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Summary  
Objective. Interstitial lung disease (ILD) is rare, but it is one of the most frequent extra-articular 
manifestations and a relevant cause of morbidity and mortality in rheumatoid arthritis (RA). Over the 
past few years, Janus kinase inhibitors (JAKis) have been reported to have promising efficacy in the 
treatment of active RA, but recent concerns have been raised about their safety profile, namely 
malignancy and cardiovascular disease, limiting their use to certain patient categories. 
Methods. The objective of this narrative review is to summarize the current evidence of the efficacy and 
safety of JAKis in RA-ILD management, investigating a possible emerging role for this drug class in 
such subset of patients. 
Results. Current studies focusing on JAKis in RA-ILD are scarce, but they globally report an overall 
stabilization of respiratory symptoms, functional data, and radiographic extension of ILD. In some 
cohorts, JAKis determined even an encouraging improvement in lung disease, and few reports presented 
good tolerability of JAKis in combination with antifibrotics. Concerning the safety profile, no significant 
increased risk of pulmonary infection has been reported. 
Conclusions. Thus far, evidence regarding the role of JAKis in the treatment of RA-ILD remains 
relatively limited, and additional prospective studies are needed to better understand the place of JAKis, 
if any, in preventing/stabilizing ILD in RA patients. 
 



Introduction 
Rheumatoid arthritis (RA) is a systemic immune-mediated inflammatory disease, which primarily 
manifests as a symmetric erosive polyarthritis. Extra-articular manifestations may occur, with lung 
involvement being one of the most common, including rheumatoid nodules, parenchymal disease, 
pleuritis, bronchiectasia, and, less frequently pulmonary vascular disease [vasculitis and pulmonary 
hypertension (PAH)] (1).  
Among pulmonary complications, interstitial lung disease (ILD) is one of the most frequent (2). Although 
cardiac disease is the first cause of RA-related mortality, pulmonary disease is also a considerable 
contributor, responsible for ∼10-20% of all-cause deaths (3). People affected by RA have a three- to 
four-fold increased risk of ILD compared with the general population (4). 
The prevalence of ILD among patients with RA has shown great variability in prior studies, ranging from 
1 to 58% depending on the methodology and definitions used (e.g., clinically significant or asymptomatic 
pre-clinical ILD, radiographic-only signs) (5-7). 
ILD is more frequently observed in elderly people, especially over 70 years of age, as well as in male 
and seropositive RA (3, 8-10), along with a history of or current smoking, high RA disease activity (e.g., 
Clinical Disease Activity Index >10), and family history of RA-ILD (11). 
Patients with RA-ILD commonly report nonspecific respiratory symptoms, such as dry cough and 
exertional dyspnea (12). Optimal screening, diagnostic, and treatment approaches for RA-associated 
pulmonary disease are still lacking, and so far, there are only a few international guidelines concerning 
the treatment of RA-ILD. The only available evidence derives from observational studies, and up to date, 
no clinical trial has been completed on this topic. The British Thoracic Society in 2008 first proposed 
guidelines for RA-ILD (13). In them, the first-line treatment of RA-ILD involved the use of prednisone 
0.5 mg/kg/day, subsequently tapered, and possibly combined with disease-modifying antirheumatic 
drugs (DMARDs), such as cyclosporine, azathioprine, and cyclophosphamide. Nevertheless, the latter 
DMARDs do not provide effective management of the articular symptoms, when compared with other 
drugs, such as methotrexate (MTX) or biological DMARDs (bDMARDs). Similar therapeutic 
indications derive from the more recent ACR 2023 ILD Clinical Practice Guidelines (14), concerning 
more the treatment of ILD than that of RA-ILD, which should consider also articular symptoms. The 
Spanish Guidelines of 2022, contemplate the use of MTX on an individual basis, and of rituximab or 
abatacept considering both articular or pulmonary involvement (15). However, currently, no guidelines 
mention any preferable agent to effectively manage both pulmonary and articular diseases together. 
To date, targeted synthetics DMARDs (tsDMARDs), Janus kinase inhibitors (JAKis), namely baricitinib, 
tofacitinib, filgotinib, upadacitinib and peficitinib (only in Japan) have been licensed for RA management 
(16, 17). Despite the rapid onset of action on the articular disease with prompt clinical benefit, concerns 
about the side-effects emerged (e.g., cytopenia, increased risk of infections, remarkably reactivation of 
herpes zoster, hypercholesterolemia, increased rates of thromboembolic events, risk of malignancies and 
cardiovascular events) along with a paucity of long-term safety data, especially for the most recently 
available JAKis. Such adverse effects led on September 2021, the US Food and Drug Administration 
(FDA) issuing a Drug Safety Communication regarding the use of tofacitinib and two other JAKis, 
upadacitinib and baricitinib, both approved for RA treatment by the FDA and the European Medicines 
Agency (EMA) (18). On January 2023, the EMA Pharmacovigilance Risk Assessment Committee 
recommended JAKis employment only if no suitable treatment alternatives are available in patients aged 
65 years or above, those at increased risk of major cardiovascular events, such as heart attack or stroke, 
those who smoke or have been a smoker for a long time in the past, and those at increased risk of 
malignancies (19). 
Whether or not JAKis are safe or may even slow or reverse RA-ILD is not yet known, but few data 
support JAK inhibition in preventing or treating such conditions. The aim of this narrative review is to 
elucidate the impact of JAK inhibition on patients with RA-ILD. 



 

 

 
Methods 
A broad search of the literature up to 29th February 2024 was conducted on different electronic platforms: 
PubMed, Embase, Scopus, and Cochrane Library. JAKi, baricitinib, filgotinib, tofacitinib, upadacitinib, 
ILD, RA, and their respective MESH terms were used as keywords. Records were imported into a 
bibliographic management software (EndNote) and articles appearing in more than one database were 
considered only once.  
Articles were organized by topic and synthesized, covering three content categories: i) efficacy of JAKis 
in RA-ILD; ii) safety and pulmonary side effects of JAKis; iii) JAKis prescription in RA-ILD, drug 
retention rate and incident rates of ILD during treatment. 
Data from selected papers were extracted. Figure 1 summarizes the methodology of the screening 
process: 30 articles were critically reviewed and included, and search strategies were adopted complying 
with recommendations for narrative reviews (20). 
In Supplementary Table 1 we summarize the key findings of the main articles examined and in Figure 2, 
the main JAK/signal transducer and activator of transcription activation and downstream signaling 
pathways in ILD. 
 
Efficacy of Janus kinase inhibitors in rheumatoid arthritis associated with interstitial lung disease 
Despite the widespread employment of JAKis in recent years for the management of RA, to date only a 
few observational studies and case series reported data on ILD courses in patients using these drugs.  
All JAKis licensed in RA were represented in our literature search. 
Significant stabilization of respiratory symptoms (in terms of dyspnea and dry cough) (21, 22), fibrosis 
extent at high-resolution computed tomography (HRCT) (23-27), and pulmonary function tests (PFTs) 
were recorded (21, 24, 26, 28, 29). Some patients even experienced improvement of PFTs (24, 26, 30), 
and of HRCT scan repeated during follow-up monitoring (with a reduction in size and density of ground 
glass findings, nodules and/or abnormal interstitial areas) (24, 31, 32). 
Few papers reported occasionally PFTs and HRCT worsening at re-assessment (21, 24, 25), but only two 
records reported the ILD pattern in patients experiencing radiological worsening during follow-up: in the 
first one (patients treated with baricitinib and tofacitinib), a worsened HRCT occurred in two patients 
with usual interstitial pneumonia (UIP) and two presenting nonspecific interstitial pneumonia pattern 
(24); in the other paper (patients treated with tofacitinib only), ILD worsening appeared in a UIP pattern 
patient (21). No other study provided data on lung radiological features in patients who experienced ILD 
worsening while taking JAKis, which is a relevant limit, since different RA-ILD patterns may present 
different responses to therapy. 
Another not trivial aspect concerns the definition of ILD worsening/improvement in the selected papers, 
which is defined only in a few publications. In one study, the “worsened” group included patients with 
pulmonary fibrosis’ progression ≥15%, the “improved” group encompassed patients with pulmonary 
fibrosis’ reduction ≥15% and the “stable” group patients showing progression or reduction of fibrosis 
<15% at HRCT revaluation (25). In another study, at PFTs, FVC was defined as “stable” if lung function 
improvement or deterioration was less than 20%, “improved” with ≥ 20% increase; “worsened” for >20% 
deterioration. Concerning diffusing capacity of the lung for carbon monoxid (DLCO), an improvement 
or deterioration of 15% classified patients as ILD improving or worsening, respectively (24). The lack 
of standardized definitions of worsening or improving ILD in the majority of current publications makes 
it difficult to extrapolate robust conclusions. 
Peculiarly, lung improvement may be observed even in patients with no known diagnosis of ILD. One 
retrospective study analyzed the effectiveness of baricitinib therapy (4 mg daily, in combination or not 
with other DMARDs) in 15 RA patients, among which 4 RA-ILD patients (27%), demonstrating a 
significant increase in DLCO and diffusion coefficient percentages at 6-months follow up compared to 



 

baseline values not only in RA-ILD patients, but also in RA patients without ILD history (30). On a 
speculative basis, based on these findings, we could assume that JAKis may ameliorate lung homeostasis 
and function even in asymptomatic patients and subclinical RA-ILD, but further studies are needed to 
better clarify this assumption.  
Only one study effectively investigated the difference between monotherapy and combination therapy in 
RA-ILD management, showing no improvement nor deterioration at both HRCT and PFTs between 
MTX plus JAKi combination therapy and patients taking JAK inhibitor monotherapy (24).  
Only two studies investigated JAKis effects in comparison with other drugs (abatacept) in RA-ILD 
treatment (25, 27), observing similar rates of functional improvement, in the absence of imaging 
worsening.  
To our knowledge, no evidence on coadministration of antifibrotics (nintedanib and pirfenidone) and 
JAKis in RA-ILD currently exists. Antifibrotic drugs could offer a valid therapeutic chance in 
progressive RA-ILD as adjunctive therapy to DMARDs (33). However, they could lead to additional 
side effects (e.g., liver toxicity and diarrhea), potentially reducing adherence to DMARDs and even 
JAKis, a not trivial aspect. In fact, joint disease activity control is not a negligible point since, as reported, 
worst clinimetric indexes may correlate with worst ILD outcomes: Citera et al. demonstrated that for 
every 1-unit increase in Disease Activity Score-28 with Erythrocyte Sedimentation Rate (DAS28-ESR), 
patients were 1.3 times more likely to experience an ILD event (34).  
According to the emerging need for well-designed, randomized controlled trials (RCTs) of JAKis in RA-
ILD patients, currently two prospective interventional trials of tofacitinib have been launched and are 
presently recruiting: PULMORA (effects of tofacitinib vs. MTX on RA-ILD; ClinicalTrials.gov 
identifier: NCT004311567) and RAILDTo (Tofacitinib in the treatment of RA -related ILD; 
ClinicalTrials.gov identifier: NCT005246293) (35, 36).  
 
Safety and pulmonary side effects of Janus kinase inhibitors 
Abatacept and other bDMARDs, such as rituximab and tocilizumab, have demonstrated reasonable 
efficacy in slowing RA-ILD progression (37-39), but rituximab and tocilizumab present a higher 
infectious risk compared with abatacept; in particular the risk associated with rituximab raises concerns 
about its use in ILD patients (40).  
Little is known about the pulmonary safety of JAKis in RA-ILD (34, 41-50), since observational studies 
and RCTs lack enrollment of patients with pre-existing ILD. Rates of serious infections are higher in 
patients with ILD vs. those without ILD (34, 51). This aspect requires careful management, but emerging 
data emphasize the advantage of managing RA-ILD employing JAKis in the event of infectious 
complications due to their short half-life (28).  
Comprehensively, the literature has not demonstrated any significant concern regarding the respiratory 
safety of JAKis. No particular concern about pneumonia emerged (41, 44, 45, 47, 48), even in the Indian 
population, which accounts for 23% of the global burden of pneumonia (52). Only one systematic review 
and meta-analysis reported an increased risk of non-opportunistic respiratory infections among JAKis 
compared with placebo (41).  
In the ORAL Surveillance trial (44), pneumonia occurred in 6.5% of the tofacitinib group 5 mg twice 
daily, 6.9% in the tofacitinib group 10 mg twice daily, 5.4% in the tumor necrosis factor inhibitors 
(TNFis) group (with no difference among TNFis drugs), without statistical significance.  
Another key aspect is the risk of lung cancer in ILD patients. A higher risk of lung cancer has been 
observed in connective tissue disease-associated interstitial lung disease (CTD-ILD) compared to non-
CTD-ILD, with an overall incidence of lung cancer of 165.7 and 161.8 per 10,000 person-years in CTD-
ILD and ILD-only, respectively (53).  
In the ORAL Surveillance trial, tofacitinib was associated with a higher risk of malignancy, and in a 
post-hoc analysis, the most frequently reported malignancy was lung cancer (54), an aspect which advises 



 

 

caution in JAKis utilization. The risk appeared higher with tofacitinib 10 mg twice daily vs. TNFi but 
not with the authorized 5 mg two times daily dose (54). 
In our literature search, only three papers reported data on lung neoplasia in RA general population, but 
not in ILD-RA patients (41, 46, 48).  
One study of a 3-year post-marketing experience with tofacitinib reported cases of lung neoplasia 
(0.18%) during follow-up (46). Contrariwise, no significant risk of lung neoplasm was observed in the 
meta-analysis of Khoo et al. (41). 
Additionally, we found no study addressing PAH in RA-ILD patients treated with JAKis. This is a critical 
point since PAH could be secondary to ILD and may be associated with worse ILD outcomes; thus, both 
conditions should deserve awareness by clinicians. 
A recent pharmacovigilance analysis investigated the risk of PAH associated with protein kinase 
inhibitors, but the analysis focussed on dasatinib, bosutinib, ponatinib, ruxolitinib and nilotinib, 
disregarding JAKis licensed in rheumatology practice (55). This study raises potential warnings in PAH 
induction by the protein kinases family (55).  
Of importance, most of the marketed JAKis are eliminated via the cytochrome P450 enzymatic complex 
(56). This can lead to drug-to-drug interactions that need to be taken into consideration, especially when 
concomitant nintedanib use occurs (57). In contrast to other JAKis, baricitinib is mainly cleared by renal 
elimination through glomerular filtration and active secretion via transporters (58), bypassing 
cytochrome P450 concerns. 
 
Janus kinase inhibitors prescription in rheumatoid arthritis associated with interstitial lung 
disease, drug retention rate, and incident rates of interstitial lung disease during treatment 
In this section, we have evaluated JAKis prescription and retention rates in RA-ILD patients (8, 59, 60); 
moreover, we have evaluated the incident rate of ILD during JAKi treatment (8, 34, 42, 61-63). 
For this purpose, all RA-licensed JAKis except filgotinib are represented in our literature search. 
The association between RA-ILD and the use of csDMARDs, bDMARDs and tsDMARDs remains 
unclear and which b/tsDMARD is safer also remains elusive (64-66). No robust data exist on tsDMARDs 
prescription in RA-ILD (8, 59), and presumably one of the problems is older age since it is enumerated 
among the risk factors for ILD. 
A recent post-hoc analysis of Citera et al. (34), concerning tofacitinib, showed that out of a cohort of 
7061 patients, 0.6% presented an ILD event, a percentage stable over time and associated with known 
risk factors for ILD in RA (e.g., age ≥65 years, smoking habit and DAS28-ESR score). The rate of ILD 
events showed no dose-dependent association and it was not influenced by monotherapy or combination 
therapy. Similar data were shown for baricitinib, documenting a low risk of developing ILD during 
treatment (42). Notably, few studies proved a lower risk of ILD under tofacitinib compared to other drugs 
during follow-up observation (61, 63). Noteworthy, no study in our literature search proved an increased 
risk of ILD under JAKi treatment in RA.  
Drug retention rate, evaluated as the time until definitive treatment interruption, is one of the most 
important criteria for judging treatment effectiveness and safety. In a study by Kalyoncu et al. (21), RA 
patients with and without ILD did not differ in terms of retention rate of tofacitinib (p=0.21). A good 
persistence rate even with baricitinib was observed in a small retrospective search (23).  
Supplementary Table 2 summarizes the main findings of the retrieved articles.  
 
Conclusions  
ILD significantly impacts therapeutic options, quality of life, morbidity, and mortality of RA patients. 
Thus, RA-ILD treatment is a challenging issue, and yet little evidence is available. To the best of our 
knowledge, there are no studies addressing the efficacy and safety issues of JAKi treatment in RA-ILD 
patients. Monotherapy administration and short half-life in patients with recurrent infections are 



 

important aspects to consider as potentially advantageous in the RA-ILD population. At the same time, 
worries about adverse events must be solved. 
The current work sought to collect presently available data in this research field, suggesting a relevant 
unmet area of research, to ensure a better management of RA-ILD patients. 
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Figure 1. Flow diagram describing the inclusion decision of papers for this review. 
 
 



 

 

 
Figure 2. Janus kinase (JAK)/signal transducer and activator of transcription (STAT) signaling 
pathways in ILDs, leading to pro-inflammatory and pro-fibrotic microenvironments. JAK/STAT 
pathways employs second messengers to transfer extracellular information to the nucleus in order 
to catalyze gene expression and cellular responses. JAK are four intracellular tyrosine kinases 
(JAK1, JAK2, JAK3, TYK2). The biological effects of interleukin (IL)-4, IL-6, IL-13, other 
proinflammatory mediators, such as tumor necrosis factor-α (TNFα) and interferon-γ, and growth 
factor, namely Transforming growth factor β are mediated through JAK/STAT pathways, many 
of which have pivotal functions in lung homeostasis. Here are the different JAKs and STATs 
modulating both pro-inflammatory M1 macrophages and profibrotic M2 macrophages in ILDs. 
The image was created with BioRender (accessed on 17 March 2024). CD206, cluster of 
differentiation 206; CXCL10, CXC motif chemokine 10; IFN-γ, interferon-γ; IL, interleukin; JAK, 
Janus tyrosine kinase; PPAR-γ, platelet-derived growth factor-BB human; STAT, signal 
transducers and activators of transcription; TGF-β, transforming growth factor β; TNF-α, tumor 
necrosis factor. 
 
 
 
 


