systemic sclerosis; FVC=forced vital capacity ;  DLco=diffusion 
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capacity of the lungs for carbon monoxide; HRCT= high resolution computed tomography; CRP=C-reactive protein
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Table 2: Inclusion criteria and targeted population in key Phase II and III trials including SSc-ILD patients

Trials Drug
Targeted population

(main criteria)

Controlled 

group

Background 

therapy

N assigned

Arm

% of 

patients 

with SSc 

ILD

Pulmonary 

outcome 

used for 

efficacy

Main results on this 

pulmonary outcome

SLS I CYC -Patients with diffuse or 

limited cutaneous subset 

-SSc-ILD 

defined by active alveolitis 

or GGO on CT  

-disease duration of less 

than 7 years 

-FVC between 45 and 

85(%pred) 

-at least grade 2 exertional 

dyspnea*. 

Placebo Potentially disease-

modifying 

medications 

excluded 

and prednisone in 

doses >10 mg/day

excluded

N=158 

CYC=79

PCB=79

CYC=100%

PCB=100%

FVC

(%pred) at 12 

months 

adjusted for 

baseline FVC

Mean absolute difference in 

adjusted 12-month FVC was 

2.53 percent (95%CI, 0.28 to 

4.79), favoring CYC (P<0.03)

SLS II MMF -Patients with diffuse or 

limited cutaneous subset 

-SSc-ILD 

defined GGO on CT (with 

reticulations or not) 

-disease duration of less 

than 7 years

-FVC between 45 and 

80(%pred) 

-at least grade 2 exertional 

dyspnea*.

CYC Potentially disease-

modifying 

medications 

excluded 

and prednisone in 

doses >10 mg/day

excluded

N=142

MMF=69

CYC=73

CYC=100%

MMF=100

%

Course of 

FVC

(%pred) over 

time

from 3 

months to 24 

months

The course of the % FVC

did not differ significantly 

between the two treatment 

groups. (P=0.24)

The adjusted % predicted 

FVC improved from baseline 

to 24 months by 2.19% in the 

MMF group (95% CI 0.53-

3.84) and 2.88% in the CYC 

group (1.19-4.58)

SENCIS NINT -Patients with diffuse or 

limited cutaneous subset 

-SSc-ILD with CT showing 

fibrosis

affecting at least 10% of the 

lungs

-FVC of at least 40%

Placebo Prednisone (up to 

10 mg

per day) 

or MMF/MTX at 

a stable dose for at 

least 6 months 

before 

randomization

could participate in 

the trial 

N=580

NINT=288

PCB=288

(+ 3 

randomized 

despite non-

eligibility 

and 1 

withdrawal) 

NINT=100

%

PCB=100%

Annual rate of

decline in 

FVC 

(milliliters per 

year), assessed 

over

a 52-week 

period

The adjusted annual rate of 

change in FVC was −52.4 ml 

per year in the NINT group 

and −93.3 ml per year in the 

PCB group (difference, 41.0 

ml per year; (95% CI;2.9 to 

79.0) (P = 0.04))

faSScinate TCZ -Patients with dcSSc with or 

without ILD 

-with active disease‡

-disease duration < 5 years 

Placebo No background 

immunomodulator

y therapies were 

allowed

N=87

TCZ=43

PCB=44

Not 

available 

FVC 

(milliliters) 

declined at 

week 24 and 

48 (secondary 

outcome) 

And 

% of patients 

experiencing 

worsening of 

FVC (%pred) 

Smaller decrease in FVC for 

TCZ than for PCB from 

baseline to 24 weeks (TCZ –

34 mL vs PCB –171 mL; least 

square

mean difference 136 mL, 95% 

CI 9 to 264; p=0.0368) but

from baseline to 48 weeks no

significant difference (TCZ –

117 mL vs PCB –237 mL;

120 mL, 95% CI –23 to 262; 

p=0.0990). 
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in each arm Fewer patients in

the TCZ group than in the 

placebo group had worsening 

of FVC (%pred) at 24 weeks 

(p=0.009) or at 48 weeks 

(p=0.037)

focuSSed TCZ -Patients with dcSSc with or 

without ILD 

-with active disease‡ 

-disease duration < 60 

months 

Placebo No background 

immunomodulator

y therapies were 

allowed

N=212

TCZ=105

PCB=107 

TCZ=67%

PCB=65%

difference in 

distribution of 

change from 

baseline to 

week 48 in 

FVC% 

predicted

(Key 

secondary 

outcome)

There was a shift in the 

distribution of change from 

baseline in FVC (%pred) at 

week 48 favoring TCZ (van 

Elteren nominal p=0.002 

versus placebo)

In patients with SSc ILD at 

baseline the LSM of FVC (% 

pred) change from baseline 

was -6.4 in the PCB group and 

0.1 in the TCZ with LSM 

difference between treatment 

groups of 6.5 (95%CI 3.4-9.5) 

p<0.0001. 

 

* on the Magnitude of Task component of the Mahler Baseline Dyspnea Index;

† a relative decline in the FVC of at least 10% of the predicted value, a relative decline in the FVC of 5% to less than 10% of the predicted

value and worsening of respiratory symptoms or an increased extent of fibrosis on high-resolution CT, or worsening of respiratory symptoms and an increased extent of fibrosis

‡ an increase of at least 3 on the modified Rodnan skin score at screening compared with the last visit within the previous 1–6 months or new-onset systemic sclerosis diagnosed 

within 1 year before screening, involvement of one new body area with an increase of modified Rodnan skin score of at least 2 or two new body areas with increase of at least 1, 

documentation of worsening of skin thickening in the previous 6 months, or at least one tendon friction rub plus at least one laboratory criterion (C-reactive protein ≥10.0 mg/L, 

erythrocyte sedimentation rate ≥28 mm/h, or platelets ≥330 000/μL)

MMF: mycophenolate mofetil; TCZ=tocilizumab; NINT=Nintedanib; SLS=Scleroderma Lung study; LSM=least square mean; ILD=Interstitial Lung Disease; dcSSc=diffuse 

cutaneous systemic sclerosis; FVC=forced vital capacity ;  DLco=diffusion capacity of the lungs for carbon monoxide; HRCT= high resolution computed tomography; QLF= 

quantification of lung fibrosis;  QILD=quantitative interstitial lung disease

CRP=C-reactive protein; GGO=ground glass opacities
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