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Abstract

Objective: Lung nodules (LNs) impose diagnostic and therapeutic challenges in patients with rheuma-
toid arthritis (RA) due to unpredictable outcomes. Potential induction of nodulosis with the use of con-
ventional synthetic DMARDs (csDMARD) and lack of knowledge regarding the effect of biologic
disease-modifying anti-rheumatic drugs (bDMARDs)/tofacitinib on the LN raise concerns and have an
impact on treatment decisions. This study aims to evaluate the possible effects of the bDMARDs/tofa-
citinib and csDMARDS on LNs observed in RA patients.

Methods: Electronic health records of RA patients who had LNs detected on computed tomography
(CT) between January 2015 and December 2020 were evaluated retrospectively. Patients with follow-
up CT images were included in the study. Baseline and follow-up images were meticulously examined
for the number, size, attenuation, and cavity formation. Clinical, histopathologic, and laboratory find-
ings were analyzed.

Results: Forty-two RA patients with LNs were studied, 21 were on bDMARDs/tofacitinib (11 females,
mean age: 59.7 £ 84) and 21 were on csDMARD:s (12 females, mean age: 714 =% 8.3). The proportion
of patients with progressed nodules during follow-up was comparable between groups (six patients
in bDMARDs/tofacitinib vs seven patients in csDMARDs). Progression of LNs was observed in six
patients in the bDMARDs/tofacitinib group: three in anti-TNFe;, two in rituximab, and one in abatacept
users and none in tofacitinib users.

Conclusion: Our results suggest that the risk of progression in LNs in RA patients with use of
bDMARDs/tofacitinib might not impose a higher risk compared to csDMARDs. Moreover, bDMARDs/
tofacitinib might result in regression in LNs.

Keywords: Rheumatoid arthritis, disease-modifying anti-rheumatic drugs (DMARDs), biologic, tofaciti-
nib, nodule, lung

Introduction

Rheumatoid arthritis (RA) is a chronic inflammatory disease with articular and extra-articular manifesta-
tions. RA may affect any anatomical part of the lung with a reported prevalence of 10%-20%." Interstitial
lung disease (ILD), pleural effusions, and rheumatoid pulmonary nodules are the most common lung
involvements that cause significant morbidity and mortality in RA patients. RA is the most common dis-
ease associated with nodule formation amongst rheumatic diseases. Pulmonary rheumatoid nodules are
usually asymptomatic which tend to involve the subpleural areas and fissures, ranging from a few milli-
meters to centimeters in size.* Neoplastic and infectious conditions are the main differential diagnoses
to be ruled out with pertinent methods. Histopathologic investigation confirms the diagnosis which typi-
cally shows a central zone of fibrinoid necrosis surrounded by palisading histiocytes.*”

Older age, male gender, positive rheumatoid factor (RF), smoking, long disease duration, certain RA medi-
cations, and comorbid diseases are associated factors with nodule formation and progression. Most pul-
monary nodules in RA patients are diagnosed incidentally on computed tomography (CT) performed for
lung cancer screening or ILD. Chest X-ray, thorax CT, positron emission tomography (PET) and bronchos-
copy are commonly employed tools in the diagnosis and follow-up of lung nodules (LNs). According to
CT findings, nodules are classified into three main categories based on their attenuation, i.e., ground glass,
solid and cavitary nodules. Rheumatoid LNs are mostly multiple, with being solid or subsolid but up to
50% of them cavitate and may be accompanied by pleural effusion and ILD.° Rheumatoid LNs are usually
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asymptomatic and, in most cases, do not
require specific treatment, however, complica-
tions may develop such as pneumothorax,
hydropneumothorax and bronchopleural fis-
tula that require treatment.

Although nodule formation is a well-known
complication of RA and rheumatoid LN may
appear and evolve or regress without any rela-
tion to the activity of arthritis, certain
csDMARDs  (methotrexate, leflunomide) or
tumor necrosis factor-alpha (TNF-o) antagonists
are accused of nodule formation. However,
temporal changes in preexisted nodule charac-
teristics with the use of biologic DMARDs
(bDMARDs; anti-TNFe, rituximab, abatacept)
and tofacitinib are not adequately studied.”® In
a study, it was reported that rituximab, which
causes B cell depletion, benefited as a decrease
in the size and number of pulmonary rheuma-
toid nodules” In another study, it was deter-
mined that disease-modifying antirheumatic
drugs (DMARDs) including methotrexate and
anti-TNF-alpha inhibitors caused an increase in
pulmonary nodules, but the outcome of nod-
ules with treatment discontinuation/switch is
not clearly reported® Concemns about the
potential adverse effects of bDMARDs on the
risk of progression or malignant transformation
of pulmonary nodules continue to influence
therapeutic decisions. To the best of our knowl-
edge, the risk associated with some of biolog-
ics, such as tofacitinib, has not been previously
reported. Hence, we aimed to investigate LNs
in RA patients and temporal changes in nodule
characteristics while on bDMARDs/tofacitinib
or csDMARDs.

Methods

Patient selection and the study protocol

Patients diagnosed with RA according to the
2010 American College of Rheumatology/
European League Against Rheumatism classifi-
cation criteria were included in the study.
Electronic health records of RA patients who
had an LN detected on CT between January
2015 and December 2020 were evaluated
retrospectively.

e Risk of progression in lung nodules in
RA patients receiving biologic treat-
ments is low.

e Malignant transformation seems to be
low in rheumatoid LN with biologic
treatments in short term.

e Regression of lung nodules seems to be
more frequent in bDMARD users, espe-
cially with the use of tofacitinib.

.
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Figure 1. (A-1, A-2) Chest high-resolution CT showing, newly formed cavitary nodule in left lung
fields after anti-TNF treatment (white arrows), 19 months apart. (B-1, B-2) Computed tomography
image showing a decrease in the size of the cavitary nodule after tofacitinib treatment (B-1; baseline
image, B-2 follow-up image, 10 months apart [white arrows]). (C1-C2) White arrows (C-1; baseline
image, C-2 follow-up image, 60 months apart) indicate that the nodule was stabilized with rituximab

treatment.

Age, sex, smoking, occupation, RA duration,
disease activity score 28-CRP (DAS28-CRP),
extraarticular involvements, serologic test
results, histopathologic  results, use of
bDMARDs/tofacitinib and c¢sDMARDs  were
obtained from medical records. Patients were
separated into two groups as bDMARDs/tofa-
citinib and csDMARDs. Patients who received
complex treatment regimens, inconsistent ste-
roid doses, and uncompliant to treatments
during their LN follow-up were excluded from
the study LNs monitoring was performed by
the Chest Diseases Department according to
the Fleischner Society guidelines. Patients
with follow-up CT obtained within <3 months
and those with a history of malignancy were
excluded from the study. Solid nodules less
than 6 mm do not require follow-up CT in
low-risk patients, due to their <1% risk of
malignant transformation as per Fleischner
guideline” therefore these patients were also
excluded from the study. Patients with >
6 mm size of LNs, thus had a follow-up CT
were included in the study. All patients with
suspicion of malignant nodules by clinical and

radiographic ~ features  underwent  trans-
bronchial or trans-thoracic biopsy. Pulmonary
tuberculosis or fungal infections were investi-
gated properly by microbiologic examinations
(acid-fast bacilli smear, methenamine silver,
periodic  acid-Schiff staining, culture) and
molecular testing (nucleic acid amplification)
of sputum, bronchoalveolar lavage, or tissue
biopsies.

In this study, follow-up duration was defined
as the elapsed time between baseline and last
follow-up thorax CT. The nodule progression
was defined as >20% growth or new nodule
formation and cavitary transformation in pre-
existing nodule. In patients with both solid and
cavitary nodules, the transformation from solid
to cavitary nodule was considered as a more
important criterion for progression rather than
an increase in the number and diameter of
solid nodules. In multiple nodules, the largest
nodule was considered. The nodule regression
was defined as the reduction of >30% in
nodule size or disappearance of at least one
nodule.'® The stable nodule was defined as the
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Table 1. Demographic and Nodule Characteristics of the Study Patients

Variable c¢sDMARDs, n = 21 bDMARDs/Tofacitinib, n = 21 P

Age, years, mean (SD) 714 +83 59.7 = 8.4 <.01
Gender, (F/M) 1110 12/9 .75
Follow up duration, months, median (IQR) 14 (11-24) 12 (7-22) .35
Disease duration, months, median (IQR) 60 (48-132) 108 (72-144) .07
RF, IU/mL, median (IQR) 46 (25-71) 70 (21-526) 37
Anti-CCP, median (IQR) 194(117-809) 838 (328-1000) .021
Smoking, n (%) 9(42.9) 11(52.4) .76
Evidence of ILD, n (%) 0 9(42.9) <.01
Pleural effusion, n (%) 2(9.5) 3(14.3) .59
Patients with solid nodules, n (%) 19 (90.5) 17 (81) .84
Patients with cavitary nodules, n (%) 4(19) 8(38.1) 33
Patients with GG nodules, n (%) 3(14.2) 1(4.8) .61

Patients with calcific nodules, n (%) 0 3(14.2) .28

bDMARDs, biologic DMARDs; csDMARDs, conventional synthetic DMARDs; anti-CCP, anticitrullinated protein antibodies; F, female; GG, ground glass; ILD, interstitial lung disease; M, Male; RF, rheumatoid factor;

SD, standard deviation.

changes in nodule size between a reduction of
<30% and a growth of <20% (Figure 1). The
study was approved by the local ethics com-
mittee (Approval no. 2020-164) and the ethics
committee  waived the requirement for
informed consent from the study participants.

Computer tomography

CT exams were performed with a 192-channel
CT scanner or a 64 slice multidetector CT in
the supine position with breath-holding. Scan-
ning parameters were as follows: Slice thick-
ness in range 1 and 5 mm, peak kilovoltage of
120-140 in range, and a minimum tube cur-
rent of 45mA. Images were transferred to a
dedicated workstation, and re-reading of the
scans was carried out by a radiologist with
more than 10years of experience in thoracic
imaging. The number and size (long axis in
millimeters) of the nodules were determined
[concordance correlation of the reader 0.998
and reproducibility standard deviation (SD) <
0.001].

Statistical analysis

Categorical variables were given as numbers
and percentages, and continuous variables
were presented with their mean * SD or
median (minimum-maximum) for descriptive
analysis. Chi-Square (or Fisher exact test if the
expected value for each cell is less than 5) and
McNemar tests were used for the comparison
of categorical variables between groups. The
conformity of continuous variables to normal
distribution was assessed using visual (histo-
gram and probability graphs) and analytical
methods (Kolmogorov-Smirnov/Shapiro-Wilk
tests). If variables were normally distributed
Student's t test was used, if not, Mann-
Whitney U test was used for comparison of

data sets. All test were two-sided and P values
<.05 was considered statistically significant.

Results

Clinical characteristics of the patients are
given in Table 1. Forty-two patients with RA
were enrolled, 21 patients (12 females and 9
males, mean age: 59.7 * 84) were on
bDMARDs/tofacitinib  and 21 were on
csDMARDs (11 females and 10 males, mean
age: 714 = 83). csDMARD group was signifi-
cantly older compared to bDMARDs/tofaciti-
nib group (P < .01). Rheumatoid factor (RF)
and anticitrullinated protein antibodies (CCP)
were positive in all patients. None of the
patients using csDMARDs had ILD. Pleural
effusion and ILD were seen in three and nine
patients using bDMARDs/tofacitinib, respec-
tively. Follow-up duration (elapsed time
between baseline and follow-up CT) was 12
(4-60) months for bDMARDs/tofacitinib group
and 14 (5-55) months for csDMARD group.

Used bDMARDs/tofacitinib were anti-TNFe in
8, tofacitinib in 7, rituximab in 4, and abata-
cept in two patients. Nodules were multiple in
12 patients and solitary in 9 patients in
bDMARDs/tofacitinib group. Other details of
nodule characteristics of patients receiving
bDMARDs/tofacitinib are presented in Table 2.
Among bDMARD/tofacitinib group, progres-
sion in nodules was observed in six patients:
three were on anti-TNFe, two on rituximab,
and one on abatacept. Interestingly, none of
the patients who received tofacitinib had pro-
gression. csDMARDs used were methotrexate
in 9 and leflunomide in 12 patients (Table 3).
Nodules were multiple in 10 patients and soli-
tary in 11 patients. Among csDMARDs group,
progression in nodules was observed seven

patients. None of the nodules in either group
showed malignant transformation within the
reported observation period.

At baseline, csDMARDs users had 72 solid and
10 cavitary nodules while bDMARD users had
54 solid and 16 cavitary nodules (Table 4).
Follow-up CTs revealed 87 solid and 17 cavitary
nodules in csDMARD group; 43 solid and 23
cavitary nodules in bDMARDs/tofacitinib group.
Proportion of progression in solid nodules were
more common in csDMARDs users compared
to bDMARDs/tofacitinib users (76.4% vs 27.8%,
p < 0.01, Table 5). However, the progression of
cavitary nodules was similar in both groups.
Follow-up CTs revealed that 10 solid nodules
(13.8%), but none of the cavitary nodules
regressed or completely diminished with
csDMARDs, whereas 26 solid nodules (48.1%, 14
completely diminished, 12 regressed) and eight
(42.8%, 3 completely diminished, 5 regressed)
cavitary nodules revealed regression with
bDMARDs/tofacitinib. Newly formed solid nod-
ules were also more common in the csDMARDs
compared to bDMARDs/tofacitinib  group
(36.1% vs 13%, P = .04). However, the propor-
tion of newly formed cavitary nodules were
found similar in both groups.

Discussion

In the present study, we investigated type,
number, and sizes of pulmonary nodules
observed in RA patients and their temporal
change with respect to treatment modality.
To the best of our knowledge, this is the larg-
est study investigating the outcome of pul-
monary nodules with biologic treatments.

Age, smoking history, clinical features, dura-
tion of RA, seropositivity, high disease activity,

77
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Table 2. Demographic and Nodule Characteristics of Patients with Pulmonary Nodules Who Were on bDMARDs/Tofacitinib

Age, Sex, Follow-up Pretreatment Nodule Post-treatment Nodule Progression/
Smoking bDMARDs/  Background Duration, Characteristics, Number, Characteristics, Number, Regression/
No. Status Tofacitinib ~ Medication Months Type, Max Diameter Type, Max Diameter Stable
1 56, 3, FS TOF MTX 10 months 10xS (214 mm) 4xS (98 mm) Regression
7xC (213 mm) 5xC (913 mm)
2 68, ¢, CS TOF LEF, CS* 4 months 7xS (214 mm) 2xS (28 mm) Regression
2xC (216 mm) 2xC(218 mm)
3 7,9, NS TOF LEF 4 months 1xS (27 mm) 0 Regression
4 61, 3, CS RTX - 21 months 1xS (214 mm) 1xS (23 mm) Regression
5 , &, CS RTX - 25 months 12xS (217 mm) 6xS (213 mm) Progression
1xCalcific (a7 mm) 1xCalcific (7 mm)
4xC (2 14 mm)
6 57, 3, CS aTNF MTX 19 months -1xC (225 mm) 1xS (29 mm) Progression
2xC (926 mm)
7 64, 2, NS aTNF - 4 months 5xS (210 mm) 9xS (212 mm) Progression
1xC (210 mm) 1xC (29 mm)
8 61, 3, CS aTNF MTX, CS* 10 months 1xS (27 mm) 1xS (210 mm) Progression
1xCalcific (¢6 mm) 1xCalcific (26 mm)
9 67, 3, CS RTX MTX 24 months 1xC (221 mm) 5xC (824 mm) Progression
10 53,2, CS ABT - 16 months 3xS (211 mm) 5xS (210 mm) Progression
2xC (827 mm) 2xC (827 mm)
" 57,9, FS aTNF MTX 36 months 1xC (211 mm) 1xC (211 mm) Stable
12 58, ¢, CS TOF MTX, CS* 10 months 1xS (26 mm) 1xS (26 mm) Stable
1xC (27 mm) 1xC (27 mm)
1xGG (96 mm) 1xGG (26 mm)
13 51,9, NS ABT MTX, CS* 32 months 1xS (26 mm) 1xS (26 mm) Stable
14 53,9, NS TOF LEF 12 months 2xS (210 mm) 2xS (28 mm) Stable
15 57,3, CS TOF - 6 months 1xCalcific (26 mm) 1xCalcific (26 mm) Stable
16 78, 2, NS TOF LEF 12 months 2xS (27 mm) 2xS (@7 mm) Stable
17 66, 9, NS RTX MTX, CS* 60 months 1xS (@7 mm) 1xS (27 mm) Stable
18 59, ¢, NS aTNF - 11 months 1xS (26 mm) 1xS (26 mm) Stable
19 56, &, CS aTNF - 7 months 2xS (@7 mm) 2xS (87 mm) Stable
20 45, 9, NS aTNF - 22 months 2xS (28 mm) 2xS (28 mm) Stable
21 79, &, CS aTNF MTX 6 months 2xS (212 mm) 2xS (212 mm) Stable

ABT, abatacept; aTNF, anti-TNF-alpha; C, cavitary; CS, current smoker; CS*, corticosteroid FS, former smoker; GG, ground glass nodule; LEF,

solid; TOF, tofacitinib; @, diameter.

subcutaneous nodules, and certain RA medi-
cations are associated factors with LNs."' In
accordance with these observations, most of
our patients were older than 60 years with dis-
ease durations of more than 5 years. All of our
patients with LNs had seropositive disease.
Half of the patients using bDMARDs were cur-
rent smokers and nodule progression was
observed in 45% of these patients, whereas
nodules tend to be stable in never smokers
(Table 2).

All patients underwent comprehensive diag-
nostic workup to rule out neoplastic and
infectious conditions with their clinical and
radiographic features. Rheumatoid LNs with
typical radiological appearances do not
require biopsy for the diagnosis or specific
treatment. However, infectious or malignant
nodules can be seen in rheumatoid arthritis
patients with incidental solid nodules. The
most important diagnostic evidence is the
observation of the temporal changes in

nodule characteristics with follow-up CTs.
Fleischner guideline considers patient-related
risk factors and initial CT findings for the
timing of follow-up CTs. According to CT find-
ings, nodules are classified into three main
categories based on their number, size, and
attenuation. The most important nodule char-
acteristic for the development of malignancy
is the size of the nodule. The risk increases to
69%-28% for nodules between 6-10mm and
33%-60% for lesions >10 mm. In patients with
multiple nodules, the largest nodule in diame-
ter is taken into account in the follow-up. In
our study, the baseline and follow-up sizes of
solid nodules were similar in csDMARDs and
bDMARDs groups as are the cavitary nodules
(Table 4).

Other important radiographic features consid-
ered in the evaluation of nodules are the
number, morphology and calcification of nod-
ules, as well as associated lymph nodes, lung
fibrosis, air bronchograms, and pleural effu-

leflunomide; MTX, methotrexate; NS, never smoker; RTX, rituximab; S,

sion.'> Nodules were multiple in 12 patients
and solitary in 9 patients in bDMARDs/tofaciti-
nib group. Calcific and ground glass nodules
were all solitary in our study. Nodules were
multiple in 10 patients and solitary in 11
patients in csDMARDs group. At baseline,
csDMARDs group had 72 solid and 10 cavitary
nodules while  bDMARDs/tofacitinib  group
had 54 solid and 16 cavitary nodules in
Table 4. At follow-up, csDMARDs group had
87 solid and 17 cavitary and bDMARDs/tofaci-
tinib group had 43 solid and 23 cavitary nod-
ules. In patients using csDMARDs, the total
number of both solid and cavitary nodules
was increased at follow-up. However, in the
bDMARDs group, the total number of solid
nodules was significantly decreased.

Methotrexate and leflunomide are the most
commonly used csDMARDs for the treatment
of RA. Although rare, methotrexate (MTX) car-
ries the risk of pulmonary toxicity, including
acute pneumonitis, pleural and pericardial
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Table 3. Demographic and Nodule Characteristics of Patients with Pulmonary Nodules Who Were on cDMARDs

Age, Sex, Follow-up Pretreatment Nodule Post-treatment Nodule Progression (P)
Smoking Duration, Characteristics, Number, Characteristics, Number, Regression (R) Stable
No. Status c¢sDMARDs Months Type, Max Diameter Type, Max Diameter (S)
1 59, 3, CS MTX 39 months 14xS (217 mm) 14xS (930 mm) Progression
1xGG (96 mm) 1xGG (86 mm)
2 56, 3, CS LEF 24 months 12xS (220 mm) 9xS (228 mm) Progression
- 2xC (920 mm)
3 53, &, CS LEF 12 months 5xS (247 mm)- 5xS (@56 mm) Progression
1xC (214 mm)
4 81, ¢, NS LEF 18 months 11xS (29 mm) 21xS (217 mm) Progression
7xC (215 mm) 8xC (235 mm)
5 67, 2, NS MTX 11 months 9xS (213 mm) 8xS (214 mm) Progression
4xGG (e16mm) 4xGG (216 mm)
1xC (212 mm)
6 69, 3, CS LEF 36 months 1xS (29 mm) 14xS (214 mm) Progression
7 64, 2, NS LEF 19 months 3xS (225 mm) 1xS (28 mm) Progression
1xC (921 mm) 3xC (933 mm)
8 81, 2, NS LEF 55 months 1xS (@11 mm) 1xS (96 mm) Regression
9 78, 3, FS LEF 13 months 1xS (28 mm) - Regression
10 74, 3, CS LEF 24 months 2xS (218 mm) 2xS (912 mm) Regression
1 77,9, NS MTX 14 months 1xS (26 mm) 1xS (26 mm) Stable
12 76, 2, NS LEF 9 months 1xS (87 mm) 1xS (87 mm) Stable
13 77,2, FS MTX 5 months 3xS (29 mm) 3xS (29 mm) Stable
1xC (215mm) 1xC (215 mm)
14 65, 3, CS MTX 7 months 1xS (29 mm) 1xS (29 mm) Stable
15 65, 3, CS MTX 10 months 1xS (29 mm) 1xS (29 mm) Stable
16 71, 3, FS LEF 12 months 1xS (26 mm) 1xS (26 mm) Stable
17 69, 3, CS LEF 6 months 1xGG (211 mm) 1xGG (211 mm) Stable
18 73, 2, NS LEF 35 months 1xS (96 mm) 1xS (26 mm) Stable
19 78, 9, FS MTX 13 months 2xS (27 mm) 2xS (27 mm) Stable
20 60, ¢, CS MTX 17 months 1xC (27 mm) 1xC (27 mm) Stable
21 65, ¢, NS MTX 18 months 2xS (96 mm) 2xS (96 mm) Stable

C, cavitary; CS, current smoker; FS, former smoker; GG, ground glass nodule; LEF, leflunomide; MTX, methotrexate; NS, never smoker; S, solid; o, diameter.

Table 4. Changes in Number and Diameter of Nodules with Respect to Treatment Groups

c¢sDMARDs bDMARDs
Solid nodules Pretreatment Post-treatment Pretreatment Post-treatment
Total number of nodules, n 72 87 54 43*
Diameter of nodules, mm 9 (6-47) 9 (6-56) 8 (6-17) 8(3-13)
Cavitary nodules Pretreatment Post-treatment Pretreatment Post-treatment
Total number of nodules, n 10 17 16 23
Diameter of nodules, mm 15 (7-21) 15 (7-35) 15 (7-27) 14(7-27)
*Number less than calculated due to cavitation.
exudates, pulmonary fibrosis, and opportunis-  tion."*'® In our study, the number of tary nodules showed regression with
tic infections.”® Accelerated nodulosis, mainly  progressed solid nodules was more common  bDMARDs.

as subcutaneous appearances, was reported
in seropositive RA patients during MTX ther-
apy. Available data from the case series sug-
gest that the administration of methotrexate
and leflunomide is associated with the
increase in both the number and size of nod-
ules. Several case reports reported the regres-
sion of nodules after cessation of MTX and
leflunomide although some of them contin-
ued progression after drug discontinua-

(76.4% vs 27.8%, P < .001) in the csDMARDs
group compared to bDMARDs/tofacitinib
group (Table 5). However, the number of pro-
gressed cavitary nodules was similar in both
groups. Follow-up CTs revealed that 10 solid
nodules (13.8%), but none of the cavitary
nodules regressed and completely dimin-
ished with csDMARDs, whereas 26 solid nod-
ules (48.1%, 14 complete and 12 partial) and
eight (42.8%, 3 complete and 5 partial) cavi-

Pulmonary side effects of biological treat-
ments include infections, vasculitis, systemic
lupus erythematosus-like reactions, sarcoido-
sis, chronic fibrosis, and exacerbations of
underlying interstitial lung disease.'®'” Given
the increasing use of biologic drugs in adult
patients with rheumatoid arthritis, monitoring
for pulmonary toxicity has crucial importance.
Toussirot et al.'® reported 11 patients who
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Table 5. Changes in Nodule Characteristics From Baseline with Respect to Treatment Groups

csDMARDs Post-treatment bDMARDSs Post-treatment P
Cavitary nodules Post-treatment Post-treatment P
Solid nodules
Completely diminished, n 5 (6.94%) 14 (25.9%) .005
Regressed, n 5 (6.94%) 12 (22.2%) .017
Stable, n 33 (45.8%) 20 (37.0%) .365
Enlarged, n 23 (31.9%) 4 (7.4%) .001
Newly formed cavitary nodules, n 6 (8.33%) 4 (7.4%) 1.0*
De novo solid nodules 26 (36.1%) 7 (13%) .004
Progressed solid nodules, n (enlarged + newly formed 55 (76.4%) 15 (27.8%) <.001
cavitary nodule + de novo solid nodule)
Completely diminished, n 0 3(18.75%) .262*
Regressed, n 0 5(31.25%) 21*
Stable, n 4 (40%) 6 (37.5%) 1.0*
Enlarged, n 6 (60%) 2 (12.5%) .026*
Newly formed cavitary nodules, n 7 10 1.0*
Progressed cavitary nodules, n (enlarged + newly formed cavi- 13 12

tary nodule)

*Fisher exact test.
"De novo six nodules, four transformation from solid nodules.

developed pulmonary nodules upon biologi-
cal therapy. Treatment discontinuation
resulted in regression of the nodules in nine
cases, while two patients were subsequently
treated with rituximab. Accelerated pulmo-
nary nodulosis with etanercept use have been
reported in five cases; however, continuation
or cessation of it did not affect their progres-
sion.'”” In a study of 16 RA patients receiving
rituximab, pulmonary nodules disappeared in
two of five patients.?® Glace et al.” reported 10
cases with pulmonary nodules that developed
during the administration of traditional
DMARDs and TNF-u inhibitors, eight of which
regressed with the use of rituximab. In our
study bDMARDs used were TNF-o inhibitors in
eight, tofacitinib in seven, rituximab in four,
and abatacept in two patients. Newly formed
solid nodules were more common in the
csDMARDs  users  (36.1%) compared to
bDMARDs users (13%, P = .04). None of the
patients receiving tofacitinib had progression.
Although there are cases that tocilizumab®'
and rituximab might improve nodules, this is
the first article reporting regression with tofa-
citinib in the literature.

Conclusion

In this study, the risk of progression in LNs
with biologic treatments seems to be low, at
least might not be more than csDMARDs in
short term and no malignant transformation
was observed in our patients. Moreover, nod-
ules in bDMARDs users might result in regres-
sion. However, regular monitoring of nodules
is recommended according to the published
guidelines, particularly in those with a history
of tobacco exposure.

Limitations

We have several limitations in our study, and
our results should be interpreted cautiously
with considering these limitations. First, our
study has the limitations of all retrospectively
designed studies such as lack of randomiza-
tion and stratification for baseline features.
The number of patients in bDMARDs sub-
groups was relatively small, limiting subgroup
comparisons. However, three patients who
received TNF antagonists progressed LNs and
none of them had regressed LNs, whereas all
patients who received tofacitinib  showed
either regression or stable LNs. As mentioned,
there are many factors influencing nodule
progressions such as age, gender, disease
duration, concomitant medications, co-
morbid conditions, and seropositivity. Due to
a limited number of patients, we could not
perform multivariate analyzes. Hence, we
could not refine the possible effects of used
treatments with these confounding factors.
Follow-up duration is relatively small which
precludes long-term suggestions. Neverthe-
less, our short-term results give valuable infor-
mation about a very critical issue and
constitute an initial step for long-term studies.
The other limitation of our study is that the
nodule progression criteria that we used are
not a validated method for benign nodules.
However, there are no criteria for this purpose
and this is an unmet need. An increase in the
number and size of nodules surely affects the
treatment decision in rheumatology practice.
Considering that a cumulative evaluation is
required to investigate the effects of drugs on
the nodule, we adapted the nodule progres-
sion and regression criteria, which is validated

for malignant nodules, to our study. In this
way, we have reached serious data on a sub-
ject that has been little studied in the litera-
ture and we were able to make suggestions
about the effect of drugs on the nodule pro-
cess. More studies are needed for the defini-
tion of more comprehensive classification
criteria for pulmonary nodules.
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