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Background. Connective tissue disease-associated interstitial lung disease (CTD-ILD) that progresses despite first-line immunosuppressive 
therapy is a clinical challenge. Rituximab (RTX) is a chimeric monoclonal antibody targeted to CD20+ B cells, resulting in B-cell depletion, 
and has been used as a salvage therapeutic modality in severe disease.
Objectives. To investigate the therapeutic effects and safety of RTX in patients with severe CTD-ILD.
Methods. A retrospective observational analysis of patients with severe CTD-ILD treated with salvage RTX therapy and various combinations 
of immunomodulatory therapy at Wits Donald Gordon Medical Centre, Johannesburg, South Africa, between January 2010 and December 
2020 was performed. A total of 19 patients with progressive CTD-ILD, sufficient data, and 24-month follow-up were analysed. The effects 
of adding salvage RTX to standard drug therapy were investigated with serial pulmonary function testing, high-resolution computed 
tomography (HRCT) of the chest, and World Health Organization functional class (FC) assessment.
Results. At 24-month follow-up from baseline, there was no significant deterioration in forced vital capacity (0.01 L; 95% CI –0.13 - 0.14) 
(p=0.91) after commencing RTX salvage therapy. Serial HRCT of the chest showed radiological disease stability or improvement in 13 of the 
19 patients (68%). FC assessment showed no significant deterioration compared with baseline (p=0.083). No serious adverse drug reactions 
or deaths were recorded.
Conclusion. Salvage RTX therapy, in combination with various immunomodulatory treatments, resulted in disease stability in the majority 
of patients with severe CTD-ILD over a 24-month period.
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Connective tissue disease-associated interstitial lung disease 
(CTD‑ILD) is a complex and heterogeneous clinical entity, associated 
with significant morbidity and mortality.[1] Anti-inflammatory 
and immunomodulatory therapy has remained the cornerstone of 
treatment and highlights the immunological dysfunction critical to 
the underlying pathophysiology of the disease. Rituximab (RTX) is a 
chimeric monoclonal antibody targeted to CD20+ B cells, resulting in 
B-cell depletion.[2] On-label use of RTX in connective tissue disease 
(CTD) not responding to first-line disease-modifying antirheumatic 

drugs is currently limited to rheumatoid arthritis (RA), granulomatosis 
with polyangiitis, and microscopic polyangiitis.[3,4] However, RTX has 
been utilised as salvage therapy in refractory or severe CTD-ILD and 
has been shown to improve outcomes in observational studies.[5]

Severe CTD-ILD may manifest with progressive disease despite 
maximal conventional first-line therapy, such as corticosteroids 
and other immunosuppressives, and is associated with increased 
morbidity and mortality. Pulmonary antifibrotic drugs, the use and 
efficacy of which were originally studied in idiopathic pulmonary 
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fibrosis,[6] are reserved for patients with established and progressive 
pulmonary fibrosis.[7,8] Lung transplantation remains an option in a 
minority of patients. However, advanced multisystem disease, lack of 
organ availability, and a paucity of local transplant centres severely 
limit this therapeutic option. Data on specific predictors of prognosis 
and mortality in progressive CTD-ILD are limited.[9]

The use of RTX in CTD-ILD has evolved over the past decade.[5,10-

12] Its use, albeit limited by small studies and off-label use, has shown 
potential as a feasible treatment option in slowing disease progression. 
Although conventional immunosuppressive drugs have remained the 
cornerstone of care in CTD-ILD, certain subgroups may require novel 
drugs as salvage therapy.

This retrospective case series analyses 19 patients with refractory 
CTD-ILD over a 24-month period after the first dose of RTX. All 
patients were treated at Wits Donald Gordon Medical Centre 
(WDGMC), Johannesburg, South Africa, between January 2010 
and December 2020. The response to RTX was measured by serial 
pulmonary function testing (PFT), high-resolution computed 
tomography (HRCT) of the chest, and World Health Organization 
(WHO) functional class (FC) assessment.[13]

Methods
We performed a retrospective review of a patient database managed 
at a multidisciplinary clinic at WDGMC comprising pulmonologists, 
rheumatologists and radiologists. Among 50 patients treated with 
RTX between January 2010 and December 2020, 19 patients with 
progressive CTD-ILD, 24-month follow-up and complete data were 
identified. All the patients were aged ≥18 years, had a diagnosis of 
CTD-ILD made by a multidisciplinary team (MDT) consensus based 
on standardised criteria (European Alliance of Associations for 
Rheumatology (EULAR)/American College of Rheumatology (ACR)
[14]), and had received at least one dose of RTX.

PFTs included the forced vital capacity (FVC) and diffusion capacity 
for carbon monoxide (DLCO). Data were collected at baseline prior to 
RTX therapy, and at regular intervals up to 24 months from initiation 
of RTX therapy.

The chest HRCT findings were standardised based on radiological 
criteria of CTD-ILD and MDT consensus. The radiological interstitial 
lung disease (ILD) subtypes were described prior to RTX therapy 
and at 6 - 12-monthly intervals up to 24 months. A qualitative visual 
descriptive assessment was performed based on an MDT discussion, 
and the terms ‘stabilisation’, ‘improvement’ or ‘progression’ of ILD 
based on HRCT findings were used. Baseline HRCT images were 
compared with follow-up images side by side, noting identical 
anatomical slices. Stabilisation of disease was defined as no change 
in the severity of fibrosis and/or ground-glass opacities compared 
with baseline HRCT. Progression of disease was defined as increasing 
fibrosis and/or worsening ground-glass opacities compared with 
baseline HRCT. Semi-quantitative and quantitative scoring systems 
were not utilised.[15]

A subjective patient functional assessment was performed based on 
the World Health Organization FC assessment (I - IV).[13] Values were 
recorded at baseline and then at 12 and 24 months, FC I indicating 
no limitation of ordinary physical activity, FC II slight limitation or 
breathlessness on ordinary physical activity, FC III marked limitation 

on ordinary physical activity, and FC IV discomfort or breathlessness 
at rest.

Statistical analysis included the extent of the change in PFT outcome 
from baseline to 24-month follow-up by repeated measures one-way 
analysis of variance (ANOVA). The change in FC from baseline to 
24-month follow-up was determined by the Stuart-Maxwell test for 
paired categorical data. HRCT findings of the chest could not be 
analysed statistically owing to limited data points. Data analysis was 
carried out using SAS version 9.4 for Windows (SAS Institute, USA). 
A 5% significance level was used.

Ethical considerations
Ethics approval was granted by the University of the Witwatersrand 
Human Research Ethics Committee (ref. no. M220104).

Results
Nineteen patients, with a median age of 54 years (range 22 - 77), 
were included during the period January 2010 - December 2020. The 

Table 1. Baseline demographics (N=19) 
Characteristic n (%)*
Age (baseline) (years)

Median (IQR) 54 (40 - 60)
Range 22 - 77

Gender
Female 14 (74)
Male 5 (26)

CTD profile
RA 9 (47)
SSc 4 (21)
SLE 3 (16)
ASS 1 (5)
DM 1 (5)
Mixed CTD 1 (5)

Antibody profile, n
ANA titre 1:80 1 (centromere 1)
ANA titre 1:160 4 (centromere 1, homogeneous 1, 

speckled 2)
ANA titre 1:320 2 (centromere 1, speckled 1)
ANA titre 1:640 3 (homogeneous 1, nucleolar 2)
ANA titre 1:1 280 1 (speckled 1)
ANA titre 1:2 560 3 (nucleolar 1, speckled 2)
RF 11
Anti-CCP 4
Anti-centromere 2
Anti-Ro-SSA 2
Anti-SCL-70 2
Anti-JO-1 1

IQR = interquartile range; CTD = connective tissue disease; RA = rheumatoid arthritis;  
SSc = systemic sclerosis; SLE = systemic lupus erythematosus; ASS = anti-synthetase syndrome; 
DM = dermatomyositis; ANA = antinuclear antibody; RF = rheumatoid factor;  
anti-CCP = anti-cyclic citrullinated peptide; anti-ro-SSA = anti-Sjögren’s-syndrome-related 
antigen A; anti-SCL-70 = anti-topoisomerase I antibody; anti-JO-1 = anti-histidyl tRNA 
synthetase.
*Except where otherwise indicated.
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patients’ CTD diagnosis and ILD pattern were 
determined by an MDT consensus based on 
standardised international criteria (EULAR/
ACR). Baseline demographics and disease 
profile were recorded (Table 1).

Pre-rituximab therapy
Immunosuppressive therapy administered 
prior to and concurrent with RTX was 
recorded and compared (Fig. 1). All patients 
received corticosteroids, as well as initial 
induction therapy with cyclophosphamide, 
mycophenolate mofetil, or both. Various 
immunosuppressive drug combinations were 
used according to the patients’ underlying CTD.

Decision to treat with rituximab
The addition of RTX was based on clinical, 
radiological and biochemical factors 
indicating disease progression despite first-
line induction immunosuppressive therapy. 
These factors included clinical disease 
progression as well as objective measures 

such as PFT indices and HRCT findings. 
Despite a paucity of pre-RTX data owing to 
patients being referred from other centres, 
the baseline indices of the cohort were 
comparable to those observed in other 
studies.[10,11] The MDT decision to initiate 
RTX therapy also took into account limited 
published evidence at the time regarding the 
use of RTX, its availability and safety profile, 
the need for additional therapeutic modalities, 
and the risks of long-term corticosteroid and 
cyclophosphamide exposure.

Drug administration
RTX administration was in accordance with 
the registered product information for RA. A 
dose of 1 000 mg is given intravenously and 
then repeated after 2 weeks.[4,16] This dosing 
protocol was repeated at 6-monthly intervals. 
The degree of B-cell depletion was monitored 
using a high-sensitivity flow cytometry 
technique. Over the 24-month period, 16 of 
the 19 patients (84%) received all scheduled 

doses (eight doses totalling 8 g), 1 patient 
received six doses (total of 6 g), and 2 patients 
received four doses (total of 4 g).

Post-rituximab treatment course

Pulmonary function testing
Serial spirometry findings were analysed for 
all 19 patients. At the 6-month follow-up from 
baseline (Table 2), the mean change in FVC 
was not significantly different from baseline 
values (p=0.41). At the 24-month follow-up 
from baseline (Table  2), the mean change 
in FVC was again not significantly different 
from baseline values (p=0.91). Owing to 
incomplete data, DLCO values could not be 
analysed statistically. The available PFT data 
were plotted throughout the RTX therapy 
study period (Figs 2 and 3).

High-resolution computed tomography of the 
chest
Interstitial lung disease patterns of the 
19-patient cohort were described by 
radiological criteria as per the official European 
Respiratory Society/American Thoracic 
Society research statement.[17] Open lung 
biopsy was not performed owing to the high 
surgical risk in patients with progressive ILD. 
Baseline HRCT patterns were reported in all 
patients: 15 patients (79%) had a radiological 
pattern consistent with nonspecific interstitial 
pneumonia (NSIP), and 4 (21%) a pattern 
consistent with usual interstitial pneumonia 
(UIP). During RTX therapy, serial HRCT scans 
of the chest were performed in all 19 patients 
and radiological changes were documented. 
Owing to missing data and the small sample 
size, statistical analysis was not feasible. The 
radiological changes of ILD were described 
as improvement, stability or progression of 
disease by a single radiologist with experience 
in CTD-ILD (Fig. 4).[15]

Functional class assessment
Serial FC changes using the WHO 
classification were assessed in all 19 patients. 
FC did not differ significantly from baseline 
to 24 months (p=0.083) (Fig. 5).
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Fig. 1. Drug therapy prior to and concurrent with RTX. (RTX = rituximab.)

Table 2. Disease parameters, baseline and at 6- and 12-month follow-up

PFT index
Baseline, median (IQR);  
range

6-month follow-up,  
mean change (95% CI)

24-month follow-up,  
mean change (95% CI)

FVC (L) 2.2 (1.4 - 2.8); 0.52 - 3.6 0.09 (–0.14 - 0.32) 0.01 (–0.13 - 0.14)

PFT = pulmonary function test; IQR = interquartile range; CI = confidence interval; FVC = forced vital capacity.
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Adverse events
No significant or life-threatening adverse 
events related to drug therapy were recorded. 
There were no patient deaths during the study 
period.

Discussion
ILD remains a common and important 
manifestation of CTDs and is associated with 
significant morbidity and mortality.[2] Early 
identification of CTD-ILD has pertinent 
clinical implications regarding therapeutic 
modalities. The presence of ILD in CTD is an 
independent factor associated with decreased 

survival, with 5-year mortality rates exceeding 
10% (10 - 39%).[18-20] Parameters utilised 
to assess the response to therapy include 
PFT, HRCT of the chest, FC and clinical 
symptoms. The primary goal of treatment 
in this clinical scenario is to halt disease 
progression, preserve pulmonary function, 
and prevent associated complications and 
mortality. Current first-line therapies consist 
of corticosteroids and immunomodulatory 
drugs such as azathioprine, mycophenolate 
mofetil and cyclophosphamide.[19] The 
underlying dysregulated immune response 
to host tissue highlights how modulation 

of autoimmunity remains key to disease  
control.[20] RTX, a chimeric monoclonal 
antibody targeted to CD20+ B cells, results 
in B-cell depletion,[3] causing a decrease 
in humoral-mediated autoimmunity and 
associated tissue damage.[21]

We report our experience of RTX use in 
CTD-ILD in a patient cohort at WDGMC, 
adding to the limited data available on its use 
in our geographical setting. Data emerging 
during the preceding decade have highlighted 
RTX as a potential drug choice in severe or 
refractory CTD-ILD. A retrospective analysis 
by Keir et al.[5] in 2012 concluded that 7 out 
of their 8-patient cohort showed a favourable 
response to RTX. More recent evidence from 
Atienza-Mateo et al.[11] concluded that RTX 
constitutes a promising therapeutic option to 
preserve lung function in patients with CTD-
ILD, regardless of their underlying pattern 
of CTD or radiological profile. The Recital 
trial published in 2023 compared RTX with 
cyclophosphamide as induction therapy in 
patients with CTD-ILD and demonstrated 
non-superiority of RTX, although RTX was 
associated with fewer adverse events.[12]

Our cohort of patients had varied CTD 
profiles, with RA being the most common 
diagnosis (n=9). As a whole, the patient 
cohort had significantly impaired baseline 
indices despite prior treatment with first-line 
therapies, with values comparable to other 
studies.[10,11] All patients had received at least 
four other immunosuppressive drugs prior to 
the decision to start RTX. The majority of our 
patients achieved disease stability of severe 
CTD-ILD, which is considered a positive 
response to treatment in this challenging 
clinical scenario. The progressive decline in 
pulmonary function stabilised, with a mean 
decrease in FVC from baseline of 0.01 L (95% 
CI –0.13 - 0.14) at the 24-month follow-up.

Radiological features of CTD-ILD can be 
assessed qualitatively. In the present study, 
we relied on visual descriptive changes of ILD 
on HRCT interpreted by a single experienced 
radiologist. HRCT findings were used in 
combination with other clinical parameters 
to assess the course of disease. At 24 months’ 
follow-up, 17 patients had HRCTs available 
for review. Of these, 13 were interpreted as 
disease stability, 3 showed disease progression, 
and 1 showed improvement. Most of the 
benefit appeared to be in the radiological 
NSIP group, with progressive disease seen in 
3 of the 4 patients with radiological UIP.
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The WHO FC assessment (I - IV) for 
effort tolerance was utilised as a subjective 
measure of functional impairment. Results 
were varied, with some patients reporting 
symptomatic improvement while others had 
progressive functional impairment. Overall, 
FC did not show significant worsening from 
baseline to 24 months’ follow-up (p=0.083).

Another important aspect of our study was 
the analysis of immunosuppressive drug use 
prior to and concurrent with RTX treatment. 
RTX therapy was associated with use of fewer 

concurrent drugs, possibly mitigating other 
drug-related adverse events.

Limitations of our study include the 
small sample size, a single-centre cohort 
of patients, limited statistically significant 
findings and subgroup analysis, the absence 
of histological diagnosis, lack of a control 
group, non-standardised immunosuppressive 
drug therapies, and the retrospective design 
of the study. Insufficient pre-RTX data points 
also prevented plotting of the trend of clinical 
decline prior to RTX use. Despite these 

limitations, our study suggests that RTX is a 
promising therapeutic option in a challenging 
patient population, with stabilisation of FVC 
decline and functional impairment. Our data 
add to the growing pool of evidence that RTX 
can be considered in progressive CTD-ILD, 
with an acceptable safety profile.

Conclusion
We report our experience of RTX in 
severe and progressive CTD-ILD at our 
centre. The addition of RTX to first-line 
immunosuppressive therapy as a salvage 
therapeutic modality may result in disease 
stability as measured by radiological changes, 
PFT and subjective measures of disease 
severity. Further studies are required to 
investigate the role of RTX as a therapeutic 
option in the challenging clinical scenario of 
severe CTD-ILD.

Declaration. The research for this study was done 
in partial fulfilment of the requirements for UFS’s 
MMed (Int Med) degree at the University of the 
Witwatersrand.
Acknowledgements. We thank the WDGMC 
Research Office and its staff, DGMC Radiology, 
Dr Sue Tager, and the patients under the care of 
the attending physicians.
Author contributions. UFS collected and collated 
data, drew up the protocol and manuscript. GKS 
served as the primary supervisor and manuscript 
editor. GKS and BC provided the data set. PEB 
reported the HRCT scans and assisted with the 
interpretation of radiological data. PG assisted 
with data interpretation, statistical analyses, and 
preparation of the figures.
Funding. None.
Conflicts of interest. None.

1.	 Oliveira RP, Ribeiro R, Melo L, Grima B, Oliveira 
S, Alves JD. Connective tissue disease-associated 
interstitial lung disease. Pulmonology 2022;28(2):113-
118. https://doi.org/10.1016/j.pulmoe.2020.01.004

2.	 Reff ME, Carner K, Chambers KS, et al. Depletion of B 
cells in vivo by a chimeric mouse human monoclonal 
antibody to CD20. Blood 1994;83(2):435-445.

3.	 Smolen JS, Landewé RBM, Bergstra SA, et al. EULAR 
recommendations for the management of rheumatoid 
arthritis with synthetic and biological disease-
modifying antirheumatic drugs: 2022 update. Ann 
Rheum Dis 2023;82(1):3-18. https://doi.org/10.1136/
ard-2022-223356

4.	 South African Health Products Regulatory 
Authority. Mabthera (rituximab), proposed package 
insert. https://www.sahpra.org.za/wp-content/
uploads/2020/02/MabThera_PI_Roche-Products_
MCC-format-02-October-2015.pdf (accessed 20 
September 2021).

Time of assessment

Baseline

Pa
tie

nt
s, 

%

100

90

80

70

60

50

40

30

20

10

0
12m 24m

FC class IV FC class III FC class II

Fig. 5. FC assessment over time (24 months). (FC = functional class.)

Improvement

Stable

Progressed

6m

00
00

NSIP  UIP

12m

Time of assessment

24m

Ti
m

e 
of

 a
ss

es
sm

en
t

Fig.  4. Chest HRCT changes over time (24 months). (HRCT = high-resolution computed 
tomography; NSIP = nonspecific interstitial pneumonia; UIP = usual interstitial pneumonia.)

https://doi.org/10.1016/j.pulmoe.2020.01.004
https://doi.org/10.1136/ard-2022-223356
https://doi.org/10.1136/ard-2022-223356
https://www.sahpra.org.za/wp-content/uploads/2020/02/MabThera_PI_Roche-Products_MCC-format-02-October-2015.pdf
https://www.sahpra.org.za/wp-content/uploads/2020/02/MabThera_PI_Roche-Products_MCC-format-02-October-2015.pdf
https://www.sahpra.org.za/wp-content/uploads/2020/02/MabThera_PI_Roche-Products_MCC-format-02-October-2015.pdf


AJTCCM  VOL. 30  NO. 3  2024   91

ORIGINAL RESEARCH: ARTICLES

5.	 Keir GJ, Maher TM, Hansell DM, et al. Severe interstitial lung disease in connective 
tissue disease: Rituximab as rescue therapy. Eur Respir J 2012;40(3):641-648. https://
doi.org/10.1183/09031936.00163911

6.	 Raghu G, Collard HR, Egan JJ, et al. An official ATS/ERS/JRS/ALAT statement: Idiopathic 
pulmonary fibrosis: Evidence-based guidelines for diagnosis and management. Am J 
Respir Crit Care Med 2011;183(6):788-824. https://doi.org/10.1164/rccm.2009-040GL

7.	 Behr J, Prasse A, Kreuter M, et al. Pirfenidone in patients with progressive fibrotic 
interstitial lung diseases other than idiopathic pulmonary fibrosis (RELIEF): A double-
blind, randomised, placebo-controlled, phase 2b trial. Lancet Respir Med 2021;9(5):476-
486. https://doi.org/10.1016/S2213-2600(20)30554-3

8.	 Wells AU, Flaherty KR, Brown KK, et al. Nintedanib in patients with progressive fibrosing 
interstitial lung diseases – subgroup analyses by interstitial lung disease diagnosis in the 
INBUILD trial: A randomised, double-blind, placebo-controlled, parallel-group trial. 
Lancet Respir Med 2020;8(5):453-460. https://doi.org/10.1016/S2213-2600(20)30036-9

9.	 Weill D. Lung transplantation: Indications and contraindications. J Thorac Dis 
2018;10(7):4574-4587. https://doi.org/10.21037/jtd.2018.06.141

10.	 Sharp C, McCabe M, Dodds N, et al. Rituximab in autoimmune connective tissue 
disease-associated interstitial lung disease. Rheumatology (Oxford) 2016;55(7):1318-
1324. https://doi.org/10.1093/rheumatology/kew195

11.	 Atienza-Mateo B, Remuzgo-Martínez S, Prieto-Peña D, et al. Rituximab in the treatment 
of interstitial lung disease associated with autoimmune diseases: Experience from a 
single referral center and literature review. J Clin Med 2020;9(10):3070. https://doi.
org/10.3390/jcm9103070

12.	 Maher TM, Tudor VA, Saunders P, et al. Rituximab versus intravenous cyclophosphamide 
in patients with connective tissue disease-associated interstitial lung disease in the UK 
(RECITAL): A double-blind, double-dummy, randomised, controlled, phase 2b trial. 
Lancet Respir Med 2023;11(1):45-54. https://doi.org/10.1016/S2213-2600(22)00359-9

13.	 Barst RJ, McGoon M, Torbicki A, et  al. Diagnosis and differential assessment of 
pulmonary arterial hypertension. J Am Coll Cardiol 2004;43(12 Suppl S):40S-47S. 
https://doi.org/10.1016/j.jacc.2004.02.032

14.	 European Alliance of Associations for Rheumatology (EULAR). EULAR 
recommendations: EULAR/ACR collaborative projects. https://www.eular.org/
recommendations-eular-acr (accessed July 2023).

15.	 Rajan SK, Cottin V, Dhar R, et  al. Progressive pulmonary fibrosis: An expert 
group consensus statement. Eur Respir J 2023;61(3):2103187. https://doi.
org/10.1183/13993003.03187-2021

16.	 Roche Pharma. MabThera/Rituxin (rituximab). 2021. https://www.roche.com/
products/product-details.htm?productId=b0eb216f-addf-4ed1-b01e-0b12fe0b1ef6 
(accessed 20 September 2021).

17.	 Fischer A, Antoniou KM, Brown KK, et  al. An official European Respiratory 
Society/American Thoracic Society research statement: Interstitial pneumonia 
with autoimmune features. Eur Respir J 2015;46(4):976-987. https://doi.
org/10.1183/13993003.00150-2015

18.	 Fischer A, Distler J. Progressive fibrosing interstitial lung disease associated with 
systemic autoimmune diseases. Clin Rheumatol 2019;38(10):2673-2681. https://doi.
org/10.1007/s10067-019-04720-0

19.	 Hyldgaard C, Hilberg O, Pedersen AB, et  al. A population-based cohort study 
of rheumatoid arthritis-associated interstitial lung disease: Comorbidity and 
mortality. Ann Rheum Dis 2017;76(10):1700-1706. https://doi.org/10.1136/
annrheumdis-2017-211138

20.	 Bouros D, Wells AU, Nicholson AG, et  al. Histopathologic subsets of fibrosing 
alveolitis in patients with systemic sclerosis and their relationship to outcome. Am J 
Respir Crit Care Med 2002;165(12):1581-1586. https://doi.org/10.1164/rccm.2106012

21.	 Vij R, Strek ME. Diagnosis and treatment of connective tissue disease-associated 
interstitial lung disease. Chest 2013;143(3):814-824. https://doi.org/10.1378/
chest.12-0741

Received 23 August 2023. Accepted 14 June 2024. Published 11 October 2024.

https://doi.org/10.1183/09031936.00163911
https://doi.org/10.1183/09031936.00163911
https://doi.org/10.1164/rccm.2009-040GL
https://doi.org/10.1016/S2213-2600(20)30554-3
https://doi.org/10.1016/S2213-2600(20)30036-9
https://doi.org/10.21037/jtd.2018.06.141
https://doi.org/10.1093/rheumatology/kew195
https://doi.org/10.3390/jcm9103070
https://doi.org/10.3390/jcm9103070
https://doi.org/10.1016/S2213-2600(22)00359-9
https://doi.org/10.1016/j.jacc.2004.02.032
https://www.eular.org/recommendations-eular-acr
https://www.eular.org/recommendations-eular-acr
https://doi.org/10.1183/13993003.03187-2021
https://doi.org/10.1183/13993003.03187-2021
https://www.roche.com/products/product-details.htm?productId=b0eb216f-addf-4ed1-b01e-0b12fe0b1ef6
https://www.roche.com/products/product-details.htm?productId=b0eb216f-addf-4ed1-b01e-0b12fe0b1ef6
https://doi.org/10.1183/13993003.00150-2015
https://doi.org/10.1183/13993003.00150-2015
https://doi.org/10.1007/s10067-019-04720-0
https://doi.org/10.1007/s10067-019-04720-0
https://doi.org/10.1136/annrheumdis-2017-211138
https://doi.org/10.1136/annrheumdis-2017-211138
https://doi.org/10.1164/rccm.2106012
https://doi.org/10.1378/chest.12-0741
https://doi.org/10.1378/chest.12-0741

