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Abstract
Interstitial lung diseases (ILDs) associated with autoimmune 
or systemic disease are increasingly recognized and our 
pathophysiological understanding rapidly expanding. 
Treatment modalities, however, are still mainly driven by es-
tablished disease-modifying antirheumatic drugs (DMARDs) 
where, despite decades of experience of their use in the un-
derlying diseases such as rheumatoid arthritis, mostly ret-
rospective data exist informing their effect on the course  
of interstitial lung disease (ILD). In recent years, random- 
ized trials investigating the effects of biological DMARDs 
(bDMARDs) have been completed or are currently running, 
generating new treatment options for often relentlessly 
progressive diseases. Herein, we summarize the evidence 
and current use of both synthetic DMARDs and bDMARDs 
in the context of ILDs associated with autoimmune/system-
ic disease. © 2020 S. Karger AG, Basel

Introduction

Interstitial lung diseases (ILDs) comprise a spectrum 
of disorders driven by either inflammatory or fibrosing 
processes or a combination of both. Patients with idio-
pathic pulmonary fibrosis (IPF) [1] have been shown to 
respond adversely to immunosuppression in the land-
mark PANTHER trial [2], rendering immunosuppres-
sion contraindicated for IPF in the absence of acute exac-
erbations or inflammatory comorbidity [3]. A large pro-
portion of ILDs, on the other hand, present in the setting 
of either established autoimmune or connective tissue 
diseases (CTDs), such as systemic sclerosis (SSc), rheu-
matoid arthritis (RA), or idiopathic inflammatory myo-
sitis (IIM), in which therapy is primarily driven based on 
evidence of the respective underlying disease. Moreover, 
some patients with fibrotic lung diseases show evidence 
of autoimmunity (such as the presence of autoantibodies 
or clinical features) without fulfilling the diagnostic crite-
ria for a given rheumatological disorder. The latter group 
has been summarized under the umbrella term “intersti-
tial pneumonia with autoimmune features” (IPAF) to 
propel the research agenda for these undifferentiated 
forms of ILD and inform diagnostic and therapeutic im-
plications [4]. Other fibrotic lung diseases in which im-
munosuppressive treatment is widely used are hypersen-

From the Thematic Review Series: “Immunomodulation in Lung Dis-
eases” Series Editors: Marek Lommatzsch and Stephan F. van Eeden.

D
ow

nl
oa

de
d 

by
: 

K
un

gl
ig

a 
T

ek
ni

sk
a 

H
og

sk
ol

an
   

   
   

   
   

   
   

   
   

 
13

0.
23

7.
10

.1
09

 -
 1

/8
/2

02
1 

7:
19

:0
4 

A
M



Seeliger/PrasseRespiration 2020;99:819–829820
DOI: 10.1159/000511200

sitivity pneumonitis and sarcoidosis. The level of inflam-
matory processes may differ between the various diseases 
and also the level of immunocompetency to combat in-
fectious disease. Balanced and individualized treatment 
concepts are needed. Although large-scale studies in-
formed treatment guidelines for various systemic diseas-
es associated with ILD, little evidence exists regarding the 
impact of these therapies in the context of established 
ILDs other than SSc-ILD.

In 2014, a new classification of disease-modifying an-
tirheumatic drugs (DMARDs) was introduced [5]: syn-
thetic DMARDS (sDMARDs) were divided into those de-
veloped and applied without knowledge of the specific 
target (conventional sDMARDs, e.g., azathioprine or 
methotrexate (MTX)) and those which were developed 
using an a priori targeted approach (e.g., tofacitinib), 
termed targeted sDMARDS (tsDMARDs). Biological 
DMARDs on the other hand subsume agents directed at 
particular, well-defined molecules, making distinctions 
between the original substances (e.g., infliximab), termed 
biological originator DMARDS, and those that essential-
ly copy the structure of a parent originator compound, 
termed biosimilar DMARDs. In this review, we summa-
rize the evidence for sDMARDs or biological DMARDs 
currently in use (Table 1) or under investigation (Table 2) 
for CTD-ILDs, sarcoidosis, IPAF, and fibrosing chronic 
hypersensitivity pneumonitis.

Conventional sDMARDs

Azathioprine
Azathioprine is a nonselective agent which inhibits B-

cell and T-cell proliferation via blockage of purine syn-
thesis and DNA replication in lymphocytes [6]. Azathio-
prine is generally well tolerated with dose-dependent 
mainly transient adverse events occurring as nausea, di-
arrhea, or elevated liver enzymes. In combination with 
uric acid-lowering medication such as allopurinol or fe-
buxostat however, increased concentrations of the active 
metabolite 6-mercaptopurine can cause severe bone mar-
row suppression. Likewise, a low TPMT activity may re-
sult in similar adverse events, and some centers perform 
regular testing before initiation of azathioprine treatment 
[7, 8]. Usual doses implemented in studies range between 
2 and 2.5 mg/kg of body weight and are usually given at a 
dose of 150–200 mg/day. The PANTHER trial of 2012 
demonstrated increased mortality with its use in IPF [2], 
but in ILD associated with autoimmune diseases, it is one 
of the most commonly used steroid-sparing DMARDs. 

Although widely used, only limited data exist with regard 
to the therapy of ILD. Prospective trials were only per-
formed for the treatment of SSc. In a multicentric ran-
domized controlled trial (RCT) (FAST), 45 patients were 
assigned to receive induction therapy with cyclophospha-
mide (CYC) for 6 months followed by either azathioprine 
(2.5 mg/kg BW) or placebo [9]. The study showed a trend 
toward better maintenance of forced vital capacity (FVC) 
improvement following CYC, though not statistically sig-
nificant (p = 0.08) with overall good tolerability of aza-
thioprine. Another prospective (but open label) trial 
compared oral CYC versus azathioprine for early diffuse 
SSc in 60 patients but showed a significant decrease of 
FVC with azathioprine [10]. Since then, azathioprine has 
usually been evaluated as a maintenance therapy follow-
ing induction therapy with more potent immunosup-
pressants. Using such a protocol, a multicentric analysis 
showed improvement or stabilization of FVC in 52% of 
the patients [11]. Apart from SSc, azathioprine was retro-
spectively compared to mycophenolate mofetil (MMF) in 
a mixed CTD-ILD cohort including 97 patients [12] and 
IIM-associated ILD [13], demonstrating similar efficacy 
with regard to FVC stabilization, but an overall higher 
rate of adverse events with azathioprine. Another IIM-
associated ILD cohort found similar results compared to 
CYC and MMF but with the lowest toxicity for azathio-
prine [14]. For steroid-dependent sarcoidosis, azathio-
prine was compared to MTX in a large multicenter retro-
spective study including 200 patients (55 with azathio-
prine) and found similar steroid-sparing effects and 
improvement in FVC and forced expiratory volume in  
1 s (FEV1) [15]. Based on the prospective data available 
for SSc, azathioprine is considered as a steroid-sparing 
agent for SSc if MMF is not tolerated. Based on the evi-
dence from various retrospective studies, azathioprine 
can be used as a steroid-sparing agent in sarcoidosis, hy-
persensitivity pneumonitis, and fibrotic CTD-ILD in-
cluding systemic lupus erythematosus, mixed CTDs, 
Sjögren’s syndrome (SjS), IIM, and RA.

Methotrexate
MTX is an antifolate metabolite that exerts its anti-

inflammatory effects via a combination of suppression of 
transmethylation reactions, inhibition of purine and py-
rimidine synthesis, promotion of adenosine release with 
adenosine-mediated suppression of inflammation, and 
reduction of antigen-dependent T-cell proliferation [16]. 
MTX is associated with acute onset of ILD, and its his-
toric association with development of ILD in RA has cer-
tainly precluded it from prospective evaluation in many 
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Table 1. Overview of immunomodulating agents used for ILD

Agent Regimens Important reports [refs.] Current treatment option in ILD Routine monitoring/comment

Conventional sDMARDs
Azathioprine 2–2.5 mg/kg BW (max 

150–200 mg)
Multicentric RCT: [9] (FAST)
Prospective open-label: [10, 110]
Retrospective studies: [11–15, 111]

SSc-ILD
CTD-ILD (RA; IIM)
Sarcoidosis

CBC, Cr (BL), LFTs
TPMT genotyping at BL

MTX 10 mg once weekly p.o. or 
s.c. (max 15–20 mg)

Multicentric RCT [21]
Retrospective studies [15]

Sarcoidosis
RA-ILD

CBC, Cr, LFTs

Leflunomide 20 mg once daily p.o. 
(consider loading dose 100 
mg on 3 consecutive days)

Retrospective studies [25–27] Sarcoidosis
RA-ILD

Exclude latent TB
CBC, LFTs

Mycophenolate Twice daily with target 
dose 2,000–3,000 mg/day

Multicentric RCTs: [30, 32, 112] 
(SENSCIS; SLS II)
Retrospective studies: [12, 13,  
33–36, 113]

SSc-ILD
CTD-ILD (IIM)
Fibrotic chronic hypersensitivity 
pneumonitis

CBC, LFTs, Cr

CYC ≤2 mg/kg BW p.o. daily
0.6 g/m2 BS i.v. every 4 
weeks (6 cycles)

Multicentric RCTs: [30, 49, 114, 9] 
(SLS I, FAST, SLS II)
Prospective open label [69]
Retrospective studies [51–53]

SSc-ILD
Rapid-progressive IIM-ILD
AFOP
LIP in SjS-ILD
Rapid-progressive RA-ILD

CBC, urinalysis, Cr, electrolytes, 
leukocyte nadir, signs of cardiac 
toxicity, signs of hemorrhagic 
cystitis
Pneumocystis pneumonia 
prophylaxis

FK506 Twice daily p.o.; target 
trough levels initially 5–20 
μg/L, reduce to 5–8 μg/L

Retrospective studies [40–42] Rapid-progressive IIM-ILD CBC, LFTs, Cr, fasting glucose, 
lipids, electrolytes, trough levels
Pneumocystis prophylaxis 
recommended when used with 
second DMARD

CSA Twice daily p.o.; target 
trough level 100–200 μg/L

Prospective open label [46]
Retrospective studies [41–45]

Rapid-progressive IIM-ILD CBC, LFTs, Cr, fasting glucose, 
lipids, electrolytes, trough levels
Pneumocystis prophylaxis 
recommended when used with 
second DMARD

Targeted sDMARDs
Tofacitinib 5 mg twice daily per o.s. Prospective open label [61]

Retrospective studies [60, 63]
Anti-MDA5-DM-ILD
(Cutaneous) sarcoidosis

CBC, lipids, LFTs

bDMARDs
Tocilizumab 162 mg weekly s.c. Multicentric RCTs: faSScinate  

[89, 90]; Focused [91]
Retrospective studies [94]

SSc-ILD
RA-ILD

Exclude latent TB
CBC, LFTs, lipids
CRP not usable

Infliximab 3 or 5 mg/kg BW i.v. at 
weeks 0, 2, and 6; then 
every 6–8 weeks

Multicentric RCTs: [95, 115]
Retrospective studies [97]

Sarcoidosis Exclude latent TB and HBV
CBC, LFTs

Abatacept 10 mg/kg BW s.c. every  
4 weeks
125 mg s.c. weekly

Retrospective studies [104, 105] RA-ILD
Sarcoidosis
Inflammatory myositis-
associated ILD

Exclude latent TB and HBV
CBC, LFTs, Cr

RTX 1,000 mg i.v. at day 0 and 
day 14 and at 6 months

Single-center RCT [66]
Prospective open label [67, 73, 77]
Retrospective studies [71, 72, 78–
81, 83, 85]

CTD-ILD (SjS, RA-ILD, 
inflammatory myositis-
associated ILD, SSc)
CVID-ILD [65]
Chronic hypersensitivity 
pneumonitis

Exclude HBV
CBC, Cr
Immunoglobulin levels (IgM, 
IgG, IgA)
Pneumocystis prophylaxis 
recommended

BW, body weight; BS, body surface; CBC, complete blood count; CRP, C-reactive protein; CTD, connective tissue disease; FK506, tacrolimus; ILD, in-
terstitial lung disease; IIM, idiopathic inflammatory myositis; LIP, lymphocytic interstitial pneumonia; LFTs, liver function tests; HBC, hepatitis B virus; TB, 
tuberculosis; MDA, melanoma differentiation-associated gene; p.o., per os; RA, rheumatoid arthritis; RCT, randomized controlled trial; s.c., subcutane-
ously; SLS, Scleroderma Lung Study; SjS, Sjögren’s syndrome; SSc, systemic sclerosis; TPMT, thiopurine S-methyl transferase; sDMARDs, synthetic disease-
modifying antirheumatic drugs; bDMARDs, biological disease-modifying antirheumatic drugs; CYC, cyclophosphamide; CSA, cyclosporine A; RTX, ritux-
imab; MTX, methotrexate.
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forms of fibrotic ILD. Studies suggest that the risk for 
MTX pneumonitis is highest in the elderly, smokers, and 
individuals with pre-existing fibrotic lung lesions [17, 
18]. Current evidence suggests a falling rate of MTX-as-
sociated pneumonitis and that this may even delay the 
development of RA-ILD [19, 20]. MTX is considered the 
first-choice steroid-sparing second-line agent for steroid-
dependent sarcoidosis based on an RCT demonstrating 
the feasibility of faster steroid reduction with MTX than 
placebo with good tolerability [21]. It was compared to 
azathioprine in sarcoidosis retrospectively in the afore-
mentioned study [15]. MTX is usually commenced at a 
dose of 10 mg p.o. or s.c. once weekly with a maximum 
dose of 15–20 mg. Overall, MTX is the first choice sec-
ond-line agent for steroid-refractory or dependent sar-
coidosis [22].

Leflunomide
Leflunomide is an antilymphocyte agent and inhibits 

de novo synthesis of deoxyuridine monophosphate 
(dUMP) via inhibition of dihydroorotate dehydrogenase. 
Note that leflunomide is not considered a tsDMARD be-
cause its precise target of action only became known after 
its development and clinical application [5]. Leflunomide 
selectively suppresses lymphocyte responses in active T 
lymphocytes, where p53-mediated apoptosis is triggered 
in the absence of intracellular dUMP (but not in resting 
lymphocytes) [23]. Similarly to MTX, leflunomide has 
long been associated with pulmonary complications with 
its use in RA, but again recent data suggest no additional 
risk for ILD with leflunomide, although cases of acute 
pneumonitis rarely do occur [24]. In ILD, leflunomide is 
mostly used as a steroid-sparing agent [25, 26] but also 

showed similar efficacy to MTX in RA-ILD in one retro-
spective analysis [27]. Leflunomide is used orally 20 mg 
once daily, with some centers using loading doses of 100 
mg for the first 3 days [25]. The very limited available data 
suggest leflunomide can be used as second-line steroid-
sparing therapy in sarcoidosis if MTX and azathioprine 
are not tolerated [22], in RA-ILD and SjS, where current 
recommendations include leflunomide despite lacking 
dedicated evidence regarding its efficacy for SjS compli-
cated by ILD [28].

Mycophenolate Mofetil
MMF is an inhibitor of the de novo synthesis of gua-

nine nucleotides via inhibition of inosine monophos-
phate dehydrogenase, on which, in contrast to many oth-
er cell types, lymphocytes solely depend for synthesis of 
guanine nucleotides [29]. Notably, MMF is shown in vi-
tro and clinically to not only inhibit proliferation of lym-
phocytes but also fibroblasts in a dose-dependent fashion 
[29]. MMF has multiple side effects, but it most common-
ly causes gastrointestinal adverse events including diar-
rhea, nausea, and vomiting [29]. MMF efficacy in ILD, as 
with azathioprine and CYC, is best studied in SSc-ILD. In 
the Scleroderma Lung Study (SLS) II, 142 patients with 
SSc-ILD were randomized to receive MMF with a target 
dose of 1,500 mg twice daily or oral CYC (2 mg/kg BW 
per day) and demonstrated similar improvement in FVC, 
while fewer deaths and adverse events occurred in the 
MMF group [30]. Comparison of the pooled patients 
from the SLS I who received placebo and patients from 
the SLS II also showed FVC and diffusing capacity of the 
lungs for carbon monoxide (DLCO) improvement with 
MMF but not with placebo [31]. The recent multicenter 

Table 2. Currently recruiting RCTs in ILD investigating immunomodulating agents

Study acronym (NCT)/phase Indication Intervention Estimated 
enrollment

Estimated 
completion

Scleroderma Lung Study III 
(NCT03221257)/phase 2

SSc-ILD (FVC ≤85%) MMF (3,000 mg/d) + pirfenidone (3×801 
mg/d) versus MMF + placebo

150 March 2022

RECITAL (NCT01862926)/phase 2 
(RTX), phase 3 (CYC)

CTD-ILD (SSc, IIM, MCTD) RTX (1 g d1 + d15) versus CYC (600 mg/m2  
6 doses 4 weekly)

116 November 2021

EVER-ILD (NCT02990286)/phase 3 IPAF, CTD-ILD, or NSIP MMF (2 g/d) + RTX (1,000 mg d1 + d15) 
versus MMF + placebo

122 January 2021

ATtackMy-ILD (NCT03215927)/phase 2 IIM-associated ILD 
(antisynthetase syndrome)

Abatacept (125 mg weekly) versus placebo 20 May 2021

FVC, forced vital capacity; MCTD, mixed connective tissue disease; MMF, mycophenolate mofetil; RTX, rituximab; CYC, cyclophosphamide; SSc, sys-
temic sclerosis; CTD, connective tissue disease; IIM, idiopathic inflammatory myositis; IPAF, interstitial pneumonia with autoimmune features; NSIP, non-
specific interstitial pneumonia.
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RCT which evaluated nintedanib as an antifibrotic agent 
in SSc-ILD (SENSCIS) found that in both the nintedanib 
and placebo groups, FVC decline was significantly lower 
when patients additionally received MMF [32]. To evalu-
ate the true impact on SSc-ILD progression, the currently 
recruiting SLS III study compares the addition of pirfeni-
done or placebo to MMF therapy (NCT03221257). Out-
side SSc-ILD, MMF showed a stabilizing effect in mixed 
CTD-ILD cohorts [12, 33] and pulmonary function test 
(PFT) improvement in IIM-ILD [13] and chronic hyper-
sensitivity pneumonitis [34, 35]. In patients with IPAF, 
MMF treatment showed a trend toward slower DLCO 
and FVC decline than controls who did not receive MMF, 
but the effect was not statistically significant [36]. Extrap-
olating from the high-quality evidence from the SENSCIS 
and SLS II trials and its overall good safety profile, MMF 
has become widely used in fibrotic CTD-ILD, except for 
RA-ILD due to its lack of efficacy for arthritis [37], and 
may also be considered for fibrotic sarcoidosis and chron-
ic hypersensitivity pneumonitis [38].

Calcineurin Inhibitors (Tacrolimus and Cyclosporine A)
Both tacrolimus (FK506) and cyclosporine A (CSA) 

inhibit T cells via inhibition of calcineurin which down-
regulates IL-2-dependent T-cell differentiation [29]. 
Their use is best characterized and widely adopted for 
prevention of allograft rejection following solid organ 
transplantation, foremost heart and lung transplantation. 
Side effects occur in virtually all patients including those 
with renal toxicity, anemia, leukocytopenia, and infec-
tion, mandating close and rigorous dose adjustment by 
trough-level measurements. In ILD, both agents have 
been most rigorously studied in patients with inflamma-
tory myopathy-associated ILD and antisynthetase syn-
drome, especially in the setting of rapidly progressive ILD 
as salvage therapy with high short-term mortality [39]. 
Addition of calcineurin inhibitors (CNI) had a positive 
effect on PFTs [40–44] and survival [39, 45], all of which 
were retrospective and very heterogeneous concerning 
pace of ILD progression, reporting and type of antisyn-
thetase antibodies, and co-administration of other 
DMARDs. One prospective pilot study with 10 patients 
who had acute or subacute ILD associated with inflam-
matory myopathies used CSA along with high-dose pred-
nisolone and intravenous CYC, where the 3-month mor-
tality was 50% [46]. Its use is recommended for rapid pro-
gressive ILD with inflammatory myopathies refractory to 
CYC or rituximab (RTX) in recent ERS-issued recom-
mendations [47]. Target trough levels for FK506 in stud-
ies were 5–20 μg/L but should be reduced with response 

to 5–8 μg/L. Similarly, CSA target levels in studies were 
100–200 μg/L. Evidence restricts the use of calcineurin 
inhibitors to rapid progressive IIM-associated ILD usu-
ally as an add-on therapy to another DMARD such as 
MMF. In this context, tacrolimus is preferred, given its 
overall better safety profile, but should be discontinued 
with lack of evidence or stabilized disease. Some experts 
consider it primarily a rescue therapy in refractory dis-
ease following CYC or RTX [47].

Cyclophosphamide
Apart from steroids, CYC was the first cytotoxic agent 

used in the treatment of progressive ILDs. It is an alkylat-
ing agent which depletes lymphocytic activity in both pe-
ripheral and central lymphoid tissue, suppressing macro-
phage influx and activation because of limited formation 
of monocyte precursors. Both humoral and cell-mediated 
immune response are inhibited by CYC [48]. Of all con-
ventional agents discussed herein, CYC is one of the most 
potent but is also certainly associated with the most un-
favorable safety profile, commonly causing leukocytope-
nia and infections and also less commonly secondary sol-
id and hematological malignancy as well as gonadal fail-
ure [48]. In earlier studies, oral administration was the 
preferred route, but since it is associated with a higher 
cumulative dose and rate of adverse events, in ILD treat-
ment in Europe it is only rarely used orally today and in-
stead pulse-wise intravenously. CYC (orally 2 mg/kg BW) 
was first shown in the multicenter RCT (Scleroderma 
Lung Study I) to moderately improve pulmonary func-
tion in SSc-ILD compared to placebo over a study period 
of 6 months [49]. Following 6 months after discontinua-
tion of CYC, the positive effect on FVC was, however, lost 
[49]. In the same year, the FAST trial which compared 
prednisolone with intravenous CYC (0.6 g/m2 every 4 
weeks for 6 cycles) followed by azathioprine or placebo 
was published, reporting a statistically nonsignificant 
4.2% improvement in FVC in the treatment group [9]. 
These studies are still the basis for the current Grade A 
recommendation of the European League against Rheu-
matism (EULAR) for the use of CYC in SSc-ILD [50]. 
CYC was also retrospectively assessed in the treatment of 
rapid progressive nonspecific interstitial pneumonia 
(NSIP), where it led to disease stabilization [51], acute 
exacerbation of RA-ILD [52], and other miscellaneous 
progressive ILDs [53], where it was particularly effective 
in lymphocytic interstitial pneumonia and NSIP [53]. A 
recent meta-analysis reported overall improvement of 
FVC (but not DLCO) with CYC versus placebo in CTD-
ILD without demonstrating a clear benefit compared to 
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MMF [54]. In inflammatory myositis-associated ILD, 
CYC is usually considered for salvage therapy with only 
very small cohort studies or anecdotal reports indicating 
improvement in 50% of patients [39]. When given intra-
venously, the protocol used in the FAST trial (0.6 g/m2 of 
body surface every 4 weeks for 6 cycles [9]) is usually used 
with the co-administration of mesna. The same protocol 
is currently investigated versus RTX for CTD-ILD in the 
RECITAL trial [55]. Overall, CYC is one of the few con-
ventional agents with existing RCT data to inform treat-
ment. It is approved for therapy in SSc-ILD, but potential 
adverse events including solid and hematological malig-
nancy, severe infection, and gonadal failure limit its use 
in the often female and younger patient population with 
SSc [54, 56]. CYC is used for salvage therapy with CTD-
ILD, but its use must be weighed against potential impli-
cations for lung transplantation and risk of adverse events.

Targeted sDMARDs

Janus Kinase/Signal Transducer and Activator of 
Transcription Inhibitors
The Janus kinase (JAK)/signal transducer and activa-

tor of transcription (STAT) pathway is a central point of 
convergence of extracellular cytokine signaling to the cell 
nucleus and is involved in numerous immunological and 
autoimmune diseases [57]. In recent years, selective JAK-
1 and 2 inhibition has become approved for the treatment 
of several autoimmune diseases such as myelofibrosis, 
polycythemia vera, ulcerative colitis, and psoriatic arthri-
tis and RA [57]. The safety profile assessed in the ORAL 
sequel long-term extension study found serious adverse 
events in the form of infections in 9% (24% of which were 
pneumonia) and musculoskeletal and connective tissue 
disorders in 5.5% of patients [58]. For the treatment of 
ILD, it was evaluated as a salvage therapy in rapid pro-
gressive ILD associated with anti-MDA5-amyopathic 
dermatomyositis despite therapy with high-dose steroids, 
CSA, and CYC, with a historic mortality reported up to 
50% [59]. Based on a set of poor prognostic factors de-
rived from historic controls with a mortality of 100%, 3 of 
5 patients treated with tofacitinib (10 mg per day) sur-
vived and improved [60]. Encouraged by these data, a 
prospective single-center open-label study tested tofaci-
tinib in 18 patients with early anti-MDA5-ADM-ILD and 
reported a 6-month survival of 100% compared to 78% in 
historic controls receiving standard of care with accom-
panying improvement in FVC and DLCO [61]. Despite 
its widespread use in RA, to date only preliminary retro-

spective uncontrolled data of 15 patients report signifi-
cant improvement in DLCO and stabilization of fibrosis 
extent in high-resolution computed tomography at 12 
months [62]. The recently started randomized PULMO-
RA trial (NCT04311567) aims to evaluate the effects on 
ILD evolution in RA. In the light of early, yet promising 
reports of efficacy of tofacitinib in cutaneous sarcoidosis 
[63], a phase 1 study also aims to evaluate clinical re-
sponse and expression of STAT-dependent gene expres-
sion with tofacitinib in pulmonary sarcoidosis 
(NCT03793439). While the results from these studies are 
eagerly anticipated, tofacitinib may be considered for 
progressive anti-MDA5-ILD despite treatment with CYC 
or RTX.

Biological DMARDs

Rituximab
RTX is a monoclonal antibody directed against CD20 

which is expressed on pre-B and mature B lymphocytes 
and has been used for decades in a vast variety of autoim-
mune and hematological conditions with varying dosing 
and mode of application [64]. Treatment with RTX in-
duces B-cell depletion by multiple mechanisms, includ-
ing antibody-dependent cell-mediated toxicity, apopto-
sis, and complement-mediated cytotoxicity [65]. Al-
though it directly targets B cells, therapeutic effects on T 
cells have also been reported. RTX is FDA (USA Food and 
Drug Administration) approved for the treatment of RA 
and granulomatosis with polyangiitis, but off-label appli-
cation exists for practically every autoantibody-associat-
ed ILD. Only one single-center RCT has been completed 
and reported so far, including 16 patients with early SSc 
receiving RTX at a dose of 1,000 mg at day 0 and day 14 
and at month 6, demonstrating a statistically nonsignifi-
cant trend to improved FVC [66]. Two prospective un-
controlled open-label studies in diffuse SSc with a total of 
32 patients showed a favorable effect on FVC, either im-
proving or stabilizing [67, 68], and one open-label com-
parative study showed improvement of FVC with RTX 
but not with intravenous CYC [69]. The more recent 
study assessed the efficacy of RTX together with MMF 
and also demonstrated an improvement of computed to-
mography (CT) graphically assessed fibrosis extent [68]. 
Further retrospective studies with usually mixed cohorts 
of SSc patients with and without evident ILD uniformly 
report stabilization or improvement of PFTs in the ma-
jority of patients [70–72]. For RA-ILD, one prospective 
open-label trial used RTX together with MTX at a dose of 
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1,000 mg at day 0, day 15, week 24, and week 26 in a total 
of 10 patients, 7 of whom were evaluated at week 48, with 
stabilization of DLCO, FVC, and CT features of ILDs 
[73]. Retrospective reports also showed stabilization of 
PFTs [74] and most recently also in patients with progres-
sive RA-ILD before RTX, who then improved following 
treatment [75]. Overall, the presence of the NSIP pattern 
on CT and histopathology (with CD20+ lymphocytic in-
filtrates) seems to increase the likelihood of therapy re-
sponse, while the presence of usual interstitial pneumonia 
is correlated with poor response [74, 76]. The use of RTX 
was also described in patients with IIM associated with 
anti-tRNA-synthetase antibodies, often a rapid evolving 
and highly inflammatory condition: an open-label pro-
spective multicentric phase II study treated 12 patients 
with antisynthetase syndrome-associated ILDs who were 
refractory to steroids and ≥ DMARDs with RTX (1,000 
mg at day 0, day 15, and 6 months) with overall significant 
improvement in muscle strength, CK normalization, ste-
roid reduction, and stabilization or improvement in 90% 
of patients [77]. Comparably large multicentric retro-
spective studies focusing on antisynthetase syndrome 
with progressive ILD showed similar efficacy [78, 79]. Re-
sults from these trials have rendered RTX the drug of 
choice for refractory and progressive IIM-ILD (or anti-
synthetase syndrome). A separate retrospective trial for 
patients with primary SjS-associated ILD demonstrated 
significant improvement of FVC and DLCO in 10 pa-
tients [80]. With other retrospective studies in mixed 
CTD-ILD cohorts showing overall favorable effects on 
PFTs [80–85], results from two currently recruiting RCTs 
testing RTX versus intravenous CYC (RECITAL; 
NCT01862926) [55] and MMF plus RTX versus MMF 
plus placebo (EVER-ILD; NCT02990286) in CTD-ILD 
are eagerly awaited. RTX is associated with the occur-
rence of potentially lethal infections in these patients [79], 
and pneumocystis pneumonia prophylaxis is usually rec-
ommended, especially when also applied to other immu-
nosuppressive agents. In summary, RTX is considered 
the best therapeutic option in severe and rapidly evolving 
inflammatory ILDs associated with B-cell accumulation.

Tocilizumab
Tocilizumab is a humanized monoclonal antibody 

which acts as an IL-6 receptor antagonist. IL-6 is a pleio-
tropic pro-inflammatory cytokine involved in the patho-
genesis of RA but is also associated with ILD progression 
in SSc [86, 87]. Tocilizumab is widely used in and ap-
proved for the treatment of moderate to severe RA, sys-
temic juvenile idiopathic arthritis, and giant cell arteritis 

[88]. Two recent multicentric RCTs have evaluated tocili-
zumab in patients with SSc and a mean FVC and DLCO 
at baseline of >80% ofpredicted, where FVC loss was an 
exploratory endpoint. In the “faSScinate” trial, 87 pa-
tients were randomized and demonstrated an attenuated 
decline in FVC with a difference of 136 mL at week 24  
(p = 0.037) [89]. Similar effects were seen in the open-
label phase of the study in patients who switched from 
placebo to tocilizumab after week 48 [90]. In the prelimi-
nary results from the phase III “Focused” trial including 
212 patients, a significant reduction in FVC decline (−0.6 
vs. −3.9%) in favor of tocilizumab versus placebo was re-
ported [91]. Both studies recruited patients with early dis-
ease onset and also showed a significant effect of tocili-
zumab treatment (preserved FVC) in SSc patients who 
were not considered to be suffering from ILD at baseline. 
Both studies used tocilizumab subcutaneously at a dose 
of 162 mg weekly and reported serious infections in 16% 
under treatment versus 5% (placebo). Of note, CCL18 
levels, which are correlated with inflammatory activity 
and survival of SSc-ILD [92, 93], were significantly sup-
pressed in patients receiving tocilizumab [89]. While 
these data are promising with regard to prevention of 
progressive ILD in SSc, little to no data exist regarding the 
effect of tocilizumab on other clinically significant and 
progressive ILDs. One multicentric retrospective study in 
28 patients with RA-ILD who received at least one dose 
of tocilizumab reported the majority of patients had sta-
ble or improving FVC and DLCO (both 76%). Of interest, 
most of the patients recruited into this trial had early dis-
ease with a median baseline FVC of 99% [94]. In conclu-
sion, tocilizumab provides a promising treatment option 
for patients with SSc and potentially RA-ILD and might 
be effective particularly in early disease with higher levels 
of inflammatory activity. Given the widespread use of to-
cilizumab for RA, prospective studies are warranted to 
assess the true influence on ILD course and best timing.

Tumor Necrosis Factor-α Inhibitors
Tumor necrosis factor (TNF)-α is a key cytokine in 

the Th1 pathway eventually leading to granulomatous 
inflammation. The most applied TNF-α inhibitor in ILD 
is infliximab, which is administered intravenously with a 
dose of 3 or 5 mg per kg body weight at weeks 0, 2, and 6 
and every 4–8 weeks thereafter. The main area of appli-
cation is as off-label third-line therapy in steroid-depen-
dent pulmonary sarcoidosis, where it was evaluated in a 
randomized double-blind placebo-controlled trial with 
improvement in FVC in the infliximab group [95]. Inf-
liximab easily penetrates to the CNS, making it very ef-
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fective in neurosarcoidosis [96]. Infliximab is contrain-
dicated in severe heart failure, and infections occur in up 
to 36% of patients in a multicenter retrospective analysis 
[97]. Of note, infectious complications differ from other 
immunosuppressive therapies and are usually mild [98]. 
In particular, viral infections such as herpes zoster and 
warts are more common in patients treated with inflix-
imab [99]. There is an increased risk of activation of la-
tent tuberculosis, but this has been very rarely reported 
in sarcoidosis [98, 100]. Adalimumab, which is a fully 
human anti-TNF antibody, was also successfully evalu-
ated in an open-label trial with efficacy in 82% of patients 
in terms of improvement of FVC, 6-min walking test, 
and steroid-dose reduction [101]. Adalimumab is ad-
ministered subcutaneously usually at 40 mg weekly. The 
role of TNF-alpha blockade for other autoimmune ILDs 
is unclear, but a recent review regarding TNF-alpha 
blockade in RA-ILD showed high reporting of adverse 
events (87.5%) with a reported mortality rate of 35% and 
little evidence of potential benefits in this patient cohort 
in the absence of RCTs [102].

Abatacept
Abatacept belongs to the selective co-stimulation 

modulators as a recombinant fusion protein comprising 
the extracellular domain of human cytotoxic T lympho-
cyte-associated protein 4 which inhibits T-cell activa-
tion by specifically binding to CD80 and CD86 on anti-
gen-presenting cells [103]. It is approved for treatment 
of active RA. A first study to report retrospective multi-
centric registry data reported stabilization or improve-
ment of FVC and DLCO in >80% of 63 evaluated pa-
tients with RA-ILD treated with 10 mg per kg body 
weight on day 0 and day 15 and thereafter 4 weekly 
[104]. Seventeen percent of patients discontinued abata-
cept due to adverse events, including 3 with serious in-
fections. A recent retrospective cohort study with 44 pa-
tients in RA-ILD reported similar positive effects in 
PFTs with no severe adverse events [105]. Currently, 2 
prospective trials are in recruitment using abatacept: the 
APRIL trial (NCT03084419) assesses the course of PFTs 
in an open-label single-arm trial in patients with RA-
ILD as a feasibility trial to inform a larger study. The 
ATtackMy-ILD phase 2 study (NCT03215927) is a pla-
cebo-controlled randomized trial for myositis-associat-
ed ILD at a dose of 125 mg s.c. weekly. With the results 
from these trials still pending, abatacept is a promising 
agent in IIM-ILD and RA-ILD, but its effect on clinical 
and radiological subtypes, especially in the latter, re-
mains to be determined.

Conclusion

For many systemic diseases and especially in the context 
of CTDs, progressive ILD is still the main driver of mortal-
ity [106, 107]. Despite this negative prognostic implication, 
the majority of evidence to inform treatment decisions is 
based on retrospective or small prospective studies [56]. 
Currently recruiting studies (Table 2) will shed light on new 
treatment modalities, hopefully leading to approval of these 
agents by the authorities and improved long-term out-
comes. A variety of immunomodulatory agents are current-
ly under investigation for IPF which have not yet been ap-
proved for CTDs, but which are reviewed elsewhere [108], 
are beyond the scope of this article. In the light of emerging 
evidence for efficacy of antifibrotic drugs in autoimmune 
disease-associated ILD [109], further research to inform 
choice of treatment modality regarding anti-inflammatory 
or antifibrotic drugs or both is urgently warranted.
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