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Abstract

Objective This study was performed to evaluate the
radiological features of and therapeutic responses to pul-
monary disease caused by nontuberculous mycobacteria
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(NTM) in the setting of biological therapy for rheumatoid
arthritis (RA).

Methods We conducted a retrospective chart review of
13 patients from multiple centers who had developed
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pulmonary NTM disease during biological therapy for
RA, including infliximab, etanercept, adalimumab, and
tocilizumab.

Results  Most cases were asymptomatic or resulted in only
common-cold-like symptoms. Abnormalities in computed
tomography (CT) imaging were protean and frequently
overlapped. The most predominant pattern was nodular/
bronchiectatic disease (six cases), followed by alveolar
infiltrate (three cases), cavitary disease (two cases), and
pulmonary nodules (two cases). In most cases, pulmonary
NTM disease had spread from a preexisting lesion; in
particular, bronchial/bronchiolar abnormalities. In three
cases, one or more nodular lesions with or without calci-
fication were a focus of disease. Following the discontin-
uation of biological agents, most patients responded to
anti-NTM therapy. Two patients showed no exacerbation
in the absence of any anti-NTM therapy. In one patient,
restarting tocilizumab therapy while continuing to receive
adequate anti-NTM therapy produced a favorable outcome.
In two other patients with a previous history of pulmonary
NTM disease, introducing biological therapy led to recur-
rence, but anti-NTM therapy was effective in these patients.
Conclusion CT abnormalities of pulmonary NTM disease
in RA patients receiving biological therapy were variable,
but were not unique to this clinical setting. NTM disease
can spread from preexisting structural abnormalities, even
if they are minute. Contrary to our expectations, the
therapeutic outcomes of pulmonary NTM disease were
favorable in these patients.

Keywords Computed tomography - Nontuberculous
mycobacteria - Pulmonary disease - Rheumatoid arthritis -
Biological therapy

Introduction

Nontuberculous mycobacteria (NTM) are typically oppor-
tunistic pathogens. Factors that may contribute to host
susceptibility to pulmonary NTM disease include immu-
nosuppressive conditions and pulmonary disease [1-3].
Anti-tumor necrosis factor-o. (TNFa) therapy appears to be
an important predisposing factor for NTM disease. A
recent survey of practicing infectious disease physicians in
the United States has suggested that NTM diseases are
more common than tuberculosis (TB) in patients under-
going anti-TNFo therapy [4]; in that survey, the majority of
patients undergoing anti-TNFo therapy had rheumatoid
arthritis (RA). Unlike TB infection, there is no evidence of
a latent phase in NTM infection; therefore, screening for
and preventive treatments against NTM infection in
patients scheduled to begin anti-TNFu therapy might not be
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feasible [5]. Thus, the timely diagnosis of pulmonary NTM
disease is critical during biological therapy for RA. Diag-
nosis relies upon careful monitoring of patients’ chest
radiography and computed tomography (CT) scans, toge-
ther with mycobacterial cultures of respiratory specimens
[6]. At present, our experience with the diagnosis and
management of pulmonary NTM disease in this clinical
setting is still scanty, and the evidence-based data that
might guide therapy for pulmonary NTM disease are
insufficient [7].

To evaluate the clinical, microbiological, and radiolog-
ical features of pulmonary NTM disease, as well as its
responses to anti-NTM therapy in the clinical setting of
biological therapy for RA, we conducted a retrospective
multicenter study in Japan. The subjects were RA patients
receiving currently approved anti-TNFa agents including
infliximab, etanercept, adalimumab, and the anti-interleu-
kin-6 (IL-6) receptor antibody tocilizumab. To explore a
possible association between susceptibility to NTM infec-
tion and preexisting abnormal lesions in lungs, we com-
pared CT findings prior to therapy with those obtained at
the onset of NTM disease.

Patients and methods
Patients

In May 2010, we invited several expert rheumatologists
and pulmonologists to participate in a retrospective
multicenter study of pulmonary NTM disease occurring
in RA patients being treated with biological agents. A
total of 25 cases were collected from 20 institutes in
Japan. We defined pulmonary NTM disease according to
both the 2008 diagnostic criteria of pulmonary NTM
disease proposed by the Japanese Society for Tubercu-
losis (JST) and the Japanese Respiratory Society (JRS)
and the 2007 diagnostic criteria for NTM lung disease
proposed by the American Thoracic Society (ATS) and
the Infectious Disease Society of America (IDSA):
namely, patients must have positive culture results from
two or more sputum samples obtained separately (or at
least one isolation of NTM in the case of bronchoscopy
specimens) plus one or more of the following radiological
findings: nodular opacities, dissemination of small nodu-
lar or branching opacities, homogeneous opacities, cavi-
tary opacities, and bronchiectasis or bronchiolectasis
[6, 8]. Patients who were considered by consensus of all
experts participating in this study to meet these criteria
were given a definitive diagnosis of pulmonary NTM
disease. Three of these cases had been reported elsewhere
as case reports [9-11].
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Data collection

By reviewing the patients’ medical records, we collected
demographic characteristics, body mass index (BMI), and
RA data including stage, disease duration, disease activity,
and past and current treatment regimens for RA, together
with data on the presence or absence of pulmonary disease.
We also extracted data on respiratory symptoms at the
onset of pulmonary NTM disease, etiologic organisms,
anti-NTM treatment, and outcome.

Evaluation of chest CT findings

CT images were reviewed and scored independently by
two board-certified radiologists (FS and TJ), both of
whom have a great deal of experience in reading chest CT
scans. In the event of disagreement, final decisions were
made by consensus. CT abnormalities included the fol-
lowing findings: (a) nodules including centrilobular small
nodules (5 mm or less in diameter), subpleural small
nodules (5 mm or less in diameter), and large nodules
(greater than 5 mm in diameter); (b) ground-glass atten-
uation; (c) airspace consolidation; (d) tree-in-bud sign
(centrilobular small nodules connected to branching linear
opacities); (e) bronchiectasis; (f) bronchiolectasis; and
(g) cavities. In each case, the most likely pattern was
identified based on predominant CT findings and their
distribution.

Preexisting CT abnormalities in the areas from which
NTM infection later spread were identified by comparing
CT scans obtained prior to the introduction of biological
therapy with those obtained at the time of development of
pulmonary NTM disease.

Results

Clinical and demographic characteristics of patients
who developed pulmonary NTM disease
during biological therapy for RA

Of the 25 RA patients enrolled in this study, 13 met the
2008 JST/IRS criteria for diagnosis of pulmonary NTM
disease. Table 1 shows the clinical and demographic
characteristics of these patients as well as their data on
lung disease. The majority of pulmonary NTM diseases
occurred in elderly women, and six out of the 13 patients
had a low BMI. All patients except case 9 had long-
standing and advanced-stage RA. These patients had been
treated with at least one biological agent (five patients
with infliximab, seven with etanercept, two with ada-
limumab, and four with tocilizumab) prior to the onset of
pulmonary NTM disease. The median interval between the

introduction of biological therapy and the development of
NTM disease was 10 months (range 6 weeks—8.5 years).
Most patients developed pulmonary NTM disease within
12 months. Eleven patients had been receiving low-dose
prednisolone at the time of development of NTM disease,
and one patient was a former user of this medication.
Lung diseases of the following types were diagnosed
through reviewing medical records including CT scans
taken prior to the introduction of biological therapy:
bronchiectasis (five patients) and interstitial lung disease
(four patients) were observed. Five patients had no pul-
monary disease, though they had abnormal CT findings of
which the distribution and extent were insufficient to
warrant a diagnosis of pulmonary disease. Two patients
had a history of pulmonary NTM infection that was pro-
ven by the patients’ radiological findings and mycobac-
terial cultures of respiratory specimens; both patients had
received anti-NTM treatment at the time of the initial
infection. Biological therapy was introduced more than
2 years after the first of a series of negative mycobacterial
cultures.

Clinical and microbiological characteristics
of pulmonary NTM disease occurring during biological
therapy for RA

Clinical symptoms at the onset of pulmonary NTM disease
and NTM species isolated from cultures are shown in
Table 2. Five patients had no respiratory symptoms when
NTM disease was first suspected through chest imaging as
part of a regular checkup during biological therapy for RA.
Seven patients complained of common-cold-like symptoms
such as cough, sputum production, and fever. Most cases
were caused by Mycobacterium avium-intracellulare
complex (MAC), but M. abscessus, a rapidly-growing
NTM, was isolated from one patient. No patients had
extrapulmonary or disseminated NTM disease.

CT abnormalities of pulmonary NTM disease occurring
during biological therapy for RA

Abnormalities in CT images were variable and frequently
overlapped. Pulmonary involvement could be found in any
lobe or any segment, although the upper lobes, the right
middle lobe, and the lingula were most frequently affec-
ted. Centrilobular small nodules were observed in all
patients and tree-in-bud opacities appeared in most
patients (92%). In addition, consolidation was seen in all
patients. Diffuse ground-glass attenuation was fairly
common (85%). Bronchiectasis and bronchiolectasis were
also noted (77 and 54%, respectively). Large nodules were
observed in 77% of patients. Cavities were less common
(31%).

@ Springer



730 Mod Rheumatol (2012) 22:727-737

Table 1 Clinical and demographic characteristics of patients who developed pulmonary NTM disease during biological therapy for RA

Case Age BMI RA RA Stage Treatment for RA (duration) * Lung

no. (years)/ duration activity disease
sex (years)

1 70/F 212 21 Low v TCZ (4 m), IFX (6 m), MTX (3 years), PSL (18 m) 1P, BE

2 62/F 16.7 26 >Moderate 111 ADM (10 m), PSL (8 years), TAC (2.5 years), SASP (8 years) 1P

3 T1/F 21.1 19 Remission 1T TCZ (8.5 years), PSL (>10 years) None

4 T2/F 164 14 >Moderate IV ETN (11 m), PSL (9 years), SASP (11 years) BE

5 66/F 21.1 16 >Moderate 111 ETN (31 m), PSL (5 years), MTX (3 years), BUC (1 year), None

SASP (1 year)

6 66/F 215 24 >Moderate IV IFX (6 w), PSL (10 m), MTX (18 m) None

7 62/F 215 22 Remission IV ETN (23 m), IFX (5 m), PSL (>10 years), SASP (>10 years) 1P

8 81/F 16.1 8 Low v ETN (10 m) BE

9 68/F 237 2 ND 11 ETN (11 m), PSL (22 m), MTX (1 m), SASP (2 m) 1P, BE

10 58/F 194 25 >Moderate IV ADM (3 m), IFX (30 m), PSL, MTX, SASP None

11 63/F 20.8 17 Low v ETN (2 m), PSL (9 years), MTX (4 years), SASP None

12 65/F 152 30 >Moderate III TCZ (3 m), PSL (14 years), BUC (7 years) NTMP

13 78/M 172 10 Low 1l TCZ (3 m), IFX (9 m), ETN (6 m), PSL (7 years), MTX (7 years), BE,

TAC (16 m), BUC (20 m), SASP (4 years), LEF (2 m) NTM®

RA rheumatoid arthritis, NTM nontuberculous mycobacteria, BMI body mass index, TCZ tocilizumab, /FX infliximab, ADM adalimumab, ETN
etanercept, MTX methotrexate, SASP salazosulfapyridine, BUC bucillamine, TAC tacrolimus, LEF leflunomide, PSL prednisolone, /P interstitial
pneumonia, BE bronchiectasis, ND no data, m months, w weeks

* Underlines indicate anti-RA drugs that were being used at the time of development of NTM disease, and the duration of therapy with these
drugs represents the interval between the development of NTM disease and the introduction of the anti-RA drug(s) being used at that time. The
drugs without underlines were no longer used at the time of development of NTM disease, and the duration for these agents represents the

duration of their previous use

® These patients had received appropriate anti-NTM therapy for the previous occurrences of NTM disease

In the following sections, we present chest CT scans of
case 2 (Fig. 1), case 7 (Fig. 2), case 8 (Fig. 3), case 10
(Fig. 4), case 11 (Fig. 5), and case 13 (Fig. 6). The order of
the panels in each Figure reflects the course of events in the
patient.

Preexisting CT abnormalities in the areas from which
NTM infection later spread

CT scans taken prior to the introduction of biological
therapy were available in 12 patients; these scans were
compared with those obtained at the time of development
of pulmonary NTM disease. As shown in Table 2, we
found that bronchiolar abnormalities, including centrilob-
ular small nodules and branching centrilobular nodules,
had frequently preexisted in the areas from which NTM
infection later spread (10 cases out of 12) (Figs. la, 3a, Sa,
b, 6a). Among these patients with preexisting CT abnor-
malities, five patients also had preexisting bronchiectasis in
the corresponding areas (Figs. 3a, 6a). In case 7, NTM
disease appeared to spread from two nodular lesions
(Fig. 2a). In cases 10 and 11, pulmonary NTM infection
spread from a calcified nodule (Figs. 4a, b, 5b). Taken
together, the data indicate that local invasion of NTM
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started from preexisting lesions; in particular, from bron-
chial and bronchiolar abnormalities.

CT patterns of pulmonary NTM disease occurring
during biological therapy for RA

According to their most predominant CT abnormalities,
patients were grouped into the following four prototypic
patterns: nodular/bronchiectatic disease (six patients),
alveolar infiltrate (three patients), cavitary form (two
patients), and pulmonary nodules (two patients). The most
common CT pattern was nodular/bronchiectatic disease,
in which diffuse centrilobular small nodules, tree-in-bud
opacities, and multifocal bronchiolectasis/bronchiectasis
were prominent (Figs. 3b, 6b, d). These abnormalities
represent the presence of bronchiolitis. Focal consolida-
tion and ground-glass opacities were occasionally seen in
these patients. In patients with the alveolar infiltrate
pattern, patchy or diffuse ground-glass infiltrates, ill-
defined centrilobular small nodules, and areas of consol-
idation were characteristic CT findings (Figs. 4c, 5c, d).
These abnormalities indicated an alveolar-interstitial
process. Cavitary structures included thick walls and were
often associated with focal consolidation, bronchiectasis/
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Table 2 Clinical, microbiological, and radiological characteristics of pulmonary NTM disease occurring in patients receiving biological therapy

for RA

Case no. Clinical symptoms NTM species isolated Preexisting CT abnormalities® CT patterns

1 Asymptomatic M. intracellulare Bronchiolitis + bronchiectasis Nodular/bronchiectatic form
2 Asymptomatic M. avium Bronchiolitis Pulmonary nodules

3 Common-cold-like M. avium NA Cavitary form

4 Sputum production M. abscessus Bronchiolitis + bronchiectasis Nodular/bronchiectatic form
5 Cough M. avium Bronchiolitis Nodular/bronchiectatic form
6 Asymptomatic M. avium Bronchiolitis Pulmonary nodules

7 Asymptomatic M. avium Nodule Cavitary form

8 Cough, hemoptysis M.intracellulare Bronchiolitis 4+ bronchiectasis Nodular/bronchiectatic form
9 Cough M. avium Bronchiolitis + bronchiectasis Nodular/bronchiectatic form
10 Fever M. avium Calcified nodule Alveolar infiltrate

11 Asymptomatic M. avium Bronchiolitis + calcified nodule Alveolar infiltrate

12 Cough, sputum production M. avium Bronchiolitis Alveolar infiltrate

13 Cough, sputum production M. intracellulare Bronchiolitis + bronchiectasis Nodular/bronchiectatic form

NTM nontuberculous mycobacteria, RA rheumatoid arthritis, CT computed tomography, NA not available

? Preexisting CT abnormalities represent those in the area from which NTM disease had spread

Fig. 1 a A computed
tomography (CT) scan of case 2
before the development of
nontuberculous mycobacteria
(NTM) disease. Centrilobular
small nodules and tree-in-bud
sign are seen in the right middle
lobe (S4, arrow). b After

12 months of adalimumab
therapy, nodules and
consolidation have appeared in
the same segment (S4)

Fig. 2 a A CT scan of case 7 before the development of pulmonary
NTM disease. Several nodules were observed in the right upper lobe
(S2). b, ¢ After 28 months of anti-tumor necrosis factor-o (TNFo)
therapy (etanercept for 23 months and infliximab for 5 months), a
thick-walled cavity has appeared in the right upper lobe (S1).
Bronchiolectasis and tree-in-bud opacities are observed in the same

> |

segment (S1). Consolidation is also prominent in this lobe (S1 and
S2). In addition, diffuse ground-glass opacities have appeared in both
lungs, especially in the right upper lobe. These findings may represent
additional foci of infection. d A chest radiograph after 5 months of
anti-NTM treatment shows a good response
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Fig. 3 a A CT scan of case 8 before the development of NTM
disease. Centrilobular small nodules, tree-in-bud sign, and bronchi-
ectasis are seen in the right middle lobe and the lingula. A thick-
walled cavity is present in the right middle lobe (S5). b After
10 months of etanercept therapy, bilateral centrilobular small nod-
ules, tree-in-bud structures, and multifocal bronchiectasis are

-

A

Fig. 4 a, b CT scans of case 10 before the development of pulmonary
NTM disease (the soft tissue window and the mediastinal window,
respectively). A calcified large nodule is observed in the left lower
lobe (S10). ¢ After infliximab therapy (30 months) followed by

bronchiolectasis, and adjacent clusters of centrilobular
small nodules and tree-in-bud opacities indicative of the
endobronchial spread of infection (Fig. 2b, c). CT find-
ings of patients with the pulmonary nodule pattern
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prominent in the right middle and lower lobes and the lingula.
Ground-glass opacities and mild consolidation are seen in the whole
right lung. The cavitary lesions are increased in size. ¢ CT imaging
taken after 18 months of anti-NTM therapy shows disappearance of
consolidation

4

adalimumab therapy (3 months), consolidation and patchy ground-
glass infiltrates have appeared in the left lower lobe (S10). d CT
imaging taken after 14 months of anti-NTM therapy shows complete
resolution

showed irregularly marginated nodules characterized by
lobulation (Fig. 1b). Increased attenuation was seen in
some nodules, which may suggest a granulomatous cause.
These patterns were not mutually exclusive; several
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Fig. 5 a, b CT scans of case 11 before the development of pulmonary
NTM disease. Ground-glass opacities, centrilobular small nodules,
and tree-in-bud sign are observed in the right middle lobe. In the right
lower lobe, centrilobular small nodules and a calcified nodule are
noted (S8). ¢, d After 2 months of etanercept therapy, diffuse ground-
glass attenuation and centrilobular small nodules have appeared in the

v,

\

Fig. 6 a CT imaging of case 13 before the introduction of anti-TNFo
therapy. Bronchiectasis is prominent. b After 15 months of anti-TNFo
therapy (infliximab for 9 months and etanercept for 6 months),
centrilobular small nodules, tree-in-bud sign, bronchiectasis/bronch-
iolectasis, and ground-glass opacities have developed in both lungs.

different types of abnormal findings could be seen in
individual patients.

Treatments and outcomes of patients who developed
pulmonary NTM disease during biological therapy
for RA

All patients except one (case 11) stopped biological agents
when pulmonary NTM disease was suspected (Table 3).
Most patients received clarithromycin with or without rif-
ampicin, ethambutol, and streptomycin. For one patient,
azithromycin was introduced instead of clarithromycin
(case 9). For some patients, a new quinolone (levofloxacin
or moxifloxacin) was used concomitantly (cases 11-13).

96 J

Y. N
[z )

right middle and lower lobes, the lingula, and the left lower lobe.
Consolidation is expanded in the right lower lobe. Thick-walled
cavities have appeared in the right lower lobe (S8 and S9). e, f CT
imaging after 2 years of anti-NTM treatment shows a satisfactory
response

‘k

¢ A CT scan taken after 10 months of anti-NTM therapy. d Abnormal
findings indicative of the nodular/bronchiectatic form have appeared
after tocilizumab was introduced for 3 months. e A CT scan taken
after 7 months of anti-NTM therapy. Architectural distortion was not
evident at any point in the clinical course

The clinical and radiological outcomes of these patients
were satisfactory for the most part (Figs. 2d, 3c, 4d);
sputum conversion was observed within a median duration
of 6 months. Two patients were followed without any anti-
NTM therapy (cases 2 and 4), and their general condition
and radiological abnormalities were not exacerbated. In
case 11, etanercept was continued for 13 months without
anti-NTM therapy, leading to an exacerbation of pulmon-
ary NTM disease. Etanercept was then discontinued and a
combination anti-NTM therapy was started; 2 years later,
the patient’s CT findings were improved (Fig. Se, f). In
case 3, tocilizumab therapy for RA was restarted after a
5-month discontinuation, because negative culture results
of sputum specimens were repeatedly obtained following a

@ Springer
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Table 3 Treatment regimens and outcomes of patients who developed pulmonary NTM disease during biological therapy for RA

Case no. Treatment of NTM disease RA therapy after NTM development Cultures Radiology RA control
(duration)®

1 CAM, RFP, EB (16 m) MTX, BUC Negative Improved  Well

2 None (19 m) TAC, PSL No change No change Well

3 CAM, RFP, EB (13 m) — none PSL (5§ m) » TCZ, PSL Negative  Improved  Exacerbated — well
(15 m)

4 None (3 years) SASP, PSL No change No change Exacerbated

5 CAM, RFP, EB, SM (20 m) None Negative Improved ND

6 CAM (12 m) — none (6 years) MTX, BUC Negative Improved  Exacerbated

7 CAM, RFP, EB, SM (5 m) MTX, PSL Negative Improved  Exacerbated

8 CAM, RFP, EB (18 m) None Negative Improved  Well

9 CAM, RFP, EB (3 m) - AZM (3 m) PSL Negative Improved  Well

10 CAM, RFP, EB (1 m) - CAM, EB (14 m) MTX, SASP, PSL Negative  Improved  Exacerbated

11 None (14 m) - CAM, RFP, EB, ETN, MTX, SASP, PSL (13 m) Negative Improved  Well — exacerbated
LVFX (2 years) — MTX, SASP, PSL

12 RFP, EB, MFLX (22 m) BUC, PSL Negative Improved  Exacerbated

13 CAM, EB, LVFX (20 m) MTX, TAC, PSL Negative  Improved Well

NTM nontuberculous mycobacteria, RA rheumatoid arthritis, CAM clarithromycin, AZM azithromycin, RFP rifampicin, RBT rifabutin,
EB ethambutol, SM streptomycin, MFLX moxifloxacin, LVFX levofloxacin, MTX methotrexate, BUC bucillamine, SASP salazosulfapyridine,
TAC tacrolimus, TCZ tocilizumab, ETN etanercept, PSL prednisolone, ND no data, m months

? In cases 3 and 6, anti-NTM therapy was completed; cases 2 and 4 had never received such therapy; and the other patients were still receiving
anti-NTM agents at the time of enrollment in this study. Side effects of anti-NTM agents were observed in case 9 (hepatotoxicity) and case 10

(eruption)

combined anti-NTM therapy. No patients had experienced a
relapse of pulmonary disease during their follow-up period.

Use of biological agents for RA patients who had
a history of pulmonary NTM disease

Two patients had been given a diagnosis of pulmonary
NTM disease before the introduction of tocilizumab ther-
apy for RA (cases 12 and 13). In case 12, pulmonary NTM
disease caused by M. avium had developed 4 years previ-
ously, when the patient had been receiving low-dose
prednisolone and bucillamine for her RA. At that time, she
had received rifampicin and levofloxacin as a combined
anti-NTM therapy. Subsequent to this therapy, mycobac-
terial cultures of sputum specimens had tested negative, but
abnormal CT findings remained. Two years after the first
sputum conversion to negative culture results, the patient
had started tocilizumab therapy due to exacerbation of her
RA. During 3 months of tocilizumab therapy, the patient’s
chest radiograph abnormalities and clinical symptoms were
rapidly exacerbated. Tocilizumab was discontinued and
anti-NTM therapy consisting of rifampicin, ethambutol,
and moxifloxacin was introduced. Her chest radiographs
were gradually improved.

The other patient (case 13) had developed pulmonary
NTM disease caused by M. avium during anti-RA therapy
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with low-dose prednisolone, bucillamine, and salazosulfa-
pyridine. Anti-NTM therapy with clarithromycin, etham-
butol, and isoniazid had led to a favorable outcome
(Fig. 6a). To control RA activity, the patient had received
etanercept therapy for 6 months, followed by 9 months of
infliximab therapy; at that point he developed pulmonary
NTM disease caused by M. intracellulare (Fig. 6b).
Combination therapy consisting of clarithromycin, etham-
butol, and levofloxacin was started, and the patient’s CT
findings improved (Fig. 6¢). Two years after confirmation
of negative culture results by repeated examinations,
tocilizumab therapy was introduced. Three months later,
M. intracellulare was again isolated from the patient’s
sputum specimens, and pulmonary symptoms appeared
(Fig. 6d). The previously used regimen for NTM disease
was restarted. Clinical symptoms and radiological findings
were improved and negative results of mycobacterial cul-
tures were continuously obtained (Fig. 6e).

Discussion

In most cases in the present study, pulmonary NTM disease
seems to have spread from a preexisting lesion, such as
bronchial/bronchiolar lesions or nodular lesions. It is not
clear whether these preexisting abnormalities may reflect
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the subclinical presence of pulmonary NTM infection
(colonization). In the case of colonization, these pulmonary
lesions may slowly progress to true NTM disease over
time. The use of biological agents may have promoted this
process into a more aggressive course. Another possible
explanation is that the disruption of local host defense may
play a central role in disease predisposition. Middleton
et al. [12] have reported that, unlike M. tuberculosis,
M. avium complex tends to adhere to damaged respiratory
mucosa through a fibronectin-mediated process. Recently,
we have shown that bronchiolar abnormalities are com-
monly seen in RA patients, especially those with long-
standing RA [13, 14]. In addition, bronchiectasis was the
most frequent finding in both patients with early RA and
those with long-standing RA [14]. Such modifications of
the structural and functional features of bronchi/bronchi-
oles in RA may provide a favorable environment for
infection and colonization of NTM organisms. In either
case, rheumatologists should closely follow preexisting CT
abnormalities in RA patients, even though their distribution
and extent may be insufficient to warrant a diagnosis of
pulmonary disease. Subtle changes in these lesions may be
suggestive of the development of NTM disease.

In the present study, CT abnormalities of pulmonary
NTM disease were protean and frequently overlapped.
Jeong et al. [15] have shown that, regardless of the NTM
species isolated, the most common CT findings of pul-
monary NTM disease in immunocompetent patients are
bilateral small nodules, cylindrical bronchiectasis, and
branching centrilobular nodules; these CT findings reflec-
ted histological abnormalities such as bronchiolectasis and
bronchiolar/peribronchiolar inflammation with or without
granuloma formation. Further, Koh et al. [16] have repor-
ted that about one-third of patients with bilateral bronchi-
ectasis and bronchiolitis on CT scans have pulmonary
NTM infection; coexistence of these abnormalities
involving more than five lobes, especially when associated
with consolidation or cavitation, is highly suggestive of
pulmonary NTM disease. Utilizing multiple logistic
regression analysis, Chung et al. [17] have also shown that
extensive bronchiectasis is one of the predictive factors
associated with pulmonary NTM disease. Although their
data were obtained from immunocompetent patients, they
are compatible with the CT findings of our patients. The
cavitary form (the so-called classic form) and the nodular/
bronchiectatic form (the so-called non-classic form or Lady
Windermere syndrome) are considered to be responsible
for most NTM disease in immunocompetent individuals
[1, 18], and this was certainly the case in the present study.
In addition, two other forms (alveolar infiltrate and pul-
monary nodule) were observed in 23 and 15% of our study
patients, respectively. The true incidence of these forms of
NTM disease is still unknown [18].

Takayanagi et al. [19] reported that pulmonary NTM
disease was the most frequent pulmonary infection in RA
patients. Among these patients, only 2% received anti-
TNFo therapy, while most patients had received prednis-
olone (48%) or nonbiological disease-modifying antirheu-
matic drugs (DMARDs; 49%). Approximately 80% of
patients had preexisting lung disease such as bronchiecta-
sis, emphysema, and old tuberculosis. Most cases (85%)
were caused by MAC. Through a literature search, we
found five cases of pulmonary NTM occurring in Japanese
RA patients who had never received biological agents:
four were receiving prednisolone and/or nonbiological
DMARDs and one was not receiving such medications
[20-23]. Three patients were asymptomatic at the time of
the development of NTM disease. Of these five cases, three
were radiologically grouped into the cavitary form, one
into the nodular/bronchiectatic form, and one was of the
mixed type. One case caused by M. abscessus was fatal,
this patient had pulmonary fibrosis, emphysema, and old
tuberculosis. The others responded well to a combined anti-
NTM therapy: sputum cultures repeatedly gave negative
results and radiological improvement was observed. There
seem to be no remarkable differences in the clinical fea-
tures of NTM disease between patients receiving biological
therapy and those without. Regardless of the use of bio-
logical agents, the NTM species involved and the patient’s
general condition and pulmonary comorbidity may influ-
ence disease outcomes.

In Western countries, disseminated NTM diseases seem
to be the common form in patients receiving biological
agents for RA and other rheumatic diseases [24-28], but
such cases were not observed in the present study. By
reviewing the MedWatch database for NTM reports,
Winthrop et al. [29] have shown that 9% of patients using
anti-TNFo agents had died by the time their case was
reported. In addition, we have found in the literature four
cases of fatal pulmonary NTM infections that occurred
during anti-TNF« therapy for rheumatic diseases [30-33].
Until now, however, no fatal case of NTM disease has been
reported in the Japanese postmarketing surveillance of
biological therapy for RA [34-37]. In the present study,
therapeutic responses to anti-NTM therapy were also
favorable. These satisfactory outcomes in Japan may be
due to the strict obedience to doctors’ instructions exhib-
ited by patients when taking anti-NTM agents.

Therapeutic decisions in cases of pulmonary NTM dis-
ease during biological therapy depend on individual phy-
sicians’ experience and data from case reports [2, 7]. In the
present study, anti-NTM therapy was withheld for three
patients because their symptoms were subclinical or mild
and their disease was not the cavitary type. Two of these
patients stopped anti-TNFo agents after the development
of NTM disease, and since then, their CT abnormalities

@ Springer



736

Mod Rheumatol (2012) 22:727-737

have not worsened. The other one continued etanercept
therapy, and 1 year later, rapid radiological progression
was observed. In one patient, tocilizumab therapy was
restarted after a response to anti-NTM therapy became
evident; and there were no relapses of pulmonary disease
for 2 years. These data support the idea that patients with
pulmonary NTM disease should discontinue biological
therapy until they have completed anti-NTM therapy, or
at least until a response to anti-NTM therapy is con-
firmed. If the decision is made to resume or continue
biological therapy due to concerns about RA flares, anti-
NTM therapy must be used concomitantly. Patients’
informed consent is mandatory. If the decision is made to
observe patients without any anti-NTM therapy, biologi-
cal agents should be discontinued.

There are no guidelines regarding the safety of intro-
ducing biological therapy in patients who have a history of
pulmonary NTM disease. Two patients in the present study
were treated with tocilizumab despite their history of pul-
monary NTM disease. By the time they started tocilizumab
therapy, both patients had achieved continued negative
sputum culture results for 2 years. After a 3-month inter-
val, however, their respiratory symptoms and radiological
findings were rapidly exacerbated. The JST, the ATS/
IDSA, and the British Thoracic Society have recommended
that the optimal duration of anti-NTM treatment for pul-
monary MAC diseases lasts until negative sputum cultures
have been maintained for 12-24 months [6, 7, 38-40].
However, our data indicate that in the patients scheduled to
receive biological agents for RA, the further continuation
of anti-NTM therapy is required during biological therapy.
In fact, case 3 successfully restarted tocilizumab therapy
while also being treated for pulmonary NTM disease.
Patients’ full compliance and physicians’ strict supervision
are both essential.

In conclusion, pulmonary NTM disease seems to spread
from preexisting structural abnormalities such as bronchial/
bronchiolar lesions or nodular lesions. There were no
particular radiological features that could characterize the
biological agent-associated pulmonary NTM disease.
Therapeutic responses to anti-NTM therapy were favorable
in this clinical setting. Close follow-up of preexisting CT
abnormalities can lead to early detection and the timely
implementation of therapeutic strategies for pulmonary
NTM disease in RA patients receiving biological therapy.
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