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Recent advances in the treatment strategy of rheumatoid arthritis (RA), including novel 
biological disease-modifying antirheumatic drugs (bDMARDs) and conventional synthetic 
DMARDs (csDMARDs), have revolutionized its management, resulting in the successful con-
trol of joint inflammation in a majority of patients and a significant improvement in their 
prognosis.

As a systemic inflammatory disease, RA frequently affects not only synovial joints but also 
various extra-articular organs. These extra-articular manifestations (EAMs) are the most seri-
ous predisposing factor for morbidity and mortality of RA patients. According to recent epide-
miological studies, these EAMs are decreasing with the introduction of novel therapeutics, 
which would explain the improvement in prognosis. However, pulmonary involvements are an 
exception; they are becoming more and more serious and now are the major obstacles to the 
successful treatment of RA.

In the prebiologics era, lung diseases caused serious problems in the management of RA as 
well. As shown in a large-scale cohort study conducted in Japan, they were the major cause of 
death of RA patients, together with malignancy. Lung diseases comprise infection, interstitial 
lung disease (ILD), and drug-induced pneumonia.

With the introduction of novel DMARDs in the 2000s, severe pulmonary infections and 
drug-induced lung disease, along with exacerbations of preexisting ILD, began to occur with 
considerable frequency as adverse events of this therapy.

A Japanese cohort study conducted recently reported that among RA patients undergoing 
biologics therapy, nearly 50% of the fatalities were attributable to lung diseases such as respi-
ratory infections and ILD. This means that one of the most vital challenges in the current treat-
ment of RA is the control of lung complications.

The risk factors for such severe lung complications under the novel DMARD treatments 
have been enthusiastically screened and surveyed by many investigators. However, treatment 
strategies to address such complications have not been established in a sufficient manner.

How should we confront these situations? Should patients with risk factors for such com-
plications be excluded from beneficial treatment in this novel era? What should we do to diag-
nose and treat each lung complication, sometimes in slowly progressive disease and sometimes 
in acutely developing illness? Except for tuberculosis, no practical guidelines have been for-
mulated so far. In this book, we aim to answer these questions at the best level possible, on the 
basis of knowledge obtained from our recent investigations along with the current best evi-
dence available.

First, we clarify the pathogenesis and clinical implications of the lung diseases directly 
associated with RA (pulmonary EAMs), including airway diseases and ILD, from various 
aspects: clinical, radiological, and pathological.

We emphasize the importance of airway disease, as one of the major risk factors of infec-
tions in RA patients. Also, we show that it can ultimately progress to respiratory failure due to 
obstruction of the peripheral airways. A new pathological classification of obliterative bronchi-
olitis is also presented.

We also introduce a new insight into the pathogenesis of honeycombing seen in RA-ILD, 
the so-called UIP (usual interstitial pneumonia) type. We clarify that this cystic structural 
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derangement is caused by persistent inflammatory destruction derived from RA in the periph-
eral airways. From this insight, a possible treatment strategy is proposed against the progres-
sion of RA-ILD.

For ILD itself, clinical, radiological, and pathological problems are discussed, with a few of 
our original insights inserted among the established knowledge.

Lastly, we discuss the diagnosis and treatment of lung infections and their cognate disor-
ders, including organizing pneumonia and acute diffuse lung disease along with Pneumocystis 
pneumonia and drug-induced pneumonia. Here, we propose specific and practical procedures 
to handle these complicated conditions.

We believe that the discussions presented here, which contain many of our new ideas and 
concepts, will be useful and beneficial for rheumatologists, pneumologists, and radiologists 
confronted with this vital clinical challenge, the diagnosis and treatment of lung diseases asso-
ciated with RA.

Tokyo, Japan Takahisa Gono
Tokyo, Japan  Hitoshi Tokuda
Saitama, Japan  Fumikazu Sakai
Tokyo, Japan  Tamiko Takemura
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Overview: Clinical Significance of Lung 
Disease Associated with Rheumatoid 
Arthritis

Takahisa Gono

Abstract

Rheumatoid arthritis (RA) is an immune-mediated disease that primarily affects joints. In the 
2000s, numerous novel antirheumatic agents, called biological disease-modifying antirheu-
matic drugs (bDMARDs) as well as methotrexate, have becom available worldwide. These 
developments in treatment have resulted in RA remission or low disease activity in greater than 
50% of RA patients. This recent progress has allowed RA patients attain improved physical 
function and prognosis. However, treatment-related events, such as infections, have occurred 
and occasionally caused severe or fatal outcomes in RA patients. Thus, clinicians must pay 
attention to complications during treatment with corticosteroids and/or DMARDs, especially 
bDMARDs. Approximately 50% of the causes of death in RA patients treated with bDMARDs 
involve respiratory disease, including pneumonia and interstitial lung disease. Therefore, clini-
cians should manage these pulmonary complications promptly. In this book, we will describe 
the current status of knowledge about lung disease in RA and would suggest the best form of 
management of lung disease in RA patients for clinicians, including general practitioners, rheu-
matologists, respirologists, radiologists, and pathologists. We hope that this book will prove 
helpful to all types of medical staff and clinicians who take care of RA patients.

Keywords

Rheumatoid arthritis • Lung disease • Management • bDMARDs

1.1  Introduction

Rheumatoid arthritis (RA) is an autoimmune disease that 
primarily affects joints. Recent advances in therapy for RA 
have been hugely beneficial in providing a better outcome 
in patients with arthritis. In the 2000s, numerous novel 
antirheumatic agents, called biological disease-modifying 
antirheumatic drugs (bDMARDs) as well as conventional 
synthetic DMARDs (csDMARDs), are now available 
worldwide as presented in Table 1.1 [1]. These develop-
ments in treatment have resulted in RA remission or low 
disease activity in greater than 50% of RA patients [2, 3]. 
This condition has allowed RA patients to achieve and 

T. Gono, M.D., Ph.D. 
Department of Allergy and Rheumatology, Nippon Medical School, 
Graduate School of Medicine, Tokyo, Japan
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Table 1.1 List of antirheumatic agents

Conventional synthetic DMARDs

Methotrexate
Sulfasalazine
Leflunomide
Hydroxychloroquine

Biological DMARDs

TNF inhibitor

Anti-B cell
Anti-T cell co-stimulation
Anti-IL-6R

Adalimumab
Certolizumab pegol
Etanercept
Golimumab
Infliximab
Rituximab
Abatacept
Tocilizumab

Targeted synthetic DMARDs

Tofacitinib
Baricitinib

DMARDs disease-modifying antirheumatic disease, TNF tumor necro-
sis factor, IL-6R interleukin 6 receptor

http://crossmark.crossref.org/dialog/?doi=10.1007/978-981-10-6750-1_1&domain=pdf
mailto:t-gono@nms.ac.jp
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maintain better physical function in daily living. In this 
past decade, numerous studies and reports have been per-
formed regarding arthritis in RA. Moreover, the American 
College of Rheumatology (ACR) and the European League 
Against Rheumatism (EULAR) have proposed guidelines 
or recommendations for the management of arthritis in 
patients with RA [4, 5]. Therefore, clinicians around the 
world can adequately understand how to manage patients 
who have joint symptoms in RA. This recent progress has 
allowed RA patients attain improved physical function and 
prognosis. However, treatment-related events, such as 
infections, have occurred not infrequently and occasion-
ally caused severe or fatal outcomes in RA patients [6]. 
Thus, clinicians must pay attention to complications of 
adverse events or complications during treatment with cor-
ticosteroids and/or DMARDs, especially bDMARDs, 
which include tumor necrosis factor inhibitor (TNFi), anti-
B cell or anti-T cell co-stimulation, and anti-interleukin 6 
receptor (IL-6R). In addition, extra- articular lesions are 
frequently revealed and diverse in RA, as shown in 
Table 1.2 [7]. Mortality is increased in RA patients with 
extra-articular manifestations compared with those with-
out. The age- and sex-adjusted mortality rate ratio is 2.49 
(95% confidence interval (CI) 1.43–4.03) in RA patients 
with extra-articular manifestations compared with RA 
patients without [7].

Therefore, to improve the prognosis of RA patients, we 
must understand the causes of death and how to manage 
complications related to treatment or extra-articular RA dis-
ease. In particular, complications of pulmonary diseases, 
such as infection, RA-associated airway disease or interstitial 

lung disease (ILD), and drug-induced pneumonia, are critical 
issues in clinical practice for RA patients. Therefore, we 
focus here on the causes of death and pulmonary complica-
tions in RA.

1.2  Mortality and Causes of Death in RA

Life span is shortened by 15–20% in RA patients [8]. The 
median survival of RA patients is reduced by 10 years for 
men and 11 years for women compared with the general 
population [9]. In 1989, in Finland, the causes of excess 
mortality are cardiovascular disease in 40%, infections in 
30%, and amyloidosis in 15% [8]. An inception cohort that 
was started in 1986 in the UK reported 459 deaths (32%) 
in 1429 patients recruited between 1986 and 1997 who 
were followed for up to 18 years. The standardized mortal-
ity ratio (SMR) was 1.27 (95% CI 1.04–1.46) [10]. In this 
cohort, the main causes of death were cardiovascular dis-
ease (31%), malignancy (25%), respiratory disease (22%), 
and cerebrovascular disease (10%), as shown in Fig. 1.1. 
Similarly, in the Institute of Rheumatology, Rheumatoid 
Arthritis (IORRA) cohort from Japan in 2010, the main 
causes of death in 289 RA patients were malignancy 
(24%), pulmonary disease (23%), and cardiovascular/cere-
brovascular disease (22%), as shown in Fig. 1.2 [11]. 
Pulmonary disease included pneumonia (12%) and inter-
stitial lung disease (11%). Pulmonary disease is one of the 
major causes of death in RA; however, its frequency is 
race dependent.

The risk factors for morality in the UK inception cohort 
included less favorable socioeconomic status, markers of 
RA disease severity, and diminished function within the 
first year [10]. The IORRA cohort demonstrated that the 
risk factors for mortality were associated with males, 
older age, worse physical disability, presence of rheuma-
toid factor (RF), corticosteroid use, and preexisting 
ILD. The risk factors for mortality in RA are presented in 
Table 1.3 and are reproduced from previous reports 
[10–13].

In addition, a study from Japan revealed that the SMR is 
1.08 [95% CI 0.77–1.47] in patients treated with bDMARDs 
and 1.28 [95% CI 1.17–1.41] in those treated with conven-
tional synthetic DMARDs (csDMARDs). Approximately 
50% of the causes of death in RA patients treated with 
bDMARDs involve respiratory disease, including pneumo-
nia and ILD (Fig. 1.3). Infection, malignancy, and vascular 
disease are also noted in ~10% of deaths in RA patients 
treated with bDMARDs [14].

Therefore, clinicians should manage these pulmonary 
complications promptly in RA patients, especially in patients 
who are treated with bDMARDs.

Table 1.2 Extra-articular manifestations in RA

 1. Pericarditis

 2. Pleuritis

 3. Felty’s syndrome

 4. Major cutaneous vasculitis

 5. Neuropathy

 6. Scleritis, episcleritis or retinal vasculitis

 7. Glomerulonephritis

 8. Vasculitis affecting other organs

 9. Amyloidosis

10. Keratoconjunctivitis sicca

11. Xerostomia

12. Secondary Sjögren’s syndrome

13. Pulmonary fibrosis

14. Organizing pneumonia

15. Cervical myelopathy

16. Subcutaneous rheumatoid nodules

17. Rheumatoid nodules in other locations

RA rheumatic arthritis

T. Gono



5

1.3  Pulmonary Complications in RA

In daily practice, we do not sufficiently know how to manage 
RA patients who have trouble in the lungs. Lung disease is a 
complication in approximately 5–60% of RA patients, 

depending on study design [15]. As shown in Table 1.4, the 
pulmonary manifestations revealed in RA are diverse [15]. 
Common pulmonary complications include RA-associated 
airway disease or ILD, infection, and drug-induced pneumo-
nitis. How to manage each pulmonary complication will be 
described in detail in the relevant chapter.

1.4  bDMARDs and Pulmonary 
Complications in RA

In the Rochester cohort, RA patients were found to be at a 
higher risk of developing infection than non-RA subjects 
after adjusting for age, gender, smoking status, corticoste-
roid use, leukopenia, and diabetes mellitus [16]. This finding 
suggests that RA causes patients to be susceptible to infec-
tion. Although the precise reason remains unknown, sensi-
tivities and excessive immune reaction or immune 
dysregulation to microorganisms might be involved in the 
occurrence of infections even without accounting for treat-
ment with immunosuppressive agents such as bDMARDs.

According to a post-marketing survey from Japan, the rate 
of infection is 5–10% for the initial 6 months after the  

31%10%

22%
25%

n = 459

cardiovascular disease

malignancy

respiratory disease

cerebrovascular disease

septicaemia

gastrointestinal disease

renal failure

others

Fig. 1.1 Cause of death in 
RA patients from UK in 2007. 
RA rheumatoid arthritis, UK 
United Kingdom

cardiovascular disease

malignancy

pneumonia

interstitial lung disease

other respiratory disease

cerebrovascular disease

infection

gastrointestinal bleeding

others

n = 289

24%

12%

11%14%

8%

Fig. 1.2 Cause of death in 
RA patients from Japan in 
2009. RA rheumatoid arthritis

Table 1.3 Risk factors for mortality in RA

Male

Older age

Lower socio-economic status

Smoking

Higher disease activity

Poor physical dysfunction

Presence of RF/ACPA

Carrying shared epitope of HLA-DRB1

Presence of bone erosion

Extra-articular features including ILD

High levels of ESR

Corticosteroid use

RA rheumatoid arthritis, RF rheumatoid factor, ACPA anti-citrullinated 
protein antibody, HLA human leukocyte antigen, ILD interstitial lung 
disease, ESR erythrocyte sedimentation rate

1 Overview: Clinical Significance of Lung Disease Associated with Rheumatoid Arthritis
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commencement of bDMARDs in RA patients [6]. The main 
sites of infection are the lung, urinary tract, and skin. The preva-
lence of each infection associated with the lung is presented in 
Table 1.5 [6, 17–20]. Pneumonia is noted in ~1% of RA patients 
treated with bDMARDs. Although the infection rate of myco-
bacterium and fungus is less than 1%, these infections fre-
quently cause severe conditions and refractory or fatal outcomes. 
Therefore, the management and prevention of these infections 
are critical for clinicians who take care of RA patients. In addi-
tion, new events and acute exacerbation of ILD are also critical 
problems and occasionally cause mortality in RA patients 
treated with bDMARDs. It is occasionally difficult to determine 
whether the cause of ILD is the RA itself, the drugs used in 
treatment, an infection, or a combination of these factors.

1.5  Future Perspectives for Managing RA 
in Patients with Pulmonary 
Complications

Taking all of the findings mentioned above into considra-
tion, clinicians who take care of RA patients must learn 
how to prevent and manage these pulmonary complica-

tions in RA to improve the mortality and morbidity rates. 
However, there has been a lack of evidence regarding the 
pathophysiology and management of lung disease associ-
ated with RA. Therefore, in this book, we will describe 
the current  status of knowledge about lung disease in RA 
and suggest the best form of management of lung disease 
in RA patients for clinicians, including general practitio-
ners, rheumatologists, respirologists, radiologists, and 
pathologists. We hope that this book will prove helpful to 
all types of medical staff and clinicians who take care of 
RA patients. In the future, clinicians and researchers 
should continue to investigate more solutions regarding 
pulmonary issues in RA patients and establish more  

n = 38

21%

18%

8%16%

13%

13%

vascular disease

malignancy

pneumonia

interstitial lung disease

other respiratory disease

infection

others

Fig. 1.3 Cause of death in 
RA patients treated with 
bDMARDs. bDMARDs 
biological disease-modifying 
antirheumatic disease

Table 1.4 Pulmonary manifestations in RA

RA-associated disease

Airway Bronchiectasis
Bronchiolitis
Emphysema

Parenchyma Interstitial lung disease
Organizing pneumonia
Rheumatoid nodules

Pleura Rheumatic pleuritis

Vascular Vasculitis

Treatment-related disease

Infections

Drug-induced pneumonitis

Others

Lung cancer
Lymphoma

RA rheumatoid arthritis

Table 1.5 Frequency of infections and respiratory disease during 
treatment of bDMARDs in postmarketing surveys from Japan

IFX ETN ADA TCZ ABA

Number of 
patients

5000 13,894 7740 7901 3985

Follow-up period 6 
months

24 
weeks

28 
weeks

6 
months

24 
weeks

Respiratory 
comorbidity

4.7% 7.1% 13.4% 26.1% 13.5%

Adverse events 28% 27% 24% 38% 15%

  The whole 
infections

18.4/100 
per year

8.7% 7.0% 10% 5.9%

  Pneumonia 2.2% 1.3% 1.3% 1.5% 0.7%

  Tuberculosis 0.3% 0.07% 0.1% 0.05% 0.03%

  Nontuberculosis 
mycobacteriosis

n.a 0.12% 0.1% 0.2% 0.05%

  Pneumocystis 
pneumonia

0.4% 0.18% 0.34% 0.2% 0.1%

  Aspergillosis n.a 0.01% 0.03% 0.01% 0.03%

  Cryptococcosis n.a 0.01% 0.04% n.a n.a

Serious adverse 
events

6.2% 4.6% 4.5% 7.5% 2.5%

  Infections 8.6/100 
per year

2.4% 2.4% 3.6% 1.0%

  Respiratory 
disease

1.7/100 
per year

0.8% 0.7% 1.7% 0.3%

IFX infliximab, ETN etanercept, ADA adalimumab, TCZ tocilizumab, 
ABA abatacept, n.a not available

T. Gono
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evidence in this regard. These continued efforts will 
thereby contribute to the improvement of outcome and 
prognosis in RA patients.
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Comprehensive Understanding 
of Airway Disease in Rheumatoid 
Arthritis

Hitoshi Tokuda

Abstract

Although the high prevalence of airway diseases in patients with rheumatoid arthritis (RA) 
has been recognized for decades, their clinical significance and treatment strategies have 
not been well discussed. With the introduction of potent disease-modifying treatments for 
RA, respiratory complications have emerged as the most important obstacle impeding the 
safe implementation of these therapies and improvement of patient prognosis. Along with 
interstitial lung disease, airway diseases are now regarded as one of the major risk factors 
of these lung complications and also result in their own problems such as airway obstruc-
tion and lung destruction. Bronchiectasis (BE) and bronchiolitis are well-known airway 
diseases that often develop concurrently. They are found in more than 10–30% of RA sub-
jects and are thought to be caused by persistent inflammation of the airway attributed to the 
dysregulated immune response in RA. Not infrequently, airway inflammation may provoke 
destruction of the peripheral airway and lung parenchyma, leading to the formation of a 
honeycomb- like structure mimicking interstitial lung disease. Control of this inflammation 
is an urgent issue that needs to be addressed in the future.

Keywords

Rheumatoid arthritis • Airway disease • Bronchiectasis • Bronchiolitis • Respiratory 
infection

2.1  Introduction

The recent introduction of potent disease-modifying anti-
rheumatic drugs (DMARDs), including methotrexate (MTX) 
and biologics, has revolutionized the treatment of rheuma-
toid arthritis (RA) and now allows almost complete control 
of joint inflammation in more than half of patients. However, 
we have yet to conclusively prove that they also improve 
patient prognosis.

A large-scale Japanese cohort survey in 2006 found that 
together with malignant tumors, respiratory diseases com-

prising pneumonia and interstitial lung disease (ILD) were 
the major causes of death in RA patients [1]. These data are 
derived from the prebiologics era (in Japan, biologics first 
became available in 2003). With the introduction of biolog-
ics, adverse events associated with these drugs were care-
fully studied in detail through clinical trials and 
postmarketing surveillance [2]. These studies elucidated 
that infections, specifically respiratory infections, were the 
most prominent issue among the various complications. 
Recently, a prospective, multicenter study was conducted 
in Japan to determine the prognosis of RA patients under-
going biologics therapy. Although treatment with biologics 
did not have a negative effect on overall outcomes, many 
fatalities occurred during this therapy, and in nearly 50% of 
the cases, death was attributed to respiratory diseases such 
as respiratory infections and ILD [3]. This means that one 
of the most vital challenges in current RA treatment, 
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 particularly with biologics, is the control of respiratory 
complications and especially respiratory infections.

Until recently, the high incidence of respiratory infections 
in RA patients was attributed to the use of immunosuppres-
sants such as corticosteroids [4]. However, this is not neces-
sarily true under biologics therapy. For example, many 
autoinflammatory diseases are treated with biologics, but 
respiratory infections are only observed in RA at a high fre-
quency, whereas they are not nearly as prevalent in inflam-
matory bowel disease. This suggests that factors unique to 
RA exist in the etiology of these infections. Attention is 
increasingly directed to underlying lung diseases, i.e., air-
way disease and ILD, as the major risk factors [5, 6].

In the past, studies on chronic lung complications of RA 
have focused primarily on ILD [7], and airway diseases have 
not been investigated nearly as thoroughly. However, within 
recent years, knowledge has been compiled on their incidence, 
pathogenesis, and effect on prognosis in RA patients [8–10].

Airway diseases are traditionally handled in two distinct 
entity, large airway disease and small airway disease. Large 
airway disease presents as bronchiectasis (BE), whereas 
small airway disease comprises various forms of bronchiol-
itis. Furthermore, we advocate here that bronchiolar dilata-
tion should be added to this discussion as another peripheral 
type of airway disease (described below). These airway dis-
eases all occur far more frequently in RA patients than in the 
general population, the fact of which urges us to assume that 
their etiology is closely related to the pathophysiology of RA 
[8, 11].

2.2  Bronchiectasis (BE)

2.2.1  Epidemiology

The frequency of BE in RA patients has been assessed in 
many studies using high-resolution computed tomography 
(HRCT) over the past two decades. Most of these studies 
report prevalence between 30 and 40% (Table 2.1) [12–19]. 
Early studies were retrospective and subject to selection 
bias, whereas the more recent studies are prospective and 
consecutively enrolled all RA patients who presented to a 
medical facility during a specified period. Given the large 
subject size of these studies, the results are highly reliable. 
Rheumatologists who have used chest radiography alone to 
assess their patients may find these figures as unacceptable. 
In a review of BE coexistence in RA patients, Wilczynska 
and colleagues pointed out that RA patients rarely complain 
of respiratory symptoms and also that chest radiographs 
lack the requisite sensitivity, declaring HRCT to be essential 
to provide an accurate assessment of BE [8]. Figure 2.1 
illustrates a case in which chest radiography showed no 
remarkable findings, while an HRCT scan revealed wide-
spread BE. There is no room for argument that HRCT scans 
are required in the diagnosis of BE.

There do not appear to be any national or racial differ-
ences in this frequency, nor does treatment history appear to 
be relevant. Mori and colleagues performed HRCT scans in 
126 consecutive RA patients on their first visit, of which 
41% had signs of BE [18]. This was observed not only in 

Table 2.1 Reported prevalence of bronchiectasis in RA patients, literature review

Author Country Study type n Mean age (y)
Mean duration of 
RA (y)

Prevalence of 
bronchiectasis (%) References

Perez T et al. France Prospective 50 57.8 ± 1.5 14.4 ± 1.3 30 Am J Resp Crit 
Care Med 1994 
[12]

Cortet et al. France Prospective 68 58.8 ± 10.6 12 ± 9.2 31 Ann Rheum Dis 
1997 [43]

Despaux et al. France Prospective 46 60.1 (30–85) 10.1(1–32) 41 Rev Rhum Engl 
Ed 1998 [13]

Mori et al. Japan Prospective 126 60.0 ± 12.4 0 or 11.8 ± 9.7a 41 J Rheumatol 
2008 [18]

Wilsher et al. New 
Zealand

Prospective 60 54 (26–76) 0.6(0–1) 35 Resp Med 2012 
[17]

Remy-Jardin 
et al.

France Retrospective 84 57 ± 9 12 ± 8 24 Radiology 1994 
[12]

Tsuchiya 
et al.

Japan Retrospective 144 65.2 ± 9.8 9.7 ± 12.0 22 Eur Respir J 
2011 [19]

Akira M et al. Japan Retrospective 29 59 ± 11 n.a. 52 J Comput Assist 
Tomogr 1999 
[15]

Terasaki H 
et al.

Japan Prospective 34b 61(41–80) 12(0–39) 62 Radiat Med 
2004 [16]

aWithin 1 year in 65 patients and longer duration in 61 patients
bSubjects are limited to those with respiratory symptoms
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patients with long-standing RA (49%) but also in 34% of 
patients with early RA. This high prevalence cannot be 
explained by the conventional hypothesis that BE is a result 
of repeated infection caused by immunosuppressive therapy. 
It is 10- to 20-fold higher than the prevalence in the general 
population [20], and it should be considered to be directly 
associated with RA itself.

2.2.2  Mechanism of Development

In non-RA subjects, BE is often attributed to a previous med-
ical history of pneumonia or other infections during child-
hood or later years. This is, however, not true in those with 
RA. Detailed interviews prove that the majority had no his-
tory of major infectious episodes, whereas disease is often 
widespread with involvement of two or more pulmonary 
lobes at presentation.

In the general population, BE is considered to evolve 
through the following process (Fig. 2.2). Chronic neutro-
philic inflammation in the airway persists and injures the 
supportive structure of the airway, that is, cartilage, elastic 
fibers and smooth muscle, causing fragility of the airway 
structure. There, negative pressure held inside the lungs 
causes airway dilatation. Edema of the submucosal layer, 
cellular infiltration, collagen deposition, and increases in 
bronchial glands then lead to thickening of the bronchial 
wall [21].

Recently, in addition to these morphological studies, 
immunological researches have been compiled and clarified 
the following scenario: macrophages and airway epithelial 
cells respond to the colonized bacteria such as Streptococcus 
or Pseudomonas and release cytokines such as IL-17, IL-8, 
and TNF-alpha, which drive neutrophils into action in the 
airway wall. Activation enzymes released from these neutro-
phils, such as elastase and matrix metalloproteinases, dam-
age and destroy the supporting tissue of the bronchial wall as 
mentioned above (Fig. 2.3) [22–24].

In RA patients, it may be postulated that similar and more 
intense inflammation occurs in the airway, leading to the 
development of BE [11]. Unfortunately no studies have yet 
analyzed the inflammatory dynamics of the airway in patients 
with RA.

2.2.2.1  BE Appearing after RA Onset
BE may be observed to develop de novo in the course of 
RA. Figure 2.4 shows a case in which BE appeared in only a 
few years. This is a woman in her 60s with a 6-year history of 
RA. A CT scan performed 3 years ago for a mild productive 
cough revealed only a fibrotic scar in the middle lobe 
(Fig. 2.4a, b). Thereafter, she sometimes presented with  
a productive cough without any febrile episodes. At her pre-
sentation to our respiratory department, she complained of a 

a

b

c

Fig. 2.1 Chest radiography is often powerless for detecting airway dis-
ease. (a) Chest radiograph in a 65-year-old woman with RA for 2 years. 
She complained of cough and sputum for several years. We cannot find 
any abnormality on this image. (b, c) HRCT reveals bronchiectasis with 
bronchial wall thickening distributed in every lobe (arrows), and also 
small nodules are scattered around. In this case, only HRCT can dem-
onstrate these anatomic changes of the airway
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mild productive cough for 1 month and weight loss of 2 kg, 
and a CT scan was performed (Fig. 2.4c, d). BE has now 
become apparent in the right middle lobe over these 3 years. 
Fluoroquinolones were highly effective against symptoms in 
this patient and prevented further aggravation thereafter. This 
case clearly shows that BE may appear de novo during the 
course of RA. Importantly, in such cases, the signs or symp-
toms may be subtle or often absent. Physicians must be alert 
to this possibility.

BE also develops in patients with autoimmune diseases 
other than RA such as ulcerative colitis. How should we inter-
pret this phenomenon? Boyton and colleagues, one of the 
leading investigators of the immunology of BE, postulate that 
in those patients with autoimmune diseases, an excessive and 

dysregulated immune response is the key concept [11, 25]. 
Recent advances in genome sequencing technology revealed 
that the respiratory tract, which was thought to be sterile until 
several years ago, harbors microorganisms that are not 
detected by standard culture techniques, forming a unique 
lung microbiome. In those autoimmune diseases, dysbiosis of 
this microbiome or dysregulation of the host immune response 
may evoke an exuberant immune response in the airway, 
leading to persistent inflammation and the development of 
BE (Fig. 2.3). Further research is awaited in this field.

2.2.2.2  BE Preceding RA Onset
As mentioned above, Mori and colleagues [18] found that 
30% of patients showed signs of BE in HRCT during the 

Dilatation of the bronchus

Thinning of the 
cartilage

Disruption of elastin and smooth muscle 

Increase of
mucus glands 

Chronic inflammatory cell infiltration 

Extension of
inflammation to
the surrounding
lung tissue 

Thickening of the
bronchial wall

Fragility of the wall

Fig. 2.2 Pathogenesis of 
bronchiectasis on a 
morphological basis. Chronic 
neutrophilic inflammation in 
the airway disrupts elastin, 
smooth muscle, and cartilage 
of the bronchial wall, leading 
to structural fragility and then 
dilatation of the bronchus. 
Thickening of the bronchial 
wall is also brought about by 
this chronic inflammation. 
Photomicrograph courtesy of 
Dr. T. Takemura
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Fig. 2.3 Putative 
immunological pathogenesis 
of bronchiectasis in RA 
elucidated by clinical 
immunological studies over 
the recent decades. With the 
recognition of colonized 
bacteria, macrophages and 
epithelial cells release 
inflammatory cytokines such 
as IL-8, TNF-α, and IL-17, 
which induce persistent 
neutrophilic inflammation that 
leads to destruction of the 
bronchial wall. It has recently 
been postulated that this 
inflammatory process may be 
caused by dysbiosis of the 
microbiome in the airways 
and/or dysregulation of the 
host immune response, a 
subject that has attracted 
much attention in this decade
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early period of RA, suggesting the possibility of BE as con-
current or preceding disorder. In clinical experience, BE 
certainly precedes the onset of RA in a certain proportion of 
cases. We show a typical case of such a sequence in Fig. 2.5. 
A 55-year-old man who was diagnosed as RA 4 months ear-
lier presented with a recurrent and prolonged productive 
cough. He had been diagnosed as having BE at his young 
age. In this patient, it is apparent clinically that BE preceded 
RA. CT scans revealed advanced BE in his middle and 
lower lobes. In the surrounding area, widespread micronod-
ules are observed indicating bronchiolitis (Fig. 2.5a, b).

This sequence may have some relationship with the 
pathogenesis of RA. Demoruelle and colleagues examined 
HRCT findings in 42 subjects positive for RA-related auto-
antibody but who did not have inflammatory arthritis and 
found airway changes such as BE and bronchiolitis in 76% 
of them. Furthermore, five of those subjects later developed 
RA. They considered that an immune response at the muco-
sal site of the respiratory tract forms RA-related autoanti-
bodies, particularly anti-CCP antibodies, which then reach 
the joints via the bloodstream and contribute to the develop-
ment of RA. They postulated that the preclinical stage of RA 

a b

c d

Fig. 2.4 A case of 
bronchiectasis in which its 
development was observed 
during the clinical course of 
RA. HRCT of a 67-year-old 
woman with RA of 6-year 
duration. (a, b) HRCT 3 years 
ago shows only fibrotic 
scarring in the right S4 (blue 
arrow). No dilatation of the 
bronchi is visible. (c, d) Three 
years later, she complained 
cough, sputum, and weight 
loss. HRCT revealed newly 
developed bronchiectasis (red 
arrows) and micronodules 
surrounding these areas
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may be chronic inflammation of the airway where interaction 
between the immune system and the altered microbiome 
may generate autoimmunity [26].

2.2.3  Imaging Findings

The diagnosis of BE on HRCT scans is detailed in Chap. 
4. The criteria summarized and proposed by leading 
radiologist Naidich are easy to apply and are widely 
accepted [27].

The distribution of BE in RA patients is not necessarily 
limited to a single lobe. In nearly half of the patients, BE is 
found over two or more lobes and often in the entire lung 
including the upper lobes. Shrinkage of the affected lobe is 
common, which is thought to be a result of repeated bouts of 
inflammation. Findings indicating bronchiolitis such as cen-
trilobular micronodules and branching opacities are often 
noted peripherally (Figs. 2.6 and 2.7).

a

b

c

Fig. 2.6 Bronchiectasis distributed mainly in the lower lung field. (a) 
Chest radiograph in a 73-year-old woman with RA for 12 years. She 
had complained of a persistent productive cough for 2 years, with a 
weight loss of 4 kg. Reticular opacities are visible in the bilateral lung 
bases (arrow). In addition, shrinkage of the right lower lung is noted. 
(b) HRCT of the upper lung zone reveals mild bronchiectasis (blue 
arrows). (c) In the lower zone, diffuse bronchiectasis is visible with 
scattered micronodules in the surrounding area (blue arrows)

a

b

Fig. 2.5 A case of bronchiectasis that preceded the onset of RA. HRCT 
in a 55-year-old man with RA of 4-month duration. (a) Bronchiectasis 
with consolidation is conspicuous in the middle lobe (red arrow). (b) 
Bronchiectasis is also seen in the lower lobe (yellow arrow), and 
micronodules are scattered throughout the entire right lung (blue 
arrows). He was diagnosed as having BE at a younger age, that is, his 
airway disease preceded the onset of RA
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The primary clinical concern in BE is the risk of bac-
terial pneumonia [28, 29]. We show a case of pneumonia 
in Fig. 2.8. On the chest radiograph, a pneumonia shadow 
is visible in the right lower lung, and on HRCT, we rec-
ognize BE within the pneumonia and its adjacent area, 

indicating that BE is the predisposing factor for this 
pneumonia (Fig. 2.8b). RA patients with complications 
of BE are reported to have a poor prognosis because of 
repeated infection [30, 31]. This issue is detailed in 
Chap. 5.

a

c d

b

Fig. 2.7 Bronchiectasis with upper and middle lobe predominance. 
Chest radiograph of a 71-year-old woman. (a) In the posteroanterior 
radiograph, reticular shadows are visible in the middle and lower lung 
fields that mimic lung fibrosis (arrows). (b) In the lateral view, however, 
the shadows are extended to the ventral area in a segmental manner 

(arrow), suggesting upper and middle lobe distribution. (c, d) HRCT 
shows bronchiectasis distributed throughout the entire lung (red 
arrows). A focus of consolidation is seen in the right lower lobe (yellow 
arrow), indicating pneumonia

2 Comprehensive Understanding of Airway Disease in Rheumatoid Arthritis
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2.3  Peripheral Airway Disease: 
Bronchiolitis

A great number of studies have been accumulated on the 
morphology and pathophysiology of bronchiolitis. They are 
detailed in Chap. 3. Here, we shall have a glance at these 
issues and consider their clinical significance.

2.3.1  Pathology of Bronchiolitis

Bronchiolitis in RA has been classified into several histo-
pathological types [32] including (1) cellular bronchiolitis, 
(2) follicular bronchiolitis (FB), and (3) bronchiolitis obliter-
ans (BO). We provide a simple overview below.

FB is observed in particular diseases such as RA or 
Sjögren’s syndrome (Fig. 2.9b). FB is characterized by 
inducible bronchus-associated lymphoid tissue (iBALT) 
comprising mature B lymphocytes and plasma cells formed 
in the submucosal layer and outside the bronchial walls. In 
2006, Rangel-Moleno and colleagues used modern immu-
nohistological techniques to study the roles of these lymph 
systems and discovered that they produce various cyto-
kines, chemokines, and anti-CCP antibodies that play 
major roles in the pathogenesis of RA. Of note, iBALT 
plays a harmful role to the surrounding lung tissue through 
these processes [33].

Agreement cannot be reached on the pathology of BO in 
RA [32]. BO is also often observed after transplantations, 
and there is controversy about whether BO in RA differs 
from post-transplant BO. In Japan, Homma and colleagues 
examined three BO patients with RA and described unique 
characteristics of these diffuse panbronchiolitis-like cases 
[34]. Hebisawa and colleagues reviewed many cases of BO 
and divided them into two categories. In one subtype, the 
structure of the airway wall is reserved, but the lumen is nar-
rowed and obstructed by granulation tissue; they termed this 
“endobronchiolitis obliterans.” This subtype is often found 
in patients after transplantation and is considered to be the 
same entity as conventional constrictive bronchiolitis. In the 
other subtype, inflammation extends to the entire airway 
wall, causing destruction and ultimate fibrosis of the wall 
that leads to constriction and obstruction of the lumen. They 
named the latter subtype “cellular and destructive bronchiol-
itis” (Fig. 2.9c). It is often seen in autoimmune diseases such 
as RA and Sjögren’s syndrome and is accompanied by thick-
ening and dilatation of the large airways [35]. These charac-
teristics well match the clinical and radiological features of 
BO in RA [36].

In RA patients, two or more of these pathological types 
may coexist within the same patient’s lungs [37]. A certain 
pattern may be prevailing at the biopsied site, but another pat-
tern may prevail at another site; thence a diagnosis should not 
be based on this finding alone. Particularly in FB, several 
clinical and pathological reports handle this type as a distinct 
category [38]. Yet, on the basis of the above-mentioned rea-
son, and because those reports failed to present distinct clini-
cal features, the term “FB” should be used as a term for a 
pathological finding rather than an distinct clinicopathologi-
cal entity.

a

b

b

Fig. 2.8 Bronchiectasis complicated with pneumonia in a 72-year-old 
woman. She complained low-grade fever, cough, and sputum for sev-
eral days. (a) This radiograph shows an infiltrative shadow in the right 
lower lung field (arrows). (b) HRCT shows an infiltrative shadow in the 
right lower lobe (red arrows). Bronchiectasis of a marked degree (blue 
arrows) is visible adjacent to those infiltrative shadow, suggesting that 
pneumonia has occurred at the base of bronchiectasis
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How do the early stages of bronchiolitis look like? 
Figure 2.10 shows the histological findings of a surgical lung 
biopsy (SLB) specimen from an 18-year-old woman who 
developed RA 1 year ago. SLB was performed for suspicion 
of ILD. Cellular interstitial pneumonia was noted widely. At 
the site shown in this figure, a respiratory bronchiole is seen 
on a background of nearly normal lung. The walls are thick-
ened due to inflammatory cell infiltration and collagen depo-

a

c

b

Fig. 2.9 Histological variations of bronchiolitis in RA. (a) Cellular bronchiolitis, (b) follicular bronchiolitis, and (c) cellular and destructive 
bronchiolitis (Photomicrograph in [a, b] courtesy of Dr. T. Takemura and that in [c] courtesy of Dr. A. Hebisawa)

Fig. 2.10 Early stage of bronchiolitis in an 18-year-old woman with 
RA. Surgical lung biopsy was done for suspicion of interstitial pneumo-
nia. In this almost normal lung, we see a respiratory bronchiole whose 
wall is thickened with inflammatory cell infiltration and collagen depo-
sition. This patient has no respiratory symptoms (Photomicrograph 
courtesy of Drs. T. Takemura and H. Sugimoto)
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sition and show the very early stages of bronchiolitis. This 
patient did not complain of any respiratory symptoms, indi-
cating that bronchiolitis can develop from a very early stage 
in RA patients insidiously.

2.3.2  Epidemiology

The frequency of bronchiolitis among RA patients was 
investigated in various studies using HRCT, and a prevalence 
from 8 to 18% was reported [39, 40]. Takemura reported a 
prevalence of 61% in autopsied cases [41].

2.3.3  Imaging Findings

Centrilobular micronodules and branching opacities are 
thought to represent bronchiolitis on HRCT scans [37, 42]. 
The distribution is sometimes regional and sometimes 
 diffuse. In BO, instead of the micronodular patterns, mosaic 
patterns may prevail in the lung field, which is shown more 
demonstrably in an expiratory CT scan. The details are dis-
cussed in Chap. 4.

2.3.4  How and When Does Bronchiolitis 
Appear and How Does It Progress in RA 
Patients?

No previous reports have tried to answer these questions. Below, 
we present some cases and discuss how and when bronchiolitis 
appears and how it persists or disappears in RA patients.

A case in which we fortunately witnessed the onset of 
bronchiolitis on sequential CT scans is shown in Fig. 2.11. 
The CT scan in Fig. 2.11a shows the first episode of pneumo-
nia in a 49-year-old woman with RA of 15-year duration. 
The left lower lobe was consolidated with a marked loss of 
volume, inside of which dilated bronchi are visible. This was 
a case of pneumonia at the base of BE, which had progressed 
to organized pneumonia. This patient did not respond to anti-
biotics and required corticosteroids. At this point, there were 
no signs of abnormalities in the right lung.

Thereafter, MTX was restarted, and 4 months later, the 
patient had another episode of pneumonia. Along with the 
pneumonia in the left lower lobe, a chest radiograph revealed 
a newly developed granular opacity in the right lower lung 
(Fig. 2.11b), and HRCT scans confirmed a diagnosis of 
bronchiolitis (Fig. 2.11c). Thereafter, the patient suffered 
multiple recurrences of pneumonia, but each time, they were 
controlled with prompt administration of fluoroquinolones. 

Pharmacotherapy with MTX and biologics, essential to con-
trol her RA activity, was continued throughout the course of 
these episodes. Thanks to this persistence, the RA symptoms 
were stabilized, and she did not suffer recurrences of pneu-
monia thereafter. However, on the HRCT scan, micronodular 
opacities remained even after the successful disease course 
(Fig. 2.11d). A mild productive cough also persists. In this 
case, we observed the appearance of bronchiolitis, which 
was presumably formed through the spread of microorgan-
isms from the left side during the second episode of pneumo-
nia. We also learned through this case that once established, 
bronchiolitis would not disappear by any means.

A mild case of bronchiolitis in a woman in her 50s with 
RA for 10 years is shown in Fig. 2.12. Abnormal findings had 
been noted on chest radiography over the past 3 years 
(Fig. 2.12a). On HRCT, regional bronchiolitis is visible in the 
right upper lobe, and BE is noted in the left lingular division 
(Fig. 2.12b, c). During this period, the patient had suffered 
several episodes of mild respiratory tract infections. It was 
assumed that bronchiolitis had been formed through bacterial 
aspiration from the BE in the left side. Mycobacterial disease 
was ruled out with bronchoscopy. Over the next few years, 
this condition continued to wax and wane with aggravation 
and disappearance of the granular opacities on the images, 
which paralleled RA disease activity (Fig. 2.12d, e). A mild, 
productive cough was also noted during the periods of aggra-
vation. This case shows that bronchiolitis, which began as an 
infectious type, may persist and fluctuate in parallel with RA 
disease activity in a patient with a mild disease course.

A 75-year-old woman with a chronic productive cough of 
a several years’ duration and a 20-year history of RA is 
shown in Fig. 2.13. In chest images, widespread BE and 
bronchiolar disease were noted throughout the entire lung. 
Long-term therapy with macrolides had proven ineffective. 
Despite restrictive and occlusive mixed lung function impair-
ment, the patients did not complain of dyspnea, presumably 
because of her low daily activity. This type of widespread 
broncho-bronchiolar disease is not infrequently seen in RA 
patients in clinical practice. Occasionally, this can be con-
fused with diffuse panbronchiolitis in East Asia, but the dis-
tinct clinical course and the lack of response to macrolide 
therapy reveal a completely different disease profile.

Common to these cases presented here is the coexistence 
of BE at central side and bronchiolitis at peripheral side. 
Many CT studies report this coexistence, and also many 
studies using both HRCT and PFT have revealed a high prev-
alence of obstructive impairment in subjects with BE [17, 42, 
43]. Airway inflammation in RA patients is not limited either 
to the central or peripheral airways, but it often involves the 
entire airway.
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d

Fig. 2.11 Development of bronchiolitis observed in a 49-year-old 
woman with RA of 15-year duration. (a) HRCT at her first presentation 
for protracted pneumonia. The left lower lobe is collapsed and consoli-
dated (red arrow), and dilated bronchial lumens are visible within it 
(blue arrow). This is the organized stage of pneumonia, which occurred 
at the base of bronchiectasis. Note that there are no abnormalities in the 
right lung. (b) The second episode of pneumonia after 4-month treat-
ment of RA with MTX. The chest radiograph shows pneumonia in the 
left lower lung that obliterates the contour of the descending aorta 
(arrow). Disseminated granular shadows appear in the right lower lung 

field (white arrow). (c) HRCT scan shows pneumonia at S10 of the left 
lower lobe (blue arrow). Many micronodules are present in the right 
lower lobe and middle lobe (red arrows). (d) HRCT scan 4 years later 
shows micronodules and bronchiectasis remaining in the right lower 
lung field (yellow arrows). During this period, she suffered from several 
episodes of pneumonia, all of which were successfully controlled with 
the prompt use of fluoroquinolones. In the successive 5 years until now, 
she has not been troubled by pneumonia in accordance with good con-
trol of her RA disease activity. She still complains of cough and spu-
tum, but it is tolerable
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Fig. 2.12 Bronchiolitis in segmental distribution observed in a 
57-year-old woman with RA for 10 years. (a) Chest radiograph shows 
a granular shadow in the right lung field (arrow), which had been 
pointed out for 3 years. Her RA disease activity is relatively low. (b) 
HRCT reveals centrilobular micronodules in S2 of the right upper lobe 
(red arrow). (c) Bronchiectasis accompanied by micronodules is seen in 

the left lingular division (blue arrow), which is thought to be the origin 
of bacterial dissemination. This condition persisted for 3 years, with 
subtle respiratory symptoms. (d, e) Three years later, the micronodules 
have disappeared spontaneously without any specific therapy for this 
disorder. RA treatment was successfully conducted during this period

a b

c

d e

H. Tokuda



23

a

d

b

c

Fig. 2.13 Bronchiectasis and bronchiolitis diffusely distributed in the 
entire lung. (a) Chest radiograph of a 73-year-old woman with RA for 
20 years shows a diffuse granular shadow (arrows). She complained of 
cough and sputum for several years, for which macrolides were pre-
scribed with no effect. HRCT reveals prominent bronchiectasis in the 
upper lobes (b, red arrows) and also in the lower lobes (c, red arrows) 

with numerous centrilobular micronodules (d, blue arrows). These 
imaging findings closely resemble nontuberculous mycobacterial dis-
ease. However, the mycobacterium was not detected with repeated spu-
tum examinations and with bronchoscopy. Thus, this condition was 
diagnosed as an advanced stage of RA-specific airway disease
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2.4  Peripheral Airway Disease: Cystic 
Bronchiolectasis and Honeycomb- 
Like Structural Remodeling

As widely acknowledged, inflammation at the bronchiolar 
level leads to thickening of the bronchiolar walls and nar-
rowing of the lumen; thereby, CT images show signs of cen-
trilobular micronodular and branching opacities. Conversely, 
although relatively rare, the inflammatory process can 
destroy the bronchiolar wall and surrounding lung tissue, 
resulting in dilation of the bronchioles in patients with 
RA. In such cases, multiple cystic structures are formed 
along the stem bronchi or in subpleural region, revealing 
morphology similar to the honeycombing seen in chronic 
fibrotic interstitial pneumonia. These findings have never 
been described before and, in diagnostic imaging, have been 
most likely diagnosed as interstitial pneumonia, particularly 
ILD with usual interstitial pneumonia (UIP) pattern. We 
believe that this type of lung lesion is not rare in RA patients, 
and we would like to present our findings. Detailed patho-
logical descriptions are provided in Chap. 7.

Case 1 (Fig. 2.14) A 75-year-old woman had a 30-year his-
tory of RA. She suffered from a chronic cough for several 
years, and reticular opacities are noted on her chest radio-
graph at the base of both lungs (Fig. 2.14a). Her coughing 
had worsened over the past 3 months, and because aggrava-
tion of ILD was suspected, she was referred to our respira-
tory department. Her main laboratory results were 
KL-6 813 IU/mL, ACPA 2530 U/mL, and RF 341 IU/
mL. Arterial blood gas analysis showed mild oxygenation 
impairment. Bronchoscopy was performed, and bronchoal-
veolar lavage fluid revealed an increase in lymphocyte- 
predominant cells. On HRCT, we could see cysts of various 
sizes distributed in a segmental manner (Fig. 2.14b), which 
indicated a close relation to the airway. Lower lung slices 
showed clusters of cysts ranging from 5 to 10 mm in size 
arrayed contiguously in the subpleural area (Fig. 2.14c, d). 
These findings closely resemble the honeycombing seen in 
ILD with UIP pattern. In the pathological examination of the 
SLB specimen, a cystic structure is observed that involves an 
entire lobule (Fig. 2.14e, f). The walls of the cysts are made 
up of inflamed and disrupted bronchiolar walls. The sur-
rounding alveolar tissue is also destroyed by inflammation 
and has disappeared. Histopathologically, these cysts are 
judged to be the result of inflammatory destruction and dila-
tion of bronchioles. Notably, these changes were not accom-
panied by large airway disease in this case. When CT images 
in RA reveal clustered cysts in the subpleural area, radiolo-
gists commonly make a diagnosis of honeycombing, that is, 
ILD with UIP pattern. However, clinicians should note that 
similar findings might be produced by dilatation of bronchi-
oles through intense inflammation owing to the RA.

Case 2 (Fig. 2.15) An 80-year-old woman was diagnosed as 
RA 4 years ago. On the same occasion, she was judged to 
have ILD based on CT findings. RA was treated with pred-
nisolone and tacrolimus. She had no respiratory symptoms 
such as cough, sputum, or shortness of breath or any history 
of past pneumonia. The patient presented with a productive 
cough for 2 months, and a chest radiograph revealed a bilat-
eral hilar infiltrative opacity that had expanded compared to 
previous films, and the patient was referred to our respiratory 
department. Her CRP was 2.5 mg/dL, KL-6  550 IU/mL, anti-
CCP antibodies 362 U/mL, and results of PFT were within 
normal limits. She was diagnosed as having pneumonia at the 
base of BE, but antibiotics therapy failed to improve her con-
dition. It was assumed the disease had developed into orga-
nized pneumonia, and she was started on 40 mg of 
prednisolone for 3 weeks, leading to successful resolution 
clinically and radiologically.

Chest radiographs showed a reticular opacity that pre-
dominated in the upper lobe with segmental distribution, 
indicative of bronchial origin, not ILD (Fig. 2.15a, b). 
HRCT scans showed dilation of the segmental bronchi with 
consolidation of the surrounding area containing countless 
dilated bronchi and cyst clusters (Fig. 2.15c, d). 
Consolidation in the surrounding areas showed a panlobu-
lar distribution, suggesting its airway origin. In the right 
lung, from S2 to S9, cyst clusters are formed along the seg-
mental bronchi (Fig. 2.15e). Areas around these lesions 
showed the absence of reticular opacity, the sign of ILD, 
denying the possibility of traction bronchiectasis. These 
findings clearly ruled out ILD and led to the conclusion that 
all of these changes arose from an inflammatory process in 
the airway. Although lung biopsies were not conducted in 
this patient, the pathological findings of Case 1 help to 
imagine how these cyst clusters evolved (Fig. 2.15f, g). In 
inflamed lung tissue, respiratory bronchi arising from ter-
minal bronchioles just adjacent to the membranous bron-
chioles are destroyed with the surrounding lung parenchyma. 
Inflammatory cell infiltration and fibrosis are also observed. 
From these findings, in such situation, we can postulate that 
small bronchi or bronchioles that branch off from the stem 
bronchus (so-called daughter branches) may form cysts, 
leading to the propagation of cysts such as is shown in 
Fig. 2.15c–e.

In summary, this is an example of extensive airway dis-
ease, not ILD, which has progressed insidiously. There were 
most likely several incidents of focal pneumonia that left 
organization after each episode, which ultimately created the 
consolidation around the bronchi. Concurrently, destruction 
and dilatation of the bronchi and bronchioles led to the 
 formation of multiple cysts. These types of findings are rela-
tively rare among RA patients, but they do occur and are the 
result of the intense inflammation of the airway characteris-
tic in RA patients.
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Fig. 2.14 Cystic bronchiolectasis mimicking honeycombing. (a) 
Chest radiograph of a 75-year-old woman with RA for 30 years. She 
complained of cough for 2 years, which had worsened over the recent 
3 months. Tocilizumab had been given for 3 years. Reticular shadows 
are seen in the bilateral lung bases. (b) HRCT shows multiple cysts of 
various sizes distributed in a segmental manner (blue arrows). (c, d) 
Larger cysts are arrayed contiguously near the pleura that mimic a usual 
interstitial pneumonia (UIP) pattern (blue arrows). These cysts were 

proven to be dilated bronchioles histologically. Cystic bronchiolectasis 
was observed in the SLB specimen. (e) Panoramic view shows a cyst 
involving an entire lobule located slightly apart from the pleura (arrow). 
The cyst consisted of the destroyed and dilated bronchiole. (f) Cystic 
dilatation of bronchioles is visible in the inflammatory lesion (arrows). 
The wall of the cyst is composed of destroyed bronchiolar wall and the 
alveolar tissue around it, due to inflammatory destruction 
(Photomicrograph courtesy of Dr. T. Takemura)

a
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These two cases share several clinical features. (1) 
KL-6, an important serum marker for ILD activity, was 
only slightly elevated, which is not compatible with 
ILD. KL-6 is also produced by the bronchiolar epithelium, 
making its slight elevation in these cases explicable [44]. 

(2) The symptoms were chronic cough and sputum present-
ing as of airway origin. (3) These airway symptoms were 
easily controlled with short-term fluoroquinolone therapy. 
These characteristics are all unlikely to occur in ILD. The 
details are described in Chap. 5.
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Case 3 In Fig. 2.16, we present a case with normal lungs 
at first in whom BE gradually developed and eventually 
progressed to honeycomb-like structures over 7 years of 
observation. At the time of first presentation, the patient 
was 50 years of age, with RA for 4 years, an ex-smoker 
(until age 30), and an office worker. Over the first 5 years, 
he experienced several episodes of pneumonia with hospi-
talization, and each time, antibiotics alone were not enough 
to cure, and he required additional corticosteroids. Over 
this period, BE emerged from an almost normal lung in the 
bilateral lower lobes (Fig. 2.16b–d). This emergence of BE 
can be attributed to the intense inflammation of the airway 
with repeated aggravation. Despite all treatment efforts 
over the next 2 years including biologics, his RA activity 
was difficult to control, and symptoms of chronic respira-
tory tract inflammation including productive cough also 
persisted. Two years later, a CT scan taken 7 years after the 
initial presentation revealed a new finding, the appearance 
of a honeycomb- like structure in the lingular division and 
lower lobes (Fig. 2.16e–h). Pathological studies on SLB 

specimens revealed that these cystic structures are formed 
through a destructive inflammatory process. The walls of 
the cysts are composed of the remaining bronchiolar wall 
and surrounding alveolar tissue that was destroyed by 
inflammation (Fig. 2.16i, j). In other words, although the 
findings appear similar to the honeycombing observed in 
ILD with UIP pattern (which is caused not by inflamma-
tion but by fibrosis), a completely different mechanism has 
created this structural remodeling, as shown in these 
sequences of CT images and the pathological findings. 
However, radiologists who interpret the last CT would 
likely make a diagnosis of ILD with honeycombing. We 
suspect that a certain proportion of RA patients diagnosed 
as having ILD of UIP pattern may in fact have airway dis-
ease formed through the process like this. RA patients with 
ILD with UIP pattern are reported to have poor prognosis. 
However, if a fair percentage of those were in fact airway 
diseases, then the treatment strategy would be entirely dif-
ferent. This is an important issue that should be addressed 
in the future.

e

f

Fig. 2.14 (continued)
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Fig. 2.15 (a) Posteroanterior chest radiograph in an 80-year-old 
woman with RA of 4-year duration. Infiltrative or reticular shadows are 
present in the bilateral hilar area (white arrows). (b) Lateral view shows 
segmental distribution of the reticular shadows (arrows). This pattern 
strongly suggests that the shadows are formed via the airway. (c, d) 
HRCT reveals multiple cystic lesions within the consolidated area 
around the dilated segmental-subsegmental bronchi (red arrows). (e) 
Clustered cysts are visible around B9 and around B2 (d) of the right lung 

(blue arrows). (f) Panoramic view of the SLB specimen of Case 1 and 
(g) a schema drawn by the inspecting pathologist would help to illus-
trate how all these abnormalities evolved. Both show structural remod-
eling in a lobule. Adjacent to the membranous bronchiole (red circle), 
cystic transformation of respiratory bronchioles arises from a terminal 
bronchiole, destroying the lung parenchyma in the vicinity. Chronic 
inflammatory cell infiltration and fibrosis are also noted. Br bronchiole 
(Photomicrograph and schema courtesy of Dr. T. Takemura)
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Fig. 2.15 (continued)

Fig. 2.16 (a) A case of uncontrollable airway disease observed for 
7 years. Chest radiograph from a 50-year-old man with RA of 4-year dura-
tion at his first presentation to our respiratory department. The findings are 
almost normal except for pleural adhesion in the left costal phrenic angle. 
(b) Chest radiograph 5 years later. He had suffered from four recurrent 
episodes of pneumonia, all of which took a prolonged course that finally 
necessitated corticosteroid therapy. Reticular shadows appeared at the 
bilateral lung bases. (c) HRCT at the first presentation shows a small 
amount of pleural effusion, resolving pneumonia, and only a slight change 
in the bronchi (arrows). (d) HRCT 5 years later shows the emergence of 
many dilated bronchi with thickened walls in the bilateral lung base 
(arrows). These bronchial changes (bronchiectasis) are assumed to develop 
through repeated inflammation of the respiratory tract. Persistent inflam-
mation of the airway ultimately caused bronchiolar destruction. (e) Chest 
radiograph 2 years later shows a reticular opacity at the left lung base 

(arrow), which has worsened compared with that in (b). (f–h) HRCT 
reveals multiple cyst formation along segmental and subsegmental bron-
chi (blue arrows) and a honeycomb- like appearance in the subpleural area 
(red arrows). This clinical course strongly suggests that the cysts are 
caused by persistent inflammation in the airway associated with 
RA. Histological findings in the SLB specimen. Panoramic view. (i) In 
addition to bronchiolar dilatation (red arrow), multiple cyst formation is 
visible (blue arrows).These cystic changes correspond to the honeycomb-
like appearance found on HRCT. Infiltration of inflammatory cells is 
prominent around the cysts. (j) Magnified view of the box in (i). The walls 
of the cysts are composed of the remaining bronchiolar wall and surround-
ing alveolar tissue that was destroyed by inflammation. Although mimick-
ing the honeycombing of ILD with UIP pattern, the pathogenesis of cyst 
formation is entirely different (Photomicrographs courtesy of Dr. 
T. Takemura)
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Fig. 2.17 How to understand airway diseases in RA patients? The air-
way is an interface between the host and the external environment. 
Various microorganisms may invade or colonize there, and inhaled par-
ticles such as those of tobacco could reach them. In RA patients, an exu-

berant host immune reaction might occur against these microorganisms 
and particles, leading to persistent inflammation and the formation of 
various airway disorders. Thus, these disorders should be considered as 
extra-articular manifestations of RA

2.5  How to Understand and Confront 
Airway Diseases of RA Patients

We have discussed the high prevalence of airway diseases in 
RA patients and their significance in clinical settings of 
RA. Yet, questions remain: why are airway disorders formed 
so frequently, and how should we confront them?

Regarding the risk factors of airway disease in RA, Mori 
and colleagues have listed the clinical stage of RA and high 
titers of anti-CCP antibody and rheumatoid factor, whereas 
Nannini and colleagues have pointed out disease severity of 
RA (erythrocyte sedimentation rate, rheumatoid factor, 
necessity of DMARDs) [45, 46], both of which stress the 
importance of host factors.

From another viewpoint, the airway is an interface 
between the host and the external environment. It has a 
proper immune system in the submucosal zone in which an 
active immunological response is continuously in process 
with the microbiota, invading microorganisms, or inhaled 
particles (such as those of tobacco). It is hypothesized that 
in RA subjects, dysregulated and exuberant responses of 
this immune system occur, causing airway disorders [11, 
46]. From this perspective, airway diseases of RA should 
be considered to be one of the extra-articular manifesta-
tions (EAM), pulmonary EAM. ILD, small airway disease, 
pleuritis, and rheumatoid nodules have been listed as pul-
monary EAM [47], but the latter two are relatively rare and 
do not affect patient prognosis. Currently, airway diseases 
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including BE and ILD are considered to be the major pul-
monary EAM [9, 46] (Fig. 2.17).

It is well acknowledged that the presence of EAM is 
associated with poor survival in RA patients [47, 48]. A 
recent epidemiological study of EAM conducted in the 
USA has revealed a steady, major decrease in vasculitis, 
carditis, and Felty’s syndrome. These improvements are 
thought to be caused by the new disease-modifying RA 
treatments. The only exceptions are respiratory complica-
tions, which have conversely increased and threaten the 
lives of RA patients [49]. This tendency could be inter-
preted as follows: organs such as the heart, kidneys, and 
vasculature are closed systems and are benefitted by new-
generation DMARDs without intervening factors. 
However, the lungs are exposed to the environment, and 
thereby, inhibition of the immune process with immune 
modulators would enhance vulnerability to infections or 
worsening of ILD. This could result in the destruction of 
lung structures, which would further aggravate the lung 
conditions, leading to a vicious cycle.

Taking these perspectives into consideration, we must 
manage to conquer lung complications, especially those 
originating from airway disorders, to successfully accom-
plish the control of RA and improve patient prognosis.
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Pathology of Airway Disease 
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Abstract

This chapter describes the lesions in the airways of the lungs, particularly those observed in 
bronchiolitis obliterans, in patients with rheumatoid arthritis (RA). RA-associated bronchi-
olitis obliterans has two different morphological presentations: (1) endobronchiolitis oblit-
erans (EBO), in which the lesions are primarily present in the lumen of the airway, with 
minimal destruction of the airway wall, and (2) cellular destructive bronchiolitis (CDB), in 
which transmural inflammation causes destruction of the airway wall. The clinical presenta-
tions of EBO are markedly different from those of CDB, and they are generally character-
ized by distinct pathologies. Notably, a few cases of RA-associated bronchiectasis have 
been found to represent secondary lesions of CDB.
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3.1  Introduction

The main bronchi branch repeatedly to form membranous 
bronchioles within the lobules of the lung. These membra-
nous bronchioles branch further into respiratory bronchioles 
that further divide into the alveolar ducts and alveoli. 
Although the bronchi, membranous bronchioles, and respira-
tory bronchioles are a single continuous anatomical struc-
ture, their histological structures are significantly different. 
The inner surface of the bronchi is made of columnar epithe-
lium, mainly ciliated columnar epithelium, and basement 
membrane, containing thick bundles of elastic fibers and 

smooth muscle bundles in its deeper regions. Under these 
layers, cartilage and bronchial glands are present (Fig. 3.1). 
The membranous bronchioles have thin walls with no carti-
lage or bronchial glands. Similar to the bronchi, however, 
they have an elastic lamina and a layer of smooth muscles in 
addition to the epithelial layer and basement membrane 
(Fig. 3.2). Respiratory bronchioles form a transition between 
the membranous bronchioles and the alveolar ducts, and 
their walls are made up of a membranous portion containing 
smooth muscle and elastic fibers as well as alveoli (Fig. 3.3).

RA-associated respiratory diseases that cause severe 
obstructive lesions may affect different parts of the lung air-
ways; e.g., bronchiectasis affects the bronchi [1, 2] and bron-
chiolitis obliterans affects the membranous bronchioles. 
However, because the bronchi and the respiratory bronchi-
oles are both part of a continuous structure, when lesions 
involve a part of airways, they spread to the others. Therefore, 
to understand the characteristics of obstructive airway dis-
eases, it is important to study all the airways of the lung.

In this chapter, we describe the pathology of RA-associated 
airway disease, with a particular focus on bronchiolitis oblit-
erans, which has recently become the subject of attention.
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3.2  Bronchiolitis Obliterans

3.2.1  Definition of Bronchiolitis Obliterans

“Bronchiolitis obliterans” was first described as a pathologi-
cal condition by Lange [3] and is characterized by myxoid 
granulation tissue protruding in the form of polyps into the 
lumina of the terminal and respiratory bronchioles (Fig. 3.4). 
However, several studies have reported that the formation of 
such granulation tissue is not limited to the bronchiolar 

lumina, but is also found in the surrounding alveolar spaces; 
therefore, this condition is currently understood as a type of 
organizing pneumonia rather than bronchiolitis [4].

Bronchiolitis obliterans is currently defined as diffuse lesions 
affecting the membranous bronchioles that cause severe func-
tional obstructive impairment [4, 5]. There are two pathological 
presentations of RA-associated  bronchiolitis obliterans that fit 
this definition. The first is the obliterative bronchiolitis described 
by Geddes et al. [6]. This is the same condition as the “constric-
tive bronchiolitis” described by Colby et al. [5], in which 

a bFig. 3.1 Histology of the 
bronchus (a, elastic van 
Gieson stain; b, HE staining). 
Elastic fiber bundles (arrow) 
and fascicles of smooth 
muscles (asterisk) can be seen 
in the superficial layer of the 
bronchial wall, and bronchial 
glands and cartilage are 
observed in the deeper layers

a bFig. 3.2 Histology of a 
membranous bronchiole (a, 
elastic van Gieson stain; b, 
HE staining). An elastic fiber 
layer (arrow) can be seen 
immediately below the 
epithelium and basement 
membrane, below which is a 
thin smooth muscle layer 
(asterisk). No bronchial 
glands or cartilage are 
observed
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emphasis is placed on the stenosis or obstruction of the airways 
by fibrous lesions protruding into the lumina of the bronchioles. 
Observation of these lesions with elastic fiber staining, however, 
reveals only mild inflammation of the airway wall and the pres-
ervation of elastic fibers and smooth muscle in the bronchiolar 
wall, demonstrating that the main cause of the obstruction are 
the lesions present in the airway lumina (Fig. 3.5). On the basis 
of these pathological characteristics, we preferred the term 
“endobronchiolitis obliterans (EBO).”

The other pathological presentation has been described as 
follicular bronchiolitis [7, 8] or cellular bronchiolitis [5, 9]. It 

has been reported that these lesions cause stenosis of the lumen 
by thickening of the airway wall as a result of severe inflamma-
tory cell infiltration. Observation of these lesions with elastic 
fiber staining reveals severe destruction of the airway wall, 
with clear loss of the smooth muscle and elastic fibers (Fig. 3.6). 
Patients with destructive airway diseases often also exhibit 
other lesions showing even greater tissue breakdown. This type 
of lesion should therefore be termed “cellular destructive bron-
chiolitis” (CDB) to reflect its actual histology.

It is rare for EBO and CDB to coexist in the same patient 
with RA, and they also differ markedly in their clinical signs.

a bFig. 3.3 Histology of a 
respiratory bronchiole (a, 
elastic van Gieson stain; b, 
HE staining). The respiratory 
bronchiole wall is composed 
of a membranous portion 
(arrow) with elastic fibers and 
smooth muscle, as well as 
alveoli (asterisk)

a bFig. 3.4 Microscopic 
findings of bronchiolitis 
obliterans as described by 
Lange (a, elastic van Gieson 
stain; b, HE staining). 
Granulation tissue formed 
from the lumen of the 
respiratory bronchioles (RBs) 
to the alveolar spaces is 
observed. Small round cells, 
including plasma cells, have 
infiltrated the granulation 
tissue and the interstitium
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3.2.2  Endobronchiolitis Obliterans (EBO)

RA-associated EBO is almost always found in women. 
Clinically, these patients exhibit acute to subacute airway 
obstructive disease. It is rare for purulent sputum to appear in 
this disease [6, 10], and in most cases, it is not associated 
with chronic sinusitis. In addition to RA, EBO may also be 
associated with post-transplant graft-versus-host disease, 
paraneoplastic pemphigus, or Stevens–Johnson syndrome, 
and drug-induced cases have also been reported [5, 9, 10]. 
However, irrespective of the underlying disease, the morpho-
logical features of EBO remain the same.

EBO is characterized by focal, multiple lesions, involv-
ing the membranous bronchioles, although it may also 
affect the small bronchi. Lesions causing obstructive dis-
ease extend from the submucosa into the airway lumen and 
are composed of granulation tissue with aggregations of 
foamy macrophages (Fig. 3.7) and/or edematous or dense 
fibrosis. In addition to concentric fibrosis, airway fibrosis 
may result in total occlusion of the airway lumen (Fig. 3.8), 
obliterating the lumen in the form of membranous fibrosis 
(Fig. 3.9), or protruding into the lumen in the form of pol-
yps, and in many cases, more than one of these types of 
fibrosis are present. With the passage of time after onset, 

a bFig. 3.5 Endobronchiolitis 
obliterans (EBO) (a, elastic 
van Gieson staining; b, HE 
staining). The lumina of the 
bronchiole are constricted 
with concentric fibrotic 
lesions. However, there is 
only slight inflammation of 
the bronchiolar walls, and the 
elastic fibers and smooth 
muscle are preserved. There is 
no inflammation of the alveoli 
around the bronchioles

a bFig. 3.6 Cellular destructive 
bronchiolitis (CDB) (a, elastic 
van Gieson stain; b, HE 
staining). There is severe 
small round cell infiltration of 
the bronchiolar walls, and the 
elastic fibers and smooth 
muscle have disappeared. 
Inflammatory cell infiltration 
has spread from the 
bronchiolar walls to the 
surrounding alveoli, and 
fibrosis is also present
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the amount of fine elastic fibers within the fibrosis increases. 
Inflammation of the airway wall is mild, and although mild 
infiltration by foamy macrophages or small round cells 
may occur, it is rare for this infiltration to involve lymph 
follicles. The elastic fibers and smooth muscles of the air-
way remain, and the alveoli around the airway are slightly 
inflamed.

The walls of the airways between the EBO lesions and 
those proximal to the EBO lesions undergo minimal changes. 
Although mucus may accumulate in the airway lumen, thick-
ening of the wall is only mild, and inflammatory cell infiltra-
tion is minimal.

EBO of the respiratory bronchioles is rare. Even if these 
are affected, lesions are only formed in lumina adjacent to a 

membranous portion with smooth muscle (Fig. 3.10), and 
there is no inflammation of the alveolar area.

EBO is characterized by multiple lesions; however, these 
lesions are focal and almost entirely localized to the airway 
lumen, with no thickening of the airway wall and few lesions 
of other airways or alveolar tissue, making them difficult to 
observe with the naked eye (Fig. 3.11). To identify the 
affected region macroscopically, the specimen must be cut 
meticulously perpendicular to the long axis of the bronchi 
for visual assessment of the internal surface of the airways.

However, bronchiectasis may be observed in areas proxi-
mal to EBO if a secondary airway infection develops during 
the course of the disease. If a bronchial wall becomes dilated 
due to an airway infection, it is destroyed by fibrosis and 

a bFig. 3.7 EBO (a, elastic van 
Gieson stain; b, HE staining). 
Fibrosis with aggregations of 
foamy macrophages can be 
seen inside the lumina of the 
membranous bronchioles. 
There is slight infiltration of 
the bronchiolar walls by small 
round cells and foamy 
macrophages, and the elastic 
fibers and smooth muscle are 
preserved. There is only slight 
inflammation of the alveoli 
around the bronchioles

Fig. 3.8 EBO (elastic van Gieson stain). The lumina of the bronchioles 
are occluded by focal fibrosis. The concentration of fine elastic fibers 
increases within the fibrosis

Fig. 3.9 EBO (elastic van Gieson stain). Membranous fibrosis has 
formed across the airway lumina
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inflammatory cell infiltration, resulting in loss of the elastic 
fibers and smooth muscles, which is not found in 
EBO. However, EBO can be confirmed by the presence of 
typical lesions at the distal edge of the bronchiectasis.

3.2.3  Cellular Destructive Bronchiolitis (CDB)

The exact incidence of CDB in the patients with RA has not 
been reported. There is no gender difference in the incidence 

of CDB in RA in our cohort [10]; CDB may also be associ-
ated with Sjogren syndrome or may be idiopathic. Cases of 
CDB may be subacute or chronic, with airway infection, and 
production of purulent sputum, occurring in the early stage 
of the disease. Many patients with CDB either suffer from 
chronic sinusitis or have a history of it [7, 10].

Similar to EBO, in CDB, the most severe stenotic lesions 
develop from the membranous bronchioles or the small 
bronchi. Most patients with CDB exhibit lesions with vary-
ing degrees of inflammatory cell infiltration and fibrosis. 

a bFig. 3.10 A respiratory 
bronchiole with EBO (a, 
elastic van Gieson stain; b, 
HE staining). Although 
fibrotic lesions are present in 
the lumina adjacent to the 
membranous portion of the 
respiratory bronchioles with 
smooth muscle, no major 
changes are observed in the 
alveoli. Small round cells 
have infiltrated the outer layer 
of the membranous portion, 
but the elastic fibers and 
smooth muscle are preserved
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Fig. 3.11 Macroscopic view of a 
postmortem patient with EBO (left upper 
lobe) and macroscopic reconstruction of 
the bronchi. There is no apparent 
bronchiectasis or airway wall thickening, 
making it difficult to locate the lesion. 
Assessment of the internal surface of the 
airways while dissecting the bronchi 
perpendicular to its long axis of the 
bronchi reveals the obstruction site 
(arrow). More distal obstructions are not 
visible to the naked eye
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a bFig. 3.12 CDB (a, elastic 
van Gieson stain; b, HE 
staining). In addition to 
lymphoid follicles and severe 
small round cell infiltration, 
granulation tissue (arrow) is 
also visible in the 
membranous bronchiolar 
walls, and the elastic fibers 
and smooth muscle have 
disappeared. Mucus and 
neutrophils are seen in the 
lumen. The inflammation also 
encompasses the surrounding 
alveoli

a

b

Fig. 3.13 CDB (a, elastic van Gieson stain; b, HE staining). Lesions are 
continuous from the membranous bronchioles to the respiratory bronchi-
oles (asterisk) (a), and the airway walls are replaced by granulation tissue 

with foamy macrophages and small round cells (b). The structure of the 
membranous bronchiolar walls has been completely destroyed, but elastic 
fibers are still present in the respiratory bronchioles (a)
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One of these types of lesions is the same as follicular bron-
chiolitis [7, 8] or cellular bronchiolitis [9], characterized by 
severe inflammatory cell infiltration, erosion, or ulceration of 
the mucosa, increase in the number of lymphoid follicles, 
and lymphocyte infiltration of the entire thickness of the air-
way wall. However, this lesion also exhibits fibrosis and 
granulation tissue in addition to inflammatory cell infiltra-
tion, and these inflammatory responses cause the destruction 
of the structure of the airway wall, with the loss of elastic 
fibers and smooth muscle (Figs. 3.6 and 3.12). Most patients 
with CDB also have other airway lesions exhibiting even 
more severe tissue destruction, with signs that small bronchi 
and bronchioles have been replaced by granulation tissue 
containing aggregations of foamy macrophages (Fig. 3.13) 
or hyaline fibrosis (Fig. 3.14).

Unlike EBO, which causes focal, multiple lesions, in 
CDB, the occlusive or stenotic lesions affect the airway con-
tinuously from the small bronchi to the membranous bron-
chioles. Fibrosis and inflammatory cell infiltration may 
sometimes extend as far as the respiratory bronchioles and 
the surrounding alveoli (Fig. 3.13). However, tissue destruc-
tion in this region is less severe than that of lesions in the 
small bronchi and membranous bronchioles, and in most 
cases, the elastic fibers and smooth muscle of the respiratory 
bronchioles and alveoli are still present.

Most patients with CDB exhibit bronchiectasis of the 
bronchi proximal to the lesions of CDB (Fig. 3.15). The pat-
tern of bronchiectasis varies in different patients and may be 
tubular, cystic, or mixed. Airway walls affected by bronchiec-
tasis develop ulceration as well as inflammatory cell infiltra-
tion of varying degrees of severity and fibrosis with lymphoid 
follicles. As a result, the structure of the airway wall is 
destroyed, and the existing smooth muscle, elastic fibers, and 
even collagen and bronchial glands decrease or disappear. 

Both bronchiectasis and CDB are lesions that cause severe 
destruction of tissues, and it is difficult to identify the primary 
lesion based on their morphological features alone. However, 
recently, a number of studies have reported that the bronchi 

Fig. 3.14 CDB (elastic van Gieson stain). The structure of the bron-
chus has been completely destroyed and shows fibrotic scarring 
(asterisk)

a

b

Fig. 3.15 Macroscopic view of an autopsy patient with CDB (a, left 
lower lobe) and macroscopic reconstruction of a segmental bronchus (b, 
B9). Tubular or cystic bronchiectasis is evident, and airway occlusion 
(CDB) (a, arrow) is visible at the edges of the bronchiectasis

A. Hebisawa et al.
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become dilated after the onset of CDB [10–12], and we sug-
gest that bronchiectasis may develop as a secondary lesion in 
patients with CDB. Bronchiectasis may be due to the destruc-
tion and weakening of the bronchial wall proximal to the 
CDB lesion as a result of the inflammation spreading from 
CDB to the bronchi or to a secondary airway infection.

CDB can easily be seen with the naked eye at the edge of 
the dilated part of the bronchus. Parts of the airway replaced 
with fibrosis appear as grayish-white fibrotic scarring, and 
granulation tissue with aggregations of foamy macrophages 
can be seen as yellow granulation (Fig. 3.15).

3.3  Summary (Fig. 3.16 and Table 3.1)

 1. RA-associated bronchiolitis obliterans can be catego-
rized as follows: (1) EBO, in which airway obstruction is 
due to lesions in the airway lumen and there is little 
destruction of the airway wall, and (2) CDB, in which 
transmural inflammation results in destruction of the air-
way wall.

 2. EBO and CDB not only differ in their pathologies but also 
have markedly different clinical presentations and should 
be regarded as separate conditions.

 3. At least some cases of RA-associated bronchiectasis are 
probably secondary to bronchiolitis obliterans, and to 
CDB, in particular.
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Imaging of Airway Diseases 
of Rheumatoid Arthritis

Fumikazu Sakai

Abstract

Varying kinds of airway disease are frequently seen in rheumatoid arthritis (RA) patients. It 
is mandatory to know immunologic and pathologic features of RA in order to explain fre-
quent occurrence of airway diseases in RA patients. Causes of airway diseases encompass 
infectious and noninfectious process. Noninfectious process may be related to hyperreac-
tive state to endogenous/exogenous agents in RA patients. This noninfectious destructive 
disease of airway may become one of predisposing factors of respiratory tract infection. 
Respiratory tract infection can accelerate autoimmune inflammatory process in airway and 
vice versa.

Phenotype of airway disease includes bronchitis and bronchiectasis in large airways and 
cellular bronchiolitis, follicular bronchiolitis, bronchiolitis obliterans, and cellular and 
destructive bronchiolitis in small peripheral airway. Existence of airway disease may be a 
predisposing factor of infection and may lead to poor prognosis of patients. CXR and CT 
features of these airway diseases are well correlated with pathologic features and one of 
very useful tools to recognize airway disease in RA patients.
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4.1  Introduction

It is well known that patients with rheumatoid arthritis (RA) 
have often airway disease. High incidence of airway disease 
may be related to RA itself or infection and sometimes 
related to immunocompromised state induced by antirheu-
matic drugs and both of them.

Airway lesion is classified into disease of large- and 
middle- sized bronchi and peripheral small airway (less than 
1 mm in diameter) disease based on the level of bronchi. 
Large to intermediate airway disease includes bronchiectasis 
and bronchitis. Peripheral airway diseases include bronchi-
olitis of varying etiologies and subtypes [1].

4.2  X-Ray Diagnosis of Airway Disease

Chest X-ray (CXR) and computed tomography (CT) are 
most frequently used diagnostic modalities for lung disease 
complicated in RA patients. High-resolution CT (HRCT) is 
one of the most valuable modalities in examining lung dis-
eases including airway lesion.

On CXR, bronchitis and bronchiectasis can be identified 
as linear opacity and/or increased vascular markings corre-
sponding to thickened bronchial wall, sometimes described 
as “tram line” (Figs. 4.1 and 4.2). Tram line is seen as paral-
leling linear opacities representing bronchial wall thickening 
of relatively large bronchi. In advanced case of cystic bron-
chiectasis, the bronchiectatic wall forms curvilinear 
opacities.F. Sakai, M.D. 
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Bronchiolitis shows ill-defined small nodular opacities on 
CXR (Fig. 4.2). Bronchiolitis is often complicated with air 
trapping and overinflation of the lung, which evokes small 
heart shadow and flat shape, lower position of diaphragm on 
frontal projection (Fig. 4.3), and increased retrosternal clear 
space on lateral projection. In patients with air trapping, 
CXR at expiration shows less movement of diaphragm and 
decrease of lung volume.

4.3  CT Findings of Airway Disease

4.3.1  Bronchitis and Bronchiectasis

CT findings of airway lesion of large to intermediate 
bronchi include bronchial wall thickening and bronchiec-
tasis. Bronchial wall at CT corresponds to bronchial 

a

c

b

Fig. 4.1 Bronchiectasis in a RA patient (by the courtesy of Dr. 
H. Tokuda). (a) CXR. Bronchial wall thickening is identified as linear 
shadow, sometimes paralleling line, so-called tram line. (b) HRCT at 
the middle lung shows bronchiectasis with bronchial wall thickening, 

corresponding to linear opacities and tram lines. (c) HRCT. Minimal 
dilatation of bronchi with wall thickening is noted. A few small centri-
lobular nodules are identified

F. Sakai
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mucosa, submucosal tissue, cartilages if present, smooth 
muscles of the airway, and peribronchial connective tis-
sues surrounding bronchus. These tissues cannot be dis-
criminated on CT images except calcified cartilages of 
large central airways. Pathologic process of peribronchial 
lung parenchyma may not be differentiated from bron-
chial disease on CT.

Thickening of bronchial wall is related to inflammatory 
process caused by infectious, noninfectious, or both of them. 
Pathologically edematous change of mucosa and submuco-
sal tissue, cellular infiltration and intramural organization in 

acute phase, and proliferation of mucous gland and fibrotic 
change may be related to bronchial wall thickening.

Thickness of airway has been investigated mainly in 
patients with COPD, correlating with pulmonary function 
tests and degree of obstructive impairment [2]. Destructive 
changes of bronchial wall ultimately result in bronchiec-
tasis. Shape of bronchiectasis is classified as cylindrical, 
cystic, and varicose regardless of causes of bronchial wall 
destruction.

According to Naidich and coworkers [3], inner diameter 
of normal bronchial lumen is narrower than outer diameter 

a

b

c

Fig. 4.2 Bronchobronchiolitis with bronchiectasis in RA. (a) 
CXR. CXR shows bronchial wall thickening (tram line) and small ill- 
defined nodular opacities. (b) HRCT. HRCT at the upper lung shows 
multiple centrilobular nodules and branching opacities. Bronchial wall 
thickening and bronchiectasis are noted predominantly in the medial 

aspect of the left lung. (c) Coronal CT. Coronal reformatted image 
shows bronchiectasis predominantly in the left upper lung. Bronchial 
wall thickening and centrilobular nodular opacities are shown in bilat-
eral lungs
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of accompanying pulmonary artery (usually intraluminal 
diameter of bronchus is approximately 70% of diameter of 
accompanying pulmonary artery). Thus, if bronchial lumen 
is larger than the diameter of accompanying pulmonary 
artery, it should be considered as dilated (bronchiectasis) 
(Figs. 4.1 and 4.2). However, these criteria have some limita-
tions in determining bronchiectasis because pulmonary 
artery caliber may change according to pulmonary perfusion 
state and is not an absolute standard (Fig. 4.4).

Other diagnostic criteria of bronchiectasis include non- 
tapering bronchus, because normal bronchial lumen shows 
gradual narrowing of lumen along perihilar to peripheral 
regions. Also bronchiectasis should be considered when 
HRCT demonstrates packing of mucus in lumen of bronchi, 
that is, cylindrical shadow (mucoid impaction) (Fig. 4.5).

4.3.2  Bronchiolitis

Lumen of normal peripheral small airway cannot be recog-
nized in the areas as far as 1 cm apart from the chest wall by 
HRCT. Smaller bronchi whose lumen is narrower than 1 mm 
in inner diameter cannot be discriminated as bronchioles 
even at HRCT.

HRCT manifestations of peripheral airway lesion (bronchiol-
itis) include varieties of findings: centrilobular nodules, branch-
ing opacities (Fig. 4.6), and mosaic appearance (Fig. 4.7).

Centrilobular nodular and branching opacities are caused 
by bronchiolar wall thickening and peribronchiolar patho-
logic process that is mainly composed of cellular infiltration. 
These findings are most prominently seen in cellular 
bronchiolitis.

Centrilobular nodules and branching opacities are not 
identified in constrictive bronchiolitis (e.g., bronchiolitis 
obliterans) because the main pathologic feature of restrictive 
bronchiolitis is fibrosis and lack of prominent cellular infil-
tration in bronchial walls (Fig. 4.8) [4–12].

Mosaic appearance is defined as intermingled white (radi-
opaque) and black (radiolucent) areas at CT. Sometimes 
decreased opacity areas are observed as lobular/multilobular 
pattern, and their borders of increased opacity areas are lin-
ear [13]. Mosaic appearance is usually seen in airway disease 
or pulmonary vascular disease. Radiolucent areas may repre-
sent as increased aeration (air trap) in airway disease and 
decreased perfusion (blood volume) in vascular disease 
(Figs. 4.5 and 4.8) [6–12].

Pulmonary vasculature is attenuated in air-trapped 
(black) areas in airway disease, because reactive vaso-

a b

Fig. 4.3 Bronchiolitis obliterans in a RA patient (by the courtesy of 
Dr. H. Tokuda). (a) CXR. CXR showed overinflation of lungs and 
increased lung volume. Lower position and flat shape of bilateral dia-

phragm are also noted. (b) CXR 4 years later. Four years later, overin-
flation of bilateral lungs and flattering of the diaphragm were found
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a

d

e

b

c

Fig. 4.4 Pulmonary hypertension. (a) CXR. Chest X-ray shows car-
diomegaly with central pulmonary artery dilation. Diameter of main 
pulmonary artery is measured 32 mm, larger than the ascending aorta. 
(b) CECT. CECT shows dilatation of the central pulmonary artery, sug-
gesting pulmonary hypertension. (c) CECT. CECT shows dilation of 
the right ventricle, suggesting right heart overload. (d) HRCT. In a case 
where diameter of pulmonary arteries is increased, ratio of bronchial 

lumen and pulmonary artery caliber are unreliable. Mosaic appearance 
of lung fields is noted. Intermingled radiopaque (white) and radiolucent 
(black) areas are shown; the borders of these two different areas are 
sometimes straight apparently. Vessels within radiolucent areas are 
attenuated. (e) HRCT. Mosaic appearance is also noted in more caudal 
section
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constriction causes decreased blood circulation in areas 
with  hypoventilation by regulatory process to reduce 
ventilation perfusion mismatch. CT at expiration shows 
exaggeration of mosaic appearance in airway disease 
(Figs. 4.7 and 4.9) [11]. While normal or nearly normal 
areas (white areas) show decreased attenuation at expira-
tion CT, air-trapped areas (black areas) remain aeration 
as at inspiration CT. Sometimes shape of air- trapped 
areas is almost same shape or size in expiratory CT as 
that in inspiration CT.

Even in pulmonary parenchymal disease, spurious mosaic 
appearance is observed when degrees of disease severity are 
inhomogeneous. More severely involved areas which are less 
aerated show relatively radiopaque (white) when surrounded 
by less severely involved area which are more aerated 
(black). In such situation, expiration CT does not show exag-
geration of inhomogeneous appearance, and vasculature in 
black area is not attenuated.

Fig. 4.5 Bronchobronchiolitis with mucoid impaction in RA. HRCT 
images show thick bronchial walls. Mucoid impaction is identified as 
tubular opacities

a b

c

Fig. 4.6 Bronchiolitis in RA. (a) CXR. CXR shows overinflation of 
bilateral lungs. CXR shows bronchial wall thickening and small centri-
lobular nodular opacities, suggesting bronchiolitis. (b) HRCT. HRCT 
images show bronchiectasis with bronchial wall thickening and small 

centrilobular nodular or branching opacities. (c) HRCT. HRCT at more 
caudal level shows definite centrilobular nodules and branching opaci-
ties, suggesting bronchiolitis
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4.4  Airway Disease in RA Patients

Many previous papers described high incidence of airway 
lesion (bronchial wall thickening and/or bronchiectasis) in RA 
patients. The incidence of airway lesion is reported to be 
approximately 20–40% [12, 14–22]. The incidence of bronchi-
tis and bronchiectasis in RA patients seems to be ten times as 
frequent as in general population. Obstructive impairment of 
pulmonary function tests and pathologic analysis show more 
frequent bronchiolitis/small airway disease in RA patients.

Frequency of respiratory tract infection is higher than 
general population [23–26], and the overall survival is 
shorter in RA patients with airway lesion [27, 28]. The use of 

antirheumatic drugs including biologic agents is one of the 
risk factors of respiratory tract infection [25, 26, 29–32]. 
Airway lesion seems to be a very important problem in man-
agement of RA patients [26].

4.4.1  Diseases of Large to Intermediate 
Airway

4.4.1.1  Noninfectious Airway Disease
Destructive change of bronchial wall leads to bronchiectasis 
[33]. Etiologies of bronchiectasis are varying, infectious and 
noninfectious. Bronchiectasis is one of the most important 

a bFig. 4.7 Bronchiolitis 
obliterans in RA. (a) HRCT at 
full inspiration. HRCT images 
at full inspiration show scanty 
small centrilobular nodules. 
Panlobular or multilobular 
radiolucent areas are 
obtained, surrounded by 
normal lung. (b) HRCT at full 
expiration. HRCT at 
expiration shows exaggeration 
of mosaic appearance

a bFig. 4.8 Bronchiolitis 
obliterans in post-bone 
marrow transplantation. (a) 
Early stage. HRCT shows 
almost normal appearance. 
(b) Advanced stage. In 
advanced stage, the lumen of 
bronchi is larger than the 
accompanying pulmonary 
arteries. There are slight 
centrilobular/branching 
opacities, suggesting 
bronchiolitis. It requires great 
caution to compare calibers of 
bronchi because calibers of 
bronchi may change, 
depending on the degree of 
inspiration
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sequelae of severe lower respiratory infection. Conversely, 
existence of bronchiectasis itself also becomes one of the 
risk factors of infection. This circulus vitiosus results in pro-
gression of bronchial wall destruction [34–36].

According to previous reports [12, 14–17], RA patients 
show airway lesion including bronchiectasis very frequently 

at HRCT; the frequency is reported to be approximately 
20–40% (Figs. 4.2, 4.5, and 4.6).

In RA patients, immunologic process may play impor-
tant roles in the formation of destructive change of 
bronchi. Noninfectious immunologic process can cause 
destructive change of the bronchial wall. Recent stud-

a

b

Fig. 4.9 Air trap proved at expiration CT in hypersensitivity pneumo-
nia. (a) HRCT at full inspiration. Centrilobular faint ground-glass opac-
ities are evident. Rectangular radiolucent areas are intermingled 

(mosaic appearance). (b) HRCT at full expiration. At full expiration, 
mosaic appearance is exaggerated
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ies disclosed the existence of normal bacterial flora of 
the lower respiratory tract. Exaggerated reaction to this 
bacterial flora may be related to autoimmune inflamma-
tion of airway in RA patients [37]. RA patients show 
hyperreactive change to endogenous or exogenous agents 
including the normal endobronchial flora. Rich bronchus-
associated lymphoid tissues (BALT) play important roles 
in autoimmune inflammatory process and production of 
autoantibodies.

4.4.1.2  Infectious Airway Disease
In addition to airway disease due to noninfectious autoim-
mune mechanism, infectious airway disease is frequently 
seen in RA patients. Destructive change of airway by nonin-
fectious immunologic mechanism becomes one of the pre-
disposing factors of airway infection. Immunosuppressive 
state induced by antirheumatic drugs is also another predis-
posing factor of infectious airway disease.

Varying kinds of organism including bacterial, mycobac-
terial, fungal, and viral infection may sometimes occur in 
RA patients [24, 26, 27]. Bacterial infection is the most fre-
quent complication in RA patients practically, and 
Pseudomonas aeruginosa and Haemophilus influenzae are 
the most frequent causative bacteria [26].

Nontuberculous mycobacteriosis (Fig. 4.10) is one of the 
most important differential diagnoses of airway disease.

Under biologics therapy, increased incidence of myco-
bacterial infection is reported [25, 29, 38, 39]. Clinicians 
should be alert for complications of nontuberculous 
 mycobacteriosis, particularly when airway disease is preex-
isting before initiation of biologic agents in RA patients.

Nontuberculous mycobacteriosis is divided into two 
forms: nodular bronchiectatic form and fibrocavitary form. 
Nodular bronchiectatic form shows bronchiectasis, small 
nodular opacities, and patchy consolidation/ground-glass 
opacity, predominantly in the right middle lobe and left lin-

a b

c

Fig. 4.10 Mycobacterium avium-intracellulare complex in RA. (a) 
CXR. CXR shows overinflation of bilateral lungs. Patchy abnormal 
opacities are evident in the medial aspect of right lower lung field. (b) 
HRCT. HRCT shows bronchiectasis and centrilobular nodular opacities 

in the right middle lobe. Less severe same lesion is noted in the lingual 
division of the left upper lobe. (c) HRCT. Small centrilobular nodular 
opacities are noted in S9 of the right lower lobe
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gual segment. Small centrilobular opacities may be seen in 
other segments.

Differential diagnosis between nodular bronchiectatic 
form of nontuberculous mycobacteriosis and airway lesion 
caused by RA itself seems to be difficult based on imaging 
features alone (Fig. 4.11). Actually mycobacterial organism 
cannot be detected despite repeated bacteriologic study uti-
lizing bronchoscopy in many cases presenting nodular bron-
chiectatic form of nontuberculous mycobacteriosis.

Nontuberculous mycobacteriosis had generally been 
thought to be contraindication for the use of biologic agents 
[39–41]. In Japan, possibility of biologics therapy has been 
sought because of high effectiveness of biologic agents for 
rain condition of treatment success of once deteriorated non-
tuberculous mycobacteriosis [40, 41]. The indication of bio-
logic agents for patients with nontuberculous mycobacteriosis 
remains under debate at the present. Most of RA patients 
with worsened mycobacterium avium-intracellulare com-

plex infection after treatment of biologic agents have good 
responses to medical treatment, and their prognosis was rela-
tively good. On the other hand, in patients with Mycobacterium 
abscessus infection, anti-mycobacterium therapies have 
been poorly responded in our study [30].

Easy and groundless diagnosis of nontuberculous myco-
bacteriosis without bacteriological proof could deprive RA 
patients of a chance of treatment with effective biologic 
agents.

4.4.2  Diseases of Small Airway

4.4.2.1  Noninfectious Disease
RA patients frequently show bronchiolitis of infectious and 
noninfectious causes. Varying kinds of noninfectious small 
airway disease are noted in RA patients [42–45]. Follicular 
bronchiolitis, cellular bronchiolitis mimicking diffuse pan-

a b

c

Fig. 4.11 RA-associated airway lesions indistinguishable from NTM 
infection in RA. (a) CXR. CXR shows patchy abnormal opacities in the 
right lower lung field. (b) HRCT. HRCT shows bronchiectasis, patchy 

consolidation, and centrilobular nodular/branching opacities in the 
right middle lobe. (c) HRCT. HRCT shows small nodular opacities in 
the right lower lobe
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bronchiolitis (DPB) [46], and bronchiolitis obliterans (BO) 
have been described so far. At HRCT images, cellular and 
destructive bronchiolitis may show prominent centrilobular 
nodules/branching opacity mimicking diffuse panbronchiol-
itis because of prominent cellular infiltration, different from 
bronchiolitis obliterans.

Follicular bronchiolitis (FB) is most frequently seen in 
RA and Sjogren syndrome; histologically abundant lymph 
follicles with germinal center are evident in the bronchiolar 
wall and pulmonary parenchyma with infiltration of mono-
nuclear cells [43]. Active inflammatory process and varying 
kinds of cytokine and autoantibody are produced in the 
bronchus- associated lymphoid tissues (BALT) in FB and 
related to inflammatory reaction in other organs such as in 
articular cartilages [47].

FB shows centrilobular nodular and/or bronchial opacity 
on HR images. Bronchial wall thickening and peribronchial 
cellular infiltration correspond to those image findings [48, 
49]. Sometimes thickening of bronchovascular bundle and 
interlobular septa can be noted, corresponding to prolifera-
tion of lymphatic tissue.

Bronchiolitis obliterans (endobronchiolitis obliterans) is 
also called as constrictive bronchiolitis [50]. In RA patients, 
RA itself and drugs for treatment of RA may cause this state.

Bronchiolitis obliterans (BO) is caused by continuous 
injury of bronchioles. Pathologically reactions to bronchio-
lar epithelial injury induce exudation of fibrin and infiltration 
of inflammatory cell into bronchiolar lumen. In progression 
of disease process, granuloma formation and fibrosis occur. 
Scanty cellular infiltration is observed in advanced fibrotic 
cases. This disease process results in stenosis or obstruction 
of bronchial lumen [51]. Usually disease process is observed 
diffusely in bilateral lungs, but sometimes involvement is 
focal or patchy. And between involved areas, normal bron-
chioles are seen; thus, degree of severity is inhomogeneous.

BO is seen in varying conditions: after bone marrow 
transplantation, lung transplantation, and the use of drugs for 
treatment of connective tissue diseases including RA. It has 
not been fully clarified concerning differences of pathology 
and imaging features of BO between post-plantation BO and 
BO of RA.

On CT images, BO often shows scanty centrilobular nod-
ular or branching opacities because fibrotic stage of BO 
lacks abundant cellular infiltration in bronchial wall (restric-
tive bronchiolitis) [52, 53]. Overinflation of the lung may 
obscure centrilobular nodular or branching opacities 
(Fig. 4.12).

More proximal bronchi usually show bronchial wall 
thickening and dilatation on CT images. Bronchial wall 
thickening of central airway may be related to concomitant 
infection or noninfectious autoimmune mechanism.

According to Sugino and coworkers [54], bronchiolitis 
obliterans in RA patients is subdivided into two types: endo-
bronchiolitis obliterans (EBO) and cellular and destructive 
bronchiolitis (CDB). CDB is frequently seen in RA, Sjogren 
syndrome, and other autoimmune diseases, while EBO is 
typically seen as a manifestation of GVHD following bone 
marrow transplantation.

CDB, a subtype of bronchiolitis obliterans, is formed 
through destructive change and fibrosis of bronchial wall, 
which is caused by inflammation of whole bronchial wall, 
resulting in stenosis or obstruction of bronchial lumen.

Homma and coworkers have reported significant overlap 
of diffuse panbronchiolitis and bronchiolitis in RA patients 
in clinical features, CT, and pulmonary function tests [51]. 
CDB may put over clinical and CT features of DPB like 
bronchiolitis in RA patients (Fig. 4.13).

Major radiological differential diagnosis of noninfectious 
airway lesion includes infectious bronchiolitis, inhalational 
airway disease, and so on. Infectious bronchiolitis is a com-
mon complication of RA patient.

4.4.2.2  Infectious Process
As infectious lesion of large to intermediate airway diseases, 
causative organisms include bacterial and mycobacterial, 
viral, mycoplasma, and so on. As for the infection of small 
airway, drug-induced hypoimmunity and autoimmune pro-
cess is one of the predisposing factors. Bronchiolitis by non-
tuberculous mycobacteriosis and tuberculosis is the most 
important infection.

4.5  Relationship Between Airway Disease 
and Interstitial Pneumonia

Although interstitial pneumonia in RA patient (RA-IP) often 
shows UIP pattern (RA-UIP), peribronchovascular reticular 
opacities are often observed in addition to subpleural regions. 
Honeycombing in RA-UIP is sometimes composed of thin- 
walled and large-sized cysts as compared to IPF/UIP and 
shows peribronchovascular distribution.

These findings could suggest that RA-UIP is closely 
related to airway disease.

Detailed investigation of CT images and pathologic 
findings conducted recently showed airway-centered 
nature of interstitial pneumonia in RA patients. They 
implied novel theory on histogenesis of those large cystic 
changes not documented before. Those cysts may be 
caused by constellation of bronchiectasis, mimicking cys-
tic lesions associated with UIP. These issues are well dis-
cussed in other chapters (please refer to Sects. 2.4, 5.4, 
and 7.6) of this book.
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e

d

b

Fig. 4.12 BO in RA treated with penicillamine (by the courtesy of Dr. 
H. Tokuda). Five months after the administration of D-penicillamine for 
RA. (a) HRCT at initial presentation. HRCT image shows dilatation 
and bronchial wall thickening of relatively proximal bronchi. There are 
scanty centrilobular nodules/branching opacities. Mosaic perfusion is 
also not evident. (b) HRCT at initial presentation (at more caudal level). 
HRCT shows mosaic appearance in bilateral lower lobes. (c) Coronal 

reformatted CT images. Reformatted coronal CT shows enlargement of 
lung volume and lower position of the diaphragm. Mosaic appearance 
and bronchial wall thickening are also noted. (d) Ventilation scintigra-
phy. Radioisotope is inhomogeneously uptaken in the lungs. (e) 
Pathologic specimen obtained by VATS. Lymphocytic infiltration and 
granuloma formation were found in the bronchial wall, resulting in 
fibrosis and luminal stenosis of the bronchiolar wall
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Fig. 4.13 CDB in RA (by the courtesy of Dr. H. Tokuda). Progressive 
dyspnea in RA patient. BAL fluid shows TCC 1.2 × 105 (neutrophil 
41%, lymphocyte 8%, macrophage 46%). Progressive decrease of FEV 
1.0% is also noted. Culture of the sputum showed Pseudomonas aeru-
ginosa. (a) CXR. CXR shows consolidation in the medial aspect of the 
right lower lung. (b) HRCT. HRCT shows patchy consolidation and 
small centrilobular nodular on the right middle lobe. (c) HRCT 3 years 
after (a) and (b), just before VATS. HRCT shows small centrilobular 
nodular opacities in bilateral lower lobes. (d) HRCT of the right lung 

(VATS). (e) Pathologic specimen by VATS. Cellular infiltration in and 
around small bronchi and bronchioles was identified in microscopic 
specimen. Destructive change of small bronchi was also noted. (f) 
Pathologic specimen. Destructive change of bronchial wall resulted in 
the disappearance of elastic membrane and smooth muscles of the bron-
chial wall. (g) Pathologic specimen. Abundant lymphocytes and poly-
morphonuclear leukocyte infiltrate into the bronchial wall. Final 
pathological diagnosis was decided as cellular and destructive 
bronchitis

a

c d

b
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Therapeutic Strategy for Airway 
Disease in Rheumatoid Arthritis

Hitoshi Tokuda

Abstract

Despite the high prevalence of airway disease in patients with rheumatoid arthritis (RA), its 
significance in the clinical practice of RA has not been well discussed. The significance of 
airway disease can be summarized as follows. (1) It can predispose patients to infectious 
diseases such as pneumonia and nontuberculous mycobacterial disease. (2) It may cause 
progressive impairment of lung function, leading to obstructive malfunction and ultimate 
respiratory failure. (3) In some cases, airway inflammation can result in the destruction of 
bronchioles and surrounding lung parenchyma, leading to the formation of cysts mimicking 
a honeycomb lung. In this chapter, we discuss these problems by presenting typical clinical 
cases and consider the pathogenesis of those processes and finally show the treatment strat-
egy for each problem, based on the limited available literature and the author’s opinion. The 
most important point is that airway disease is an extra-articular manifestation of RA, and if 
left untreated, it may exacerbate the patients’ medical condition and cause deterioration 
with serious consequences. These problems should be addressed from the viewpoint of how 
to control the inflammation caused by the excessive immune response of RA.

Keywords
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infection

5.1  Introduction

Although the high prevalence of airway disease in patients 
with rheumatoid arthritis (RA) (30–40%; see Chap. 2) has 
been recognized for decades, little has been discussed about 
its significance in the clinical setting of RA or its effects on 
the clinical course and implications for patient prognosis. So 
far, only a few studies have indicated the harmful effects, that 
it can predispose patients to bacterial infection or nontuber-
culous mycobacteriosis (NTM) [1, 2] or that it may cause 
obstructive lung disease with poor prognosis [3].

In the author’s opinion, the clinical significance of airway 
disease in RA patients can be summarized as follows:

 1. It can predispose patients to infectious diseases including 
bacterial pneumonia and NTM disease.

 2. It may cause progressive obstructive impairment of lung 
function, leading to chronic respiratory failure and even-
tual cor pulmonale.

 3. In some cases, airway inflammation can result in the 
destruction of the peripheral airway and lung paren-
chyma, leading to the formation of cysts mimicking a 
honeycomb lung.

These problems are important not only because they may 
impair the medical condition of RA patients but also they 
may be major obstacles to the use of potent disease-modify-
ing antirheumatic drugs (DMARDs), methotrexate (MTX), 
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and biological agents. However, the proper management of 
these problems has scarcely been discussed, except to stress 
their potential risk.

In the following sections, these issues are considered in 
detail item by item with presentation of typical clinical cases. 
The treatment strategy for each problem is discussed based 
on the limited available literature and the author’s personal 
experience.

5.2  Airway Disease Can Predispose 
to Infectious Diseases and Cause Poor 
Prognosis

5.2.1  Bacterial Infections

Many previous observational studies have reported a high 
frequency of pulmonary infections, especially bacterial 
pneumonia, in RA patients [4, 5]. However, the reason why 
has not been well elucidated. Three possible mechanisms are 
assumed [1]:

 1. The possibility that immune dysfunction of RA patients 
may disturb proper activation of protective immunity.

 2. The possibility that tissue impairment and structural dis-
tortion of the lung caused by excessive immune response 
may form a niche for infectious microorganisms.

 3. The immunosuppressive effects of drugs used for RA 
treatment.

Until recently, the third factor has been stressed. Surely 
corticosteroid therapy as the most important risk factor of 
infection is widely recognized. However, no consensus has 
been reached on whether MTX and biological agents are risk 
factors [5–7]. As for biological agents, Galloway and col-
leagues reported that under anti-TNF (tumor necrosis factor) 
therapy, infections tend to occur within 6 months after the 
initiation of treatment [7, 8].

The second factor mentioned above has emerged as a fac-
tor of no less importance in recent studies [9]. Takayanagi 
reported that among RA patients with bacterial pneumonia, 
bronchiectasis (BE) or interstitial lung disease (ILD) was 
found as an underlying disease in 87% of them (Fig. 5.1) [1].

BE is regarded as a poor prognostic factor in RA patients in 
observational studies. In a study in the USA, the reported 
5-year survival of RA patients complicated with BE was 69%, 
and the causes of death were respiratory infection and cor pul-
monale [10]. In Japan, Tsuchiya and colleagues reported that 
the 10-year survival for RA patients complicated with BE was 
82%, better than that of the US study, but similarly, the final 

causes of death were respiratory infection and cardiac failure 
[11]. Also in a prospective longitudinal study conducted in 
France in which 55 RA patients and 82 non-RA patients were 
followed up for 10 years, RA patients with diffuse BE had a 
significantly poorer prognosis than the subjects in the other 
groups, and the causes of death were likewise lung disease or 
heart disease [12]. Thus, in patients complicated with BE, it is 

a

b

Fig. 5.1 Pneumonia in RA patients often develops at the base of pre-
existing lung disease, such as bronchiectasis or interstitial lung disease. 
(a) A 42-year-old male with RA for 15 years. He presented with high 
fever for 2 days. Chest radiograph shows patchy opacities in the left 
lung base, suggesting pneumonia (arrow). (b) HRCT reveals dilated 
bronchi in the area of consolidation in the left lower lobe (red arrows). 
Preexisting bronchiectasis was assumed to be the predisposing factor 
for pneumonia in this case
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possible that recurrent lung infections and eventual respiratory 
and cardiac failure result in their poor prognosis. Therefore, 
the control of infection is currently the most important issue in 
the treatment of RA patients.

5.2.1.1  Recurrent Infection and Progressive 
Deterioration of Medical Condition

As mentioned above, even with the recent advances of anti-
microbial chemotherapy, infection may recur based on 
underlying lung disease in the clinical practice of RA treat-
ment, ultimately leading to fatality in some cases. Why can-
not we control such deterioration? The mechanism of these 
disease courses has scarcely been discussed or clarified so far.

These problems are considered here by discussing three 
clinical cases of RA with BE.

Case 1 Early stage. Lung shrinkage develops insidiously 
through recurrent pneumonia and successive organization.

In Fig. 5.2, we present a 67-year-old woman with RA for 
18 years. Her disease activity of RA began to increase 3 years 
before admission to the respiratory division of our hospital, 
and MTX therapy was begun. Chest radiography at that time 
(Fig. 5.2a) showed no remarkable abnormalities except for 
apical scars. However, high-resolution computed tomogra-
phy (HRCT) on the same occasion revealed BE in the middle 
lobe and lingular division (Fig. 5.2b).

During the following 3 years, she complained of slight 
symptoms of respiratory tract infection including cough, 
sputum, and low-grade fever, and CT done at one of those 
episodes revealed pneumonia at the base of the BE (Fig. 5.2c). 
Her chest radiograph on admission (Fig. 5.2d) showed eleva-
tion of the bilateral hilum and diaphragm, indicating shrink-
age of the upper and middle lung, and lingular division. 
Despite proper antimicrobial treatment for each infectious 
episode (presumably pneumonia), organizing pneumonia 
(OP) in the affected area had occurred successively that had 
caused lung shrinkage (Fig. 5.2e).

To understand this process, refer to the surgical lung 
biopsy specimen from another patient with RA (Fig. 5.2f, g). 
In Fig. 5.2f, consolidation localized at the subpleural area is 
seen with shrinkage. In the magnified view (Fig. 5.2g), this 
area shows OP. We can see from this pathological specimen 
that organization occurring after pneumonia can cause lung 
shrinkage when left untreated.

In the present patient, frequent chest X-rays and CT scans 
revealed these changes. However, if such examinations had 
not been performed due to an absence of symptoms (a com-
mon pattern in the clinical settings of RA!), her lung shrink-
age would not have been detected until it had reached an 
advanced stage.

Case 2 Early to late stage. Deterioration occurs through 
recurrent infection.

In the daily practice of RA treatment, chest imaging is 
not conducted so often. Thus, one day we may notice that 
marked structural distortion has taken place in the patient’s 
lungs without any corresponding history. The explanation 
is as follows: recurrent lung infections had occurred insid-
iously, with only minimal symptoms such as a “common 
cold,” and destruction of the lung progressed without 
being noticed, finally leading to a marked degree of struc-
tural distortion. With such structural change, the patient 
would suffer more and more infection until the final 
catastrophe.

In Fig. 5.3, we present such a case of a 77-year-old 
woman with RA for 18 years. Chest radiography 10 years 
ago showed slight change of a moderate degree in the mid-
dle lobe and lingular division, a common finding in RA 
patients (Fig. 5.3a, b). She complained of cough and spu-
tum from that time and was treated with medications with 
no effect. Soon, the disease activity of RA increased, and 
therapy with MTX and prednisolone was started. She suf-
fered a compression fracture of her thoracic vertebrae 
4 years later that caused kyphosis, thus reducing her daily 
activities. The chest radiograph on that occasion revealed 
the collapse of the right S6 and marked volume loss in the 
lower lobes (Fig. 5.3c, d). On HRCT (Fig. 5.3e, f), not 
only the middle lobe and lingular division but also all seg-
ments of the bilateral lower lobe had shrunk, which was 
assumed to be brought about by recurrent infections and 
their incomplete cure, that is, organization leading to the 
collapse of lung parenchyma—the same mechanism as in 
Case 1. At this point, her vital capacity was 49%, indicat-
ing the marked reduction in lung volume. From 5 months 
ago, her cough worsened, and she was referred to our insti-
tution, where fluoroquinolone was prescribed with satis-
factory effect. However, after several months, she suffered 
from severe pneumonia that was barely conquered through 
the use of every therapeutic effort including intense anti-
microbial therapy and other supportive therapies 
(Fig. 5.3g–j).

We can draw an important lesson from these two cases. 
In RA patients, recurrent infection may occur with mini-
mal symptoms and may insidiously progress to devastation 
of the lung. Without chest imaging, we are unaware of this 
progression and deterioration. Rheumatologists must be 
alert to these possibilities and appropriately address the 
respiratory signs and symptoms of patients at each visit, 
and if a subtle sign is recognized, must not hesitate to 
 conduct chest imaging and appropriate treatment if 
necessary.

5 Therapeutic Strategy for Airway Disease in Rheumatoid Arthritis



62

Fig. 5.2 (a) A 67-year-old woman in whom recurrent pneumonia based 
on bronchiectasis resulted in shrinkage of the lung during 2 years’ clinical 
course. (a) Chest radiograph 2 years ago shows no abnormality except for 
apical scar. (b) HRCT scan conducted at the same time with (a), that is, 
2 years ago, revealed bronchiectasis of slight degree in the middle lobe 
and lingular division (red arrows). (c) During these 2 years, she suffered 
from recurrent pneumonia. HRCT scan at one of those episodes shows 
pneumonia occurring at the base of those bronchiectases (blue arrows). 
She was treated with antibiotics with improvement of symptoms each 
time. (d) However, chest radiograph taken on the referral to the respira-
tory department demonstrates cicatrized shadow in the left middle lung 
field (black arrow) and also lifting up of the bilateral hilum and dia-

phragm (white arrows), suggesting shrinkage of the upper and middle 
lung. (e) In HRCT, consolidated areas around the segmental bronchi of 
the right middle lobe and left lingular division demonstrate collapse of 
those areas (red arrows), probably due to organization of pneumonia. The 
shrinkage of the lung seen in (d) is caused by such a process. (f, g) 
Organization causes collapse and shrinkage of the lung in RA patients. 
Surgical lung biopsy (SLB) specimen of another case. A 67-year-old 
woman in whom RA-related organizing pneumonia (OP) was suspected 
clinically. (f) Consolidated area with shrinkage is seen in subpleural area. 
Panoramic view. (g) Magnified view of the circle in f shows remnant 
alveolar structure in the dense collagen deposition, indicating that this 
lesion is OP. Photomicrographs courtesy of Dr. T. Takemura
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f g

Fig. 5.2 (continued)

Fig. 5.3 (a, b) A case of 
recurrent pneumonia following 
lung shrinkage and deterioration. 
A 77-year-old woman of RA for 
18 years. (a, b) Chest radiograph 
10 years ago shows only collapse 
of the right middle lobe and left 
lingular division of slight degree 
(arrows), suggesting 
bronchiectasis of these regions. 
(c, d) Four years later, 
compression fracture of thoracic 
vertebrae occurred and caused 
severe kyphosis. (c, d) Chest 
radiograph shows collapse of 
right S6 (white arrow) in addition 
to middle lobe and lingular 
division, along with marked 
shrinkage of lower lobe (black 
arrows). (e, f) HRCT 
demonstrates diffuse 
bronchiectasis in bilateral lower 
lobes and the collapse of the 
adjacent lung parenchyma 
(presumably through 
organization) (red arrows). These 
findings and scarce pulmonary 
vasculature in the lung fields 
indicate loss of normal lung 
parenchyma. Recurrent infection 
and incomplete cure in each 
episode resulted in these 
conditions. (g, h) Serious 
pneumonia, nearly fatal, occurred 
in bilateral lower lung, which 
was barely conquered with every 
effort. (i, j) HRCT demonstrates 
widespread pneumonia at the 
base of these bronchiectases (red 
arrows)
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Fig. 5.3 (continued)
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Case 3 Late stage. Recurrent pneumonia in advanced-stage 
BE is fatal.

In Fig. 5.4, we present a case of repeated pneumonia 
based on advanced BE that follow a fatal course. A 66-year-
old man with a past history of smoking one pack/day for 
10 years was diagnosed as RA 6 years ago. One year before 
admission to the respiratory division of our hospital, he 
developed dyspnea on exertion. Chest radiography on his 
first visit (Fig. 5.4a) showed a severe degree of apical scar-
ring and shrinkage of the bilateral upper lungs. Reticular 
shadows were seen bilaterally in the lower lung field that 
resembled that of ILD, but differed from usual ILD in that 
the lung base showed hyperinflation rather than shrinkage. 
On HRCT (Fig. 5.4b–d), extensive BE was visible, with 
coexisting emphysematous change. A wedge-shaped con-
solidation were seen in the dorsal area of the lung base, 
within which dilated bronchi were  visible. Although mim-
icking honeycombing at first glance, it is not difficult to iden-
tify this as bronchodilation due to the continuity to bronchial 
structures in the central area. These bronchial dilatations 
were assumed to be caused by inflammatory destruction (see 
Sect. 2.3). These dilated bronchi can provide a niche for 
pathogenic bacteria such as Pseudomonas and thus a favor-
able environment for persistent infection, which was the case 
in this patient. Over the following 2 years, he suffered sev-
eral occurrences of severe pneumonia, each of which 
required hospitalization.

In a chest radiograph taken in the final stage of the disease 
(Fig. 5.4e), lung destruction had progressed, and reticular 
shadows were spread through the lung base. These changes 
were shown in detail in a HRCT image (Fig. 5.4f). At this 
stage, his lung function deteriorated step by step, and he 
deceased during his seventh hospitalization due to severe 
pneumonia and cor pulmonale (Fig. 5.4g).

This case shows the typical course of a RA patient compli-
cated with recurrent bacterial infection based on advanced 
BE and ultimate death due to respiratory and cardiac failure. 
Once a patient progresses to this stage, current antimicrobial 
therapy is insufficient. Thus, we must intervene in the disease 
course before the patient reaches this late stage.

Here, another viewpoint may be proposed. The severe 
inflammation occurring at such a late stage may be difficult 
to control with antibiotics alone. In such a condition, an exu-
berant immune response is assumed, and if so, the additive 
use of a proper immunosuppressive agent might be attempted. 
Many reports have affirmed the efficacy of corticosteroid 
therapy in addition to antibiotics to control severe pneumo-
nia [13], hence such a trial should be considered in these 
severe cases as well.

How this process of deterioration can be checked blocked 
will be described in the next section.

5.2.1.2  How to Control Bacterial Infection
For a detailed description, see Chap. 10. Importantly, it is 
crucial to choose appropriate antibiotics, taking the specific 
characteristics of RA patients into account [1, 14]. The 
pathogenic bacterial profile of RA patients is different from 
that of non-RA subjects. A high frequency of Pseudomonas 
as a causative agent is reported. It is well known that 
Pseudomonas is common in general subjects with underly-
ing lung diseases such as BE, and, as previously stated, RA 
patients are often complicated with BE. The choice of anti-
biotics should be made considering these profiles. Therefore, 
in RA patients with underlying lung diseases, the use of 
fluoroquinolones is justified as one of the best choices 
because of their wide-spectrum activity and coverage of 
Pseudomonas. The efficacy and safety of a short, 5-day 
course of fluoroquinolones have been validated by many 
studies [15].

Of note, rather than being an exogenous infection, the 
bacterial pneumonia of RA patients is an endogenous one 
caused by bacteria colonizing in existing lung lesions. Thus, 
before beginning treatment for RA, it is mandatory to per-
form HRCT scanning to determine the presence or absence 
of underlying lung disease, and once such disease is found in 
a patient, the physician should be very alert to the possibility 
of the patient developing pneumonia after a slight upper 
respiratory infection (such as a common cold) and should not 
hesitate to perform chest imaging and give adequate antibiot-
ics when necessary.

Pneumococcal vaccination has also been validated as a 
preventive measure to reduce the burden of pneumococcal 
colonization [1]. Most importantly, however, controlling the 
activity of RA itself leads to a good result in controlling the 
infection in the end. For details, refer to  Sect. 2.1.4.

5.2.1.3  How to Treat OP That Follows Pneumonia
As shown by Cases 1 and 2 (Figs. 5.2 and 5.3), it is often 
difficult to control the pulmonary infection of RA patients 
with antibiotic therapy alone. The problem is OP. In cases of 
persistent symptoms, a remnant radiographic shadow, and 
suspended C-reactive protein (CRP) despite appropriate 
antibiotic therapy, the possibility of OP should be consid-
ered. Treatment is sometimes easy with the proper use of 
corticosteroids [16]. The OP of RA is described in detail in 
Chap. 12.

Not infrequently, however, subsequent OP in RA patients 
shows no symptoms, and when it is unrecognized and left 
untreated, the affected area of the lung collapses, generating 
permanent fibrosis and reducing the lung volume, as 
described above. Thus, physicians must be very cautious to 
perform a chest X-ray examination even with the slightest 
suspicion of OP.
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Fig. 5.4 (a) A 66-year-old man with RA for 6 years, in whom repeated 
bouts of pneumonia based on advanced BE lead to a fatal course. (a) A 
chest radiograph taken at his first visit to our respiratory department. In 
addition to extensive scarring at the apex and shrinkage of bilateral 
upper lung, reticulonodular shadows at bilateral lung base are noted 
(arrows). These findings are not compatible with ILD, which is usually 
accompanied by lung shrinkage at the lung base. (b–d) HRCT reveals 
diffuse bronchiectasis in middle and lower lobes (yellow arrows) and 

cluster of cysts mimicking honeycombing in bilateral lung base (red 
arrows), which are contiguous to dilated bronchi, suggesting that these 
cysts are bronchial in origin. (e) Chest radiograph taken 1 year later, 
near his death. Reticulonodular shadow and patchy opacities are promi-
nent in bilateral lower lung fields. (f) HRCT reveals extensive ground 
glass opacity and centrilobular nodules (yellow arrows) around dilated 
bronchi, showing expansion of infection. (g) Chest radiograph on his 
last admission for severe pneumonia
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5.2.1.4  Choice of DMARDs in Cases of Recurrent 
Respiratory Infection

Among RA patients, there are many in whom bacterial infec-
tion occurs repeatedly at the base of airway disease. Now it 
has become a serious problem whether such RA patients 
should be or should not be treated with potent DMARDs 
such as MTX or biologics, when they are necessary to con-
trol the disease activity of RA. Many physicians think that 
their use should be restrained in such cases [8]. However, as 
has been stressed so far, airway disease is an extra-articular 
manifestation of RA brought about by the dysregulated 
inflammatory response of the RA itself. Thus, when neces-
sary treatment of RA is abandoned on the reason of repeated 
infection, not only the joint disease but also the airway dis-
ease will deteriorate also. Therefore, to improve the progno-
sis of RA patients, tireless administration of potent 
antirheumatic drugs is mandatory to control such infections 
as well as the disease activity of the RA [17]. Also, by adding 
biological agents, the required dosage of corticosteroid can 
be decreased, thus reducing the risk of infection, which is the 
desirable course [18].

Nevertheless, when the biologics therapy is initiated, 
respiratory infections tend to occur particularly during the 
first 6 months [8]. To overcome this stage, the early recogni-
tion of infection and prompt and adequate treatment are 
essential. To accomplish this goal, the short-term use of 
fluoroquinolone should be considered as the first option.

A successful case is presented in Fig. 5.5, in which suf-
ficient control of RA disease activity and respiratory infec-
tion was achieved in parallel. A 75-year-old woman had 
RA for 20 years. MTX therapy was initiated 7 years ago, 
and sequential dose escalation of MTX was required. At 
the same period, cough, sputum production, and weight 
loss developed, diagnosed as respiratory infection 
(Fig. 5.5a), and MTX was withheld temporarily. We treated 
her with fluoroquinolone and obtained good control of the 
infection. The HRCT scan showed pneumonia in the left 
lung (Fig. 5.5c) and BE in the opposite side, which was 
supposed to be the site of origin of this infection (Fig. 5.5b). 
Immediately after the infection was resolved, MTX was 
resumed at a dose of 15 mg. However, for a while after 
that, pneumonia occurred frequently and was treated by 

a b

c

Fig. 5.5 (a) A case in whom disease control of RA with persistent use of 
potent DMARD resulted in conquering recurrent respiratory infection. (a) 
Chest radiograph taken during the unstable period shows patchy opacities in 
bilateral lung fields (arrows), indicating pneumonia. (b) HRCT shows bron-
chiectasis (red arrow) and bronchiolitis (blue arrow) in S2 of the right upper 
lobe. (c) A focal consolidated area indicating bacterial pneumonia (green 
arrow). She expectorated Pseudomonas aeruginosa, which was assumed to 
colonize the deformed airway and be the causative organism of this pneumo-

nia. (d) Chest radiograph taken 5 years later from (a). Her condition had 
become stable, without any bouts of infection. Linear shadows are seen in 
right upper lung field (arrow), suggesting remnant bronchiectasis. There are 
no other pathological shadows. (e, f) HRCT reveals remnant bronchiectasis 
in the right upper and middle lobe with scanty micronodules (red arrows). 
Despite successful control of RA, anatomical change of bronchi remained. 
But as the fact, pneumonia does not occur for these several years. Effective 
control of RA also resulted in good control of respiratory infection
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hospitalization or in the outpatient clinic. During the year, 
a total of six episodes of pneumonia occurred, but they all 
were conquered with proper treatment, that is, by the 
prompt use of fluoroquinolone. During this period, MTX 
was withheld only at the time of infection and was resumed 
immediately after control of the infection was obtained, 
ultimately leading to final success in the control of the 
RA. Thereafter, no further respiratory infections occurred 
(Fig. 5.5d), and the patient has been infection-free for 
6 years. Note that on a recent HRCT, BE has not disap-
peared (Fig. 5.5e, f), indicating that although the structural 
changes in the airway may remain, infectious episodes do 
not occur when the RA is controlled. This fact clearly 
shows that the pulmonary infection of RA patients is not 
exogenous but is often endogenous, caused by the immu-
nological conflict between colonizing bacteria and the host 
immune system.

5.2.2  NTM Disease

Since the introduction of biologics therapy for RA 
patients, NTM disease has been reported frequently as a 
serious complication and has become a worldwide prob-
lem. In Japan, according to post-marketing surveillance 
(PMS) and subsequent notification to the Pharmaceuticals 

and Medical Devices Agency (PMDA), 109 patients under 
biologics treatment were confirmed to be suffering from 
this disease in early 2013. This figure is not directly com-
parable with the estimated incidence of NTM disease in 
the general population in Japan, but certainly, it is extraor-
dinarily high. An epidemiological study conducted in the 
USA reported the incidence of NTM disease of RA 
patients to be twice as high as that of the general popula-
tion (over 50 years of age) and five times higher still in the 
case of biologics use, resulting in an overall incidence ten 
times higher (Table 5.1) [18]. The high morbidity in cases 
of biologics treatment could be understood, but how 
should we understand the high morbidity in RA patients 
receiving no biologics therapy at all?

Mori and colleagues reviewed 13 patients with NTM dis-
ease developed during biologics therapy and found that in 
most cases, airway diseases such as BE and bronchiolitis 

Table 5.1 Incidence rate of NTM disease in the USA, observed in 
general population and in patients with RA with and without anti-TNF 
therapy (2000–2008) (cited and modified from ref. 18)

Population Crude incidence rate (95% CI)

General population >50 years old 11.8 (11.1–12.6)

RA patients without anti-TNF 
therapy

19.2 (14.2–25.0)

RA patients with anti-TNF therapy 105 (59–173)
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Fig. 5.5 (continued)
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preceded NTM disease, affirmed by comparing CT findings 
(Fig. 5.6a, b) [2]. Generally speaking, nontuberculous 
mycobacteria are ubiquitous in the environment, and they 
could colonize in structural derangements of the lung such 
as BE and ILD, leading to the later onset of disease. Airway 
diseases of RA provide just such an environment, and the 
high incidence of NTM disease in RA patients can be 
explained from this viewpoint. Thus, preexisting airway 
disease in RA patients may be the largest predisposing fac-
tor for NTM disease. Therefore it is strongly advocated 
HRCT scanning to be performed to check for the presence 
of airway disease before the introduction of biologics 
therapy.

Of note, there is some difficulty in the use HRCT as a 
diagnostic tool of NTM disease in RA patients. The differen-
tial diagnosis on CT between the airway disease of RA and 
NTM disease is confusing. The findings of both diseases on 
CT imaging resemble so much (Fig. 5.6c, d). Both show 
extensive BE and centrilobular micronodular and branching 

opacities distributed segmentally. To the best of the author’s 
knowledge, there has been no report to date in which these 
two diseases were reviewed and compared to determine the 
possibility of differential diagnosis. However, from the 
author’s experience, differential diagnosis is absolutely 
impossible [19]. After all, when NTM disease is suspected, 
physicians have no choice but to perform repeated sputum 
examinations or bronchoscopy, if necessary. Also, as the 
serum anti-GPL antibody testing developed in Japan in 
recent years has high specificity in Mycobacterium avium 
complex disease despite its insufficient sensitivity in RA 
patients, this should be combined for use as well [20]. The 
diagnosis and treatment of NTM disease are described in 
detail in Chap. 11.

One point to be emphasized is that even if NTM disease 
develops during biologics treatment, the prognosis is not 
poor. Winthrop and colleagues reported that among 18 cases 
of NTM disease that developed during biologics treatment, 
seven patients died, indicating a mortality of 38%, a 

a

c d
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Fig. 5.6 (a, b) Nontuberculous mycobacterial disease in RA patients 
develops on RA-specific airway disease. (a) HRCT 1 year before onset 
of NTM disease. Bronchiectasis of the right upper lobe (red arrow) and 
bronchiolitis in left upper lobe (blue arrow) are visible (airway disease 
of RA). (b) HRCT at the onset of NTM disease shows infiltrative shad-

ows that appear (yellow arrows) at the same place of the preexisting 
airway diseases. (c, d) NTM disease and RA airway disease are indis-
tinguishable on HRCT image. Both resemble so closely with each 
other. (c) Airway disease of RA, (d) NTM disease. Bronchiectasis (red 
arrows) and centrilobular micronodules (blue arrows) are seen in both
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 miserable prognosis. Based on this fact, they warn against 
the easy use of biologic agents [18]. In Japan, however, no 
deaths have been reported in more than 100 cases of NTM 
disease, according to PMS of biologic agents. Also, Mori 
and colleagues, who reviewed the case series of 13 patients 
in Japan, reported no deaths and stated that all patients 
responded well to the antimicrobial therapy [2]. Of interest, 
the period from the start of biologics therapy to the onset of 
NTM disease in Japan is 8 months on average, whereas it is 
3 years on average in the US study [18], which suggests that 
the discovery of NTM disease may be earlier in Japan than 
in the USA. If the lung destruction has progressed, NTM 
disease become difficult to control, but if it is treated early 
when the lung destruction is less, it is not a difficult disease 
to control. During biologics treatment, a miserable progno-
sis can be avoided by periodic chest radiography to check 
for the occurrence of NTM disease and any other lung 
complications.

5.3  Airway Diseases May Cause 
Obstructive Lung Disease

5.3.1  Airway Obstruction in RA Patients

Many authors who used HRCT to assess the prevalence of 
airway diseases in RA patients also reported a high fre-
quency of airway obstruction on pulmonary function testing 
[21, 22]. As a criterion of airway obstruction, FEF25–75 is 
used more than FEV1, and the reported prevalence ranges 
from 8 to 65%. Such obstruction is attributed to bronchiol-
itis, which is often accompanied with BE, or COPD in smok-
ing patients. As stated above, the disorder of the peripheral 
airways is often relevant to that of the central airway in RA 
patients.

Despite the recognition of obstructive airway disease, it 
has not been well discussed in relation to the clinical course 
and prognosis of RA, except for the rare disorder called 
bronchiolitis obliterans (BO).

Nannini and colleagues focused on this problem in a lon-
gitudinal cohort study [3], which is a part of the famous 
Rochester Epidemiology Project with its high confidence as 
a population-based study. With an FEV1 of 70% or less in 
lung function testing and the physician’s clinical diagnosis 
being set as the criteria for obstructive lung disease (OLD), 
comprising of COPD, BE, and bronchiolitis, long-term fol-
low-up results were compared and analyzed in RA and non-
RA cohorts. The lifetime risk of developing OLD was 9.6% 
for RA patients (hazard ratio [HR] 1.54) compared with non-
RA patients. Survival of RA patients diagnosed as having 
OLD was worse compared to those without OLD (HR 2.09). 
They concluded that patients with RA are at higher risk of 
developing OLD, which is significantly associated with pre-
mature death. They discussed the reason for this increased 

risk and postulated that RA-related immune dysfunction 
may predispose to excessive inflammatory responses in 
small airway. This study is valuable because of its popula-
tion-based nature and long observational period in that it 
minimized the risk of referral bias. It should be regarded as 
the fundamental study for future research.

In clinical settings of RA, however, such an obstructive 
disorder is not necessarily evident. This is probably due to 
the low level of daily activity of RA patients, who rarely 
complain of dyspnea on exertion until the end stage. Without 
the complain of dyspnea, lung function testing would not 
generally be performed in routine practice.

5.3.2  Bronchiolitis Obliterans

BO (bronchiolitis obliterans) is a rare disorder clinically 
characterized by progressive dyspnea and impairment of 
lung function and characteristic pathological changes in the 
bronchioles. Prognosis is poor in patients with RA and sev-
eral systemic disorders.

Devouassoux and colleagues investigated a 25-case series 
of obliterative bronchiolitis in RA [23]. They reported that BE 
coexisted in many cases, and airway obstruction was progres-
sive, resistant to every effort including corticosteroids and 
other immunosuppressive drugs, and only one exceptional 
case was treated successfully with etanercept, a TNF blocker.

A typical case is presented here, a 39-year-old woman 
with recurrent respiratory infections in whom lung function 
deteriorated over a short period (Fig. 5.7). RA was diag-
nosed 14 years ago and treated with MTX and corticoste-
roid. She complained of cough, sputum, and sinusitis from 
10 years ago for which macrolide and inhaled steroids were 
given but with no effect. From 1 year before dyspnea on 
exertion appeared, with progressive obstructive changes 
shown in lung function testing. She expectorated 
Pseudomonas aeruginosa, and neutrophils predominated in 
her bronchoalveolar lavage fluid analysis. Her anti-CCP 
antibody was 92.9 U/mL. HRCT 4 years before admission 
to the respiratory  division of our hospital (Fig. 5.7b) showed 
BE in the right middle lobe, with surrounding patchy opaci-
ties and bronchiolitis. HRCT conducted just before the sur-
gical lung biopsy (SLB) (Fig. 5.7d) revealed increased 
bronchiolitis in the right lower lobe. However, a micronodu-
lar shadow in the left lower lobe disappeared, which was not 
indicative of improvement but rather of completion of scar-
ring of bronchiolitis.

Pathological findings of the SLB specimen revealed 
intense infiltration of lymphocytes and neutrophils in the 
bronchiolar walls and surrounding lung tissue (Fig. 5.7f). In 
the magnified view (Fig. 5.7g), disruption of elastin and 
marked narrowing of the lumen are observed, which are typi-
cal findings of cellular and destructive bronchiolitis. Two 
courses of steroid pulse therapy were administered with no 
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Fig. 5.7 (a) A case of obliterative bronchiolitis (cellular and destructive 
type, histologically). A 39-year-old female with RA for 14 years. She had 
complained cough and sputum for 10 years, which exacerbated 1 year 
ago. Also she complained exertional dyspnea recently. (a) Chest radio-
graph shows pleural adhesion in left side of the thorax, suggesting pre-
ceding inflammatory episodes. (b) HRCT scan done 4 years ago. 
Bronchiectases with surrounding opacities are seen in the right middle 
lobe (red arrows). In the left lower lobe, many centrilobular micronod-
ules (blue arrows) are seen as well as bronchiectasis (green arrow), the 
former of which indicates active stage of bronchiolitis. (c) 
Photomicrograph of an active phase of cellular and destructive bronchiol-
itis of another case, which could correspond to the micronodules seen in 
CT image (b). Photomicrograph courtesy of Dr. A. Hebisawa. (d) HRCT 
scan done before the SLB. Micronodules have increased in number in the 

right lower lobe (blue arrows) along with bronchiectasis (red arrow). In 
the left lower lobe, micronodules have disappeared (green arrow) sug-
gesting complete cicatrization, not the improvement, of bronchiolitis. (e) 
Photomicrograph of cicatrized stage of cellular and destructive bronchi-
olitis of another case. HRCT cannot demonstrate such a tiny cicatrized 
focus. Photomicrograph courtesy of Dr. A. Hebisawa. (f) SLB specimen, 
panoramic view. (f) Several bronchioles are seen. The wall of the bron-
chioles and surrounding lung tissue are infiltrated with inflammatory 
cells (red arrows). A dilated bronchus is also visible (blue arrows). 
Photomicrograph courtesy of Dr. T. Takemura. (g) The wall and sur-
rounding lung tissue are infiltrated with lymphocyte and neutrophils. 
Epithelia are eroded and lined with regenerative cells, with marked nar-
rowing of the lumen (arrows). A typical finding of cellular and destruc-
tive bronchiolitis. ×15 HE. Photomicrograph courtesy of Dr. T. Takemura
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Fig. 5.7 (continued)

effect. Only biologics therapy (certolizumab pegol) could 
control her cough, sputum production, and deterioration of 
respiratory function, which not only ceased to worsen but 
even improved after several months’ treatment. This case 
clearly shows that the airway disease of RA is an extra- 
articular manifestation of RA, and in severe cases, neither 
corticosteroid nor other immunosuppressants but only bio-
logics can control the disease progression.

As Nannini and colleagues reported [3], and as this case 
shows, patients suffering from progressive airway obstruc-
tion do exist and might be more frequent than is currently 
estimated. Because RA patients rarely complain of dyspnea 
because of restricted daily activities, it is challenge for the 
physician to recognize the presence and development of air-
way obstruction.

5.3.3  How to Control the Progression 
of Airway Obstruction

Long-term macrolide administration has been evaluated as 
an effective therapy for chronic respiratory tract infection 
such as BE or diffuse panbronchiolitis (DPB) in non-RA 
patients. Conversely, Hayakawa and colleagues studied 12 
cases of bronchiolitis in RA and reported that in the majority 
of the cases, no improvement of lung function was obtained 
with macrolide therapy, in contrast with DPB in non-RA 
subjects [24].

As airway disease is assumed to be the result of an exces-
sive immunological response of RA patients, it is natural to 
think that treatment of the RA itself with potent DMARDs, 
such as MTX and biologics, can be effective in controlling 
the persistent airway inflammation. The BO mentioned 
above is one example. Treatments toward this direction 
should be attempted in the future.

Another case in which treatment of the RA itself 
improved airway disease refractory to macrolide therapy is 
presented here. A 65-year-old woman with a diagnosis of 
RA for 2 years (Fig. 5.8a). Her MMP-3 was 392 ng/mL, 
anti-CCP antibody 391 U/mL, PaO2 67.5 Torr, %VC 
69.5%, and FEV1 54.6%. She was initially treated for RA 
with prednisolone and salazosulfapyridine. On HRCT, dif-
fuse BE was found throughout the entire lung, with 
micronodules surrounding the areas of BE (Fig. 5.8b). She 
complained of chronic cough and sputum. She was ini-
tially diagnosed as having DPB, and was prescribed long-
term macrolide therapy that did not improve her symptoms. 
During the first 2 years of RA treatment, she also experi-
enced several bouts of pneumonia. Two years later, tacro-
limus and MTX were introduced for disease control of RA, 
which was successful. Concurrently, her respiratory symp-
toms decreased, her pulmonary function improved, and the 
episodes of pneumonia ceased to occur. These improve-
ments were also confirmed on HRCT, which showed that 
the bronchodilation and bronchial wall thickening had dis-
appeared (Fig. 5.8c). The airway diseases are caused by 
the RA itself. Long-term macrolide therapy was ineffec-
tive, and only potent RA therapy resolved her airway 
disorder.

5.3.4  How to Control Persistent Cough 
and the Role of Antibiotics: A Hint 
for Controlling Chronic Inflammation 
of the Airway in RA Patients

In general, RA patients with airway disease would not com-
plain of respiratory symptoms such as cough or sputum pro-
duction despite their severity. Meanwhile, patients who 
suffer persistent cough or sputum production do exist not 
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infrequently. Although they lack constitutional symptoms 
such as fever, and their serum CRP or erythrocyte sedimen-
tation rate is usually not elevated, these obstinate symptoms 
bother patients greatly, decrease their quality of life, and 
discourage the physician from treating them with the potent 
DMARDs necessary to control the RA. The cause of these 
symptoms is assumed to be derived from chronic inflamma-
tion of the airways. Then how can we control these obstinate 
symptoms resulting from airway inflammation?

As mentioned above, there are a few proposed therapeutic 
strategies, including long-term macrolide or inhaled cortico-
steroid (ICS) therapy. Although the effects of long-term 
macrolide therapy are established for symptom reduction in 
non-RA subjects, its efficacy in RA subjects has not been 
investigated. In the author’s clinical experience, the effect of 
macrolide therapy against the chronic cough and sputum 
production of RA patients is limited.

ICS is also used in non-RA subjects with BE to control 
chronic symptoms and has received a favorable appraisal 
[25], but no such study exists for patients with RA. In the 
author’s experience, ICS was effective in some anecdotal 
cases, but the conditions of the responders were not clear. 
Dosage is an important factor for efficacy, and ciclesonide at 
a high dose of 800–1600 μg per day is preferred. With this 
treatment, concerns about the risk for infection may be 
raised, but in large-scale meta-analyses of the use of ICS for 
COPD and asthma, only a slightly increased risk of upper 
respiratory infection or mild pneumonia was observed [26]. 
To date, no studies of ICS for RA patients have been 
performed.

The author has found that short-term antimicrobial ther-
apy is effective for this purpose. For RA patients who suf-
fer from chronic cough for more than 1 month, after the 
evaluation of lung status with HRCT and confirmation of 
the presence of airway disease such as BE, 7 days of fluo-
roquinolone is prescribed, not necessitating the presence 
of apparent respiratory infection as a condition. This ther-
apy has been prescribed for over 30 patients, and in 80% of 
them, a good or very good response was obtained without 
the relapse of symptoms within several weeks. Moreover, 
more than half of the patients did not relapse and required 
no additional treatment for the next several months or 
years (unpublished data).

A typical case is presented below. A 72-year-old woman 
with a history of RA for 10 years had suffered a dry cough for 
10 months and weight loss of 6 kg (Fig. 5.9a, b). HRCT 
(Fig. 5.9c) showed BE and severe inflammation in the sur-
rounding lung. She did not produce sputum, which may be a 
wonder, but in reality, this is common in RA practice. 
Fluoroquinolone of 7 days without any other drugs completely 
cured the obstinate cough, and it has not recurred over a 2-year 
follow-up period. Her weight steadily increased as well.

Only 1 week of quinolone therapy was effective, with 
almost a permanent effect for a symptom derived from 
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Fig. 5.8 (a) Diffuse bronchiectasis could be controlled with treatment 
of RA itself, not with macrolide therapy. (a) Chest radiograph in a 
65-year-old woman with RA for 2 years. She complained of cough and 
sputum for several years. Macrolides were prescribed, but with no 
effect. Also she suffered from recurrent pneumonia. (b) CT scan shows 
diffuse bronchiectasis with wall thickening in the entire lung (yellow 
arrows). (c) CT scan done 5 years later shows diminished bronchial 
dilatation and wall thickening. During this period, treatment of RA 
with DMARDs have been done, with success. No treatment for respira-
tory infection per se, such as long-term macrolide
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chronic inflammation over a long period. This fact is 
peculiar and incomprehensible in the context of conven-
tional medical theory, but an interpretation might be pos-
sible when we introduce the new concept of the 
microbiome. With the recent advances in genome analy-
sis technology, it is clarified that microbiome is found 

also in the lower respiratory tract, which only a decade 
ago was considered to be sterile. Researches have dis-
closed that the change in the composition of the microbi-
ome (dysbiosis) may result in host immune modulation 
(dysregulation), thus evoking chronic inflammation in 
the respiratory tract.

a

c

b

Fig. 5.9 (a, b) A 72-year-old female with RA for 10 years. She com-
plained of nonproductive cough since 10 months ago, with weight 
loss of 6 kg. (a) Posteroanterior chest radiograph shows reticular 
opacities in bilateral hilar regions and in left lower lung field (black 
arrows). She had been diagnosed as having ILD. (b) However, lateral 

radiograph clearly shows that opacities have segmental distribution, 
suggesting airway origin (white arrows). (c) HRCT reveals bronchi-
ectasis with surrounding lung consolidation (blue arrows). Patchy 
consolidation is also seen in the right lung field, suggesting focal 
pneumonia (red arrow)
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M. Blaser, a prestigious investigator for his contribution 
to the early days of microbiome research, reported the results 
of a study on the effects of antibiotics on the gut microbiome 
of mice in his famous monograph, Missing Microbes [27]. 
According to his theory, the gut microbiome of a mouse is 
unique and stable individually, and even when confounding 
factors are introduced externally, the constitution of the 
microbiome is rapidly restored. In the mice given three pulse 
of amoxicillin, the biodiversity of gut microbiome would 
bounce back to normal in a short period, whereas in mice 
given tylosin (potent macrolide antibiotic), the biodiversity 
was lost and would not go back to normal even several 
months after. Such a phenomenon has been verified also in 
humans with Ciprofloxacin. We are tempted to interpret our 
clinical experience along such a hypothesis. One week of 
quinolone therapy changed the microbiome of the lower 
respiratory tract and corrected the dysbiosis for a long 
period, thus leading to modulation of the dysregulated 

immunity, thereby calming the airway inflammation for the 
next few months to years in these patients.

5.4  Airway Disease Can Cause 
Honeycomb-Like Change Through 
Inflammatory Destruction 
of Bronchioles and Lung Parenchyma

As mentioned in Chap. 2, persistent inflammation that 
destroys the bronchiolar wall and surrounding alveolar tis-
sue can eventually form clustered cysts at the peripheral air-
ways in the subpleural area that mimics honeycombing. This 
change is not infrequently observed and has been  erroneously 
recognized as ILD of the usual interstitial pneumonia (UIP) 
pattern on the HRCT image and even on pathology (as 
shown in Fig. 5.10). Revision of these pathological mecha-
nisms is discussed in detail in Chap. 7.

a

b c

Fig. 5.10 (a) In RA patients, 
persistent inflammation may 
destruct peripheral airway and 
cause honeycomb-like 
change. A 65-year-old male. 
(a) HRCT shows multiple 
cysts clustered in subpleural 
area of bilateral lower lobe, 
mimicking ILD of UIP 
pattern. CT image courtesy of 
Dr. S. Izumi. (b, c) Autopsy 
specimen of the patient who 
deceased due to severe 
pneumonia with respiratory 
failure. (c) Multiple cysts are 
visible, resembling 
honeycombing usually seen in 
chronic fibrosing ILD, 
especially UIP pattern. 
Macroscopic view. (d) 
Pathological examination 
revealed that all those cysts 
are dilated bronchi or 
bronchiole formed through 
the inflammatory destruction. 
A artery, br bronchus, ILS 
interlobular septum. ×4, 
EVG. Photomicrograph 
courtesy of Drs. T. Takemura 
and S. Izumi
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Generally, the prognosis of RA-ILD is good compared 
with that of idiopathic ILD, but among them, those judged 
as UIP pattern on pathological or radiological images are 
reported to have a poor prognosis, although agreement has 
not been reached among researchers [28–31]. Even if this 
is so, the reason for the poor prognosis remains to be clar-
ified. In the author’s opinion, some UIP patterns in 
RA-ILD are, in fact, caused by cyst formation through the 
airway inflammation, and therefore, they should be con-
sidered as airway disease, not ILD. In such cases, control 
of the airway inflammation may contribute to an improve-
ment of prognosis. Potent DMARDs may be effective for 
the systemic control of inflammation, and for local con-
trol, additional ICS and/or other attempts should be tried. 
Needless to say, caution must be taken against possible 
infection when such immunosuppressive therapy is 
administered.

 Conclusion

Now, with the advances in the management of RA and the 
therapeutic goal focused on remission coming into sight, 
lung complications have emerged as the most important 
obstacle against this new therapeutic strategy. In this chap-
ter we have shown that preexisting lung diseases, especially 
airway disease, are the most important risk factor for lung 
complications, and we offered modest proposals for how to 
conquer them. The author has also pointed out the possibil-
ity of long-standing inflammation causing a honeycomb- 
like structural change at the distal airway that mimics ILD.

Chest HRCT is the most competent tool to grasp these 
underlying lung diseases and their progression in RA 
patients, but, unfortunately, it had not been popular in the 
clinical practice of RA, restricting comprehension of the 
exact situation. Recently, however, chest HRCT is being 
frequently performed in RA clinics in Japan and in other 
countries before initiating and also during the disease-
modifying treatment of RA. Accompanying this trend over 
the past few years, enormous amounts of new knowledge 
are being  accumulated regarding the development and pro-
gression of lung diseases of RA. In the not-so-distant 
future, active studies and discussion will be undertaken on 
this issue based on the accumulated evidence. Thus, the 
pathogenesis of airway disease and a part of ILD in RA 
will be elucidated, and therapeutic strategies can be estab-
lished on the basis of such scientific evidence.
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Abstract

Rheumatoid arthritis-associated interstitial lung disease (RA-ILD) is complicated in 
approximately 10% of RA patients. High titers of rheumatoid factor or anti-citrullinated 
protein antibodies (ACPAs), smoking, male gender, older age, longer disease duration, and 
higher articular disease activity are factors associated with the development of 
RA-ILD. Genetic factors such as human leukocyte antigen and peptidyl-arginine deiminase 
(PADI) and environmental factors such as smoking and periodontal disease could be associ-
ated with the activation of autoimmunity against citrullinated proteins, the synthesis of 
ACPAs, and the development of RA or RA-ILD. Metalloproteinase 7 and interferon-r- 
inducible protein 10 are serum novel biomarkers for the identification of RA-ILD, although 
surfactant protein A (SP-A), SP-D, and KL-6 are useful conventional biomarkers for the 
evaluation of RA-ILD. Novel antibodies against the PADI enzyme isoforms 3 and 4 or 
citrullinated heat shock protein (Hsp) 90a and Hsp90b are associated with RA-ILD and 
could be useful for predicting the development of RA-ILD. ILD is one of the main causes 
of mortality in RA. Therefore, prompt management of ILD in RA is necessary. To provide 
a better prognosis for RA-ILD patients, more efforts need to be made to determine the 
pathophysiology and the biomarkers for RA-ILD and the causal relationship between the 
development of ILD and DMARDs.
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6.1  Introduction

Rheumatoid arthritis (RA) is an immune-mediated joint dis-
ease. Rheumatoid factor (RF) and/or antibodies against some 
types of citrullinated proteins, called anti-citrullinated protein 
antibodies (ACPAs), are found in most patients with RA. The 
treatment strategy for arthritis in RA has been organized and 
clarified by the American College of Rheumatology and the 
European League Against Rheumatism, which have pro-
posed the guidelines or recommendations for the management 
of RA. Additionally, new agents for RA, such as biological 

disease-modifying antirheumatic drugs (bDMARDs) and tar-
geted synthetic DMARDs (tsDMARDS), have been devel-
oped and have become available during the last 10 years. 
Progress in this area has led to better clinical outcomes for 
patients with RA. Accordingly, several critical issues have 
appeared. For example, pulmonary infection or interstitial 
lung disease (ILD) is occasionally complicated in RA patients 
during treatment with csDMARDs, including MTX and/or 
bDMARDs. These complications can lead to severe condi-
tions and occasional fatal outcomes in RA patients. According 
to one previous study, half of the causes of death are respira-
tory complications in RA patients treated with bDMARDs, as 
shown in Fig. 6.1 [1]. Why are pulmonary lesions frequently 
complicated in patients with RA? The precise answer cur-
rently remains unknown. Therefore, we need to understand the  
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present status and elucidate the pathophysiology and manage-
ment of pulmonary complications in RA. These efforts will 
result in better outcomes and prognoses in RA patients.

In this section, we will focus on RA-associated ILD 
(RA-ILD) as a general discussion. Imaging, histopathology, 
and therapeutic strategy will later be separately described in 
more detail in each section.

6.2  What Is the Incidence and Prevalence 
Rate of RA-ILD?

According to a population-based study from the USA, the 
incidence rate of ILD was 7.9% in 582 RA patients who were 
followed up for a mean of 16.4 years [2]. Moreover, in 603 
matched control patients without RA, the incidence of ILD 
was 1.2% [3]. In those RA patients, the 10-, 20-, and 30-year 
cumulative incidence rate of ILD was 3.5%, 6.3%, and 7.7%, 
respectively. In contrast, in the control subjects, the 10-, 20-, 
and 30-year cumulative incidence rates of ILD were 0.2%, 
0.9%, and 0.9%, respectively. In other cohort studies from 
Japan, high-resolution computed tomography (HRCT) 
reveals ILD in 6.7–10.3% of RA patients [4, 5]. The preva-
lence of ILD is ~10% in RA patients, although respiratory 
symptoms are usually subclinical in RA patients with ILD.

6.3  What Symptoms Appear in RA-ILD?

As mentioned above, most patients with RA-ILD have clini-
cally complained of few or no symptoms. The reasons may be 
because some patients with RA-ILD have limitations of exer-
cise due to physical dysfunction in daily life, the extension of 
ILD is relatively limited, or the impairment of pulmonary 
function is mild. Symptoms could be missed or silent unless 
RA-ILD develops progressively and/or severely. In a previous 
study, HRCT revealed that ILD progressed in over one half of 
RA patients (12/21) with subclinical ILD for a mean follow-
up of 1.5 years [6]. Clinicians should consider that no respira-
tory symptoms manifest until ILD progresses to some extent 

in RA and patients with RA-ILD need to receive follow-up 
chest radiography and pulmonary function tests regularly 
regardless of the presence or absence of symptoms.

As the severity of ILD progresses, patients with RA-ILD 
gradually suffer from a nonproductive cough and/or dyspnea 
on exercise. On the other hand, fever, dyspnea, cough, and 
malaise develop rapidly in acute exacerbation of chronic 
RA-ILD, drug-induced lung disease, or pneumocystis pneu-
monia. Secondary pulmonary hypertension is also a compli-
cation in the advanced stage of RA-ILD and can cause 
chronic respiratory failure and right heart failure. Related 
symptoms such as cyanosis, jugular venous distension, and 
edema will appear in advanced stages of ILD.

6.4  Clinical Factors and Characteristics 
of RA-ILD

As shown in Table 6.1, a presence of high titers of RF or 
ACPA, smoking, male gender, older age, longer disease 
duration, and higher articular disease activity are factors 
associated with the development of RA-ILD [3, 7, 8].

In a previous study, the clinical disease activity index 
(CDAI) in arthritis was positively correlated with ground- glass 
(GG) score in ILD in patients with RA. The fibrosis score was 
not correlated with CDAI. After treatment for arthritis, the GG 
score decreased along with a decline of the CDAI [9].

Therefore, prohibition of smoking and both early and 
appropriate treatment intervention for arthritis could be criti-
cal and preventive for the development of ILD in RA.

n = 38

13% 21%

18%

8%16%

13%

vascular disease

malignancy

pneumonia

interstitial lung disease

other respiratory disease

infection

others

Fig. 6.1 Cause of death in 
RA patients treated with 
bDMARDs. RA rheumatoid 
arthritis, bDMARDs 
biological disease-modifying 
antirheumatic disease

Table 6.1 Clinical factors associated with development of RA-ILD

Presence/high tiers of RF or ACPA

Smoking

Male

Older age

Longer disease duration

Higher articular disease activity

RA-ILD rheumatoid arthritis-associated interstitial lung disease, RF 
rheumatoid factor, ACPA anti-citrullinated protein antibody
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6.5  What About the Prognosis 
for Patients with RA-ILD?

ILD is one of the major causes of death in patients with 
RA. In an inception cohort, 52 of 1460 RA patients devel-
oped RA-ILD [10]. Of these 52 patients, 39 patients died. 
The cause of death was attributed to RA-ILD in 28 patients. 
Median survival after diagnosis of RA-ILD was 3 years. 
Another recent study learned that the risk of mortality was 
three times higher in RA patients with ILD than in RA 
patients without ILD [2]. The median survival was 2.6 years 
in RA patients after a diagnosis of ILD, which was signifi-
cantly lower than the expected median survival of 9.9 years 
in age- and gender-matched RA patients. The hazard ratio of 
mortality is 2.86 (95% CI 1.98–4.12) in RA-ILD patients 
compared to RA patients without ILD after adjusting for age, 
gender, and smoking.

The prognosis for RA-ILD patients depends on the 
extent of ILD and the degree of pulmonary dysfunction. 
The subtype of ILD is divided mainly into two forms, 
usual interstitial pneumonia (UIP) pattern and non-UIP 
pattern such as non-specific IP (NSIP), based on findings 
of HRCT in idiopathic pulmonary fibrosis (IPF) as shown 
in Table 6.2 [11]. As shown in Fig. 6.2, UIP-pattern ILD is 
characterized by honeycomb lesions and fibrotic changes 
predominantly in subpleural area and in the lung bases 
[11]. Moreover, NSIP has findings that are inconsistent 

with UIP (Fig. 6.3 and Table 6.2). The proportion of UIP 
ranged from 13% to 74% in RA-ILD [12]. In one study, 
UIP and NSIP were found in 103 (65%) and 39 (24%) sub-
jects, respectively [13]. In other research, UIP and NSIP 
were found in 14 (27%) and 37 (73%) subjects, respec-
tively [14]. The percentage of UIP and NSIP is different in 
each study. Results were dependent on the study design, 
such as methods used to recruit patients and screen for 
ILD. In clinical practice, it is occasionally difficult to clas-
sify UIP and NSIP clearly in RA-ILD. Findings that are a 
combination of UIP and NSIP are revealed in some 
RA-ILD patients.

6.6  What Are the Risk Factors Associated 
with Mortality in RA-ILD?

As shown in Table 6.3, male gender, smoking, older age, 
HRCT pattern such as extensive disease of ILD, fibrosis on 
histopathology, a lower baseline % predicted forced vital 

Table 6.2 HRCT criteria for UIP pattern

UIP pattern (all four 
features)

Possibly UIP 
pattern (all three 
features)

Inconsistent with UIP 
pattern (any of the seven 
features)

Subpleural, basal 
predominance

Subpleural, basal 
predominance

Upper or mid-lung 
predominance

Reticular 
abnormality

Reticular 
abnormality

Peribronchovascular 
predominance

Honeycombing 
with or without 
traction 
bronchiectasis

Absence of 
features listed as 
inconsistent with 
UIP pattern

Extensive ground glass 
abnormality 
(extent > reticular 
abnormality)

Absence of 
features listed as 
inconsistent with 
UIP pattern

Profuse micronodules 
(bilateral, predominantly 
upper lobes)

Discrete cysts (multiple, 
bilateral, away from 
areas of honeycombing)

Diffuse mosaic 
attenuation/air-trapping 
(bilateral, in three or 
more lobes)

Consolidation in 
bronchopulmonary 
segment(s)/lobe(s)

HRCT high-resolution computed tomography, UIP usual interstitial 
pneumonia; tomography

Fig. 6.2 Typical finding of UIP-pattern ILD in HRCT. UIP usual inter-
stitial pneumonia, ILD interstitial lung disease, HRCT high-resolution 
computed tomography
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capacity (FVC), and higher articular disease activity are 
associated with increased mortality in RA-ILD [10, 13, 15–
18]. Some of these factors are similar to the factors associ-
ated with complications of RA-ILD. Additionally, a 10% 
decline in % predicted FVC from baseline to anytime during 
follow-up is independently associated with mortality in 
RA-ILD [13]. Clinicians should carefully follow the FVC in 
RA-ILD patients.

6.7  Which Patients with RA-ILD 
Developed AE of ILD?

According to a previous report, 20% (11/51) of RA-ILD 
patients developed acute exacerbation with an overall 1-year 
incidence of 2.8%. Seven of these 11 RA-ILD patients with 
AE died as a result of the initial AE. As shown in Table 6.4, 
older age, UIP pattern on HRCT, and MTX usage are associ-
ated with the development of AE in RA-ILD [14].

6.8  Risk of Infections in RA-ILD

In Japanese postmarketing surveillance and reports regard-
ing the usage of bDMARDs, such as TNF inhibitors (TNFi), 
a presence of pulmonary comorbidity and older age and cor-
ticosteroid use are risk factors for infection in RA patients 
[19]. One recent study assessed risk factors associated with 
infection in RA-ILD patients. In 181 RA-ILD patients, the 
mean age at diagnosis of ILD was 67 years, and the median 
follow-up period was 3 years [20]. The infection rate was 
higher during the first year after diagnosis of ILD (14.1 per 
100 person-years (py)). The overall infection risk was higher 
in organizing pneumonia (OP) (27.1 per 100 py) than in UIP 
(7.7 per 100 py) or NSIP (5.5 per 100 py). With regard to 
antirheumatic therapy, the infection rates for RA-ILD 
patients treated with sulfasalazine or hydroxychloroquine 
alone and those treated with MTX or leflunomide alone were 
2.9 and 7.4 per 100 py, respectively. On the other hand, pred-
nisone use >10 mg/day resulted in the highest risk for serious 
infection as 15.4 per 100 py in RA-ILD [20]. Dose of corti-
costeroid for arthritis should be minimized as possible.

6.9  How to Differentiate the Diagnosis 
in RA-ILD?

RA-ILD is usually chronic ILD and presumed to be caused 
by RA itself autoimmunity. On the other hand, acute-onset 
ILD (acute ILD) is occasionally complicated in RA patients, 
but different from RA-ILD. The causes of acute ILD in RA 
include hypersensitivity to drugs such as MTX and 
bDMARDs, infections such as cytomegalovirus (CMV) and 
Pneumocystis jirovecii, and complications associated with 
other connective tissue diseases such as anti-aminoacyl- 

Fig. 6.3 Typical finding of NSIP pattern ILD in HRCT. NSIP non- 
specific interstitial pneumonia, ILD interstitial lung disease, HRCT 
high-resolution computed tomography. These images are provided 
through the courtesy of H. Tokuda

Table 6.3 Risk factors for mortality in RA-ILD

Male

Smoking

Older age

HRCT pattern
  Presence of UIP, extensive disease of ILD

Fibrosis on lung histopathology

A lower baseline % predicted forced vital capacity

High articular disease activity

RA-ILD rheumatoid arthritis-associated interstitial lung disease, HRCT 
high-resolution computed tomography, UIP usual interstitial 
pneumonia

Table 6.4 Risk factor for acute exacerbation of RA-ILD

Older age at diagnosis of ILD

UIP pattern on HRCT

Methotrexate usage

RA-ILD rheumatoid arthritis-associated interstitial lung disease, HRCT 
high-resolution computed tomography
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tRNA synthetase (ARS) antibody syndrome (Table 6.5). It is 
sometimes difficult to differentiate acute exacerbation of 
RA-ILD itself from acute ILD caused by other factors [21], 
particularly when chronic RA-ILD is already pre-existing. 
The most important way to differentiate the diagnosis of 
acute ILD in RA is to promptly conduct a microorganism 
test. Concretely, the CMV antigenemia assay and the mea-
surement of β-D-glucan are useful for the detection of CMV 
and fungus such as Pneumocystis jirovecii. Additionally, 
sputum specimens are needed to isolate Pneumocystis jirove-
cii using staining measures and PCR methods. In regard to 
complications associated with other connective tissue dis-
eases, a physical examination involving more than the joints 
should be conducted, and autoantibodies, including anti- 
ARS, anti-SS-A, and anti-neutrophil cytoplasmic antibodies, 
should be measured. If chronic RA-ILD and other connec-
tive tissue diseases are not pre-existing, the cause of acute 
ILD could be judged as hypersensitivity to drugs such as 
MTX or infections. When the described above microbial 
tests are all negative, drugs are considered to be the cause of 
ILD in RA patients without pre-existing ILD or connective 
tissue disease. Occasionally infections may induce acute 
exacerbation of RA-ILD. In this situation, RA-ILD develops 
progressively, even if infections are controlled with antibiot-
ics. In such situation, treatment of ILD should be performed 
considering both of RA-ILD and infection.

6.10  Serum Biomarkers in RA-ILD

Surfactant protein A (SP-A), SP-D, and KL-6 have been 
found in idiopathic pulmonary fibrosis (IPF) and in connec-
tive tissue disease-associated ILD, including RA-ILD [22–
24]. These markers reflect disruption of the blood-alveolar 
barrier and disease activity/severity of ILD but provide lim-
ited mechanistic insight [25].

Recent studies have found that metalloproteinase 7 
(MMP-7) and interferon (IFN)-r-inducible protein 10 (IP- 
10)/CXCL10 are useful serum biomarkers for the identifica-
tion of RA-ILD [26]. Serum levels of MMP-7 and IP-10/
CXCL10 were higher in symptomatic RA-ILD than in sub-
clinical RA-ILD. MMP-7 is a biomarker associated with sur-
vival in idiopathic pulmonary fibrosis (IPF) [27]. IPF patients 
with higher levels of plasma MMP-7 had a shorter survival 

time than those with lower levels of MMP-7. MMP-7 is 
overexpressed in alveolar epithelial cells in the IPF lung but 
not in the normal lung [27, 28]. MMP-7 is involved in wound 
healing [29]. MMP-7 is considered to be pathophysiologi-
cally associated with lung fibrosis. MMP-7 knockouts are 
protected from fibrosis [30]. Additionally, IP-10/CXCL10 is 
secreted by monocytes, endothelial cells, and fibroblasts in 
response to IFN-r and involved in recruitment of activated T 
cells. High levels of serum IP-10/CXCL10 were revealed in 
anti-Jo-1 antibody-associated ILD [25]. These fibrosis and 
inflammation processes could be associated with the patho-
physiology of RA-ILD. In addition, tumor growth factor- 
beta, insulin-like growth factor-1, platelet-derived growth 
factors, IL-4, and IL-33 are associated with the development 
of RA-ILD [31–33].

Antibodies against the peptidyl-arginine deiminase (PAD) 
enzyme isoforms 3 and 4 (anti-PAD3/4) could be associated 
with RA-ILD [34]. The prevalence and extent of ILD was 
higher in RA patients with anti-PAD3/4 than in those with-
out anti-PAD3/4. Immunoprecipitation and subsequent mass 
spectrum sequencing identified citrullinated heat shock pro-
tein (Hsp)90a and Hsp90b as candidate autoantigens in 
RA-ILD [35]. In enzyme-linked immunosorbent assay, sen-
sitivity was 20–30%, and specificity was >95% relative to 
sera derived from patients with RA alone, those with MCTD 
or those with IPF. These autoantibodies might serve as useful 
biomarkers for predicting the development of ILD in RA.

6.11  Pathophysiology of RA-ILD

Minimal basic research regarding RA-ILD has been con-
ducted. Among ever-smokers, the presence of interstitial 
lung lesions is associated with titers of RF or ACPA [36]. 
Moreover, these associations are not found among never- 
smokers. Therefore, smoking is linked to the production 
of RF/ACPA, which accelerates the development of ILD 
in RA. ILD occasionally precedes arthritis in RA. In one 
recent hypothesis, ACPA is initially produced in the lung. 
Additionally, ACPA is produced in articular sites, and it is 
known that arthritis develops in RA patients. The lung inflam-
mation and autoimmune reactions are primarily associated 
with production of ACPA [37, 38]. Immunohistochemical 
studies showed increased expression of citrullinated proteins 
on the bronchial tissues in ACPA- positive early untreated 
RA patients compared to ACPA- negative RA patients. ACPA 
levels in bronchial alveolar fluid were higher than ACPA 
levels in the sera of ACPA- positive RA patients [38]. These 
findings suggested that ACPA is produced more commonly 
in the lung than in the joints of some RA patients. A broader 
ACPA repertoire in RA-ILD suggests a possible role for 
ACPA in the  pathogenesis of ILD [39]. These greater num-
bers of ACPA are associated with an increase in the produc-

Table 6.5 Differentiation diagnosis in ILD with RA

RA itself autoimmunity (RA-ILD)

Drugs (DMARDs)

Infection (cytomegalovirus, Pneumocystis jirovecii)

Other connective tissue disease (anti-ARS antibody syndrome, 
vasculitis)

ILD interstitial lung disease, RA rheumatoid arthritis, DMARDs disease- 
modifying antirheumatic drugs, ARS aminoacyl-tRNA synthetase
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tion of systemic inflammatory cytokines such as TNF-α and 
IL-6 [40]. This study suggests that more intensive inflamma-
tion and interactions between T cells and B cells occur more 
actively in RA-ILD patients. This hypothesis corresponds to 
some patients with RA. However, lung inflammation such as 
ILD is not always revealed in RA patients with ACPA. The 
development of ILD could be associated with articular dis-
ease activity in some RA patients in whom arthritis precedes 
ILD. There might be several different mechanisms for the 
development of ILD in RA. It remains unknown that the 
subtype of ILD such as UIP and NSIP is different in each 
RA-ILD patients.

Several HLA haplotype studies have been conducted in 
RA-ILD. In a Japanese study, DRB1*15 or *16 and 
DQB1*06 are associated with a high risk for the develop-
ment of ILD in RA [4, 41]. Another study has demonstrated 
that high levels of ACPAs are associated with HLA- 
DRB1*15 in patients with RA [42]. Citrullination is a post-
translational modification of proteins by PAD. The PAD type 
4 (PADI4) gene is associated with a susceptible gene for RA 
[43]. Additionally, Porphyromonas gingivalis is associated 
with the development of periodontal disease and has the abil-
ity to carry PAD [44]. Recently, the complication of peri-
odontal disease is associated with disease onset and disease 
severity in RA [45, 46]. Antibodies to Porphyromonas gingi-
valis are associated with ACPAs in RA patients [47]. In addi-
tion, smoking increases PADI2 in the lung [48]. Citrullinated 
proteins are found in the BAL of smokers but not in non-
smokers [49]. Therefore, these genetic factors and environ-
mental factors could be associated with the synthesis of 
ACPAs and the development of RA-ILD.

In the future, we need to conduct additional basic studies 
regarding RA-ILD and to determine the pathophysiology of 
RA-ILD more clearly. The presumptive pathophysiology is 
shown in Fig. 6.4.

6.12  A New Device for the Detection of ILD

Recently, it has been reported that transthoracic ultrasound 
(US) of the lung might be a useful noninvasive tool to detect 
ILD [50, 51]. US can detect the following findings: comet 
tail artifacts/B-pattern, subpleural nodes, and thickening of 
the pleural line. These findings were more frequently found 
in ILD patients than in patients without ILD. Certainly, CT is 
useful for the detection of minimal changes in the lung. 
However, the cost of this examination procedure and radio-
logical risk are problems in CT. US can solve these issues. In 
a previous study, a B-line score > 10 was defined as the pres-
ence of ILD [51]. The B-line score was computed in 28 ante-
rior and 44 posterior sites. In this study, 39 RA-ILD patients 
were enrolled. The sensitivity and specificity of lung US 
were 92% and 56%, respectively, as the gold standard of 

HRCT. The B-line score was significantly correlated with 
the HRCT score. In the future, lung US might be available 
for screening and follow-up of ILD, although many examin-
ers of the lung US need to be educated to detect lung lesions 
accurately and in a reproducible manner with US.

6.13  Do Biologic DMARDs Improve 
Progressive RA-ILD or Prevent Acute 
Exacerbations of RA-ILD?

Whether biologic DMARDs can improve progressive 
RA-ILD or prevent exacerbations of RA-ILD has remained 
unknown and controversial. In some cases, ILD improved 
when treated with bDMARDs [52–54]. In other cases, 
bDMARDs such as TNFi exacerbated ILD [21, 55]. We need 
to conduct prospective studies or collect many cases of 
RA-ILD treated with bDMARDs to clarify the answers to 
these questions.

6.13.1  TNFi and RA-ILD

In a retrospective study regarding the association between 
TNFi use and the new development of ILD in RA patients 
with pre-existing RA-ILD, 58 patients had pre-existing 
RA-ILD out of 163 RA patients treated with bDMARDs 
[56]. A new ILD event occurred more frequently in RA 
patients who were being treated with TNFi than in patients 
who were not administered a drug from this class. Of 58 
RA-ILD patients, 14 had new ILD events within 12 months 
after commencement of bDMARDs. All 14 patients were 
treated with TNFi. No new events of ILD occurred in patients 
treated with non-TNFi bDMARDs such as tocilizumab 
(TCZ) and abatacept (ABT).

With regard to the mortality rate in patients being treated 
with TNFi, one previous study provided evidence that the 
mortality rate was not increased in RA-ILD patients treated 
with TNFi compared to those treated with traditional 
DMARDs [17]. The adjusted mortality rate was 0.81 (95% 
CI 0.38–1.73) in RA-ILD patients treated with TNFi com-
pared to those treated with traditional DMARDs. However, 
the presence of ILD is one of the risk factors associated with 
infection and mortality in RA. Clinicians should take precau-
tions against infection and complications of pulmonary 
disease.

6.13.2  TCZ and RA-ILD

Regarding an association between TCZ use and the develop-
ment of ILD, a study in which 395 patients treated with TCZ 
were enrolled found that 78 patients had pre-existing ILD 
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Fig. 6.4 Hypothesis of pathophysiology in RA-ILD
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[57]. Factors such as age ≥ 60 years, smoking, and high titers 
of RF were associated with the presence of ILD in RA. In 6 
of these 78 ILD patients, an acute exacerbation (AE) of ILD 
developed during treatment with TCZ. The median duration 
at the development of an AE was 48 weeks after the com-
mencement of TCZ. There was no difference in clinical char-
acteristics at baseline between ILD patients with an AE and 
those without an AE. The clinical disease activity index at 
24 weeks after the initiation of TCZ was significantly higher 
in ILD patients with an AE than in those without an AE. A 
CDAI more than 10 was a risk factor for an AE. As men-
tioned previously, appropriate management of disease activ-
ity of RA might contribute to the prevention of an AE in 
patients with RA-ILD.

6.13.3  ABT and RA-ILD

In a retrospective study of RA-ILD patients being treated 
with ABT, no patient experienced worsening of ILD within 
1 year after commencement of ABT [52]. Additionally, 
two patients with ILD showed complete resolution. 
Although this result should be interpreted carefully, treat-
ment with ABT might provide a lower risk for progression 
of ILD in RA patients with pre-existing ILD than treat-
ment with TNFi.

6.13.4  Rituximab and RA-ILD

Rituximab (RTX) has been reported to successfully treat 
RA-ILD [54]. A previous study showed that marked follicu-
lar B cell hyperplasia was detected in peribronchiolar lym-
phoid aggregates in RA-ILD [58]. The quantification of B 
cell cellularity was higher in RA-ILD than in IPF. These 
findings could suggest that RTX is a potential agent for 
improving RA-ILD.

 Conclusion

There have been several unknown findings regarding 
RA-ILD. However, more recently, new findings have 
been observed in RA-ILD. ILD is one of the most impor-
tant extra- articular symptoms and complications of RA 
because ILD is one of the main causes of mortality in RA 
patients. Therefore, prompt management of ILD in RA is 
necessary. Additionally, to provide a better prognosis for 
RA-ILD patients, more efforts need to be made to deter-
mine the pathophysiology and clinical features of 
RA-ILD, the biomarkers for RA-ILD, and the causal rela-
tionship between the development of ILD and DMARDs.
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Pathology of Interstitial Lung Disease 
in Patients with Rheumatoid Arthritis

Tamiko Takemura

Abstract

Interstitial lung d isease (ILD) and airway diseases are thought to be important prognostic 
factors of rheumatoid arthritis (RA). Although the classification used for idiopathic intersti-
tial pneumonias has been applied to describe the histological patterns of RA-ILD, mixtures 
of these histological patterns, hyperplasia of bronchus-associated lymphoid tissue, and vari-
able bronchiolar diseases complicate a pathological diagnosis. We investigated pathological 
features of RA-ILD and detected characteristic cystic lesions in the pulmonary lobules of 
long-standing RA patients with ILD. Cystic lesions in the lung with long-standing RA that 
were tentatively identified as cystic bronchiolectasis were closely associated with intralobu-
lar bronchiolar damage and the subsequent alveolar reconstruction resulting from inflam-
matory change. Indeterminate peribronchiolar metaplasia and splitting of alveolar walls 
similar to the conditions observed in patients with emphysema and resulting in cystic 
changes in lobules were also seen in the lungs of patients with long-standing RA. The exact 
mechanism of peribronchiolar metaplasia with intralobular cystic alteration in the never 
smokers with RA still remains to be resolved. Here, we emphasize that intralobular bron-
chiolar lesion and cystic consequences are important for the prognosis and treatment of 
RA-ILD.

Keywords
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bronchiolectasis

7.1  Introduction

Rheumatoid arthritis (RA) is a systemic destructive inflam-
matory disease. RA patients frequently suffer from extra- 
articular disease, especially pulmonary manifestations [1, 2]. 
RA affects all the anatomic compartments of the lung, i.e., 
pleural, broncho-bronchiolar, parenchymal involvement, as 
well as interstitial lung diseases [3]. Among them, interstitial 
pneumonia and airway diseases are thought to be the impor-
tant prognostic factors for patients with RA [4–10].

The classification used for idiopathic interstitial pneumo-
nias (IIPs) has been applied to describe the histological pat-
terns of RA-associated interstitial lung disease (RA-ILD), i.e., 
usual interstitial pneumonia (UIP), nonspecific interstitial 
pneumonia (NSIP), organizing pneumonia (OP), desquama-
tive interstitial pneumonia (DIP), and so on [11, 12]. However, 
mixture of these histological patterns, hyperplasia of bron-
chus-associated lymphoid tissue, and variable bronchiolar dis-
eases complicate the pathological diagnosis. Furthermore, the 
adequacy of using RA-ILD histological patterns based on the 
classification for IIPs and the exact pathogenesis of interstitial 
pneumonia of RA have not yet been sufficiently evaluated.

A few reports have discussed the difference between 
the pathogenesis of interstitial pneumonia in patients with 
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connective tissue disease (CTD-ILD) and IIPs [13, 14]. 
The earliest event in CTD-ILD is considered to be inflam-
mation including alveolar epithelial injury induced by 
environmental pathogens or inflammation [13]. Paulin 
suggested that RA-ILD with a non-UIP pattern may be 
related to the immune response against citrullinated pep-
tide in the lung, while RA-ILD with a UIP pattern may 
represent a disease process in which an IPF-like pathol-
ogy triggers an immune response against citrullinated 
proteins [14]. Recently, the crucial role of anti-citrulli-
nated protein/peptide antibodies (ACPA) in the lung has 
been reported, and these antibodies might participate in 
the pathogenesis of airway and parenchymal lung diseases 
in RA [15–18].

In this chapter, classical interstitial alterations occurring 
in the lung, i.e., pleural change, rheumatoid nodules, and 
hyperplasia of bronchus-associated lymphoid tissue, are 
described. Then, recent pathological advances in our knowl-

edge of interstitial pneumonia associated with RA are dis-
cussed, i.e., new observations of the early phase of interstitial 
lung disease and intralobular bronchiolar damage, as well as 
consecutive cystic changes, are presented.

7.2  Pleural Involvement

Pleural involvement is common intrathoracic manifestation 
of RA, occurring in about 5% of patients [19], and pleural 
effusion is commonest manifestation. Pleuritis is commonly 
seen in autopsies of patients with RA. Histologically, non-
specific inflammatory changes are seen in the visceral 
pleura, i.e., fibrinous exudates, fibrosis, and chronic inflam-
matory cell infiltration with lymphocyte and plasma cells 
(Fig. 7.1a). The rupture of rheumatoid nodules in the vis-
ceral pleura and the subpleural region can result in pneumo-
thorax (Fig. 7.1b, c).

a

c

b

Fig. 7.1 Pleural diseases. (a) Fibrinous exudate is visible on the vis-
ceral pleural surface with marked fibrosis and infiltration of lympho-
cytes and plasma cells (HE, ×10). (b) Cavitary rheumatoid nodule is 

located just at the subpleural region with dense pleural fibrosis (HE, 
×2.5). (c) Disruption of the external and internal elastic lamina (arrows) 
is seen in the subpleural rheumatoid nodule (EVG, ×2.5)
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7.3  Rheumatoid Nodules

Rheumatoid nodules in the lung are seen about 20% of 
patients [20]. These nodules are similar to those of observed 
outside the lung. They may occur as singles or multiples, 
usually measuring 1–2 cm, and they are preferentially 
located in the subpleural region, consisting of central necro-
sis and fibrinoid necrosis with a rim of palisading histiocytes 
and giant cells (Fig. 7.2). Cavitary formation in the subpleu-
ral RA nodule can lead to rupture into the thoracic cavity 
(Fig. 7.1b, c).

7.4  Hyperplasia of Bronchus-Associated 
Lymphoid Tissue

Bronchus-associated lymphoid tissue (BALT) was originally 
described as a submucosal lymphoid organ, located along the 
bifurcations of the bronchi and lying between an artery and a 

bronchus [21, 22]. Although BALT is not conspicuous in 
healthy normal lung tissue, pulmonary infection or inflamma-
tion leads to the development of BALT in the lung [23]. Sato 
et al. described BALT as an immunological defense mecha-
nism resulting in the production of IgA in patients with RA 
[24, 25]. Inducible BALT (iBALT) appears in the lung after 
infection or inflammation and has B-cell follicles and T-cell 
areas [26, 27]. iBALT is preferentially observed in patients 
with connective tissue disease, especially patients with RA or 
primary Sjögren syndrome. Rangel-Moreno demonstrated 
B-cell and dendritic cell proliferation and the production of 
various cytokines, chemokines, and ACPA in iBALT [28]. He 
suggested that the presence of iBALT might be correlated 
with tissue damage in the lungs of patients with RA.

Hyperplastic BALT, with an enlarged germinal center, are 
distributed along the pulmonary lymphatic vessels in the 
lungs, i.e., broncho-vascular bundle, interlobular septa, and 
pleura, of patients with RA (Fig. 7.3a). In areas of iBALT 
located in the bronchiolar walls, the loss of the elastic lamina 

a

c

b

Fig. 7.2 Rheumatoid nodule. (a) A rheumatoid nodule is located in the 
atelectatic region of right S6 (EVG, ×1). (b) Coagulation necrosis with 
eosinophilic granular materials in a rheumatoid nodule is surrounded 

by chronic inflammatory granulation tissue (HE, ×4). (c) Palisading his-
tiocytes and occasional giant cells are visible near the rim of the area of 
necrosis (square of b) (HE, ×20). (Courtesy of Dr. U. Sakurai)
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and fibrosis are also observed (Fig. 7.3b). iBALT is also 
observed in alveoli with indiscernible alveolar structure. 
Histological alterations of surgical lung biopsy specimens of 
RA lungs suggest the participation of iBALT in the destruc-
tion of the lung architecture. Tissue damage with iBALT and 
inflammatory cell infiltration in the lungs of RA patients will 
be further discussed in Sect. 7.6.

7.5  Interstitial Pneumonia in Patients 
with RA

7.5.1  Current Understanding

The radiological and pathological patterns of interstitial 
pneumonia in patients with RA have been reported by apply-
ing the classification used for IIPs [11, 12, 29–36]. Recent 
studies have reported a higher incidence of UIP than NSIP or 
OP [2, 33–38]. The prognosis of RA patients with UIP has 
been reported to be poorer than that of patients with other 
histological patterns [35–37, 40]. However, Zamora-Legoff 
reported that survival of the patients with RA-ILD did not 
differ between UIP, NSIP, and OP using with GAP (gender, 
age, lung physiology) model [39].

Pathologically, lymphoid follicles with germinal centers, 
pleuritis, bronchiolitis, and plasma cell infiltration are more 
prominent in RA-UIP than in IPF/UIP, while fibroblastic foci 
are less common in RA-ILD [40–43].

We recently examined the characteristic cystic bronchiolar 
lesions found in patients with RA-ILD. Although these path-
ological alterations until now were classified as honeycomb 
cyst in a so-called UIP pattern in patients with RA, they were 
not the same as honeycomb lesion seen in IPF/UIP. These 
findings are crucial to understanding remodeling and progno-
sis of RA patients with interstitial lung disease. These bron-
chiolar alterations are discussed further in Sect. 7.6.

7.5.2  Nonspecific Interstitial Pneumonia 
in Patients with RA

7.5.2.1  What Constitutes the Early Stage 
of Interstitial Pneumonia in Patients 
with RA?

Figure 7.4 shows slight ground-glass opacification on a high- 
resolution CT (HRCT) image of a young patient with a high 
titer of ACPA (258 U/mL) and high rheumatoid factor. A sur-
gical lung biopsy revealed slight thickening of the alveolar 
septa and good preservation of the alveolar structures 
(Fig. 7.5).

Another site of poorly aerated lung tissue of the same 
specimen showed the infiltration of plasma cells into the 
alveolar walls with collagen deposition with preserved alve-
olar structure (Fig. 7.6). These histological features are com-
patible with those of NSIP pattern (cellular and fibrotic) and 
immunocompetent cells may participate in the early lesions 
of interstitial pneumonia in patients with RA. In this case, 
the bronchioles are slightly involved. Gochuico et al. also 
reported the characteristics of preclinical interstitial lung dis-
ease in patients with RA [44]. Overall, 33% of patients with 
RA without dyspnea or a cough had preclinical ILD as iden-
tified using HRCT and exhibited a NSIP histology. The pres-
ence of ACPA is associated with parenchymal lung 
abnormalities [45] and histological findings of interstitial 
plasm cell infiltration reflect circulating ACPA-specific 
plasma cells [46].

7.5.2.2  Progressive Stage of NSIP in Patients 
with RA

Fibrosing NSIP (f-NSIP) in patients with RA appears as dif-
fuse panlobular fibrosis of the alveolar walls with temporal 
homogeneity and is frequently accompanied by BALT 
hyperplasia. Interlobular and broncho-vascular bundle fibro-
sis and bronchiolitis are often observed in surgical lung 

a b

Fig. 7.3 Hyperplasia of BALT. (a) Hyperplasia of BALT is observed in the lung with interstitial pneumonia of RA (HE, ×4.5). (b) Loss of elastic 
fibers (arrows) are detected in the bronchiolar wall involved by BALT (EVG, ×10)
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a b

Fig. 7.4 HRCT of an early stage of NSIP pattern. HRCT of a young woman with rheumatoid arthritis shows mild ground-glass opacity of the 
right upper lobe (a) and lower lobe (b). Courtesy of Dr. H. Sugimoto

Rt. Upper lobe

AD

AD AD

a b

Fig. 7.5 Early stage of NSIP. (a) A panoramic view of the lower lobe 
of a case shown in Fig. 7.4. Alveolar structures are well preserved (HE, 
×1). (b) A square of the figure (a) shows slight thickening of the alveo-

lar walls (arrows) with mild mononuclear cell infiltration (HE, ×10). 
AD alveolar duct

a b

Fig. 7.6 Poorly aerated lesion (a circled area) shown in Fig. 7.5a. (a) Poorly aerated area shows infiltration of plasma cells in the alveolar walls 
(HE, ×20). (b) Mural-incorporated fibrosis is visible in the alveolar walls (EVG, ×10)
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biopsy specimens (Fig. 7.7). Bronchiolitis, especially cellu-
lar and destructive types, is often coexistent.

The pathological subsequent changes arising from 
f-NSIP in patients with RA were examined in autopsy 
cases. In one case in which an autopsy was performed 
8 years after a surgical biopsy shown in Fig. 7.7, the lower 
lobes were contracted with prominent broncho-bronchio-

lectasis and subpleural alveoli had collapsed (Fig. 7.8a). 
The secondary lobules revealed the airspace enlargement 
with dilatation of membranous and terminal bronchioles 
(Fig. 7.8b).

7.5.3  UIP in RA

UIP is the most prevalent pattern of RA-ILD, preferentially 
involving men with older age [34–38]. It is important to dis-
criminate UIP from non-UIP patterns, because of clinical 
implications with regard to treatment and prognosis.

UIP/IPF is characterized by perilobular fibrosis with an 
abrupt transition to normal lung tissue resulting in a 
patchwork- like appearance, honeycombing, and fibroblastic 
foci [11]. RA/UIP is characterized by hyperplasia of lym-
phoid follicles with germinal centers, and interstitial infiltra-
tion of the lymphocytes and plasma cells are frequently 
observed in addition to the common feature of UIP [40, 42, 
43], while fibroblastic foci are less common than IPF/UIP 
[41, 42]. Histopathological comparison between RA/UIP 
and IPF/UIP is presented in Table 7.1.

7.5.3.1  Early Stage of UIP in RA
A preclinical early phase of UIP has been occasionally 
observed in patients with RA. Figure 7.9 shows the early 
stage of a UIP pattern in an RA patient. The patient had a 
history of smoking and high ACPA titer (753 U/mL), and a 

Fig. 7.7 Fibrosing NSIP in RA of a man in his 50s. Fibrosing NSIP 
with cellular bronchiolitis and lymphoid follicles. Note interlobular and 
broncho-vascular fibrosis (HE, ×1)

Br
Br

A

A
MB MB

a b

Fig. 7.8 Autopsy lung, 6 years after a surgical lung biopsy shown in 
Fig. 7.7. (a) Gross feature of the left lower lobe shows bronchiolectasis. 
(b) Broncho-bronchiolectasis and airspace enlargement are visible 

(EVG, ×3.5). Br bronchus, MB membranous bronchiole, A pulmonary 
artery
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reticular pattern in the lower lobe was observed using 
HRCT. However, the patient did not have any apparent respi-
ratory symptoms.

Although a panoramic view of the histology was consis-
tent with UIP, a centrilobular bronchiolar change was 
observed in one lobule (Fig. 7.10a).

The centrilobular lesion exhibited chronic inflammation 
involving the terminal and respiratory bronchioles with 
destruction of alveolar structure (Fig. 7.10b). Adjacent lob-
ule separated by the interlobular septum appeared normal. 
Mucus filling and neutrophil infiltration were observed in the 

centrilobular area. Cystic lesions resembling honeycombing 
were located in an adjacent lobule. The centrilobular bron-
chiolar destruction suggests to represent the initial cystic 
changes of the lobules in RA/UIP.

Intralobular bronchiolar inflammation and destruction are 
important contributors to disease progression in RA. This 
intralobular bronchiolar damage cannot be observed in IPF/
UIP. After inflammation, such lesions can progress to intra-
lobular cystic lesions in patients with RA.

As for the histogenesis of honeycomb cyst in the lungs of 
patients with IPF/UIP, the first events are perilobular fibrosis 
and collapse and alveolar structural destruction without 
inflammation, followed by dilatation of the alveolar ducts 
and respiratory bronchioles [47]. Thus, the honeycomb 
lesions observed in IPF/UIP are completely different from 
those arising from bronchiolar inflammation and destruction 
in the lobule in patients with RA. To my knowledge, the his-
togenesis of the honeycomb-like cysts occurring in RA-ILD 
has not been reported. In the less affected upper lobe of the 
present case of Fig. 7.10, infiltration of plasma cells in the 
interlobular septum and focal alveolar wall fibrosis are 
observed (Fig. 7.11).

7.5.3.2  Progressive Stage of UIP in RA
The most common HRCT image of UIP in patients with RA 
is shown in Fig. 7.12. This case was an elder woman who 
was diagnosed as having RA 3 years previously and who 
had a high ACPA titer (690 U/mL). The upper lobe exhib-
ited dense subpleural fibrosis with inflammatory cell infil-
tration and an abrupt transition to normal alveoli (Fig. 7.13a). 

Table 7.1 Comparison of pathological features between RA/UIP and 
IPF/UIP

RA/UIP IPF/UIP

Interstitial 
inflammation

Marked Mild

Plasma cell 
infiltration

Marked Mild

Fibroblastic foci Occasional Frequent

Lymphoid follicles 
with germinal center

Prominent Occasional ~ absent

Bronchiolitis, cellular, 
and destructive

Frequent Occasional ~ absent

Organizing 
pneumonia

Often Occasional ~ absent

Bronchiolectasis Marked Occasional ~ marked

Honeycomb Occasional Frequent

Cyst connecting to the 
bronchioles

Frequent Occasional

Pleuritis Frequent Occasional

a b

Fig. 7.9 Early stage of UIP in a male smoker with RA. (a) HRCT shows a ground-glass opacity in the right upper lobe. (b) A linear reticular 
pattern in the inner zone is observed in the right lower lobe

7 Pathology of Interstitial Lung Disease in Patients with Rheumatoid Arthritis



98

a b

Fig. 7.10 UIP pattern with early bronchiolar lesion of right lower lobe. 
(a) A panoramic view of the right lower lobe (HE, ×1). Perilobular 
fibrosis is observed with an abrupt transition to the normal alveoli. A 
micro-honeycomb lesion is visible on the left side. Note a bronchiolar 

lesion in a lobule (circle). (b) Bronchiolitis involving a terminal and 
respiratory bronchioles with destruction of the bronchiolar walls and 
alveoli. Mucus repletion and infiltration of neutrophils are seen in the 
dilated airspace (HE, ×8.5). Courtesy of Dr. S. Izumi

a

c

b

Fig. 7.11 Upper lobe of the same patient shown in Figs. 7.9 and 7.10. (a) A panoramic view of the upper lobe (HE, ×1). (b) Plasma cells infiltrate 
to the interlobular septum (HE, ×20). (c) Focal alveolar wall fibrosis is visible (EVG, ×10)
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a b

c d

Fig. 7.12 HRCT of RA-UIP of a woman in her 60s with a 4-year his-
tory of RA and a high ACPA titer (690 U/mL). (a, b) Reticular opacities 
predominantly are seen in the subpleural region and perilobular opaci-

ties of the upper lobe. (c, d) Reticular and ground-glass opacities along 
bronchovascular bundle and honeycombing are seen in the lower lobe

a b

Fig. 7.13 Histology of RA-UIP of the same case shown in Fig. 7.12. 
(a) Upper lobe shows dense subpleural fibrosis with inflammatory cell 
infiltration and abrupt transition to the normal alveoli (HE, ×1.5). (b) 

The lower lobe of the same case shows multiple up to 3-mm-size cysts 
like honeycombing with lymphoid aggregates (HE, ×1). MB membra-
nous bronchiole, TB terminal bronchiole
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The lower lobe showed multiple cystic lesions, resembling 
honeycombing (Fig. 7.13b). The cystic lesions measured up 
to 3 mm in size, and most were in communication with the 
membranous bronchioles. Smooth muscle cells and lamina 
elastic belonging to the bronchiolar wall were observed 
(Fig. 7.14a). However, all areas of the cyst walls were not 
consistent with those of bronchiolar walls, but destroyed 
alveoli were detected in some area of the cystic wall. The 
subpleural area exhibited collapse and chronic inflamma-

tory cell infiltration (Fig. 7.14b). These cystic lesions were 
thought to represent the process of intralobular bronchiolar 
inflammation with destruction of the walls and loss of alve-
olar structures. After inflammation, the cystic lesions 
became lined by bronchiolar epithelia with fibrous walls. 
Figure 7.15 shows multiple cysts in the subpleural area of 
bilateral lower lobe on HRCT, resulting from persistent air-
way inflammation in a man in his 70s with a 13-year history 
of RA. An autopsied lung with RA-UIP showed distinctly 

MB

TB

A

V

MB
TB

a b

Fig. 7.14 Characteristics of the cystic lesion. (a) Cysts are identified 
as bronchioles by wall component and bronchiolar epithelial lining. 
Continuous dilatation of respiratory bronchiole and alveoli (EVG, 
×3.3). MB membranous bronchiole, TB terminal bronchiole, A pulmo-

nary artery, V pulmonary vein. (b) Subpleural area of the cyst wall 
shows marked infiltration of lymphocytes and plasma cells (HE, ×20). 
Courtesy of Dr. T. Ogura

a b

Fig. 7.15 HRCT of multiple cystic changes like honeycomb cysts in a man in his 70s with a 13-year history of RA. (a) Right lung. (b) Left lung. 
Courtesy of Dr. S. Izumi
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visible cystic bronchioles reaching to the visceral pleura 
(Figs. 7.15 and 7.16). Cystic broncho-bronchiolectasis had 
involved almost all of the lower lobe with the destruction of 
the bronchiolar walls and alveolar structure.

Thus, the most cystic lesions in the lung with RA-UIP are 
composed of dilated bronchioles, not identical to honeycomb 
cysts observed in IPF/UIP.

7.6  Peripheral Airway Diseases 
Associated with Interstitial 
Pneumonia in Patients with RA

As the detailed pathological descriptions of broncho- 
bronchiolar diseases are described in Sect. 2.3, intralobular 
small airway diseases (namely, terminal and respiratory bron-
chiolar diseases) associated with interstitial pneumonia in 
patients with RA will be discussed in this section. Bronchiolitis, 

i.e., follicular bronchiolitis and constrictive bronchiolitis, is 
frequently observed in patients with RA [48–51].

Intralobular bronchiolitis, especially cellular and destruc-
tive bronchiolitis often involving the adjacent alveolar struc-
ture, can result in reconstruction of the alveolar structure 
with subsequent cystic formation.

7.6.1  Cystic Changes Coexisting in Chronic 
Fibrosing Interstitial Pneumonia

RA patients with interstitial pneumonia frequently have 
bronchiolitis [42, 43]. Figure 7.17 shows f-NSIP pattern with 
cellular and destructive bronchiolitis involving a respiratory 
bronchiole. Although the patient had been treated with 
 steroid and methotrexate, cystic lesions gradually developed 
(Fig. 7.18). Six years later, an autopsy revealed multiple 
thick-walled cysts in the upper lobes (Fig. 7.19). A histologi-

A

MB

TB

MB

MB
A

ILS

a b

Fig. 7.16 Autopsied lung of the same patient shown in Fig. 7.15. (a) 
Marked broncho-bronchiolectasis of the left lower lobe. 5 mm; inter-
space. (b) Irregular dilatation of membranous bronchioles and continu-

ous dilatation of the terminal and respiratory bronchioles and collapsed 
alveoli (EVG, ×3.3). MB membranous bronchiole, TB terminal bron-
chiole, ILS interlobular septum, A pulmonary artery.
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cal examination revealed the cysts to be connected to the ter-
minal bronchioles with dense collagen deposition in the 
walls. The surrounding alveoli had collapsed.

In long-standing RA patients, cystic lesions involving a 
whole pulmonary lobule, similar to honeycombing in IPF/
UIP, are frequently observed.

Figure 7.20 shows interstitial pneumonia and multiple 
ring shadows involving peripheral airways in the lungs in a 
man in his 50s. An early lesion of the lingula occurred in the 
centrilobular area with inflammatory involvement of respi-
ratory bronchiole and destruction of the alveoli (Fig. 7.21). 
These findings represent the initial change occurring in a 
respiratory bronchiole in the centrilobular (centriacinar) 

region. The other area of the lingula exhibited interstitial 
pneumonia of NSIP and cystic peripheral lobule with 
marked inflammatory cell infiltration (Fig. 7.22).

In the lower lobe in the present case, the membranous 
bronchiole was completed destroyed and replaced by thick 
fibrous tissue with loss of elastic fibers of the bronchiolar 
walls and loss of alveolar structure (Fig. 7.23a, b). The area 
of the lobule with prominent inflammation showed marked 
destruction of the alveolar structures (Fig. 7.24), unlike hon-
eycombing in UIP/IPF.

Cystic lesions in RA-ILD originating from bronchiolitis 
become enlarged with the progressive destruction of the 
bronchiolar walls and alveolar structures.

a b

Fig. 7.17 f-NSIP with cellular and destructive bronchiolitis of a man 
in his 50s. (a) A panoramic view of f-NSIP of a man who was a current 
smoker (HE, ×1.5). (b) The circled area of figure (a) shows cellular and 

destructive bronchiolitis. Fibroblastic focus (arrow) is located at the 
respiratory bronchiole (Elastica-Masson, ×10)

a b

Fig. 7.18 Progressive cystic lesions on HRCT during 6 years. Thin- 
walled cystic lesions are located prominently in the inner zone and sub-
pleural areas with diffuse reticular opacities. (a) Upper lobe; (b) lower 

lobe. Note nodular consolidation in the left S6 which was identified as 
Mycobacterium avium infection (arrow)
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Cystic involvement of the bronchioles was more promi-
nent in the lower lobes, most of which are induced by intra-
lobular bronchiolar destruction with inflammation.

Generally, the pathogenesis of bronchiectasis is considered 
to be infection, mucosal inflammation, and the production of 
elastases and matrix metalloproteinases with the resulting 

destruction of bronchial structures [52–56]. Mori reported that 
bronchial dilatation is a common radiological change observed 
in early and long-standing RA patients [53]. Thus, intralobular 
inflammatory bronchiolar disease with subsequent bronchio-
lectasis with destruction of intralobular bronchiolar and alveo-
lar structures should be emphasized in the lung with RA-ILD.

a

TB

TB

b

c

*

Fig. 7.19 Autopsied lung from the same case. (a) Up to 5 cm cystic 
lesions located in the upper lobe. Note caseous necrosis in the cystic 
lesion of left S6 (arrow). (b) A panoramic view of the left upper lobe 

shows multiple cysts and atelectasis of alveoli in between cysts (EVG, 
×1). *Terminal bronchiole (c) Cysts communicate with the terminal 
bronchus (*). (EVG, ×5). TB terminal bronchiole
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a b

Fig. 7.20 HRCT of a man in his 50s with poorly controlled RA. (a) Lingula shows bronchiectasis with surrounding ground-glass opacity. (b) 
Basal area shows marked bronchiectasis with subpleural cystic lesions similar to honeycombing. Courtesy of Dr. H. Tokuda

a

TB 

RB 

b

Fig. 7.21 Bronchiolar 
disease of the lingula of this 
case. (a) A panoramic view of 
the lingula. Centrilobular 
inflammatory changes 
(circles) involving a terminal 
and respiratory bronchiole 
can be observed (HE, ×1.5). 
(b) Intralobular bronchiolar 
involvement reveals the 
inflammatory cells and mucus 
retention with neutrophil 
infiltration. Destruction of the 
respiratory bronchiole and 
alveolar structure can be 
observed in the centrilobular 
area (HE, ×5). TB terminal 
bronchiole, RB respiratory 
bronchiole
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7.6.2  Indeterminate Peribronchiolar 
Metaplasia and Cystic Intralobular 
Bronchiolectasis

Peribronchiolar metaplasia (PBM) is a nonspecific histo-
logical feature, called lambertosis (communication between 
terminal or respiratory bronchioles and adjacent alveoli), 
and it is often observed in cases with a history of smoking or 
some inhalational events [57]. Fukuoka described 15 cases 
of interstitial pneumonia with PBM, including two cases 
with RA, but the details were not presented [57]. Figure 7.25 
shows multiple cystic lesions in the basal area on an HRCT 
image of a never-smoker woman in her 70s with a history of 
RA for about 30 years. A pathological examination revealed 
cystic bronchiolectasis involving almost the entire second-
ary lobule (Fig. 7.26a) and PBM involving a respiratory 
bronchiole (thick arrow). In this case, the cysts often 
involved one lobule with a remnant of lung tissue (including 
a pulmonary artery and interstitium) within the cystic lesion, 
similar to an emphysematous bulla (Fig. 7.26b). The cyst 
wall reveals dense fibrosis without bronchial smooth muscle 
layer and destruction of the alveolar structure.

In the PBM, increase in bronchiole-alveolar communica-
tion and marked splitting of the alveolar walls are observed, 
resulting in the airspace enlargement (Fig. 7.27). Both the 
intralobular cystic lesion and PBM showed minimal inflam-

matory cell infiltration. In these instances, the intralobular 
cystic lesions with thick fibrous walls were directly con-
nected to the intralobular bronchioles, so-called “mm pat-
tern” of Reid [58] (Fig. 7.28). These cystic lesions show 
bronchiolar epithelial lining, with occasional smooth muscle 
layer, loss of the bronchiolar elastic lamina, and dense fibro-
sis. Figure 7.29 shows a schematic representation of the 
intralobular cystic bronchiolectasis. PBM and cystic dilata-
tion at the respiratory bronchioles are sometimes coexistent 
(Fig. 7.30).

Whether PBM may promote the cystic bronchiolectasis in 
the lobule remains to be resolved.

7.6.3  Intralobular Bronchiolar and Alveolar 
Inflammation Inducing Alveolar 
Structural Remodeling

As for the alveolar structural remodeling in RA lung, the ter-
minal and respiratory bronchioles are often involved by 
dense inflammatory cells. BALT in the lung parenchyma 
also participates in the remodeling of lung structure. 
Figure 7.31 shows a case of 60s woman with BALT hyper-
plasia in the alveoli and plasma cell infiltration to the alveo-
lar walls with loss of elastic fibers, which developed into a 
large cystic lesion over the course of 7 years.

MB

Fig. 7.22 Coexistent 
interstitial pneumonia 
(NSIP/p) and peripheral cystic 
change of the lingula 
(HE,×2). Note mucus 
repletion with neutrophils in 
the irregularly dilated lobular 
structure. MB membranous 
bronchiole
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a

b

Fig. 7.23 Basal segment of the lower lobe of the same case shown in 
Figs. 7.21 and 7.22. (a) Irregular cystic lesion involving the lobules 
without normal alveoli (HE, ×1). (b) Cyst (indicating Reference mark 
of a) originating from a destructive membranous bronchiole with thick 

collagenous fiber deposition in the wall (arrows). A normal bronchiolar 
component has been lost and inflammatory cells are scant (EVG, ×4). 
MB membranous bronchiole
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The above findings suggest that appropriate therapy for 
the bronchiolar and alveolar inflammation is important to 
prevent the destruction of the alveolar structure.

7.7  Interstitial Pneumonia Preceding RA

Interstitial pneumonia, especially idiopathic NSIP, can be the 
first or only manifestation of connective tissue disease (CTD) 
prior to diagnosis [59–61]. Figure 7.32 shows an NSIP pat-
tern in a woman in her 60s; 8 years after surgical lung biopsy, 

she was diagnosed as having RA based on a high ACPA titer. 
UIP also precedes CTD including RA and is often initially 
diagnosed as IPF [62]. Such patients tend to be younger and 
are often women, and they are thought to have a better prog-
nosis than patients with IPF. Fischer reported 74 patients 
with lung diseases and positive ACPA in the absence of 
existing RA or other CTD [63]. Most of the patients were 
women, and three patients with a high ACPA titer developed 
articular RA. The histopathological results showed airway 
inflammation and UIP with lymphoplasmacytic interstitial 
infiltration.

7.8  Other Histological Patterns of RA-ILD

As there are multifaceted aspects of RA-ILD, other forms 
than UIP and NSIP pattern will be discussed in this section.

7.8.1  Organizing Pneumonia in RA

Organizing pneumonia (OP) frequently affects RA patients 
and sometimes precedes the articular symptoms of RA [64, 
65]. In the consecutive study in Japan, the prevalence of OP 
is 4% of RA patients, which occurs independently from 
articular disease [66]. OP may arise from various clinical 
settings such as drug use, infection, aspiration, and so on 
[11]. The histological features of OP in patients with RA 
are not different from those with cryptogenic OP or other 
connective tissue diseases [67]. The patchy distribution of a 
polypoid intra-alveolar organization with well-preserved 
alveolar structures and slight mononuclear cell infiltration 

MB

TB

MB

TB

a b

Fig. 7.24 Tip of the basal segment of the lower lobe. Note destruction of alveolar structure with mucopurulent exudates. (a: HE, ×5, b: EVG, ×5). 
MB membranous bronchiole, TB terminal bronchiole

Fig. 7.25 An elderly never smoker woman in her 70s with a 30-year 
history of RA. HRCT shows multiple large cystic lesions mimicking 
honeycombing in the basal segments
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Fig. 7.26 Prominent cystic lesions in the basal area. (a) Large cysts 
involving the entire lobules with floating remnant of lung tissue (arrows) 
like emphysema are visible. A thick arrow shows peribronchiolar meta-
plasia (HE, ×1). (b) Cystic lesions involve the lobules with remnant of 

artery and lung interstitium within it. ILS interlobular septum, A pulmo-
nary artery, V pulmonary vein, RB respiratory broncnhiole

TB

a

c

b

Fig. 7.27 Peribronchiolar metaplasia of the same section. (a) Peribronchiolar metaplasia just beneath the respiratory bronchioles. (HE, ×10). TB 
terminal bronchiole. (b, c) Increase in the number of bronchiole-alveolar communications (arrows) and splitting of the alveolar walls (HE, ×10). 
(c) (EVG, ×10)
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in the alveolar walls, often involving centriacinar area 
(Fig. 7.33) OP in RA patients, is accompanied by cellular 
NSIP, with peribronchovascular consolidation, which 
sometimes results in a twisted appearance on HRCT images 
[68] (Fig. 7.34).

7.8.2  Desquamative Interstitial Pneumonia 
in RA

Desquamative interstitial pneumonia (DIP) is a rare dis-
ease that is typically associated with smoking [11]. Ishii 
reported a case of DIP associated with RA [69]. DIP may 

be related to autoimmune disease. DIP reaction can be 
observed in some cases of RA.

7.8.3  Fibroelastosis in RA

RA has been depicted as one of the secondary causes of pleuro-
parenchymal fibroelastosis (PPFE) [70]. However, the detailed 
histopathological studies have not been reported, except clinical 
observation of upper lobe fibrosis and cavitation [71]. Figure 7.35 
shows subpleural atelectasis with marked elastosis involving the 
upper lobe of the right lung, histologically consistent with PPFE, 
accompanying aspergillus infection in the left apex.

a b

Fig. 7.28 Cystic bronchiolectasis in the lobule. (a) Intralobular “mm 
pattern” bronchioles showing air ballon-like dilatation with wall fibro-
sis and slight mononuclear cell infiltration (HE, ×1). (b) Loss of bron-

chiolar walls with dense collagen deposition and loss of alveolar 
structure (square of a) (EVG, ×5)

MB - Membranous Bronchiole  TB - Terminal Bronchiole
A    - Pulmonary artery    V - Pulmonary vein
      -  Bronchiolar epithelium
         lining

- Smooth muscle
   belonging to
   bronchiole

TB

TB

A
A

MB

TB

V

V

A

Fig. 7.29 Schematic representation of 
cystic bronchiolectasis “mm” pattern 
bronchioles become destroyed and cystic 
change, involving a lobule. MB 
membranous bronchiole, A pulmonary 
artery, V pulmonary vein, TB terminal 
bronchiole. Brown smooth muscle 
belonging to the bronchiole, Green lining 
bronchiolar epithelium

7 Pathology of Interstitial Lung Disease in Patients with Rheumatoid Arthritis



110

RB

a

b

Fig. 7.30 Coexistence of 
peribronchiolar metaplasia 
and dilatation of respiratory 
bronchiole. (a) Dilatation of a 
respiratory bronchiole, 
resembling centriacinar 
emphysema (EVG, ×1). (b) 
Peribronchiolar metaplasia is 
seen around a dilated 
respiratory bronchiole (HE, 
×7). RB respiratory 
bronchiole

a

c d

b

Fig. 7.31 Alveolar destruction in a woman in her 60s with a high 
ACPA titer. (a) Marked inflammatory cell infiltration in the alveoli with 
BALT hyperplasia. (EVG, ×3). (b) Loss of elastic fibers of alveoli and 

intralobular bronchioles (EVG, ×6). (c) Ground-glass opacity on a 
HRCT at the biopsy. (d) Cystic changes of the basal area, 7 years after 
biopsy. Courtesy of Dr. T. Ogura
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7.8.4  Diffuse Alveolar Damage in RA

Diffuse alveolar damage (DAD) occurs in interstitial 
lung disease in patients with RA, especially those with a 
preexisting UIP pattern, and is associated with a poor 
prognosis [72, 73].

Overall, the incidence of DAD is reportedly 20~22% of 
patients with RA-ILD [74, 75]. Preexisting ILD, methotrex-
ate usage, and an elderly age are associated with the develop-
ment of acute exacerbation [72]. The histology of acute 
exacerbation of RA is similar to that of IIPs (Fig. 7.36), 

namely, acute and organizing diffuse alveolar damage [11]. 
In the 2013 revised classification [12], acute exacerbation 
occurs in chronic fibrosing IP (UIP/IPF and f-NSIP), con-
nective tissue disease, and chronic hypersentivity pneumo-
nia, and it is important to exclude infection, left heart failure, 
and other identifiable causes of acute lung injury. Acute 
exacerbation occurs mostly in patients with RA-UIP and is 
associated with a poor outcome, while acute exacerbation in 
patients with RA-NSIP is associated with a better prognosis 
[72]. Patients treated with leflunomide in Japan reportedly 
suffered from diffuse alveolar damage [76].

a

b

Fig. 7.32 NSIP preceding 
RA. (a) A woman in her 60s 
exhibited an NSIP pattern. 
Eight years later, she was 
diagnosed as having RA 
based on high ACPA and 
MMP3 titers (HE, ×1). (b) 
Cellular NSIP with slight 
mural incorporation fibrosis 
(HE, ×5)

7 Pathology of Interstitial Lung Disease in Patients with Rheumatoid Arthritis



112

b

a

c

Fig. 7.33 Organizing pneumonia in a patient with RA. (a) A pan-
oramic view of a patchy distribution of alveolar involvement. Follicular 
bronchiolitis and bronchiectasis are also visible (HE, ×1). (b) Intra- 

alveolar polypoid organization with preserved alveolar structure (EVG, 
×4). (c) Intra-alveolar polypoid organization with mild mononuclear 
cell infiltration to the alveolar walls (HE, ×10)

a b

c d

Fig. 7.34 A woman in her 60s with RA showing a twisted consolida-
tion. (a) Bilateral airspace consolidation along the airways is visible on 
a HRCT image. (b) A panoramic view shows peribronchiolar OP pat-

tern and cellular NSIP (HE, ×1). (c) Intra-alveolar polypoid fibrosis 
(HE, ×10). (d) Cellular NSIP in the periphery of the lobule (HE, ×2)
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a b

Fig. 7.35 Upper lobe contraction of the lung in a man in his 70s. (a) Gross feature of the right upper lobe shows apical and subpleural band-like 
atelectatic fibrosis. (b) Subpleural fibroelastosis of the left apex is visible (EVG, ×1)

a b

c

Fig. 7.36 Diffuse alveolar damage associated with RA. (a) Gross feature of an autopsied lung shows homogeneous viscid parenchyma and cystic 
changes in the basal region. (b) Honeycomb-like cystic lesion of the basal segment (HE, ×1). (c) Hyaline membranes along the alveolar ducts (HE, ×5)
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 Conclusion

Histopathological patterns of RA-ILD have been 
described using the classification for IIPs. We described 
the early phase of RA-ILD in a patient with high ACPA 
titer but no distinct respiratory symptoms and found that 
it corresponded to cellular NSIP and early bronchiolar 
damage in UIP. Patients with RA-ILD also exhibit bron-
chiolitis and BALT hyperplasia, in addition to interstitial 
pneumonia. Intralobular chronic inflammatory bronchio-
lar damages promoting the destruction of not only the 
intralobular bronchioles, but also the alveoli can result in 
unexpected cystic lesions in a considerable number of 
cases with long-standing RA.

Thus, awareness of intralobular chronic bronchiolar 
damage, destructive bronchiolar inflammation, and con-
sequent cystic change in the lobule should be promoted to 
ensure an adequate therapeutic strategy.
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Radiological Characteristics 
of Interstitial Lung Diseases in Patients 
with Connective Tissue Disease: Focus 
on Rheumatoid Arthritis

Kiminori Fujimoto

Abstract

Impairments/comorbidities of the respiratory system are important extra-articular features 
in patients with rheumatoid arthritis (RA) and represent a major cause of mortality. 
Interstitial lung disease (ILD) in RA (RA-ILD) and other types of connective tissue diseases 
(CTDs) is categorized using the international consensus classification of an idiopathic inter-
stitial pneumonia. Unlike other types of CTDs, RA-ILD most often shows a usual intersti-
tial pneumonia-like pattern on high-resolution computed tomography (HRCT), and less 
often, it displays patterns of nonspecific interstitial pneumonia, organizing pneumonia 
(OP), diffuse alveolar damage, and variants of OP. In addition, airway impairment (includ-
ing bronchiectasis, follicular bronchiolitis, and bronchiolitis obliterans) and pleural disease 
are well-known comorbidities in patients with RA. In clinical practice, these lung lesions 
are problematic, because they are often difficult to distinguish from pulmonary infections 
and drug-induced lung injury. This chapter describes CTD-ILDs and mainly focuses on 
RA-ILD. HRCT images and histopathological patterns are reviewed and illustrated. Acute 
exacerbations of CTD-ILD/RA-ILD and ILDs that precede CTDs are also discussed.

Keywords

Rheumatoid arthritis • Connective tissue disease • Interstitial lung disease • Idiopathic inter-
stitial pneumonia • Computed tomography

8.1  Introduction

Idiopathic interstitial pneumonia (IIP) is an exclusion diagno-
sis classification that temporarily includes interstitial lung dis-
eases (ILDs) of unknown cause. IIP is classified as a disease 
unit based on multidisciplinary discussion (MDD), and even 
now its clinical validity has been continuing to be verified. An 
ILD that is associated with an underlying disease, such as a 
connective tissue disease (CTD), is categorized as a “second-
ary ILD,” and it is called “ILD associated with CTD (CTD-
ILD).” Therefore, in classifying IIPs, it is necessary to exclude 

all “secondary” ILDs, and needless to say, the exclusion diag-
nosis is also very important. Furthermore, in excluding second-
ary ILDs and to classifying IIPs, a comprehensive diagnosis is 
necessary to evaluate changes over time (disease behavior), 
and a multidisciplinary consensus should be conducted to con-
sider clinical, radiological, and pathological diagnoses [1–4].

CTDs are inflammatory diseases caused by autoimmune 
mechanisms, which mainly involve the connective tissues, 
like collagen fibers and blood vessels that surround organs 
and tissues. Although symptoms in joints and muscles are 
conspicuous, CTDs comprise a so-called group of diseases 
or a set of several diseases that could cause multiple visceral 
lesions simultaneously. In recent years, a number of charac-
teristic autoantibodies have been identified, and the detection 
of these antibodies contributes to the diagnosis of each type 
of CTD (Table 8.1) [3–9].
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Lung lesions in CTD cause various pathological condi-
tions, including ILD and vascular lesions (e.g., vasculitis and 
pulmonary hypertension), nodular lesions (e.g., rheumatic 
nodules), airway lesions (e.g., follicular or constrictive bron-
chiolitis), pleural lesions, and lymphatic diseases; and often, 
multiple lesions appear. In addition, CTD-related lung con-
ditions may display a number of features on diagnostic imag-
ing, including signs of opportunistic infections, drug-induced 
lung lesions, or malignant neoplasms. Thus, all these lung 
lesions have been collectively called the “CTD lung” [3, 4].

High-resolution or thin-section computed tomography 
(HRCT or TSCT, respectively) is useful for evaluating the 
extent of interstitial fibrotic changes, disease severity, and 
the fibrotic/inflammatory lesion ratio. Moreover, semiquan-
titative and qualitative data obtained from HRCT have shown 
significant correlations with pulmonary function tests. 
HRCT plays an important role in understanding the charac-
teristics of ILD, which present with various clinical features. 
HRCT is also an effective method for evaluating responses to 

ILD treatments. Therefore, HRCT examinations should be 
actively performed in patients with CTD-ILD [5, 6].

In this chapter, among the lung lesions likely to develop 
in each type of CTD, RA-ILD is the primary focus; HRCT 
images and the histopathological patterns are reviewed and 
illustrated. In addition, this chapter considers conditions of 
rapidly progressive interstitial pneumonia (acute exacerba-
tion of CTD-ILD) and interstitial pneumonia that precedes 
CTD (interstitial pneumonia with autoimmune features).

8.2  Interstitial Lung Diseases 
in Connective Tissue Disease

8.2.1  Frequency of CTD-ILD

The most common CTDs that cause ILDs include systemic 
sclerosis (SSc), RA, polymyositis/dermatomyositis (PM/DM), 
Sjögren syndrome (SjS), systemic lupus erythematosus 

Table 8.1 Frequency and characteristics of pulmonary manifestations of connective tissue diseases

RA SSc PM-DM SjS SLE MCTD

No. of patients (×103)a 700–1000 20 17–20 100 60–100 11

Age range of onset 
(year)

20–50 30–50 10−/30–60 40–60 20–40 30–50

Woman-to-man ratio 3 12 3 9–14 10 13–16

Related autoimmune 
antibodies

Anti-CCP 
Ab

Anti-centromere Ab 
(limited disease)
Anti-SLC-70 Ab 
(diffuse type)
Anti-RNP 
polymerase Ab 
(diffuse type)
Anti-RNP Ab
(anti-U1-RNP Ab)

ASS: anti-ARS 
Ab (anti-Jo-1, 
other seven 
types)
Anti-SRP Ab
Anti-MDA5 Ab
(anti-CADM- 
140Ab)

Anti-SS-A 
(Ro) Ab 
anti-SS-B 
(La) Ab

Anti-dsDNA Ab
Anti-Smith Ab
Anti-phospholipid Ab
ANA (nonspecific)
Anti-SS-A Ab

Anti-RNP Ab 
(anti-U1-RNP 
Ab)
Anti-dsDNA 
Ab
Anti-Smith Ab

UIP +++ + + + + +

NSIP ++ +++ +++ ++ ++ ++

OP ++ + +++ ++ + +

DAD + ± ++ ± + ±

DLH (or LIP) ± ++ +

DPH +++

PH + ++ ± + ++ +

Bronchiectasis ++ ++

BO ++ + +

FB + + +

Pleural diseases ++ + + +++ +

Adopted and modified from [3–5, 7]
Symbols in columns indicate the frequency with which a feature or pattern of features occurs, with “+” indicating the lowest and “+++” the highest 
frequency; with a blank of column indicating absence of feature or pattern; and with “±” meaning rare but possible cause
Abbreviations: Ab antibody, ANA antinuclear antibody, ARS aminoacyl-transfer tRNA synthetase, ASS antisynthetase syndrome, BO bronchiolitis 
obliterans, CADM clinical amyopathic dermatomyositis, CCP cyclic citrullinated peptide, DAD diffuse alveolar damage, DLH diffuse lymphoid 
hyperplasia, DPH diffuse pulmonary hemorrhage, DsDNA double-standed deoxyribonucleic acid, FB follicular bronchiolitis, LIP lymphoid inter-
stitial pneumonia, MCTD mixed connective tissue disease, MDA-5 melanoma differentiation-associated gene 5, NSIP nonspecific interstitial 
pneumonia, OP organizing pneumonia, PH pulmonary hypertension, PM-DM polymyositis/dermatomyositis, RA rheumatoid arthritis, RNP ribo-
nuclear protein, SjS Söjgren syndrome, SLC scleroderma, SLE systemic lupus erythematosus, SRP signal recognition particle, SSc systemic scle-
rosis, UIP usual interstitial pneumonia
aThe estimation of the number of patients was quoted from the website of the Japan Intractable Diseases Information Center by the Japan Ministry 
of Health, Labor and Welfare (http://www.nanbyou.or.jp/; accessed on February 26, 2017)
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(SLE), and mixed connective tissue disease (MCTD) 
(Table 8.1). The frequency of identifying pulmonary lesions 
based on clinical findings varies widely among studies. 
Generally, pulmonary lesions are found most commonly in 
patients with SSc (60–70%). The next highest frequencies 
have been reported in PM/DM (40–50%), RA, and MCTD 
(both 30–40%); lower frequencies were reported in SjS and 
SLE (20–30%) [5–9]. Acute respiratory failure is commonly 
attributed to acute deterioration of interstitial pneumonia. 
The incidence of rapidly progressive deterioration of ILD is 
particularly high in patients with PM/DM (approximately 
30%) [10], followed by patients with RA (10–20%) [11, 12] 
and SSc (approximately 10%) [13].

8.2.2  Undifferentiated Forms of CTD-ILD

Patients with PM/DM, RA, and SSc, in particular, frequently 
experience preceding ILDs, which present clinically before 
the condition meets the American College of Rheumatology 
(ACR) diagnostic criteria for a definitive diagnosis of a spe-
cific CTD subtype [14]. It has been proposed by different 
research groups that this condition should be termed “unclas-
sifiable CTD (UCTD)” [15], “lung-dominant CTD 
(LD-CTD)” [16], or “autoimmune features with interstitial 
lung disease (AIF-ILD)” [17]. Recently, the European 
Respiratory Society (ERS)/American Thoracic Society 
(ATS) task force proposed that this condition should be 
termed “interstitial pneumonia with autoimmune features” 
[18] (IPAF, described below, part 8.4). However, even if it is 
termed IPAF, there is currently no choice but to classify it 
into IIPs.

8.2.3  Classification of CTD-ILDs

Most parenchymal manifestations of CTD-ILD are similar to 
those found in IIPs. Indeed, currently, the pattern classifica-
tion of CTD-ILD in evaluating radiological (HRCT) and his-
tological data is the same as those used for subtyping IIPs. In 
addition, a recent study described a new manifestation of 
CTD-ILD, which displayed a rare pattern of pleuroparenchy-
mal fibroelastosis (PPFE); this pattern has not yet been com-
pletely characterized clinically [2, 5, 7].

8.2.4  Histopathological Patterns  
of CTD-ILD

CTD-ILD shows various histopathological patterns like IIPs 
including usual interstitial pneumonia (UIP), nonspecific 
interstitial pneumonia (NSIP), organizing pneumonia (OP), 
diffuse alveolar damage (DAD), lymphoid interstitial 

 pneumonia (LIP), and diffuse lymphoid hyperplasia (DLH). 
Discordant UIP (e.g., UIP and NSIP coexisting in the surgi-
cal lung biopsy specimens) and multiple mixed patterns are 
also occasionally observed. Furthermore, conditions difficult 
to classify into any histological pattern are often observed, 
and these are categorized as “unclassifiable” ILDs (e.g., 
NSIP with OP variant [or fibrosing OP] and airway-centered 
fibrosis [or bronchiolocentric interstitial fibrosis]). Of these, 
NSIP was shown to be the most common histological pattern 
in CTD-ILD [3–8] (Table 8.1).

Other histological findings characteristic of CTD-ILD 
include interstitial lymphoid aggregates with germinal cen-
ters, diffuse lymphoplasmacytic infiltration, dense perivas-
cular collagen, and extensive pleuritis [16–18]. CTD-ILD is 
strongly suggested when these findings are found in combi-
nation with a basic histological finding, such as NSIP.

8.2.5  Three Pathological Patterns 
of Pulmonary Fibrosis

There are three distinctive pathological patterns of pulmo-
nary fibrosis, including UIP, fibrotic NSIP, and airway- 
centered fibrosis (ACF) [19]. Their distinctive histology is 
primarily based on the distribution of the fibrosis (diffuse 
versus patchy) as well as the anatomic location of the fibrosis 
(subpleural/paraseptal vs. interstitial vs. airway centered, 
respectively) (Fig. 8.1) [19].

UIP pattern is a form of diffuse parenchymal lung disease, 
characterized by patchy subpleural/paraseptal and basal pre-
dominance remodeling of lung tissue with honeycombing. 
The characteristic histological findings of UIP have been 
referred to as being “temporal heterogeneity” or having 
“patchwork quilt” appearance. In other words, the biopsy 
specimens appear to transition from dense scar tissue (the 
“past” or an established fibrosis) to normal lung tissue (the 
“future” or lung tissue not yet involved) [20].

In contrast, the inflammatory process in NSIP is diffuse 
and uniform, mainly involving the alveolar wall and variably 
affecting the bronchovascular sheaths and pleura. When 
fibrosis occurs in NSIP, it is usually mild and preserves lung 
structure, but it may proceed to extensive disease. Variable 
extents of peribronchiolar metaplasia may be present, but 
microscopic honeycombing is characteristically absent [20].

The ACF pattern is recently defined as surgical lung 
biopsy showing interstitial fibrosis centered on, and extend-
ing around, the bronchioles, with or without bronchiolar 
inflammation, and the presence of peribronchiolar metapla-
sia [19–21]. The initial reports referred to a lesion termed 
bronchiolocentric interstitial fibrosis or centrilobular fibrosis 
[22, 23]. The clinical condition resulting in the ACF pattern 
is chronic hypersensitivity pneumonitis. The other major 
conditions to consider include chronic aspiration and CTD 
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(in particular, RA and SjS) [19–21]. Smoking and other inha-
lational exposures are also contributors to chronic airway- 
centered pathology [19].

8.2.6  CT UIP Pattern Based on the Current  
IPF Guideline

According to the IPF guidelines established by the ATS/ERS/
Japanese Respiratory Society (JRS)/Latin American Thoracic 
Association (ALAT), published in 2011 [24], UIP pattern on 
HRCT images (actually, this means IPF-UIP) is characterized 
by the presence of reticular opacities, often associated with 

traction bronchiolectasis/bronchiectasis (hereafter, bronchiec-
tasis). Honeycombing is common in UIP, and it is critical for 
making a definite diagnosis (Fig. 8.2) [24]. On HRCT images, 
honeycombing is manifested as clustered cystic airspaces, 
typically of compatible diameters on the order of 3–10 mm, 
but occasionally, they may be as large as 2.5 cm. Honeycombing 
is typically observed in subpleural areas, and it is character-
ized by well-defined walls (Fig. 8.3) [25]. However, a recent 
study suggested that there were variabilities of interobservers’ 
agreements in diagnosing honeycombing on HRCT, and there 
were several mimickers, such as emphysema, airspace enlarge-
ment with fibrosis (Fig. 8.4), and cross-sectional images of 
traction bronchiectasis (Fig. 8.5) [26, 27].

a b

c d

Fig. 8.1 Schematic representation of the three basic patterns of pulmo-
nary fibrosis and their comparison to healthy lung (Illustrations of his-
topathologic specimen obtained from surgical lung biopsy). Adopted 
and modified from Smith ML [19]. (a) Healthy lung with thin alveolar 
walls and pleura, bronchovascular bundles located at the center of the 
lobules, and barely perceptible interlobular septae. (b) Usual interstitial 
pneumonia pattern of fibrosis with marked irregular fibrosis in a periph-
eral and subpleural distribution. The fibrosis transitions to completely 
normal alveolar walls abruptly, with numerous fibroblast foci at the 

interface zone. In some lobules, microscopic honeycombing change has 
occurred (upper lobule). (c) Fibrotic nonspecific interstitial pneumonia 
pattern of fibrosis showing diffuse involvement of the alveolar walls 
with thickening, fusion, and simplification. The pleura is similarly 
affected. In areas, there is more significant fusion and thickening lend-
ing a suggestion of heterogeneity, despite it being a diffuse process. (d) 
Airway-centered pattern of fibrosis with centrilobular stellate- appearing 
fibrosis, occasional bridges from one airway to another, and scattered 
fibroblast foci. Note the marked heterogeneity from field to field

K. Fujimoto



121

With HRCT pattern based on the IPF guideline [24], UIP 
pattern is defined as having all following four items: (1) sub-
pleural and basal predominance, (2) reticular abnormality, (3) 
honeycombing with/without traction bronchiectasis, and (4) 
absence of any seven features that are inconsistent with UIP 
pattern. The seven inconsistent features with UIP pattern are 
(1) upper or mid-lung predominance, (2) peribronchovascu-
lar predominance, (3) extensive ground-glass abnormality 
(extent > reticular abnormality), (4) profuse micronodules 
(bilateral, predominantly in the upper lobes), (5) discrete 
cysts (multiple, bilateral, away from areas of honeycombing), 
(6) diffuse mosaic attenuation (bilateral, in three or more 
lobes), or (7) consolidation in bronchopulmonary segment(s) 
or lobe(s). When “honeycombing” is absent, it is categorized 
as “possible UIP” pattern (Table 8.2). Due to the importance 
of “honeycombing,” interpretations of the presence or 
absence of honeycombing often require multiplanar recon-
struction (MPR) images and, ultimately, a multidisciplinary 
discussion (MDD) [26, 27].

With recent discussion of update version by the ATS/
ERS/JRS/ALTA IPF guideline committee [28], CT patterns 
for UIP diagnosis will be changed into four categories as fol-
lows: (1) typical UIP CT pattern, (2) probable UIP CT pat-
tern, (3) CT pattern indeterminate for UIP pattern, and (4) 
CT features most consistent with non-IPF diagnosis. New 
typical UIP CT pattern is defined as having all following five 
items: (1) CT distribution is basal (occasionally diffuse) and 
subpleural predominant and (2) distribution is often heterog-
enous; CT features show (3) presence of honeycombing, (4) 
reticular pattern with peripheral traction bronchiectasis or 

a b

Fig. 8.2 60-year-old man with IPF/UIP. A patient had symptoms of 
persistent dry cough and breathlessness on exertion for 2 years. (a) 
Thin-section CT (lower lung zone) shows patchy areas of intralobular 
reticular opacities and vertical doted lines predominantly in bilateral 
subpleural regions. No honeycombing is present, and CT pattern based 
on the IPF guideline is the “possible UIP.” (b) Thin-section CT (2 years 
later) shows extending of reticular opacities and irregular linear opaci-

ties with subpleural aircysts, and architectural distortion, which are 
thought to be deterioration of fibroproliferative changes. Areas of estab-
lished fibrotic changes (reticular opacities with traction bronchiectasis 
and honeycombing) and nearly normal lung are coexistent and adjacent 
to each other. This pattern is called “temporal heterogeneity” or “abrupt 
change.” On this time, CT pattern should be changed to the “UIP 
pattern”

Fig. 8.3 Typical CT findings of “honeycombing” in a patient with 
IPF. HRCT image of right lung (lower zone) at prone position shows 
typical findings of “honeycombing,” which consist of clustered cystic 
airspaces (diameters on the order of 3–10 mm, indicates by arrows) 
characterized by well-defined walls, observed in subpleural areas
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a b c

Fig. 8.4 Mimickers of honeycombing on HRCT (right basilar lung 
zone). (a) HRCT shows emphysematous air cysts (low-attenuation 
areas without well-defined wall), but some of them have thin walls, 
which may be related to slight fibrotic changes. (b) HRCT shows small 
to large aircysts with continuity, and cysts have thin or thick walls, 

which resemble airspace enlargement with fibrosis. (c) HRCT shows 
small to large multiple aircysts suspicious of emphysematous air cysts, 
but all of them have thin wall, and reticular opacities are also presented. 
Some of them in subpleural regions may be honeycobming

Fig. 8.5 Traction bronchiectasis versus honeycombing in a 65-year- 
old man with IPF/UIP. (a) HRCT transaxial image (right basal segment) 
shows aggregated multiple aircysts in subpleural region. Note continu-
ous airspaces with continuity in the x-axis like dilated bronchioles 
(highlighted in red circles). Multiple aircysts (honeycombing, high-
lighted in blue circle) in subpleural area show well-definite wall sharing 

each other. (b) HRCT MPR coronal image shows traction bronchiecta-
sis (red arrows, corresponding to red circle in a). (c, d) Microscopic 
images (HE, low power). (c) Honeycombing and traction bronchiolec-
tasis are shown. (d) Typical findings of microscopic honeycombing. 
Size of honeycomb cystic space is 2 mm in diameter

a b
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bronchiolectasis, and (5) absence of  features to suggest an 
alternative diagnosis. Probable UIP CT pattern is defined as 
having all four items without honeycombing. An alternative 
diagnosis includes for example systemic autoimmune dis-
ease, chronic hypersensitivity pneumonitis, occupational 
and environmental lung disease, drug-induced pulmonary 
toxicity, or asbestosis. Since it was reported that subjects 
with probable UIP CT pattern on CT were more likely to 
have histologic probable/definite UIP than those with inde-
terminate UIP on CT [29], it is considered that the term “pos-
sible” on CT would be better to change to “probable.” With 
this change the discrepancy of term between CT and patho-
logical findings will be resolved.

8.2.7  CT Patterns of CTD-ILD

According to the ATS/ERS/JRS/ALAT IPF guidelines [24], 
HRCT patterns of CTD-ILD may often lead to classify into 
“inconsistent with UIP” pattern. Namely, HRCT patterns of 
CTD-ILD often display one or more of the seven findings 
listed as “inconsistent with UIP,” and these findings are impor-
tant as the common characteristics of CTD-ILD (Table 8.2).

HRCT findings characteristic of NSIP, which is patho-
logically the most frequent pattern in CTD-ILD, are ground- 
glass opacities (GGOs); reticular opacities, which typically 
represent fibrosis; and traction bronchiectasis. These features 
are predominantly observed in the lower lung zones and/or 

c

d

Fig. 8.5 (continued)
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along peribronchovascular bundles; additionally, these find-
ings are bilateral and symmetric in most patients (Fig. 8.6).

HRCT findings characteristic of CTD-UIP (histopathologi-
cally the most frequent pattern in RA-ILD) are reticular 
 opacities and honeycombing with/without traction bronchiec-
tasis, predominantly present in subpleural and lower lung 
zones, similar to IPF/UIP. However, patients with CTD-UIP 
showed less extensive emphysema, more prevalence of non-
typical UIP pattern without honeycombing, and a tendency for 
less honeycombing compared to patients with IPF/UIP [30].

Although histopathological findings appear similar to UIP 
patterns, concluding them as UIP is sometimes difficult on 

HRCT due to the possibility of mixed histological findings. 
Namely, corresponding to the coexistence of various histologi-
cal findings, high-attenuation lesions such as GGO and consoli-
dation are seen on HRCT relatively in peribronchiolar area or 
outside of the lung basal zones, and disease progression seems 
homogenously in the bilateral lung (Fig. 8.7). Furthermore, 
mosaic attenuation areas (air trapping), due to airway lesions 
superimposed on high- attenuation areas, are also seen [3, 4].

8.3  Interstitial Lung Disease in RA

8.3.1  Clinicopathological Characteristics 
of Patients with RA-ILD

Various lung lesions are associated with RA, including ILD, 
airway lesions, rheumatoid nodules, pleural diseases, infec-
tious diseases, adverse drug reactions, and malignant neo-
plasms. Additionally, these various pathological conditions 
can be present in a single patient. Therefore, this condition is 
sometimes collectively called the “rheumatoid lung” [4].

RA-ILDs are found frequently among patients with a high 
titer of rheumatoid factor and commonly in men of 
50–60 years of age. Evidence of interstitial fibrosis is 
detected on chest radiographs in approximately 5% of 
patients with RA [31, 32], but it is detected on HRCT images 
in 30–40% of patients [33, 34].

In patients with RA-ILD, histopathological analyses of 
surgical lung biopsies have exhibited different trends in dif-
ferent cohorts. In some studies, UIPs were found more often 
than NSIPs; in other studies, the frequencies of finding UIPs 
and NSIPs were nearly equal. The next most common find-
ings are bronchiolar impairments and OP patterns [3–8]. 
However, unlike other CTDs, RA-ILD has shown a high fre-
quency of UIP patterns. According to recent reports, RA-ILD 
was associated with a higher frequency of UIP than NSIP pat-
terns, and cases with UIP patterns had a poor prognosis [35].

Although patients with RA-ILD commonly follow a 
chronic course, some studies have described patients with 
RA-ILD that died after acute exacerbations of ILD, similar 
to patients with IPF [12]. Histopathological studies revealed 
that patients with CTD-UIP had good prognosis compared to 
patients with IPF/UIP and had similar prognosis to patients 
with CTD-NSIP [35–37]. However, the prognosis for patients 
with RA-UIP was worse than those of patients with other 
CTD-UIP and patients with RA-NSIP [35–37]. In addition, 
some previous studies have reported that patients with 
RA-UIP had a better prognosis than those with IPF/UIP [36]; 
however, a comparable number of other studies have reported 
that both conditions had similarly poor prognoses [37]. On 
the other hand, although chronic fibrosing ILD is the main 
histopathological pattern of RA-ILD, it is often difficult to 
differentiate, based on only a single pattern, from the other 
histopathological types of IIPs.

Table 8.2 Definition of HRCT pattern

HRCT pattern Definition

UIP Subpleural and basal predominance
Reticular abnormalities
Honeycombing with/without traction 
bronchiectasis
Absence of features listed as inconsistent with 
UIP patterna

Possible UIP Subpleural and basal predominance
Reticular abnormalities
Absence of features listed as inconsistent with 
UIP patterna

NSIP Diffuse or peribronchovascular distribution
Bilateral lower lobe predominance
Broad GGO more than reticulation with/
withouot minimal honeycombing without 
prominent consolidation

NSIP with OP Diffuse or peribronchovascular distribution
Bilateral lower lobe predominance
Consolidation with/without GGO associated 
with features of fibrosis (e.g., reticular 
abnormality, traction bronchiectasis, or lower 
lobe volume loss)

OP Subpleural, peribronchial
Distribution or band-like pattern
Patchy consolidation commonly associated with 
GGO

DAD Exudative phase = bilateral patchy GGO or 
often with consolidation geographic appearance 
(by areas of focal sparing)
Distribution is most often basilar but 
occasionally be diffuse
Organizing phase = mainly GGO, distortion of 
bronchovascular bundles, traction bronchiectasis, 
cysts, or other lucent areas of lung

Unclassifiable Patterns that could be classified as those listed 
in 2015 updated ATS/ERS IIPs classification

Adopted and modified from [2, 12, 24]
Abbreviations: UIP usual interstitial pneumonia, NSIP nonspecific inter-
stitial pneumonia, OP organizing pneumonia, GGO ground-glass opac-
ity, ATS/ERS American Thoracic Society/European Respiratory Society
aInconsistent with UIP pattern including (1) upper or mid-lung predom-
inance, (2) peribronchovascular predominance, (3) extensive ground- 
glass abnormality (extent > reticular abnormality), (4) profuse 
micronodules (bilateral, predominantly upper lobes), (5) discrete cysts 
(multiple, bilateral, away from areas of honeycombing), (6) diffuse 
mosaic attenuation (bilateral, in three or more lobes), or (7) consolida-
tion in bronchopulmonary segment(s)/lobe(s)
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8.3.2  CT Characteristics of RA-ILD

Chest radiography features of RA-ILD, in the early stage, 
include linear and reticular opacities, mainly in the lower 
lung fields. As the disease progresses, the reticular patterns 
become coarser and more diffuse and may develop into hon-
eycombing [3, 4].

Reportedly, in HRCT images, the major findings of 
RA-ILD include patterns of UIP, NSIP, bronchitis, and OP 
[38]. Reticular shadows with or without honeycombing are 
consistent with UIP. Centrilobular nodules ± airway lesions 
(such as bronchiectasis and bronchiolitis obliterans) and 
consolidation are consistent with OP and chronic eosino-
philic pneumonia. New multiple GGOs, in addition to the 
reticular opacities, during the treatment course suggest acute 
exacerbation of ILD [39].

RA-ILD with UIP pattern shows linear and reticular opac-
ities, mainly in the subpleural area in the lower lung zones. 
As the lesions progress, the reticular patterns become coarser 
and more diffuse and may develop into honeycombing 
(Fig. 8.8). Generally, as the UIP patterns found in the images 
are similar to those found in IPF/UIP, it is considered diffi-
cult to make a differential diagnosis between the two condi-
tions. On the other hand, a recent report suggested that a 
definite CT UIP pattern in RA-ILD was highly specific and 
moderately sensitive in predicting a histopathological UIP 
pattern. Thus, CT might be useful for accurately identifying 
UIP patterns in patients with RA [40]. It was reported that 
intralobular reticular opacities reflected fibrosis and corre-
lated with prognosis in patients with a histological diagnosis 
of UIP and a clinical diagnosis of IPF [41]. Similarly, intra-
lobular reticular opacities were identified as a prognostic 
imaging factor in patients with RA-UIP [36].

Accumulations of multiple cystic air-filled structures may 
be commonly identified as honeycombing on CT images. 
However, in some patients, traction bronchiectasis in fibropro-
liferative lesions, airspace enlargement with fibrosis [42, 43], 
pre-existing smoking-related lesions (emphysema) with 

a b
Fig. 8.6 62-year-old woman 
with antisynthetase syndrome 
(CT NSIP pattern). (a, b) 
HRCT (lower lung zone) 
images show diffuse areas of 
reticular opacities with GGO 
and with traction 
bronchiectasis predominantly 
seen in periphery and along 
bronchovascular bundles. 
Subpleural lung parenchyma 
is relatively sparing. CT 
pattern corresponds to NSIP 
pattern

Fig. 8.7 64-year-old woman with mixed connective tissue disease. 
Thin-section CT (lower lung zone) shows diffuse areas of reticular 
opacities with airspace enlargement and traction bronchiectasis in sub-
pleural region and also reveals architectural distortions and decrease of 
normal lung areas. In subpleural region of left basal zone, aircysts 
which share the wall each other are arranged in a line (like “honey-
combing,” arrowheads). CT pattern corresponds “UIP” pattern; how-
ever, areas of GGO are also seen, and spread pattern of abnormal 
opacities is homogenously (bilateral symmetry), which may present 
coexistent of NSIP pattern
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 fibrosis of the surrounding area may resemble honeycombing 
in some patients (Figs. 8.4 and 8.8c). Therefore, a finding of 
multiple air-filled cystic lesions should be interpreted with 
caution [26, 27]. On the other hand, it is important to know 
that even if microscopic honeycombing is present histologi-
cally, recognition of the presence of honeycombing on CT is 
often difficult because of differentiation of spatial resolution. 
Further, for example, when there is a mucus retention in hon-
eycomb cysts, cysts may disappear on CT, and only areas of 
GGO may be seen (Fig. 8.9).

RA-ILD with NSIP pattern shows reticular opacities with 
traction bronchiectasis, GGO, and consolidation along peri-
bronchovascular bundles or in subpleural area in the bilateral 

lower lung zones, presenting with image similar to those of 
idiopathic NSIP (Fig. 8.10).

In patients with RA, the NSIP and UIP patterns often 
overlap. The characteristic CT findings are relatively exten-
sive GGOs, superimposed on areas of reticular opacities 
with/without traction bronchiectasis or honeycombing. 
Anatomically, parenchymal architectural distortions and 
lung volume reductions occur in patients with advanced con-
ditions, and CT images show an intermingling of reticular 
opacities, traction bronchiectasis, and honeycombing [4].

RA-ILD with OP pattern is characterized by patchy paren-
chymal opacities, such as consolidations and GGOs (Fig. 8.11), 
which may migrate over time (called “wandering pneumo-

a b

c

Fig. 8.8 63-year-old man 
with RA showing CT UIP 
pattern. (a) On HRCT images 
intralobular reticular opacities 
suggesting fibroproliferative 
changes are patchy distributed 
in the right lung base. 
Although it seems 
honeycombing, there are 
mainly reticular opacities and 
ground-glass opacities 
(GGOs) with small airspace 
enlargement and traction 
bronchiolectasis, which are 
forming aggregation of 
multiple small aircystic 
lesions. (b) In the left middle 
lung zone, GGOs and fine 
reticular opacities are seen 
from proximal to subpleural 
parenchyma. In lingular 
segment, there is aggregation 
of small aircysts of about a 
few millimeters to 1 cm 
which share the walls of each 
other to the pleural surface. In 
particular, the peripheral 
region may be suggestive of 
“honeycombing.” On the 
other hand, traction 
bronchiolectasis is seen from 
the central side, but small 
cysts from the inner layer 
seem to also see the tangential 
image of this extension. (c) 
MIP image at middle lung 
zone: the multicystic changes 
of the inner zonal part (except 
under the pleura) seen in (b) 
can be confirmed to have 
continuity from the central 
side to periphery (large and 
small arrowheads), which 
correspond to traction 
bronchiectasis
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Fig. 8.9 50-year-old woman with RA-ILD. (a) HRCT (middle lung 
zone) shows patchy areas of GGO (arrows) which corresponds to OP 
pattern. (b) HRCT (basal lung zone) shows perilobular distribution of 
irregular linear/reticular opacities, GGO with traction bronchiectasis, 
and architectural distortion, but subpleural areas are sparing. (c, d) 
Subpleural irregular linear/reticular opacities and areas with GGO are 
seen. Coexisting fibroproliferative changes, such as traction bronchio-
lectasis and focal volume loss, and subpleural small cystic changes are 
also seen. No definite honeycombing on HRCT is visible; however, 
spatial disease distribution and temporal disease severity are nonuni-
form impression. (e–g) Low power views of pathologic specimen from 

the right basal segment (HE, original mag. ×2). (e) The specimen shows 
chronic fibrosing interstitial pneumonia with microscopic honeycomb-
ing (UIP pattern) and lymphoid follicles with germinal center. Note 
marked irregular fibrosis in a peripheral and subpleural distribution 
transitioning to normal lung tissues (so-called abrupt change). Although 
the basic pathology fits best to UIP pattern, presence of marked lym-
phoid hyperplasia and airway disease is often a clue finding in the 
patient with CTD, such as RA or SjS. (f) Multicystic areas with lym-
phoid follicules are shown. (g) Interstitial fibrosis and lymphoid folli-
cules are visible. Note mucin retention in dilated airspaces (mucinosis)

a

c d

b
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Fig. 8.9 (continued)
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nia”) [44, 45]. Although not always present, OP pattern may 
exhibit the reversed CT halo sign [46] (Fig. 8.12), and some-
times the features may overlap with those typical of the NSIP 
pattern (called “NSIP with OP pattern”) (Fig. 8.13). 
Importantly, this pattern should always be considered in the 
differential diagnosis of lung infections and drug adverse 
reactions.

Several case reports have described patients with RA that 
developed upper lobe fibrosis associated with cavitation. On 
images, these features resembled tuberculosis [47, 48] or 
pleuroparenchymal elastofibrosis (PPFE) [49] (Fig. 8.14). 
However, this complication is quite rare.

8.3.3  CT Findings of Airway Impairments 
in RA

RA is often complicated with airway lesions, like bronchiec-
tasis or follicular or constrictive bronchiolitis [33]. In a study 
of 34 patients with RA that had respiratory symptoms, HRCT 
images frequently displayed peribronchial wall thickening 
(85%) and bronchial dilatation (62%), but honeycombing 
was only detected in three patients (9%) [50]. Constrictive 
bronchiolitis (bronchiolitis obliterans [BO]) occurs due to 
inflammation and fibrosis in the bronchiolar walls. It results 
in narrowing or obliteration of the bronchiolar lumen. The 

a

b

Fig. 8.10 64-year-old man 
with RA-ILD (NSIP pattern). 
(a) Thin-section CT shows 
diffuse areas of reticular 
opacities with GGO 
predominantly in bilateral 
peripheral lung parenchyma. 
Note extent areas of 
GGO > areas of reticular 
opacities. (b) At bottom of 
lung, subpleural areas are 
relatively spared (arrows), and 
reticular opacities with GGO 
are present around 
bronchioles (2–3 mm distant 
from pleura)
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most common causes are childhood infections and hemato-
poietic stem cell, lung, or heart-lung transplantation. Among 
the CTDs, BO is most commonly observed in RA and occa-
sionally in SjS, SLE, and SSc.

The HRCT features characteristic of BO consist of areas 
of decreased attenuation and vascularity (mosaic perfusion 
pattern) on inspiratory scans (Fig. 8.15) and air trapping on 
expiratory scans. These features enhance hypoattenuation 
areas and make it easier to visualize this condition [3–8]. 
Other CT findings include bronchiectasis and bronchiolecta-
sis, peribronchial wall thickening, small centrilobular nod-
ules, and branching structures [3–8] (Fig. 8.16).

8.3.4  Peripheral Aircystic Lesions Coexisting 
in RA-ILD

As previously described, airway lesions are frequently 
observed in patients with RA-ILD. However, several impor-
tant points remain unclear. First, it is not clear what mecha-
nisms cause the formation of air-filled cystic lesions 
(hereafter, “aircystic lesions,” which is like honeycombing), 
which are often observed in RA-ILD. Second, it is not clear 
what role airway lesions play in the development of aircystic 
structures. Recently, these points have been discussed from 
new perspectives, based on assessments of histopathological 
and HRCT findings [51] (see Chap. 7).

In those discussions, the formation of aircystic lesions 
was suggested to arise from chronic, persistent intralobular 
airway inflammation, which could disrupt the bronchiolar 
walls and pulmonary alveoli; the result would be the forma-
tion of aircysts in the intralobular area (Fig. 8.17). Therefore, 

a b
Fig. 8.11 54-year-old-man 
with RA showing OP pattern 
and pleuritis. (a) On HRCT 
image (upper lung zone), 
patchy areas of consolidation 
with airbronchogram are seen 
in periphery of the right lung 
S3. (b) In lung base section, 
pleural thickening, collapse of 
subpleural lung (arrows), and 
small amount of pleural 
effusion (asterisk) are also 
seen

Fig. 8.12 50-year-old woman idiopathic NSIP with OP. HRCT 
(through left basal segment) shows consolidation distributing along air-
way (arrows) with mild bronchial dilatation, but lung distortion nor 
traction is less represented. Central areas surrounded by consolidation 
show GGO (like “reveresd CT-halo sign”). Histopathologically, there 
was coexistence of cellular and fibrotic NSIP and OP (NSIP with OP or 
fibrosing OP)
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Fig. 8.13 56-year-old woman with RA showing NSIP with OP pattern. 
(a) On HRCT image of lower lung zone, decrease in lung volume and 
architectural structure distortion are recognized predominantly in bilat-
eral lung basilar zones. GGOs and band-shaped irregular consolidation 
with traction bronchiectasis infiltrate nonsegmentally. Subpleural areas 
are partly spared, and also an airway centric distribution pattern is 

shown. (b–d) Low power views of pathologic specimen from the right 
basal segment (HE). Pathologically, cellular and fibrotic NSIP pattern 
was the main finding (b), and there were mixed various findings, includ-
ing diffuse lymphocytic hyperplasia (c), follicular bronchiolitis, and OP 
(d). Note NSIP pattern of fibrosis showing diffuse involvement com-
pared with Fig. 8.9e (UIP pattern)

a

b

c d
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Fig. 8.14 60-year-old man with RA-ILD (unclassifiable ILD). (a) 
Chest radiograph shows upper lobe shrinkage caused by irregular- 
shaped linear opacities and pleural thickening-like changes in lung 
apex. Furthermore, irregular linear/reticular opacities and GGO area are 
also seen predominantly in periphery of middle to lower lung zone. (b) 
HRCT through the upper lobes shows pleuroparenchymal opacities 
(irregular-shaped consolidation with/without traction bronchiectasis, 

arrowheads) and distortion of the underlying lung parenchyma. (c) In 
the lower lung zones, scattered irregular-shaped areas of reticular opac-
ities and GGO with bronchiolar dilatation are seen, but pleural-based 
irregular opacities are less prominently than upper lobes. The CT pat-
tern is considered to be unclassifiable ILD pattern because of presence 
of NSIP with OP like opacities, bronchial impairments, and PPFE-like 
change

a

b

c
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a b

Fig. 8.15 55-year-old woman with RA, histopathologically showing 
acute lung injury pattern with clinically BO. (a, b) On HRCT of the 
lower right lung zone, low-attenuation areas and high-attenuation areas 
are mixed geographically, and a mosaic attenuation pattern is present. 
Bronchial dilatations are seen from the relatively proximal branch, and 
the bronchial wall is somewhat conspicuous. In the periphery, 

 intralobular branching structures are seen, and the peripheral lung fields 
show hypoattenuation. Histopathologically, acute to subacute fibrotic 
lesions (acute lung injury or subacute interstitial pneumonia pattern) 
around the airway are conspicuous, and moderate constrictive bronchi-
olitis partly confirmed, which was considered to be clinically obstruc-
tive bronchiolitis (BO)

a b

Fig. 8.16 65-year-old woman with RA and airway lesions. (a, b) 
HRCT images (left lung basal zone) show bronchial dilatation and peri-
bronchial wall thickening (black arrows) superimposed on hypoattenu-
ation areas of lung parenchyma suggestive of hyperinflation. Multiple 

subpleural small nodules (rheumatoid necrobiotic nodule) and intra-
lobular nodules (peribronchiolar inflammatory nodules) are also seen 
(arrowheads)
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a b

c d

Fig. 8.17 61-year-old man with RA-ILD with UIP pattern. (a) Initial 
HRCT of left basal zone (6.5 years before obtaining image d) shows 
slight bronchiolar dilatation and milder peribronchiolar thickening 
(arrowheads). (b) HRCT (5.5 years before) shows irregular linear opac-
ities and cystic change along bronchovascular sheaths (arrows) and 
intralobular reticular opacities (arrowheds). Note areas of increase in 
lung volume due to emphysematous change (red circle), compared with 
previous CT. (c) HRCT (3 years before) shows reticular opacities with 

aircystic changes and architectural distortion. These lesions seem to 
cause from respiratory tract changes and appear to progress around the 
airway. Note focal areas likely to be emphysema/airway enlargement 
(arrows). (d) HRCT (current) shows aggregate of aircysts like honey-
combing, but some of them seem to be emphysema/airway enlargement 
with fibrosis (arrows). Furthermore, with referring to the time course of 
theses lesions, neighboring some aggregates of aircysts seems to be also 
related to bronchiolar or airway enlargement and fibrotic change
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this mechanism is likely to be different from the mecha-
nisms that give rise to honeycombing in IPF/UIP. Namely, 
among the cases that were identified as UIP pattern in 
RA-ILD, some aircystic lesions that developed from inflam-
matory mechanisms may have been confused with honey-
comb structures in the microscopic examinations or 
interpretations of HRCT images. This mistake could result 
in a diagnosis of a refractory lesion or a poor prognosis. 
Undoubtedly, this topic represents an important future 
theme in discussions regarding RA-ILD treatments.

8.3.5  Acute Exacerbation in CTD-ILD 
and in RA-ILD

Acute exacerbations are defined based on consensus cri-
teria for acute exacerbations in IPF, which have been 
recently revised [52]. Acute exacerbation is defined as an 

acute, clinically significant, respiratory deterioration 
characterized by evidence of new widespread alveolar 
abnormality. Acute exacerbations are increasingly recog-
nized as a rare complication of CTD-ILD [11, 53–55]. 
Histopathologically, acute exacerbations commonly 
show DAD, acute lung injury (ALI), or OP pattern, super-
imposed on underlying chronic interstitial fibrosis. The 
revised diagnostic criteria (2016 version) of acute exac-
erbation of IPF [52] are (a) previous or concurrent diag-
nosis of IPF, (b) acute worsening or development of 
dyspnea typically <1 month duration, (c) CT with new 
GGO and/or consolidation superimposed on a back-
ground pattern consistent with UIP pattern, and (d) dete-

rioration not fully explained by cardiac failure or fluid 
overload. Acute exacerbation of CTD-ILD will be diag-
nosed based on these same criteria (replace “IPF” with 
“CTD-ILD”). Acute exacerbations of CTD-ILD occur 
most frequently in patients with RA (Figs. 8.18 and 8.19). 
These patients have a worse outcome and a higher risk of 
early mortality than patients with RA-NSIP [53]. In a 
case-control study, acute exacerbation of RA was associ-
ated with a mortality of 64% [12]. On the other hand, 

Fig. 8.18 70-year-old woman with RA and lung injury caused by 
methotrexate. HRCT through the upper lung field shows geographi-
cally distributed mixed areas of GGO and consolidation with bronchial 
dilatation. CT pattern is considered to be acute lung injury or DAD 
pattern. Drug adverse reaction was considered, and abnormal opacities 
have disappeared by discontinuation of methotrexate. This case was 
not acute exacerbation of RA-ILD, but diagnosed as methotrexate-
related ILD

PA

a b

Fig. 8.19 Acute exacerbation of RA-ILD. (a, b) The patient under-
going follow-up as RA-ILD at outpatient department for 3 years had 
suddenly symptoms of severe dyspnea and cough. Although no car-
diac failure, fluid overload, nor other causes of deterioration were 
found. Thin-section CT images (2 weeks after onset) show diffuse 
areas of GGO with irregular, varicoid bronchial dilatation and air-

cysts superimposed on reticular opacities (chronic fibrosis) and 
marked lung volume decrease (ALI/DAD pattern). Furthermore PA 
trunk dilatation (PA/AAo diameter ratio > 1.0, suspicious of pulmo-
nary hypertension) is also seen. Unfortunately the patient died. 
Abbreviations: AAo diameter of ascending aorta, PA diameter of pul-
monary arterial trunk
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although lesions in joints and muscles in patients with 
RA other than infectious diseases and ILD can be relent-
less and progressive, it is seldom directly responsible for 
the death of an individual.

Among clinical factors, visual scoring system based on 
HRCT findings (particularly the extent of GGO with traction 
bronchiectasis and honeycombing) has been shown to pre-
dict mortality in patients with acute exacerbations of IPF 
[56]. Thus, an HRCT scoring system may be also expected 
for predicting mortality in patients with RA.

8.4  Interstitial Pneumonia 
with Autoimmune Features: IPAF

8.4.1  Clinical Concept of IPAF

Patients with ILD may present with any features of systemic 

autoimmune diseases; therefore, the presence of CTD should 
be considered at all times. However, the condition often does 
not completely meet the criteria of the American College of 
Rheumatology (ACR) for each CTD. Consequently, it may 
not be possible to make a definitive diagnosis.

On the other hand, patients with CTD might present with 
the characteristic symptoms or signs of ILD, and often have 
concurrent ILD, but the ILD may precede the manifestation 
of systemic symptoms. In this situation, when lesions other 
than compromised lungs are ambiguous or absent, the condi-
tion will not meet the diagnostic criteria for CTD, and the 
patient might be diagnosed with ILD of unknown cause (i.e., 
suspected IIPs) [3, 4] (Fig. 8.20).

As just described, some patients with IIPs might show 
symptoms, signs, or laboratory test results that are sugges-
tive of CTD, but the findings do not meet all the CTD diag-
nostic criteria. In these cases, it has been proposed that the 
diagnosis should be termed undifferentiated CTD (UCTD) 
[15], lung-dominant CTD (LD-CTD) [16], or autoimmune- 
featured ILD (AIF-ILD) [17], based on the different classifi-
cation criteria.

Recently, the ERS/ATS research statement [18] proposed 
that all ILDs with features “suggestive” of CTD should be 
collectively referred to as the term “interstitial pneumonia 
with autoimmune features (IPAF).” Thus, the term IPAF 
reflects a unification of terms, and its criteria are expected to 
promote multinational and multicenter research, which will 
provide new knowledge. However, it should be noted that 
this classification is intended to be expedient and should not 
be used as a definitive clinical diagnosis (Fig. 8.21).

According to this ERS/ATS statement, the criteria for the 
IPAF classification are defined as the presence of a combina-
tion of features from any two of the three following domains: 

the clinical domain, which includes specific extrathoracic 
features; the serological domain, which includes specific 
autoantibodies; and the morphological domain, which 
includes specific chest imaging, histopathological, or 
 pulmonary physiological features [57].

8.4.2  CT Findings in IPAF

HRCT image patterns in the morphological domain of IPAF 
include NSIP, OP, NSIP with OP overlap (Fig. 8.22), and 
lymphoid interstitial pneumonia (LIP) [18]. All these patterns 
are commonly observed in cases of suspected CTD involve-
ment. On the other hand, when the UIP pattern appears alone, 
it is not a strong indication of CTD; therefore, it was not 
included in the IPAF morphologic domain. However, when 
image findings show only the UIP pattern, IPAF cannot be 
excluded. As can be seen from the reports on LD-CTDs [58] 
and AIF-ILDs [17], the UIP patterns are abundantly present 
in diseases that show implications of CTD. When radiologi-
cal or histological patterns are identified as UIP patterns, it is 
important to consider other categories in the clinical, sero-
logical, and morphological domains to confirm the presence 
of features that are unlikely to be present in IPF.

Fig. 8.20 66-year-old man with ILD (fibrotic NSIP) that precedes 
CTD (PM-DM). A patient had symptoms of breathlessness on exertion 
and dry cough referred to our hospital for complete examination and 
treatment. Thin-section CT (lower lung zone) shows diffuse areas of 
reticular opacities with GGO and with traction bronchiectasis and small 
aircysts (enlargement of airspace, but not honeycombing). Note distri-
bution being predominantly peribronchovascular bundles and periph-
ery, but sparing subpleural area. CT pattern corresponds to NSIP 
pattern, and histopathologic findings by surgical lung biopsy revealed 
fibrotic NSIP. After diagnosis the patient treated as idiopathic NSIP; 
however, clinical symptoms consistent with PM appeared and deterio-
rated in the course of about 2 years; further specific antibodies became 
positive and met the diagnostic criteria
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8.4.3  CT Pattern and Prognostic Factors

One study suggested that approximately one-third 
(n = 144) of their initial cohort (n = 422) of patients with 
IIP, UCTD- ILD, or unclassifiable ILD met the IPAF crite-
ria [59]. Indeed, earlier reports [14–17] had confirmed that 
autoimmune features were common in patients with 
IIP. Both morphological and serological domain criteria 
were satisfied in over three- quarters of patients with IPAF 
(including a significant subgroup, which satisfied the crite-
ria for all three domains). Mortality in patients that meet 
IPAF criteria was marginally lower than in patients with 
IPF, but higher than in patients with CTD-ILD. Patients 
with IPAF that displayed non-UIP pattern had better prog-
nosis than those that displayed UIP pattern, and those with 
IPAF/UIP had prognosis similar to those with IPF/
UIP. Based on these observations, it can be concluded with 
confidence that, among patients that meet the IPAF crite-
ria, the distinction between UIP and non-UIP pattern, 

a

b c

Fig. 8.21 ILD unknown cause (unclassifiable ILD met the classification 
criteria for IPAF). A 65-year-old woman, nonsmoker, having symptoms of 
productive cough and mild dyspnea from 5 years before was diagnosed as 
interstitial pneumonia by a nearby home-doctor, but left untreated. Cough 
and dyspnea worsened and she was referred to our hospital. No findings 
suggestive of autoimmune disease were observed. HRCT images at hospi-
talization (a–c): Diffuse areas of mosaic attenuation (air-trapping phenom-
enon) are recognized in all lung fields. In upper and middle lung zones (a, 
b), micronodular opacities and branching linear structures are seen in the 
peripheral lung parenchyma, and linear and reticular opacities with areas 
of ground-glass opacity (GGO) are also recognized. At the lung base (c), 
there are reticular opacities and GGOs along the peribronchovascular 
bundles accompanied by airway dilatation and a decrease in lung volume. 

In the IPF guideline 2011, it was categorized as the inconsistent with UIP 
pattern. Based on clinical and image findings, it was considered to be 
fibrosing NSIP with airway lesion or fibrosis around the peripheral airway. 
On HRCT findings, CTDs and chronic hypersensitivity pneumonia were 
suspected as secondary ILD. In histopathological findings, framework 
matches fibrosing NSIP, but prominent infiltration of lymphocytes with 
lymphoid follicles was observed, and thus lymphoproliferative diseases 
and rheumatoid arthritis or Sjögren’s syndrome as CTD were suspected. 
Although HRCT and histopathological findings were strongly suggestive 
of secondary ILD, because of absence of characteristic clinical findings, it 
was finally categorized as “unclassifiable ILD” in MDD. On the disease 
behavior classification, the progress has been partially improved, the 
lesions remained and requires long-term follow-up observation

Fig. 8.22 NSIP with OP overlap (“fibrosing OP”) pattern. A 60-year- old 
woman had met IPAF criteria, but later developed DM and met its diagnos-
tic criteria. Thin-section CT (through lower lung zone) displays consolida-
tion and GGO showing peribronchovascular (airway- centered) distribution. 
Linear and cord-like opacities are also seen within the opacification
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whether detected on HRCT or histopathology, has major 
prognostic significance.

Another study (by a group similar to that mentioned 
above) [60] reported that, among 136 patients that met IPAF 
criteria, 70 patients (52%) were categorized into UIP pat-
tern, 19 into possible UIP pattern, and 47 into inconsistent 
with UIP pattern, according to the IPF guideline. 
Approximately one-fourth of those subjects (27%, 37/136) 
showed NSIP pattern on CT. This frequency of patterns on 
CT images was similar to the frequencies reported in another 
study, which found that, among patients with LD-CTD, 
57% showed UIP and 30% showed NSIP [58]. They con-
cluded that IPAF most often presented with UIP pattern on 
CT, and it was associated with poor survival, when concom-
itant honeycombing or pulmonary artery enlargement was 
present [60].

 Conclusion

Classification of radiological and histopathological pat-
terns in CTD-ILDs (including RA-ILD) is based on the 
international statement of IIP classifications, which 
include UIP, NSIP, OP, OP variants, LIP/DLH, and oth-
ers. In CTD-ILD, both CT and histopathological analy-
ses most frequently reveal NSIP pattern, but patients 
with RA-ILD are more likely to show UIP pattern than 
NSIP pattern. In addition, airway impairment and pleural 
disease are well-known comorbidities in patients with 
RA, and these disorders often coexist. Acute exacerba-
tion of ILD is known as a life- threatening event for 
patients with RA-ILD as with CTD- ILD. In patients with 
RA-ILD, the extent of reticular opacities and honey-
combing, which correspond to fibroproliferative changes 
in lung parenchyma, and the presence of UIP pattern are 
prognostic factors. IPAF is currently the proposed term 
for ILD that possibly precedes CTD, and in the case of 
patients with IPAF, it is reported that the UIP pattern is 
detected more frequently than the NSIP pattern, contrary 
to expectations. This condition is notable, because the 
presence of IPAF may indicate a patient that will develop 
RA or another autoimmune disease in the future.
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Therapeutic Strategies for Interstitial 
Lung Diseases in Rheumatoid Arthritis

Takafumi Suda

Abstract

Pulmonary involvement is common in rheumatoid arthritis (RA) and affects all components 
of the lung. Interstitial lung disease (ILD) is the most predominant pulmonary manifestation 
and has been identified as the main cause of morbidity and mortality in RA. There are dis-
tinct histological and/or radiological subtypes in RA-associated ILD (RA-ILD) with differ-
ent clinical phenotypes and natural courses. An optimal treatment for RA-ILD has not yet 
been established, because there have been no randomized controlled trials on RA-ILD. Current 
therapeutic regimens typically include corticosteroids with or without immunosuppressive 
drugs; however, supporting evidence is limited by the small numbers of patients and uncon-
trolled study designs. Several novel agents, such as rituximab, pirfenidone, and nintedanib, 
are currently under investigation. Furthermore, optimal treatments may differ depending on 
the histological and/or radiological subtypes of RA-ILD. In order to address these issues, 
prospective controlled studies with a large number of RA-ILD patients are urgently needed. 
In this chapter, the treatment of RA-ILD will be described by overviewing recent studies in 
this field, and the best available evidence to inform a treatment rationale will be provided.
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9.1  Introduction

Rheumatoid arthritis (RA) is primarily characterized by 
destructive inflammatory arthritis; however, a large proportion 
of RA patients present extra-articular manifestations involving 
the skin, eyes, heart, and lungs [1]. Pulmonary involvement is 
common, affecting all components of the lung, such as the 
airways, parenchyma, pleura, and pulmonary vasculature. Of 
these, interstitial lung disease (ILD) is the most predominant 
manifestation. As described in Chaps. 6–8, RA-associated 
ILD (RA-ILD) comprises a number of disorders with distinct 
histological and/or radiological patterns, such as usual intersti-
tial pneumonia (UIP), nonspecific interstitial pneumonia 
(NSIP), and organizing pneumonia (OP). The prognosis of 

RA-ILD was recently reported to be poor in several large lon-
gitudinal studies, with a mean survival of only 3 years from 
the diagnosis of ILD [2, 3]. Thus, RA-ILD is associated with 
high morbidity and mortality [4]. However, an optimal treat-
ment for RA-ILD has not yet been established because there 
have been no randomized clinical trials on RA-ILD. In this 
chapter, the treatment of RA-ILD will be described by over-
viewing recent studies in this field, and the best available evi-
dence to inform a treatment rationale will be provided. Since 
acute forms of RA-ILD are discussed in Chaps. 12–13, this 
chapter will focus primarily on chronic forms of RA-ILD.

9.2  Indication for Treatment

There is no evidence for the indication of treatment for 
RA-ILD. In addition, the natural history of RA-ILD remains 
poorly defined, and consensus therapy has not yet been 
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established. Under these conditions, treatments specifically 
for RA-ILD are empirically introduced in the clinical setting. 
Due to the absence of evidence for therapy and its potential 
adverse effects, the decision to treat needs to be made based 
on the balance between its benefits and the burden of the 
disease in each patient. Disease progression and its severity 
are the two main determinants that need to be considered 
when deciding to treat. Treatment is typically initiated in 
RA-ILD patients who show a progressive course with respi-
ratory symptoms, while asymptomatic patients are generally 
just monitored. It is important to carefully follow-up RA-ILD 
patients, even asymptomatic ones, at optimal intervals with 
imaging (chest radiographs and/or HRCT) and pulmonary 
function tests (PFTs). Age is another factor to consider, and 
treatment is more likely to be beneficial in younger patients.

9.3  Pharmacological Treatment

One of the main issues associated with the pharmacological 
treatment of RA-ILD is whether the treatment needs to be 
changed depending on pathological and/or radiological pat-
terns. Similar to IIPs, RA-ILD with the histological and/or 
radiological UIP pattern has been shown to have a markedly 
poorer prognosis than that with other patterns, such as the 
NSIP and OP patterns [5–7]. In IIPs, patients with the UIP 
pattern are treated with antifibrotic drugs, including pirfeni-
done and nintedanib, while those with the NSIP or OP pat-
tern are administered corticosteroids [8]. Several studies 
have suggested that the response to therapy correlated with 
histological patterns in RA-ILD [5, 6, 9]. RA-ILD with the 
NSIP pattern had more favorable responses to therapy than 
that with the UIP pattern, resulting in a better prognosis [5, 
6, 9]. Moreover, patients with the OP pattern typically 
showed rapid improvements in response to corticosteroid 
therapy with a complete recovery [10, 11]. These findings 
suggest that therapeutic strategies differ with histological 
and/or radiological patterns in RA-ILD. However, since 
there has been no convincing evidence to support this, treat-
ments for RA-ILD will be described as a whole in this chap-
ter, regardless of histological or radiological patterns. In 
practice, treatments for RA-ILD are empirically selected 
because of limited evidence, and current therapeutic regi-
mens generally include corticosteroids with or without 
immunosuppressive drugs, such as cyclophosphamide, aza-
thioprine, cyclosporine, and mycophenolate mofetil (MMF).

9.3.1  Corticosteroids

Corticosteroids are generally used as first-line agents for 
RA-ILD. Several uncontrolled studies reported that cortico-
steroids improved symptoms, radiological findings, and pul-

monary function in RA-ILD patients [12–14]. Initial doses 
of oral prednisolone are typically recommended at 0.5–
0.75 mg/kg/day. If a clinical response is achieved, the dose of 
corticosteroids administered is gradually tapered. 
Immunosuppressive drugs are often added when patients fail 
to respond to corticosteroids or side effects occur. In RA-ILD 
patients with a rapidly deteriorating respiratory status, called 
acute exacerbation [15], pulsed intravenous methylpredniso-
lone (1.0 g/day for 3 days) is typically administered.

9.3.2  Cyclophosphamide

Cyclophosphamide belongs to a group of alkylating drugs 
that exert immunosuppressive effects on lymphocytes and 
neutrophils. It has been widely used in the treatment of 
autoimmune diseases, such as granulomatosis with polyan-
giitis (GPA), microscopic polyangiitis (MPA), and systemic 
lupus erythematosus (SLE). Regarding ILD, although no 
clinical benefit of cyclophosphamide has been defined in 
IPF [16, 17], randomized, controlled trials (Scleroderma 
Lung Study I) showed a significant improvement in pulmo-
nary function in patients with scleroderma-associated ILD 
(SSc-ILD) receiving oral cyclophosphamide [18]. However, 
not all studies have confirmed this finding. A recent system-
atic review and meta-analysis of randomized clinical trials 
and prospective observational studies on SSc-ILD con-
cluded that cyclophosphamide does not result in clinically 
significant improvements in pulmonary function [19]. 
Cyclophosphamide is administered either orally or intrave-
nously. The oral regimen is 1–2 mg/kg/day, while the intra-
venous pulse regimen is 500–1000 mg/m2 every 2–4 weeks 
(intermittent pulse intravenous cyclophosphamide therapy, 
IVCY). In RA-ILD, Chan et al. reported that cyclophospha-
mide was mainly used for advanced RA-ILD patients with 
the UIP pattern, albeit with limited efficacy data [20]. A 
recent study by Schupp et al. showed that IVCY stabilized 
pulmonary function in seven patients with RA-ILD [21]. 
More recently, Ota et al. investigated the effects of immuno-
suppressive therapy in 17 RA-ILD patients who showed acute 
or subacute exacerbation [22]. Of these, nine patients received 
cyclophosphamide (four oral and five IVCY), and this drug 
improved their prognosis together with improvements in pul-
monary function as well as radiological findings.

9.3.3  Azathioprine

Azathioprine is a cytotoxic drug with immunosuppressive 
activity that inhibits a broad range of inflammatory cells, 
such as lymphocytes and macrophages. It is widely utilized 
in the treatment of chronic inflammatory diseases, including 
inflammatory bowel diseases as well as RA. Administered 
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doses of azathioprine are typically 2–3 mg/kg/day with a low 
initial dose (50 mg/day). A few studies have examined the 
efficacy of azathioprine for RA-ILD. Cohen et al. reported 
that azathioprine induced a significant sustained improve-
ment in pulmonary function as well as the clinical status of 
RA-ILD [23]. Rojas-Serrano et al. recently showed that the 
administration of high doses of corticosteroids (1 mg/kg/
day) and disease-modifying antirheumatic drugs (DMARDs) 
significantly increased forced vital capacity (FVC) in 40 
patients with RA-ILD [24]. Of these, 22 patients (55%) were 
given azathioprine.

9.3.4  MMF

MMF is an immunosuppressive drug that diminishes the 
proliferation of T cells and B cells by inhibiting the purine 
synthesis pathway. This drug has also been shown to exert an 
antifibrotic effect by repressing the proliferation and func-
tion of fibroblasts and smooth muscle cells [25]. MMF was 
initially used for organ transplantation and has become 
increasingly utilized in the treatment of autoimmune dis-
eases, including Behçet’s disease, SLE, and SSc. In connec-
tive tissue-associated ILD (CTD-ILD), mainly SSc-ILD, 
MMF has been shown to stabilize or improve pulmonary 
function and also to be safe and tolerated well [26–28]. 
Scleroderma Lung Study II (SLC II) recently showed that a 
treatment with MMF for 2 years resulted in significant 
improvements in pulmonary function over the course of 
2 years, which were similar to those achieved with cyclo-
phosphamide for 1 year [29]. In addition, MMF was toler-
ated better and associated with less toxicity than 
cyclophosphamide. Thus, MMF may be preferentially used 
in the treatment of SSc-ILD because of its better tolerability 
and weaker toxicity. The dose of MMF for autoimmune dis-
eases is typically 500–2000 mg/day orally. Limited informa-
tion is available on the use of MMF in RA-ILD. Among 125 
CTD-ILD patients treated with MMF, including 18 RA-ILD 
patients, Fischer et al. reported slight increases in %FVC 
[28]. Saketkoo et al. demonstrated symptomatic improve-
ments and the stabilization of or improvement in pulmonary 
function in RA-ILD patients treated with MMF and con-
cluded that MMF is more useful than other immunosuppres-
sive drugs because of its safety and antifibrotic properties 
[27, 30]. However, reported evidence of its use in RA-ILD 
remains very limited.

9.3.5  Calcineurin Inhibitors

Calcineurin inhibitors suppress the effects of calcineurin, a 
protein phosphatase involved in the activation of T cells. 
They inhibit the immune system by preventing interleukin-2 

(IL-2) production by T cells. Among these inhibitors, cyclo-
sporine and tacrolimus were widely used for transplantation, 
autoimmune diseases, and atopic dermatitis.

Cyclosporine has been used in the treatment of several 
types of ILD. In IPF, a small prospective trial revealed a 
slight reduction in the FVC decline in patients treated with 
cyclosporine; however, this was not conclusive due to the 
limited patient number [31]. Several studies have shown that 
the early administration of cyclosporine resulted in better 
survival for polymyositis/dermatomyositis-associated ILD 
(PM/DM-ILD) [32, 33]. The initial dose of cyclosporine is 
2–4 mg/kg/day, which is adjusted based on trough levels 
(100–150 ng/mL) as well as the area under curve (AUC). A 
few studies have examined the efficacy of cyclosporine for 
RA-ILD [34–36]. Two case reports demonstrated the effec-
tiveness of cyclosporine for RA-ILD patients who were cor-
ticosteroid resistant or failed to continue high-dose 
corticosteroids because of adverse effects [34, 36].

Tacrolimus is a more potent inhibitor of calcineurin than 
cyclosporine in vitro (50–100 times) and is reported to exert 
an antifibrotic effect in bleomycin-induced lung fibrosis 
[37]. In PM/DM-ILD, tacrolimus has been shown to improve 
prognoses, even in cases refractory to conventional therapy 
[38–42]. Tacrolimus is typically administered at an initial 
dose of 0.075 mg/kg/day in order to achieve a plasma trough 
concentration of 5–10 ng/mL. Limited information is cur-
rently available on the use of tacrolimus for RA-ILD 
patients. Ochi et al. reported a case of RA-ILD that was suc-
cessfully treated with tacrolimus in combination with corti-
costeroids [43]. On the other hand, rheumatologists have 
become aware of tacrolimus-induced ILD [44–46]. Sakaki 
et al. investigated the characteristics of tacrolimus-induced 
ILD in the database of the Japanese Pharmaceuticals and 
Medical Devices Agency (PMDA) and found that its preva-
lence was 3% in all cases of tacrolimus-related adverse 
events [46]. Tacrolimus-induced ILD was associated with 
relatively high mortality, with two thirds of RA patients 
having preexisting ILD.

9.3.6  Methotrexate

Methotrexate (MTX) is an antifolate drug that inhibits the 
activation of folic acid in the body. MTX was first devel-
oped as an anticancer drug, but has become one of the 
most effective and widely used medications for the treat-
ment of RA. MTX is known to cause drug-induced pneu-
monitis. A recent meta-analysis demonstrated that the risk 
of lung disease was significantly higher in RA patients 
treated with MTX than in those treated with other 
DMARDs and biologic agents [47]. In 64 RA patients with 
asymptomatic preclinical ILD, MTX was shown to signifi-
cantly increase the risk of the progression of ILD [48]. 
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Thus, MTX is not typically  administered for the treatment 
of RA-ILD because of its pulmonary toxicity.

9.3.7  Rituximab

Rituximab is a chimeric monoclonal antibody against CD20, 
which is widely expressed on B cells, and eliminates B cells 
from the body. It was originally used to treat B cell lym-
phoma and has been shown to be effective for autoimmune 
diseases, such as refractory RA, GPA, and MPA. Several 
studies have indicated the efficacy of rituximab for CTD- 
ILD [49, 50]. In SSc-ILD, accumulating evidence supports 
the therapeutic use of B cell depletion with rituximab [51–
55]. A recent multicenter, open-labeled study revealed the 
beneficial effects of rituximab on pulmonary function as well 
as skin fibrosis in 51 patients with SSc-ILD [56]. In contrast, 
a small retrospective study by Chartland et al. failed to dem-
onstrate the usefulness of rituximab in 24 patients with CTD- 
ILD [57]. Rituximab has potential for therapeutic use for 
RA-ILD. Hartung et al. reported a case of RA-ILD that had 
not responded to conventional immunosuppressive therapy, 
but was successfully treated with rituximab [58]. A case of 
severe RA-ILD with pneumothorax was rescued with ritux-
imab [59]. Kabia et al. examined the safety and efficacy of 
rituximab in 53 patients with RA-ILD and found that most 
patients treated with rituximab remained stable over a pro-
longed follow-up without severe adverse events [60]. In the 
2016 Annual Meeting of the American College of 
Rheumatology (ACR), Druce et al. reported 5-year mortality 
rates in patients with RA-ILD starting either rituximab or 
anti-TNF drugs as their first biologic therapy for RA [61]. 
Among 353 patients with RA-ILD, 310 received anti-TNF 
drugs, while 43 were treated with rituximab. Strikingly, the 
mortality rate of rituximab-treated patients was approxi-
mately half that of anti-TNF drug-treated patients. Although 
concrete conclusions cannot be reached based solely on 
Druce’s findings, the administration of rituximab appears to 
be associated with a favorable prognosis in patients with 
RA-ILD. Future prospective studies on a large population of 
RA-ILD patients will elucidate this issue. Similar to other 
biologic agents, concerns have been expressed about the pul-
monary toxicity of rituximab. However, rituximab-induced 
pulmonary toxicity is rare [62].

9.3.8  Antitumor Necrosis Factor Drugs

Tumor necrosis factor (TNF) is a proinflammatory cytokine 
that is involved in a number of inflammatory disorders, such 
as RA, inflammatory bowel diseases, and psoriasis. Anti- 
TNF drugs, such as a monoclonal antibody for TNF or TNF 
receptor-fusion protein, have been licensed for autoimmune 

diseases. They have shown great efficacy in improving the 
articular manifestations of RA. The therapeutic potential of 
anti-TNF drugs has been reported in the treatment of RA-ILD 
[63–66]. Infliximab was shown to induce the stabilization of 
or improvements in pulmonary function in RA-ILD [63–65]. 
Etanercept improved respiratory symptoms, pulmonary 
function, and radiological findings in RA-ILD [66]. However, 
evidence for the use of anti-TNF drugs in the treatment of 
RA-ILD is limited to case reports or small case series. 
Moreover, concerns have recently been raised regarding the 
pulmonary toxicity of anti-TNF drugs. Panopoulos et al. 
described the new onset or exacerbation of preexisting ILD 
with high mortality in 144 RA patients among randomized 
controlled trials [67]. Perez-Alvarez et al. showed that ILD 
was induced or exacerbated in 122 RA patients who had a 
poor prognosis [68]. Patients with preexisting ILD had mark-
edly higher mortality rates. Horai et al. documented 11 RA 
patients that developed ILD in association with the use of 
etanercept, 6 of whom had preexisting ILD. Therefore, cau-
tion is advised when administering anti-TNF drugs to RA 
patients with preexisting ILD. Thus, no consensus on or evi-
dence for the use of anti-TNF drugs for RA-ILD has yet been 
established.

9.3.9  Tocilizumab

Tocilizumab is a humanized monoclonal antibody against 
the interleukin-6 receptor (IL-6R), which is used in the treat-
ment of RA and systemic juvenile idiopathic arthritis. A 
single case report demonstrated that tocilizumab improved 
RA-ILD [69]. However, other reports described the develop-
ment or exacerbation of ILD in RA patients treated with 
tocilizumab [70–73]. A recent retrospective, case-control 
study reviewed 395 RA patients receiving tocilizumab, 
including 78 patients with ILD [74]. Among patients with 
RA-ILD, six developed the acute exacerbation of ILD during 
the tocilizumab treatment. Higher arthritis activity was 
shown to be associated with the acute exacerbation of ILD.

9.3.10  Abatacept

Abatacept is a fusion protein that comprises cytotoxic 
T-lymphocyte-associated protein 4 and the Fc portion of 
immunoglobulin G1. It is used to treat autoimmune diseases, 
such as RA. Abatacept has been reported to have weak pul-
monary toxicity [62]. For example, Nakashita et al. recently 
showed that none of the 16 RA-ILD patients receiving abata-
cept exhibited the aggravation of preexisting ILD, suggest-
ing abatacept has a lower risk than other anti-TNF drugs 
[75]. However, another study by Curtis et al. found no sig-
nificant difference in the risk of ILD between patients 
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exposed to tocilizumab, rituximab, or abatacept than to anti- 
TNF drugs [73]. Few studies have investigated the efficacy 
of abatacept for RA-ILD. Mera-Varela et al. showed that 
abatacept stabilized pulmonary function in RA-ILD patients 
without adverse effects [76].

9.3.11  Other Agents

Pirfenidone is an oral antifibrotic drug with pleiotropic 
effects, including anti-inflammatory and antioxidative prop-
erties. It inhibits the proliferation of and collagen production 
by fibroblasts in vitro and in vivo. In IPF, several randomized 
controlled trials have revealed that pirfenidone reduces the 
decline of FVC [77–80]. Additionally, a pooled analysis sug-
gested improved mortality with pirfenidone [81]. Besides 
IPF, the LOTTUS trial showed that pirfenidone was gener-
ally tolerated well by patients with SSc-ILD [82]; however, 
its efficacy currently remains unclear. Collectively, there is a 
biologically plausible mechanism for pirfenidone in RA-ILD, 
particularly the chronic fibrotic type. A randomized, double- 
blind, placebo-controlled phase 2 study to evaluate the safety 
and efficacy of pirfenidone in RA-ILD patients is currently 
underway (NCT02808871).

Nintedanib is an oral tyrosine kinase inhibitor that targets 
multiple growth factor receptors, such as vascular endothe-
lial growth factor receptor (VEGFR), fibroblast growth fac-
tor receptor (FGFR), and platelet-derived growth factor 
receptor (PDGFR), all of which are involved in pulmonary 
fibrosis. Two randomized, double-blind, placebo-controlled 
phase 3 trials recently showed a significant reduction in the 
annual FVC decline in IPF [83]. In SSc-ILD, a randomized, 
double-blind, placebo-controlled trial to evaluate the safety 
and efficacy of nintedanib is now being conducted. Thus, 
although the efficacy of nintedanib for RA-ILD warrants 
investigation, no clinical trials have been conducted in this 
field to date. A randomized, double-blind, placebo- controlled 
phase 3 trial to examine the usefulness of nintedanib in 
patients with progressive fibrosing interstitial lung diseases, 
including RA-ILD, is currently preparing to open for partici-
pant recruitment (NCT02999178).

9.4  Non-pharmacological Treatment

The cessation of smoking is regarded as essential for smok-
ers with RA-ILD. Smoking is not only a risk factor for the 
development of RA-ILD; it also aggravates the severity of 
articular disease as well as lung disease [84–86]. Supplement 
oxygen therapy needs to be considered for RA-ILD patients 
with severe respiratory failure, which attenuates their symp-
toms. Although supplement oxygen therapy has not been 
proven to improve the prognosis of RA-ILD, this therapy is 

likely to at least have a palliative role. In IPF, pulmonary 
rehabilitation improves walking distance, symptoms, and 
quality of life (QoL) [87, 88]; however, its benefits have not 
yet been defined for RA-ILD. In addition, joint disorders in 
RA-ILD patients may limit the introduction of pulmonary 
rehabilitation. Lung transplantation is a possible therapeutic 
option for patients with severe respiratory failure. Yazdani 
et al. recently compared survival and QoL after lung trans-
plantation between RA-ILD and other ILDs, including IPF 
and SSc-ILD [89]. They demonstrated that RA-ILD patients 
had similar survival rates and improvements in QoL after 
transplantation to those of IPF patients, suggesting that lung 
transplantation needs to be considered for patients with end- 
stage RA-ILD. Vaccinations for pneumococcus and influ-
enza are also recommended, particularly for RA-ILD patients 
receiving immunosuppressive therapy.

 Conclusions

Clinicians have recently noted that RA-ILD causes sig-
nificant morbidity and mortality in RA patients, and its 
prognosis is markedly worse than originally consid-
ered. However, the clinical characteristics of RA-ILD, 
including its natural course, have not been fully estab-
lished. Moreover, no consensus treatment for RA-ILD 
has been defined. Therefore, this chapter summa-
rized current knowledge on therapeutic strategies for 
RA-ILD. Nevertheless, many studies described in this 
chapter are limited by the small numbers of patients and 
uncontrolled study designs. Additionally, some of the 
evidence obtained is extrapolated from other CTD-ILD 
with uncertain comparability. Thus, prospective con-
trolled studies with a large number of RA-ILD patients 
are urgently required for the development of efficacious 
therapies. As described, there are distinct histological 
and radiological subtypes in RA-ILD, which appear to 
have different clinical phenotypes and natural courses. 
One of the potentially interesting future directions is to 
clarify whether distinct therapeutic strategies need to be 
employed depending on the different histological and/or 
radiological patterns in RA-ILD. We hope that further 
investigations will address this issue.
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Bacterial and Fungal Infections 
in Rheumatoid Arthritis

Yutaka Tsuchiya and Hironori Sagara

Abstract

The advent of novel therapeutics for rheumatoid arthritis (RA) has transformed articular 
improvement and systemic outcomes, but the number of respiratory infections has been 
increasing in the past decade. Important causes for the elevated susceptibility to bacterial 
and fungal respiratory infections are mainly due to immune dysregulation of RA, pulmo-
nary comorbidities, and immunosuppressive treatments such as corticosteroids, methotrex-
ate, and biological agents. Pneumonia is the most common infection, and fungal infection 
is also frequently seen in patients with RA. Respiratory infections in patients with RA are 
considered important factors that affect not only patient survival but also the development 
of RA itself. Thus, it is essential for clinicians to have sufficient knowledge of the charac-
teristics of respiratory infections in these settings of RA. Because controlling respiratory 
infections improves the survival of patients with RA, proper diagnosis and prompt treat-
ment of respiratory infections in these patients are necessary throughout their treatment 
period.

Keywords

Bacterial infection • Biological agents • Fungal infection • Interstitial lung disease 
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10.1  Introduction

Patients with rheumatoid arthritis (RA) have long been rec-
ognized to suffer a greater burden of serious infection [1, 2]. 
Overall, documented serious infections occur twice as fre-
quently in patients with RA as in matched non-RA controls 
[2, 3]. Among these infections, pneumonia is the most com-
mon and frequent infection when compared to those in non-
 RA cohorts [2]. Although the pathogenesis of respiratory 
infection in RA is not fully clear, multifactorial etiologies of 
RA are thought to be associated with the infection. In addi-

tion, while the advent of novel therapeutics for RA in the 
past decade has transformed systemic outcomes [4–7], the 
incidence of severe respiratory infection has been increasing 
in this setting [8–15].

This chapter focuses on the current evidence for the 
pathogenesis, diagnosis, and treatment of bacterial and fun-
gal respiratory infections in RA. We also review the recent 
research on respiratory infections as a risk factor for the 
development of RA.

10.2  Risk Factors of Infection in RA

10.2.1  Immune Dysregulation of RA

Predisposition to infection in RA patients is thought to be 
inherent and, at the same time, to be a form of disease-related 
immune dysregulation. The main cause of this predisposition is 
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that patients with RA seem to have reduced capacity to gener-
ate new T lymphocytes, and their T-lymphocyte repertoire 
severely contracts over time [16]. This contraction in the T-cell 
repertoire is not limited to antigen-exposed memory T cells but 
also to naive T cells, which lead to defective immune responses 
to selected antigens [16] and previously unknown antigens 
[17]. Peripheral blood mononuclear cells from RA patients 
have shown decreased production of spontaneous and stimu-
lated IgM-rheumatoid factor consequent to humoral immune 
defects without immunosuppressive treatment [18]. Also, spe-
cific genetic polymorphisms are in linkage with disequilibrium 
for defense against infection in patients with RA [19, 20].

10.2.2  Drugs for RA

The treatment for RA has developed rapidly and dramati-
cally since methotrexate (MTX) or biological agents were 
first used, but serious infection has become a major issue for 
patients with RA.

Corticosteroid is useful in the treatment of early RA, but 
chronic steroid use is also associated with an increased risk of 
developing certain infectious diseases. Corticosteroid interferes 
with the phagocytosis of neutrophils and with intracellular ster-
ilization and humoral immunodeficiency [21]. Stuck et al. 
reported that prednisone (PSL) >10 mg/day and a cumulative 
amount of PSL >700 mg are risk factors for infection in the 
presence of an underlying disease state [8]. In patients with RA, 
the infectious risk for those with PSL use is eight times higher 
(odds ratio [OR] = 8.0, 95% confidence interval [CI] 1.0–64.0) 
compared with nonsteroid use [22]. This predisposition is asso-
ciated with a dose-related effect [2, 13], and the relationship is 
evident even with average daily dosages of ≤5 mg of PSL [23].

Low-dose MTX is now the most widely used of the first- 
line conventional synthetic disease-modifying antirheumatic 
drugs (csDMARDs) in the treatment of RA [24–26]. MTX 
decreases macrophage recruitment and function [27] and 
inhibits the production of potentially toxic metabolic com-
pounds that accumulate in chronically inflamed tissues [28]. 
Even at low doses, MTX has been shown to have significant 
effects on neutrophil chemotaxis [29, 30]. In addition, MTX 
increases extracellular adenosine levels, which decrease the 
secretion of important inflammatory cytokines such as tumor 
necrosis factor (TNF)-α, interferon, and interleukin (IL)-6 [31, 
32]. A nested case-control study including 23,733 RA patients 
conducted between 1980 and 2003 suggested an increased risk 
of pneumonia due to MTX (risk ratio [RR] = 1.16, 95% CI 
1.02–1.33) [33]. In the database of systematic reviews regard-
ing recent MTX treatment for RA, patients in the MTX group 
were more likely to have an infection compared with those in 
the placebo group (49% vs. 35%; RR = 1.3, 95% CI 1.0–1.6) 
[11], and the common infections were upper respiratory infec-
tions, bronchitis, and pneumonia. In contrast, some large pro-

spective cohort studies showed no link between low-dose 
MTX and respiratory infection in RA patients [1, 2, 23, 33–
36]. Infectious risk for other csDMARDs such as leflunomide 
[12], cyclophosphamide, and azathioprine was also reported 
[33], but the number of such reports is limited.

Biological agents are a new class of disease-modifying 
treatment options for RA that have been reported to show 
large clinical and radiographic improvements compared with 
traditional drugs [37–39]. Specific biological agents for RA 
include a soluble TNF receptor IgG Fc fusion protein (etan-
ercept, ETN), several anti-TNF-α antibodies (infliximab, 
IFX; adalimumab, ADA; and golimumab), a pegylated anti-
body fragment (certolizumab pegol, CZP), and an anti-IL-6 
receptor antibody (tocilizumab, TCZ). The anti-CD20 chi-
meric antibody rituximab is a B-cell-targeting agent, and a 
T-cell-targeting agent (abatacept) has been shown to be effi-
cacious in the treatment of RA. All of these agents target 
cytokines or cells dysregulated in patients with RA. However, 
these targets are also key components of normal immune 
homeostasis and are involved in an array of normal physio-
logic responses. Therefore, blocking particular cytokines or 
cells might result in infections. The relationship between 
biological agents and infection is reported in various types of 
randomized controlled trials and meta-analyses. However, 
discordant results have been reported for these studies, with 
some studies detecting an association [40–43] and others not 
[23, 44–49]. Recent systematic reviews and a meta-analysis 
of the biological treatment of RA patients revealed that com-
pared with csDMARDs, standard-dose biological agents 
(OR = 1.31, 95% CI 1.09–1.58) and high-dose biological 
agents (OR = 1.90, 95% CI 1.50–2.39) were associated with 
an increased risk of serious infections but low-dose biologi-
cal agents (OR = 0.93, 95% CI 0.65–1.33) were not [14]. Of 
note, anti-IL-6 receptor antibody TCZ inhibits the elevation 
of C-reactive protein, which makes it difficult to diagnose 
acute infection. Clinicians should not use C-reactive protein 
alone as index of infection during treatment with this agent.

It is interesting that some large cohort studies revealed 
that infectious risk was conversely suppressed by some csD-
MARDs [2, 34]. The mechanism for reducing infection is 
not clear but may be related to a beneficial effect of control-
ling RA inflammation and counterbalancing the potential 
immunosuppressive effects of RA treatments, thus resulting 
in a net neutral effect on infections and improvement of 
activities of daily living. Ni Mhuircheartaigh et al. showed in 
a population-based inception cohort study with RA patients 
that the overall rate of serious infections declined from 9.6 
per 100 patient-years in the prebiologics era cohort (1955–
1994) to 6.6 per 100 patient-years in the biologic era cohort 
(1995–2007), although there was an increase in the rate of 
serious infections in patients who received biological agents 
[50]. Further longitudinal prospective studies are needed to 
prove the influence of RA treatment on infection.
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10.2.3  Pulmonary Involvements Associated 
with RA

In patients with RA, lung diseases directly associated with 
RA (RA-LD) are important risk factors for respiratory infec-
tions. RA-LD includes interstitial lung diseases (ILD) such 
as usual interstitial pneumonia (Fig. 10.1), nonspecific inter-
stitial pneumonia, organizing pneumonia, and diffuse alveo-
lar damage; airway diseases such as bronchiectasis and 
bronchiolitis (Fig. 10.2); pleuritis; pulmonary vascular dis-
ease; and rheumatoid nodules. ILD is a common form of pul-
monary involvement in RA. Olson et al. reported that the 
prevalence of clinically significant RA-ILD is approximately 
6.8% in women and 9.8% in men [51]. Bongartz et al. 
reported a large cohort of RA patients whose estimated prev-
alence of ILD was between 4 and 7.9% with 10-, 20-, and 
30-year cumulative incidences of 3.5%, 6.3%, and 7.7%, 
respectively [52]. The exact prevalence of airway disease in 

RA varies with the diagnostic modalities used. When pulmo-
nary function testing is done, the prevalence of airway dis-
ease in RA ranges from 8 to 36% [53–55]. However, when 
more sensitive tests such as high-resolution computed 
tomography are performed, the majority of studies recently 

suggest approximately 35–41% of RA subjects have clinical 
or subclinical airway disease [55, 56]. In addition, RA 
patients without a smoking history are likely to have pulmo-
nary emphysema [57]. In one population-based incidence 
cohort that included 603 patients with RA, the risk of devel-
oping obstructive lung disease was higher among male 
patients, current or former smokers, and individuals with 
more severe RA [58]. Takayanagi et al. reported in a large 
cohort study of respiratory infection in RA patients that 92% 
of the bacterial infections overlapped with underlying 
chronic lung diseases such as ILD, bronchiectasis, or pulmo-
nary emphysema (Fig. 10.1) [59].

Owing to these involvements and reduced pulmonary 
function, serious respiratory infections may result in acute 
respiratory decompensation and higher rates of mortality. 
Thus, clinicians should pay attention to these clinical set-
tings that potentially increase the risk of respiratory infec-
tions and carefully observe these patients throughout their 

treatment period.

Fig. 10.1 Pneumonia with combined pulmonary fibrosis and emphy-
sema in rheumatoid arthritis. Computed tomography image obtained 
through the lower lobe of the right lung in a 59-year-old man with pneu-
monia shows consolidation (thick black arrow) overlapping honey-
combing (arrowheads) and emphysema (thin white arrows)

Fig. 10.2 Cystic bronchiectasis in rheumatoid arthritis. Computed 
tomography image obtained through the lower lobe of the right lung in 
a 60-year-old woman shows cystic bronchiectasis (thin arrows) with 
small clusters of centrilobular nodules or tree-in-bud appearance 
(arrowheads) suggesting bronchiolitis
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10.3  Bacterial Infections

10.3.1  Pneumonia

10.3.1.1  Epidemiology
Pneumonia is the most common and frequent infection 
among patients with RA [2]. A nested case-control analysis 
of hospitalized infection based on 1993 RA cases and 9965 
controls revealed the rate of pneumonia in the RA patients to 
be 2.3 times higher than that in the non-RA cohorts [2]. 
However, in patients with community-acquired pneumonia 
(CAP), the comorbidity of RA is an independent risk factor 
for CAP (OR = 1.84; 95% CI 1.62–2.10) [60]. The incidence 
densities of pneumonia in patients with RA receiving anti-

rheumatic agents are shown in Table 10.1, which indicates 
that 5.3–34.4 per 1000 patient-years are developing pneumo-
nia [2, 23, 50, 61–63]. The potential risk factors for pneumo-
nia in RA patients are prolonged duration, high disease 
activity, and extensive disability of RA [23]. In the IORRA 
(Institute of Rheumatology, Rheumatoid Arthritis) cohort of 
7926 Japanese patients with RA enrolled between 2000 and 
2007 (before the introduction of biologics), pneumonia 
(12.1%) was the major cause of death following malignan-
cies (24.2%). In the recent biologic era, a large cohort of 
2683 patients with RA who had been exposed to biological 
agents showed pneumonia to be the most frequent cause of 
death (21.2%), and the standardized mortality ratio of pneu-
monia was 4.19 (95% CI 1.81–8.25) [64]. These epidemio-

Table 10.1 Incidence density of pneumonia, lower respiratory tract infection, Pneumocystis jirovecii pneumonia, and other fungal infections in 
patients with rheumatoid arthritis

Respiratory infection Reference Country Year n

Incidence:  
per 1000 
person-years Setting

Pneumonia [50] USA 1955–1994 609 31 Retrospective cohort study, corticosteroid, 46%; 
MTX, 18%; other csDMARDs, 73%; biological 
agents, 0.2%

1995–2007 464 19.9 Corticosteroid, 90%, MTX, 73%; other 
csDMARDs, 98%; biological agents, 29%

[62] Canada 1992–2010 86,039 17.4 Population-based retrospective cohort study; PSL, 
52%; MTX, 17.6%; other csDMARDs, 25.4%; at 
least one biological agent, 0.7%

[2] USA, 
Canada

1999–2006 24,530 8.4 Retrospective cohort study, corticosteroid, 46.9%; 
at least one csDMARD, 62%; at least one 
biological agent, 24%

[61] German 2001–2003 601 5.3 Prospective cohort study, csDMARDs

346 24.6 IFX

512 12.4 ETN

[23] USA 2001–2004 16,788 17 Prospective cohort study, PSL, 38.1%; MTX, 
54.5%; other csDMARDs, 37.9%; at least one 
biological agent, 54%

[63] Japan 2008–2010 7901 34.4 PMS, TCZ

Lower respiratory 
tract infection

[61] German 2001–2003 601 14.0 Prospective cohort study, csDMARDs

346 46.1 IFX

512 39.3 ETN

Pneumocystis 
jirovecii pneumonia

[94] USA 1996–2007 Unknown 0.006–0.04 Population-based retrospective cohort study, drug, 
and prophylaxis unknown

[96] Japan 2005–2009 561 9.3 Retrospective cohort study, biological agents 
without prophylaxis

2009–2010 214 0 Biological agents with prophylaxis

[95] USA, 
Europe

2005–2011 2965 0.1 RCTs, CZP, prophylaxis unknown

[63] Japan 2008–2010 7901 3.7 PMS, TCZ, prophylaxis unknown

Pulmonary 
aspergillosis

[95] USA, 
Europe

2005–2011 2965 0.3 RCTs, CZP

Histoplasmosis [95] USA, 
Europe

2005–2011 2965 0.1 RCTs, CZP

[136] USA 2002–2005 10,050 0.3 RCT, open-label trials, and PMS, ADA

MTX methotrexate, csDMARDs conventional synthetic disease-modifying antirheumatic drugs, IFX infliximab, ETN etanercept, PSL prednisone, 
PMS postmarketing surveillance, TCZ tocilizumab, RCT randomized controlled trial, CZP certolizumab pegol, ADA adalimumab
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logic studies suggest that pneumonia is a major complication 
and cause of death in patients with RA.

10.3.1.2  Diagnosis
Respiratory infections (e.g., bacterial, viral, fungal, and 
mycobacterial infections) and noninfectious diseases (e.g., 
drug-induced pneumonitis, malignancy, and RA-LDs) 
should be considered and carefully evaluated when RA 
patients have respiratory symptoms. Also, if infection over-
laps on existing ILD or airway disease, it becomes more dif-
ficult to evaluate the infection (Fig. 10.1). Patients with 
pneumonia should be investigated for specific pathogens that 
would significantly alter standard (empirical) management 
decisions when the presence of specific pathogens is sus-
pected on the basis of clinical and epidemiologic clues. 
Because patients with RA are at increased risk of dying from 
pneumonia compared to the general population [65], pneu-
mococci, which are considered one of the main causative 
pathogens of pneumonia, should be checked with rapid anti-
gen detection tests for Streptococcus pneumoniae. Also, as 
the risk of developing legionella pneumonia was reported to 
be higher especially among anti-TNF-treated patients in RA 
[66], that pathogen also needs to be screened for with rapid 
antigen detection tests for Legionella pneumophila. Also, 
influenza tests should be conducted during the influenza sea-
son. Computed tomography imaging can yield clues for 
diagnosis, but it cannot always identify specific pathogens. A 
microbial investigation with bronchoscopic bronchoalveolar 
lavage, protected specimen brushing, or transthoracic lung 
aspiration is needed for all CAP patients presenting with 
antimicrobial treatment failure [67, 68]. Nonresponsive 
patients may be considered to have concomitant or subse-
quent extrapulmonary infection, such as intravascular cathe-
ter, urinary, abdominal, and skin infections, or other 
noninfectious pulmonary diseases such as the above.

10.3.1.3  Prophylaxis
Vaccination is the primary measure used to reduce the onset 
of and prevent pneumonia. In general, as Streptococcus 
pneumoniae is the most important etiology in CAP, pneumo-
coccal vaccination is justified for use in RA patients. In addi-
tion, because secondary bacterial pneumonia is an important 
complication after influenza, European League Against 
Rheumatism (EULAR) recommendations for vaccination in 
patients with RA recommend pneumococcal and influenza 
vaccinations during stable disease [69, 70]. However, under 
immunosuppressant treatments, can normal immunoreac-
tions be induced by these vaccinations? Studies have shown 
that pneumococcal and influenza vaccinations are safe and 
produce an antibody response despite immunosuppressive 
medication in patients with RA [71, 72]. The exception is 
rituximab, which inhibits immunogenicity induced by pneu-
mococcal [73] and influenza vaccinations [74].

10.3.1.4  Treatment
In general, causative organisms that should be considered in 
RA patients are similar bacteria, such as Streptococcus pneu-
moniae, Haemophilus influenzae, Staphylococcus aureus, 
Moraxella species, Klebsiella pneumonia, and Pseudomonas 
aeruginosa, and atypical pathogens, such as Mycoplasma 
pneumoniae, Legionella pneumophila, and Chlamydophila 
pneumoniae. Although few guidelines on the management of 
pneumonia in RA patients exist, the Japanese Respiratory 
Society (JRS) has recently elucidated its consensus statements 
and recommendations for the treatment of pneumonia treated 
with biological agents (Fig. 10.3) [75]. In this recommenda-
tion, it is notable that because a high frequency of respiratory 
infection caused by P. aeruginosa has been reported in RA 
patients with bronchopulmonary involvements [44], the JRS 
recommends that the possibility of P. aeruginosa as the caus-
ative organism should be carefully considered when adminis-
tering antibiotic agents. Also, when choosing antibiotic agents, 
the antibiotic therapy should cover legionellosis under treat-
ment with TNF-α antagonists [66]. Moreover, all patients with 
pneumonia need to be screened with rapid antigen detection 
tests for influenza to consider antiviral therapy and to prevent 
in-hospital transmission during the endemic season.

10.3.2  Acute Exacerbation of Bronchiectasis

Bronchiectasis is frequently seen in patients with RA [61, 76, 
77], and common sources of infection are bacteria such as H. 
influenzae, S. pneumoniae, and P. aeruginosa [78, 79] 
(Fig. 10.2). Five-year survival rates of patients with RA and 
bronchiectasis are reported to range from 68.8 to 87.1% [77, 
80]. Takayanagi et al. [59] and Tsuchiya et al. [77] reported 
that acute exacerbation of bronchiectasis, which is the acute 
deterioration of lower respiratory tract infection without pneu-
monia, is a common cause of death in RA-bronchiectasis. 
Takayanagi et al. showed in a report on pulmonary infections 
in RA patients that P. aeruginosa was the etiology of all fatal 
cases of exacerbation of bronchiectasis [59]. From the per-
spective of these reports, TAZ/PIPC, antipseudomonal car-
bapenem (IPM/CS, MEPM, or DRPM), or quinolone (LVFX, 
CPFX, or PZFX) should be administered in such patients [75].

10.3.3  Other Bacterial Infections

Lung abscess and empyema are other types of respiratory 
infection that are occasionally observed in RA patients. 
Streptococcus species, anaerobes, and Gemella species are 
common pathogens. When diagnosing lung abscess, compat-
ible clinical features such as fever, productive cough, bad 
breath, chills, or chest pain in conjunction with cavities seen 
on chest radiography are clues to the diagnosis. Tuberculosis, 
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nocardiosis, pulmonary fungal infections, septic emboli, pri-
mary or metastatic lung cancer, or RA nodulosis should be 
carefully ruled out. When diagnosing empyema, thoracentesis 
is needed for staining, culture, and determination of pH and 
leukocyte counts of pleural effusion. Differential diagnoses of 
empyema are RA pleuritis, tuberculous pleuritis, and carcino-
matous pleurisy. The antimicrobial therapy of first choice for 
lung abscess and empyema is SBT/ABPC. In addition, 
Klebsiella species and P. aeruginosa should also be consid-
ered if patients have underlying respiratory diseases, diabetes 
mellitus, or alcoholism. In these settings, TAZ/PIPC or antip-
seudomonal carbapenem (IPM/CS, MEPM, or DRPM) should 
be administered [75]. Insertion of chest drainage is needed for 
empyema with higher risk of poor outcome [81]. In patients 
who do not respond to treatment or in whom disease recurs, 
organisms should be obtained by bronchoscopy or needle 
aspiration, and Nocardia and Actinomyces species should be 
carefully eliminated as sources of infection.

10.4  Fungal Infections

Fungal infections are common opportunistic infections and 
potentially life-threatening complications for patients with 
RA. As described above, multifactorial etiologies, mainly 
immunosuppressive agents, make RA patients vulnerable to 
fungal infections such as Pneumocystis jirovecii pneumonia 
(PCP) and other pulmonary fungal infections.

10.4.1  Pneumocystis jirovecii Pneumonia

10.4.1.1  Epidemiology
Pneumocystis jirovecii is one of the most significant opportu-
nistic fungal pathogens in RA. PCP occurring in adults was 
originally considered to be mostly due to a reactivation of 
latent childhood infection of P. jirovecii. However, several 

Pneumonia diagnosis: If influenza rapid antigen test is positive during the endemic season,
add inflenza drugs in addition to the following antibiotics.

Severe enough to need intensive care or ventilator support?

No

+ Pseudomonal risk
•If patients did not receive antibiotic therapy within the past
90 days or did not have underlying respiratory diseases, we
consider the patients not do have risk factors for pseudomonas
infection.

C: hospitalization
Pseudomonas risk (+)

Quinolone
(CPFX or PZFX)

+
SBT/ABPC

Antipsedomonal cefem
(CFPM or CPR) +
Macrolide CAM or

AZM)

Antipseudomonal
carbapenem (IPM/CS,

MEPM or DRPM) +
Macrolode

(CAM or AZM)

or

or

or

TAZ/PIPC + Macrolide
(CAM or AZM)

A: outpatient

or

or

AMPC/CVA or SBTPC
+

Macrolide
(CAM or AZM)

CTRX + Macrolide
(CAM or AZM)

GRNX, MFLX or
LVFX

B: hospitalization
Pseudomonas risk (–)

or

or

or

CTRX +
Macrolide

(CAM or AZM)

SBT/ABPC +
Macrolide

(CAM or AZM)

PAPM/BP +
Macrolide

(CAM or AZM)

Intravenous LVFX

D: intensive care
unit admission

TAZ/PIPC

Antipseudomonal
carbapenem

(IPM/CS. MEPM or
DRPM)

Antipseudomonal cefem
(CFPM or CPR)

Quinolone
(CPFX or PZFX)

or intravenous AZM

+

or

or

Yes

Fig. 10.3 2014 Japanese Respiratory Society recommendations for 
the treatment of pneumonia treated with biological agents. AMPC/CVA 
amoxicillin/clavulanate, SBTPC sultamicillin, CAM clarithromycin, 
AZM azithromycin, GRNX garenoxacin, MFLX moxifloxacin, LVFX 
levofloxacin, CTRX ceftriaxone, SBT/ABPC sulbactam/ampicillin, 

PAPM/BP panipenem/betamipron, TAZ/PIPC tazobactam/piperacillin, 
IPM/CS imipenem/cilastatin, MEPM meropenem, DRPM doripenem, 
CFPM cefepime, CPR cefpirome, CPFX ciprofloxacin, PZFX 
pazufloxacin
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authors recently pointed out that new acquisition and carriage 
of P. jirovecii from a hospital environment and person- to- 
person transmission are also important etiologies of P. jirove-
cii infection in immunocompromised adults [82]. As P. 
jirovecii organisms predominantly colonize in elderly indi-
viduals with RA [83], immunosuppressant treatments are 
thought to have an important role as igniters of PCP in such 
carriers. Systemic corticosteroid therapy has been identified 
as a risk factor of PCP in patients with RA [84, 85]. Even low 
or moderate doses of corticosteroids can increase the risk of 
PCP in these patient populations [84–88]. PCP also some-
times occurs early in the course of MTX therapy in RA 
patients [89, 90]. The risk factors of RA-PCP under MTX 
therapy are lymphopenia and the combined use of corticoste-
roid [90]. The risk of PCP with MTX therapy increases in a 
dose-dependent manner, but PCP can also occur during low- 
dose MTX therapy without corticosteroid [83, 86]. With 
regard to biological agents, postmarketing surveillance 
reports in Japan indicated a high incidence of PCP in RA 
patients receiving IFX (0.4% of 5000 patients) [91], ETN 
(0.2% of 7091 patients) [92], and ADA (0.3% of 3000 
patients) [93]. These data are more than ten times higher than 
the reported incidence of this infection in data from Western 
studies of these agents [91, 94, 95]. This disparity may be due 
to differences in race or geographic regions. The incidence 
densities of PCP in patients with RA are shown in Table 10.1. 
The risk factors of RA-PCP under biological agents are 
age ≥ 65 years, pulmonary comorbidities such as ILD or 
bronchiectasis, and corticosteroid use [96]. In addition, 
decreased serum albumin and IgG levels at the onset of PCP 
were also identified as risk factors in IFX-treated patients 
with RA [85], although these laboratory findings are not spe-
cific to this infection. Compared to PCP with HIV, RA-PCP 
has fewer pneumocystis organisms burden but more intense 
inflammation pathologically [97, 98]. In HIV patients, the 
main pathology of PCP is pulmonary injury due to a relative 
decrease in CD4+ lymphocytes in the lung, which leads to 
suppression of cell-mediated immunity. Contrastingly, in RA 
patients, although changes in the T-cell repertoire and its 
homeostatic balance lead to reduced clearance of pneumocys-
tis organisms, immune function is still maintained. Therefore, 
the host inflammatory response in RA-PCP may induce a 
more intense reaction than that in HIV-PCP, thus contributing 
to severe lung injury. The mortality rate of RA-PCP (14.2–
50%) has been reported to be higher than that of HIV-PCP 
[86, 97]. However, accurate diagnosis and prompt treatment 
by attending physicians who have prior experience with PCP 
can improve the prognosis of the patients [85, 99].

10.4.1.2  Diagnosis
Because RA-PCP commonly manifests with an acute and 
fulminant clinical course, delay in the diagnosis of PCP can 
be fatal. Physical examination typically reveals tachypnea, 

tachycardia, and normal findings on lung auscultation. 
Microscopic examinations for trophic forms or cysts of P. 
jirovecii are useful. However, because RA-PCP has fewer 
parasitic organisms, this lower organism burden results in a 
lower diagnostic yield of induced sputum and bronchoalveo-
lar lavage fluid to confirm PCP as compared with HIV- 
PCP. Polymerase chain reaction (PCR), which detects 
pneumocystis nucleic acids, has been shown to have greater 
sensitivity (87.2%) and specificity (92.2%) in non-HIV-PCP 
[100]. To differentiate colonization from PCP, an elevated 
serum (1 → 3)-β-D-glucan level is useful in patients whose 
P. jirovecii is detected only by PCR. However, because of the 
lower parasitic burden in the lungs, specific and standardized 
cutoff values for clinical infection in RA patients are neces-
sary for early and accurate diagnosis [101]. Lactate dehydro-
genase and KL-6 levels are commonly elevated, but 
drug-induced pneumonitis and RA-ILD need to be differen-
tiated in this situation. Chest X-ray is not sensitive in the 
early phase of PCP. Reflecting a host hyperinflammatory 
response similar to that of MTX pneumonitis, the computed 
tomography pattern of RA-PCP is analogous to MTX pneu-
monitis and is occasionally difficult to discriminate [97].

10.4.1.3  Prophylaxis
The most effective and most commonly used agent for pro-
phylaxis is trimethoprim/sulfamethoxazole (TMP/SMX). 
However, patients prophylactically treated with TMP/SMX 
sometimes face serious adverse events such as rash, anaphy-
laxis, hematotoxicity, and hepatotoxicity. Utsunomiya et al. 
recently performed a non-blinded, randomized controlled 
trial to seek an effective prophylaxis regimen for PCP and 
revealed that half of the recommended dose of TMP/SMX 
daily was suggested to be feasible and optimal for the prophy-
laxis of PCP in patients with systemic rheumatic diseases 
[102]. Other preventive agents include aerosolized pentami-
dine, dapsone, and atovaquone. These agents, which are used 
as alternative prophylactic agents for TMP/SMX, have fewer 
adverse events but also a lower prophylactic effect compared 
with TMP/SMX [103–105]. Significant toxicities generally 
evolve within the first month of therapy; nevertheless, patients 
receive immunosuppressant treatments and small doses of 
prophylactic agents. In HIV-infected adults, prophylaxis for 
PCP is recommended if the patients have a past history of 
PCP, CD4+ counts of <200 cells/mm3, or oral candidiasis 
[106]. Unfortunately, however, there are no clinically useful 
biologic markers to guide the initiation and termination of 
prophylaxis for RA-PCP. Katsuyama et al. recently showed 
that RA patients with two or three risk factors for PCP includ-
ing older age (≥65 years), use of corticosteroid, and coexist-
ing pulmonary disease benefited from primary prophylaxis 
[96]. Since many RA patients require the lifelong use of mul-
tiple antirheumatic drugs and have coexisting pulmonary dis-
eases in practice, these patients are generally subject to PCP 
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prophylaxis. However, severe adverse events due to prophy-
lactic agent occasionally result in discontinuation of PCP pro-
phylaxis. Therefore, it is not practical to administer and 
continue prophylaxis for all of these RA patients throughout 
anti-RA therapy. Thus, the requirements for PCP prophylaxis 
in RA patients should be taken into careful consideration 
based on a risk-benefit assessment performed before starting 
and throughout anti- RA therapy.

10.4.1.4  Treatment
The agent of first choice for PCP treatment is TMP/SMX 
[107]. Although TMP/SMX is highly effective, adverse 
effects may be experienced. One of the alternate drugs of 
choice for PCP is pentamidine, which is comparable to TMP/
SMX in efficacy and frequency of adverse reactions [108] 
but has side effects such as hypotension, hypoglycemia, and 
renal toxicity. Atovaquone is less effective than TMP/SMX 
but can be safely used as an alternate choice instead of TMP/
SMX in moderate and mild cases [109]. The recommended 
doses of these agents were derived from studies on efficacy 
and tolerance performed on HIV-positive patients. To date, 
there is no consensus on how many doses and for how long 
these drugs should be administered in RA-PCP. Because the 
burden of pneumocystis organisms is lower in the lungs of 
patients with RA-PCP, prospective randomized, controlled 
treatment trials should be performed to determine appropri-
ate doses and durations of these agents in RA-PCP.

Because RA patients have a strong inflammatory response 
to pneumocystis organisms, it is reasonable that corticoste-
roid may play a beneficial role in the treatment of RA-PCP. It 
is recommended that patients with hypoxemia on room air 
(PaO2 < 70 mmHg or alveolar-arterial O2 gradient 
>35 mmHg) be administered adjunctive corticosteroid at an 
early stage of the disease [110]. Kameda et al. revealed in a 
retrospective, multicenter study including 24 patients with 
RA-PCP that 23 patients were administered moderate- to 
high-dose corticosteroid with TMP/SMX and the overall 
mortality rate was favorable at 4.2% [111]. Of note, the good 
outcome in this study was accomplished despite the fact that 
more than one-third of the patients could not complete the 
recommended dose of TMP/SMX therapy because of serious 
adverse effects. This result may indicate that RA-PCP is an 
aspect of hyperinflammation induced by pneumocystis 
organisms rather than infection.

10.4.2  Other Fungal Infections

Other fungal infections occasionally observed in RA patients 
include aspergillosis, candidiasis, cryptococcosis, histoplas-
mosis, coccidioidomycosis, and others. Ge et al. recently eval-
uated the risk factors of invasive pulmonary fungal infection in 
2186 patients with connective tissue disease. They identified 

interstitial pneumonia, antimicrobial drug therapy, and maxi-
mum PSL dose of 30 mg per day within 3 months prior to the 
infection as risk factors for invasive pulmonary fungal infec-
tion [112]. The use of a TNF-α antagonist leads to a defective 
cellular immune response and subsequently to interference of 
granuloma formation and maintenance [113] against several 
fungi. Kourbeti et al. reviewed the association between bio-
logical agents and opportunistic infections in a meta-analysis 
of 3915 RA patients. There were nine invasive fungal infec-
tions, in which eight cases were treated with biological agents: 
five cases of invasive aspergillosis, two of histoplasmosis, and 
one of coccidioidomycosis. The study indicated that biologi-
cal agents did not statistically increase the risk of invasive fun-
gal infections [37]. In contrast, Tsiodras et al. reviewed 
invasive fungal infections associated with biological agents in 
which TNF-α antagonists were associated with invasive fun-
gal infections [114]. The most common pattern of infection 
was pneumonia, and the most prevalent invasive fungal infec-
tions were histoplasmosis, candidiasis, and aspergillosis. They 
also stated that cryptococcosis, histoplasmosis, and coccidioi-
domycosis have all been associated with TNF-α antagonists, 
which indicates that anti-TNF treatments should be started 
cautiously in patients living in or visiting regions with endemic 
mycoses. In a large series of granulomatous infections, the risk 
for patients receiving IFX was significantly higher than that 
for patients receiving ETN (239 vs. 74 per 100,000 patients, 
P < 0.001), and this higher risk persisted when individual fun-
gal infections, such as candidiasis, histoplasmosis, and coc-
cidioidomycosis, were considered [115].

Post-licensure surveillance in the USA suggests that acute 
life-threatening histoplasmosis may complicate immuno-
therapy with TNF-α antagonists, particularly IFX. However, 
all patients with histoplasmosis resided in an area endemic 
for histoplasmosis, and all of them were receiving other 
immunosuppressant therapy such as corticosteroid concomi-
tantly. Thus, there are limitations when analyzing diseases 
such as histoplasmosis and coccidioidomycosis that are 
endemic to specific geographic regions [116].

Reports of serious cryptococcal pneumonia have recently 
accumulated in patients with RA [114, 117–120]. These 
studies showed that chronic kidney disease and administra-
tion of corticosteroid [118] or biological agents [114, 118–
120] were risk factors for cryptococcal pneumonia in RA.

TNF-α also appears to have a central role in neutrophil 
recruitment into the lungs in response to Aspergillus fumiga-
tus [121] and in enhancing leukocyte killing of A. fumigatus 
[122]. According to Tsiodras et al., of the 281 patients who 
developed fungal infections associated with TNF-α antago-
nists, 64 were infected with Aspergillus species [114]. 
Among these 64 patients, 48 (75%) had received IFX, 14 
(21%) ETN, and 2 (4%) ADA.

Because the published information on pulmonary fungal 
infections in RA patients is limited, it is still not clear whether 
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RA patients predispose to pulmonary fungal infections other 
than PCP. To date, however, considering the pharmacological 
actions of corticosteroid or biological agents, great caution 
should be exercised in patients with RA receiving antirheu-
matic agents. Surveillance of pulmonary fungal infections in 
RA patients with antirheumatic therapy is needed through 
well-organized prospective patient registries.

10.5  Pulmonary Infection as a Risk Factor 
for the Onset of RA

Recently, accumulating data suggest that RA may be trig-
gered by microorganisms [76] (Fig. 10.4), in particular cer-
tain species of bacteria such as Prevotella species [123] and 

Porphyromonas gingivalis [124, 125]. Of note, culture- 
independent methodologies have led to the identification of 
these specific bacterial communities in the lung [126, 127]. 
Bacteria-specific mechanisms are known to influence the 
development of innate and adaptive immunity at mucosal 
surfaces [128, 129], and they also likely play a role in the 
development of autoimmunity through mechanisms such as 
bacteria-induced autoantibody generation and immune regu-
latory effects [130–132]. P. gingivalis contains citrullinated 
fibrinogen and α-enolase [124, 133, 134]. Antibodies to 
these citrullinated proteins are identified in the preclinical 
period of RA [135], suggesting a potential mechanism by 
which a certain bacterial species may lead to RA-related 
autoimmunity in the lung, and this mechanism may be con-
tributed to by these pulmonary infections consequent to the 
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Alveolar lumen

Lung blood vessels
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1
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iBALT 3

5
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Joint

Fig. 10.4 Model for the role of the lung in RA pathogenesis. A hypo-
thetical model for the involvement of the lung in RA is depicted in 
which an inhaled environmental factor interacts with the host immune 
system at the airway mucosa (1). This results in a local inflammatory 
immune reaction and induction of immune activity such as iBALT (2). 
iBALT can result in local generation of autoantibodies in the lung, but 
this can also transition to systemic autoimmunity through interactions 
with regional lymphatics (3). Over time, systemic RA-related autoanti-
bodies can transition to joint inflammation classifiable as RA through 
currently unknown mechanisms, but possibilities include circulating 

immune complexes depositing in the joints or epitope spreading to 
include joint-specific antigens (4). During the preclinical or later stages 
of RA, symptomatic or worsening lung disease may develop via persis-
tent exposure to inhaled antigens and ongoing airway inflammation that 
may also spread to the parenchyma (5), and iBALT may participate 
in local lung tissue damage (5), or circulating autoantibodies and other 
inflammatory factors may target the lung parenchyma (5). Ab antibody, 
iBALT inducible bronchus-associated lymphoid tissue, RA rheumatoid 
arthritis. Adapted from Demoruelle et al. [76]
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development of RA. Infectious agents might not trigger RA 
in all cases but only in a certain subset of the cases, or dis-
ease onset may arise from an unfortunate combination of 
infection with other factors. Further studies are needed to 
define the mechanistic role of respiratory infections in the 
development of RA.

 Conclusion

In patients with RA, respiratory infections are considered 
important factors that affect not only the development of 
RA itself but also patient survival. Although aggressive 
treatment with csDMARDs or biological agents early in 
the disease course can reduce the disease activity of RA 
and improve patient quality of life, they hold a higher 
risk of bacterial or fungal respiratory infections. Thus, it 
is essential for clinicians to have sufficient knowledge of 
the characteristics of respiratory infections in these set-
tings of RA. Because controlling respiratory infections 
improves the survival of patients with RA, proper diag-
nosis and prompt treatment of respiratory infections in 
these patients are needed throughout the patient’s treat-
ment period.
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Mycobacterium Infections 
in Rheumatoid Arthritis (Tuberculosis 
and Nontuberculous Mycobacteriosis)
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Abstract

Biological agents have had a tremendous effect in the management of rheumatoid arthritis 
(RA). However, subsequent infection is regarded as an emerging problem owing to the sup-
pression of host immunity by these agents. Cellular immunity with T lymphocytes plays a 
crucial role in host defense against mycobacterial infections; hence, immunosuppression 
due to these biological agents may lead to tuberculosis (TB) and nontuberculous mycobac-
teria (NTM) infections. Therefore, pretreatment screening for TB and NTM infection and 
appropriate management are crucial. In general, the lungs are the major site of infection 
caused by mycobacteria, and the disease may typically have a chronic course. Thus, persis-
tent respiratory symptoms and signs trigger suspicion of pulmonary TB or NTM infection, 
and chest radiography as well as sputum examination plays a major role in the diagnosis. In 
addition, promising diagnostic tools such as interferon-gamma release assay (IGRA), anti- 
MAC antibody measurement, and Xpert MTB/rifampin (RIF) assay are newly available. 
Further research is needed to verify these assays. As a rule, to avoid development of drug- 
resistant strains, treatment with multiple drugs for a relatively extensive duration is required 
for therapy.
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11.1  Introduction

The airway system is one of the sites of extra-articular 
involvement of rheumatoid arthritis (RA), and RA-associated 
lung diseases include interstitial disease, bronchiectasis, 
small airway obstruction, and pulmonary nodules, [1–3]. In 
addition, respiratory infection, related to RA itself or drug- 
induced immunosuppression, may occur. In the management 
of RA, newly available biological agents have had a tremen-
dous effect, although the subsequent infection, with the sup-

pression of host immunity, is regarded as an emerging 
problem. Especially tuberculosis (TB) and nontuberculous 
mycobacteria (NTM) infections should be considered in the 
differential diagnosis of pulmonary infection.

Predisposing factors for mycobacterial diseases include 
underlying lung disease and immunosuppressive drugs. 
Cellular immunity with T lymphocytes plays a crucial role in 
host defense against mycobacterial infections; hence, sup-
pression of this immunity by biological agents may lead to 
development of mycobacterial infections, which is drawing 
much attention as an adverse event of RA treatment with bio-
logical agents, including antitumor necrosis factor (TNF)-
alpha therapy; thus, pretreatment screening and appropriate 
management are crucial. In this chapter, the diagnosis and 
treatment of TB and NTM infections will be described while 
accounting for RA with biological agents.
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11.2  Tuberculosis

11.2.1  Overview

TB is defined as an infection caused by Mycobacterium 
tuberculosis complex. TB is transmitted from person to 
 person through the air from individuals with active pulmo-
nary TB disease, particularly those who have cavity or whose 
sputum is smear positive. Transmission of TB is a serious 
public health concern. Inhalation of M. tuberculosis and 
deposition in the lungs lead to immediate clearance of the 
organism in most cases but establishment of infection in 
some cases [4]. Individuals who become infected with M. 
tuberculosis rarely develop active disease, and the innate and 
adaptive immune response of the host plays a crucial role in 
this phase. The defense mechanisms against TB infection 
include cellular immunity, with interferon gamma and other 
cytokines, and recognition of the M. tuberculosis molecules 
via toll-like receptors.

Not everyone infected with M. tuberculosis develops 
active TB disease; only 5–10% of infected hosts will develop 
primary or reactivation TB disease during their lives; pri-
mary TB is rapid progression to active disease immediately 
after infection, and reactivation TB is the onset of active dis-
ease many years following a period of latent infection. For 
the remaining 90–95% of infected hosts, the tubercle bacilli 
are contained in granulomas by host defenses, in most cases. 
Latent TB infection (LTBI) is characterized by the presence 
of immune responses to previously infected tubercle bacilli 
without clinical evidence of active TB disease [5, 6]. 
However, latent infection has the potential to develop into 
active TB infection. The clinical manifestations of active 
pulmonary TB are characterized by cough, sputum, fever, 
chest pain, dyspnea, hemoptysis, general malaise, and loss of 
appetite.

M. tuberculosis can spread from the lungs via blood or 
lymph, or invade directly, causing disease outside of the 
lungs (i.e., extrapulmonary TB). Extrapulmonary TB con-
sists of foci outside of the lungs, including lymph nodes, 
bone, joint, urogenital system, central nerve system, and lar-
ynx. Additionally, extrapulmonary TB also includes miliary 
TB, which refers to clinical disease resulting from the hema-
togenous dissemination of M. tuberculosis. Miliary TB can 
develop as a result of progressive primary TB or reactivation 
TB with subsequent spread.

Known risk factors for progression from LTBI to reacti-
vation TB include human immunodeficiency virus (HIV) 
infection, type 2 diabetes mellitus, excessive alcohol use, 
cigarette smoking, etc. [4]. Additionally, some studies 
revealed that RA itself has been associated with the devel-
opment of TB [7–9]. In LTBI, granuloma formation not 
only plays an important part in controlling infection but also 

plays a role in containing the tubercle bacilli for its long-
term survival in the host in the dormancy phase. Maintenance 
of the granuloma requires cytokines and chemokines, 
including TNF- alpha and INF-gamma. For this reason, 
administration of immunosuppressants (e.g., glucocorti-
coids, TNF-alpha inhibitors) may affect the formation and 
maintenance of granulomas, resulting in the recurrence of 
TB [10, 11]. Taken together, patients with RA are consid-
ered to have a higher incidence of TB that is caused by treat-
ment with biological agents rather than other diseases. In 
this way, in prescribing biological agents for RA, we should 
always keep in mind LTBI, as it is critical to take appropri-
ate action in that case.

11.2.2  Diagnosis

Clinical manifestations, especially persistent cough, history 
of prior TB infection, possible TB exposure, tuberculin skin 
test (TST), IGRA, and radiographic imaging, may help 
establish the diagnosis of TB [12]. A positive sputum smear 
for acid-fast bacilli (AFB) or a cavity on the chest radiograph 
indicates the infectiousness of the patient, and transmission 
precautions must be followed.

11.2.2.1  Radiographic Findings
Chest radiography is a useful tool for evaluating suspected 
pulmonary TB. Typically, reactivation pulmonary TB 
presents focal infiltration with or without cavity in upper 
lobe (apical or posterior segment) or the lower lobe (supe-
rior segment) [13, 14]. Other findings include small 
fibronodular lesions along with bronchi, lung mass (tuber-
culoma), hilar adenopathy, and pleural effusion; these 
findings may be present unilaterally or bilaterally. Chest 
computed tomography (CT) is more sensitive than chest 
radiography for detecting subtle change. Although the res-
olution provided by CT is not always required for diagno-
sis of pulmonary TB, it may be useful for differential 
diagnosis.

In miliary TB, the classic appearance on chest radiogra-
phy is a faint, micronodular shadow that is randomly distrib-
uted throughout the lungs [15], reflecting nodular interstitial 
spread without significant alveolar involvement. High- 
resolution CT (HRCT) of the chest is more sensitive, which 
can detect numerous small nodules (2–3 mm) distributed 
throughout the lung [16].

11.2.2.2  Microbiological Evaluation
Diagnosis of TB is confirmed by detection of organisms 
from secretions or tissue samples. If pulmonary TB is sus-
pected, a series of at least three sputum samples should be 
obtained for AFB smears. For patients with difficulty in pro-
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ducing sputum, it can be induced by inhalation of aerosol-
ized hypertonic saline with a nebulizer. Additionally, other 
clinical specimens and tissues, including pharyngeal/laryn-
geal swab, pleural effusion, pus, urine, feces, and cerebro-
spinal fluid may be helpful for the diagnosis of 
extrapulmonary TB.

Microscopic detection of mycobacteria cannot distin-
guish M. tuberculosis from NTM, and nucleic acid amplifi-
cation is helpful to identify the organisms in this context [4]. 
Culture technique is required for species identification and 
drug susceptibility testing, although it may require extended 
incubation times (2–6 weeks). Recently, an automated real- 
time polymerase chain reaction assay for multidrug-resistant 
M. tuberculosis, Xpert MTB/rifampin (RIF) assay, was 
developed. It is an important tool for rapid diagnosis of TB 
and presence of rifampin resistance [17].

11.2.2.3  IGRA
Diagnosis of LTBI has been conducted using the TST in the 
past, but it is rapidly being replaced by IGRAs lately. The 
IGRA measures levels of interferon gamma released in 
response to sensitized T-cell stimulation with TB-specific 
antigen [18], and it reveals good sensitivity and specificity. 
Additionally, the test results are not affected by prior Bacille 
de Calmette-Guérin (BCG) vaccination, unlike TST; hence, 
it is favorable in areas with high BCG vaccination rates. 
IGRAs are increasingly used for LTBI screening in RA 
patients who are initiating treatment with biological agents. 
Commercially available IGRAs include QuantiFERON® TB 
Gold (QFT) and T-SPOT-TB assays. In severely immuno-
compromised individuals, IGRAs may give false-negative 
results. The sensitivity of the T-SPOT assay appears to be 
higher than that of the QFT assay, because an adequate num-
ber of peripheral blood mononuclear cells are available in the 
T-SPOT assay, even in the presence of lymphocytopenia.

11.2.3  Treatment

The principal objective of TB management is to maximize 
the elimination of the causative organism in patients with 
TB. Basically, drug-susceptible TB can be treated by taking 
at least three drugs, with different modes of action, for 
6–9 months, and it is nearly always curable if patients are 
treated appropriately. First-line anti-TB agents for treatment 
of drug-susceptible TB include isoniazid, rifampin, pyrazin-
amide, and ethambutol.

11.2.3.1  Active TB Disease
Initial treatment of active TB consists of four-drug combi-
nation therapy with isoniazid (5 mg/kg, maximum dose 

300 mg), rifampin (10 mg/kg, maximum dose 600 mg), and 
pyrazinamide (1000–2000 mg) plus ethambutol (800–
1600 mg) daily for 2 months (intensive phase), followed by 
a combination therapy of isoniazid and rifampin for 
4 months (continuation phase), for a total of 6 months [19]. 
If pyrazinamide cannot be administered for some reason 
(e.g., liver dysfunction, hyperuricemia, or pregnancy), iso-
niazid, rifampin, and ethambutol are given for 2 months fol-
lowed by extended continuation phase with isoniazid and 
rifampin for 7 months (9 months total), as an alternative 
regimen. To maintain optimum therapeutic effect, and to 
prevent emergence of drug resistance, maintaining drug 
compliance is crucial, and direct observed therapy (DOT) is 
helpful to achieve the purpose.

11.2.3.2  LTBI
LTBI has the potential to develop active TB disease in 
patients at greater risk. Therefore treatment of LTBI aims 
to reduce the possibility of reactivation and the number of 
potential sources of infection [20]. For treatment of LTBI, 
9 months of self-administered isoniazid (300 mg/day or 
5 mg/kg/day) is recommended. Daily rifampin for 
4 months may be indicated where isoniazid cannot be 
used for some reason. Alternative regimen includes iso-
niazid and rifapentine once weekly for 3 months with 
DOT [21].

11.2.3.3  Special Consideration  
for RA Patients

A TB screening algorithm for RA patients using biologic 
agents is shown in Fig. 11.1. In the case of LTBI, treat-
ment with anti-TB drugs for at least 1 month is required 
prior to the initiation of immunosuppressive agents. 
Methotrexate for RA should be discontinued while fever 
continues, but it can be restarted when stability is 
obtained. It has not been found that this drug has suppres-
sive effects for protective immunity against TB. In 
patients with active TB disease, administration of bio-
logic agents, including TNF inhibitors, should be tempo-
rarily stopped until resolution of infection and completion 
of anti-TB therapy.

As for the use of glucocorticoids, discontinuation of 
drugs in this class raises the concern about deterioration of 
RA. For this reason, consensus statements of Japan recom-
mend continuing corticosteroid medication during treat-
ment of TB disease. In addition, concomitant use of steroids 
is expected to have a favorable effect on controlling a para-
doxical reaction of TB. If rifampin were prescribed, it is 
necessary to increase the dosage of steroids since the blood 
concentration of steroids decreases through drug 
interaction.
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11.3  Nontuberculous Mycobacterium 
Infection

11.3.1  Overview

Nontuberculous mycobacteria are defined as mycobacteria 
except for M. tuberculosis. Unlike TB, NTM infection is 
acquired from the environment, not from a patient with 
active pulmonary disease, and therefore isolation of patients 
is unnecessary. The lungs are the major site of infection 
caused by NTM, and the clinical manifestations of pulmo-
nary NTM infection are characterized by cough, sputum, 
malaise, bloody sputum, and dyspnea. Patients may describe 
weight loss, fatigue, and appetite loss, which reflect chronic 
inflammations. Common organisms include M. avium, M. 
intracellulare, M. kansasii, and M. abscessus; the first two 
organisms have similar characteristics and are collectively 
known as M. avium intracellulare complex (MAC).

Recent studies have determined that RA patients receiv-
ing anti-TNF-alpha therapy are at increased risk for NTM 
infection. In an epidemiological study performed in Asia, the 
incidence of NTM infection was 4.22 times greater in the RA 
group than in the non-RA group [22]. The adjusted hazard 
ratio of NTM infection for the RA group was 4.17 (95% con-
fidence interval [CI]: 2.61–6.65). In addition, the other study 
in North America revealed that adjusted hazard ratio for 

NTM infection was 2.08 (95% CI: 1.84–2.32) in the RA 
group, relative to non-RA group [23]. Additionally, auto-
mated pharmacy records were reviewed for patients receiv-
ing anti-TNF-alpha therapy [24], and anti-TNF associated 
rates of NTM infection was 74 (95% CI: 37–111) per 100,000 
person-years. Among anti-TNF users, compared with unin-
fected individuals, NTM case patients were more likely to 
have RA. This relatively frequent development of pulmonary 
NTM infection in RA patients may be associated with the 
preexisting structural abnormalities as extra-articular 
involvement by RA. Therefore, pretreatment screening and 
appropriate management of NTM infection is required and 
crucial in RA patients receiving anti-TNF-alpha therapy 
disease.

11.3.2  Diagnosis

11.3.2.1  Diagnostic Criteria
In 2007, the American Thoracic Society (ATS) and Infectious 
Diseases Society of America (IDSA) jointly established 
diagnostic criteria for NTM infection [25]. Diagnosis is 
based on characteristic radiographic findings and positive 
culture results from at least two separate expectorated spu-
tum samples, and clinical manifestation is not necessary 
(Table 11.1).

TST or IGRA

Negative

Presume uninfected

Negative

Negative

Latent TB

Completion of at least 1 month
treatment of latent TB

Start / resume biologic agents

Completion of treatment of
acitive TB

Active TB

Positive

Chest
Radiograph

Sputum for
AFB

Positive

Positive

Fig. 11.1 TB screening 
algorithm for biologics. TST 
tuberculin skin test, IGRA 
interferon-gamma release 
assay, AFB acid-fast bacilli, 
TB tuberculosis
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This criterion has some problem when applied to RA 
patients suspected having NTM infection. Of note, the image 
findings of airway disease complicated with RA are so similar 
to those of NTM infection on HRCT that they are difficult to 
differentiate. In addition, colonization of NTM in the airway is 
not so rare in RA patients; thus, NTM infection should be 
strictly diagnosed in accordance with diagnostic criteria in this 
setting. Prior to the administration of biological agents, HRCT 
should be performed, if possible, to evaluate the presence of 
airway disease. If NTM infection is suspected, multiple spu-
tum examinations or sampling by bronchoscopy should be 
considered. Serological assay is promising in this context.

11.3.2.2  Radiographic Findings
Occasionally, early diagnosis of asymptomatic NTM infec-
tion may be suspected by chest radiography for screening 
purposes. The radiological findings of NTM infection vary 
depending on their species. Findings consistent with NTM 
infection in chest radiographs or HRCT include infiltration 
(usually nodular or reticular nodular), cavity, multifocal 
bronchiectasis, and/or multiple nodules [26]. Pleural exudate 
is rare, but reactive pleural thickening is often seen.

Pulmonary MAC disease consists of two types of diseases 
according to radiological findings: nodular bronchiectatic 
(NB) disease (Fig. 11.2) and fibrocavitary (Cav) disease 
(Fig. 11.3). NB disease accounts for most MAC disease and 
is common among middle-aged and older women who do 
not have a history of smoking. In Japan, approximately 80% 
patients with MAC lung disease have NB disease [27]. 
Nodules and bronchiectasis usually present in the right mid-
dle lobe and left lingular segment [28]. HRCT scans of the 
chest are particularly useful for diagnosing this pattern of 
MAC lung disease, as bronchiectasis and nodules cannot be 

easily discriminated from chest radiography [29]. Although 
the clinical course and prognosis of NB disease varies, the 
prognosis is relatively good. NB disease is also found in 
other NTM pathogens, including M. abscessus.

Cav disease is prevalent among elderly men with preex-
isting lung diseases, such as emphysema and obsolete TB. In 
general, Cav disease usually progress rapidly and is known 
to be a risk factor for poor prognosis. Therefore, early treat-
ment intervention should be considered when diagnosing 
Cav disease. Cavities caused by these organisms tend to have 
thinner walls than those caused by TB [30, 31]. Lung disease 
due to M. kansasii and M. szulgai exhibits similar clinical 
symptoms and imaging findings as pulmonary TB (e.g., cav-
ities and nodules in apex of the lung).

11.3.2.3  Microbiologic Evaluation
Microbiological confirmation is essential for the diagnosis of 
NTM infection. Since NTM are ubiquitous organisms in 
environment, positive sputum culture may be due to environ-
mental contamination or to noninvasive colonization in 
patients with chronic lung disease, especially in RA patients. 
Therefore, positive culture results from at least two separate 
expectorated sputum samples are required for diagnosis [25]. 
Good-quality sputum is essential for not only diagnosis but 
also monitoring treatment efficacy. Sputum induction with 
hypertonic saline is helpful for obtaining good-quality spu-
tum in patients who were unable to expectorate sputum. 
Bronchial lavage obtained by bronchoscopy is less affected 
by contamination from the environment; thus, diagnosis can 
be confirmed with one or more positive culture results. For 
the prompt diagnosis, smear and cultivation with these sam-
ples should be performed at the same time, and if the smear 
is positive and TB cannot be ruled out, the additional nucleic 
acid amplification method should be considered.

11.3.2.4  Serodiagnosis
Research on the usefulness of serological diagnostic technol-
ogy to diagnose MAC disease has been conducted. A sero-
logic diagnostic tool that can detect immunoglobulin A (IgA) 
antibodies against MAC-specific glycopeptidyl lipid core 
antigen using an enzyme immunoassay has been available in 
Japan since 2011. In one study, this assay shows favorable 
results in terms of sensitivity and specificity and appears to 
be promising [32]. Further research is needed to verify this 
technology.

11.3.2.5  Susceptibility Testing
As a drug susceptibility test method of NTM, M24-A2 has 
been established by the US Clinical and Laboratory Standards 
Institute (CLSI) [33], and it has been adopted in the guide-
lines of the United States and Japan. However, in the case of 
pulmonary MAC disease, the result of the drug susceptibility 
test is not always along with clinical effect, and its usefulness 

Table 11.1 Clinical and microbiologic criteria for diagnosing nontu-
berculous mycobacterial lung disease

Clinical (both required)

  1. Pulmonary symptoms, nodular or cavitary opacities on chest 
radiograph, or a high-resolution computed tomography scan 
that shows multifocal bronchiectasis with multiple small 
nodules

  2. Appropriate exclusion of other diagnoses

Microbiologic

  1. Positive culture results from at least two separate 
expectorated sputum samples. If the results from the initial 
sputum samples are nondiagnostic, consider repeat sputum 
acid-fast bacilli (AFB) smears and cultures

  2. Positive culture result from at least one bronchial wash or 
lavage

  3. Transbronchial or other lung biopsy with mycobacterial 
histopathologic features (granulomatous inflammation or 
AFB) and positive culture for NTM or biopsy showing 
mycobacterial histopathologic features (granulomatous 
inflammation or AFB) and one or more sputum or bronchial 
washings that are culture positive for NTM
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Fig. 11.3 Fibrocavitary form. Case: 73-year-old female

Fig. 11.2 Nodular bronchiectatic form. Case: 77-year-old female with RA

H. Moro and T. Kikuchi



171

is not established, except for clarithromycin. Clarithromycin 
is effective to some extent, even for single medication for 
pulmonary MAC disease [34], and therapeutic effects are 
obtained in a dose-dependent manner; thus, it is meaningful 
to perform quantitative susceptibility testing exceptionally. 
For M. kansasii, susceptibility testing for rifampin is consid-
ered useful. Since the involvement of resistant strains is 
extremely rare in untreated cases, it is considered unneces-
sary to conduct a drug susceptibility test on all cases before 
the initial treatment.

11.3.3  Treatment

Treatment decisions are made by evaluating the expected 
risks and benefits of treatment. In immunocompromised 
hosts, their immune status must also be considered, and close 
observation is desired. Treatment of pulmonary NTM infec-
tion depends on the species of organism. In general, the rep-
ertoire of effective drugs is limited, and long-term 
management with multiple drugs is required.

11.3.3.1  Pulmonary MAC Disease
Timing of treatment is at the discretion of each physician, 
and key components in the evaluation of patients are the 
clinical course, manifestation, imaging findings, immune 
status, and so on. Newer macrolide, clarithromycin, plays a 
crucial role on the treatment of this disease. Although clar-
ithromycin is effective as a monotherapy, this drug should 
not be administered alone, because of the concern of selec-
tion for drug-resistant strains [34].

The 2007 ATS/IDSA guideline [25] recommends a com-
bination of multiple drugs for nodular bronchiectatic disease, 
including clarithromycin (1000 mg), ethambutol (25 mg/kg), 
and rifampin (600 mg) three times per week (Table 11.2). 
Treatment regimen with clarithromycin (500–1000 mg), eth-
ambutol (15 mg/kg), and rifampin (600 mg) daily is recom-
mended for Cav disease and severe nodular bronchiectatic 
disease. Additionally, streptomycin or amikacin (10–15 mg/
kg, three times per week) for the first 8 weeks should be con-
sidered in patients with Cav disease, because streptomycin is 
especially effective for extracellular bacillus. In these regi-
mens, clarithromycin and rifampin may be replaced by 
azithromycin and rifabutin, respectively. Dose modification 
is required for elderly, renal dysfunction, and low body 
weight to avoid adverse effects [25, 35]. The Japanese guide-
line recommends a similar treatment regimen, but using a 
lower dose for clarithromycin (600–800 mg daily), with con-
sideration of a smaller body size [36].

There is no consensus on the best duration of therapy, 
since there is limited evidence, and biomarker, which can 
monitor therapeutic effectiveness except for sputum culture, 
is lacking. The ATS/IDSA guideline recommends the dura-

tion of therapy as at least 1 year after sputum culture has 
consecutively negative. On the other hand, the British 
Thoracic Society recommends 2 years of therapeutic dura-
tion with other regimen (rifampin, ethambutol, with or with-
out isoniazid) [37], and the Japanese guideline described 
both recommended durations [36]. Further studies are 
desired to determine the optimum therapeutic duration.

Randomized controlled trials of pulmonary MAC disease 
treatments have not been conducted in HIV-negative patients, 
and these treatment recommendations are based upon trials 
performed in HIV-positive patients [38–40]. Development of 
new effective antibacterial drugs and better treatment regi-
mens using existing antibacterial drugs are being sought. For 
example, rifampin reduces the blood concentration levels of 
clarithromycin (Fig. 11.4) [41, 42], and the decline of thera-
peutic efficacy is of concern. Additionally, rifampin also 
modifies the levels of corticosteroids used for some reason, 
including in RA patients. Because of these points, therapeu-
tic regimens with rifampin are under examination. It was 
suggested that a two-drug regimen of clarithromycin and 
ethambutol can achieve clinical effects equivalent to or 
higher than a three-drug regimen with rifampin [42]. At pres-
ent, the standard regimen should be maintained; however, 
such an alternative regimen that is less burdensome for 
patients should be adopted in the future.

11.3.3.2  M. kansasii Disease
In the US treatment guideline, the standard regimen for treat-
ing M. kansasii disease includes rifampin (600 mg/day), iso-
niazid (300 mg/day), and ethambutol (600 mg/day) for a 
duration that includes 12 months of negative sputum culture 
for M. kansasii disease [25]. Generally, better therapeutic 
effects are expected for this infection, compared with pulmo-
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Fig. 11.4 Mean concentration of clarithromycin. Mean serum concen-
tration of clarithromycin after oral administration of the three-drug 
regimen (clarithromycin, ethambutol, and rifampicin; circles) and the 
two-drug regimen (clarithromycin and ethambutol; squares) [38]
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nary MAC disease. Pulmonary M. kansasii disease may 
deteriorate without treatment, and all patients with this dis-
ease should receive antimicrobial chemotherapy. As for the 
treatment period, similar to pulmonary MAC disease, 1 year 
after negative sputum culture is recommended. Recurrent 
cases raise concerns about the involvement of rifampin- 
resistant strains, but since they are very rare at the time of 
initial treatment, drug susceptibility testing need not be rou-
tinely performed.

11.3.3.3  Surgical Management
As described above, conservative treatment with 
clarithromycin- containing regimen is the mainstay of 
treatment, but if drug therapy alone does not successfully 
eradicate the infection, lung resection is still an option for 
treatment. Retrospective studies in several single institu-
tions, including in a few patients, suggest that surgery may 
be associated with a good treatment outcome [43, 44]. The 
 ATS/IDSA guideline recommends the surgical resection of 
limited (focal) disease in a patient with adequate cardio-
pulmonary reserve to withstand partial or total lung resec-
tion, which can be a successful treatment in combination 
with multidrug treatment regimens [25]. Although there 
are no established criteria for patient selection, if the 
patient is refractory to drug therapy, has macrolide-resis-
tant infection, or presents with serious complications 
including hemoptysis, surgery may be indicated. There are 
potentially severe perioperative complications, and sur-
gery should be performed in centers with expertise in both 
medical and surgical management of mycobacterial 
diseases.

11.3.3.4  Prognosis
A meta-analysis of HIV-negative patients with pulmonary 
MAC disease reported a treatment success rate of 38% in 
total [45]. Furthermore, patients with pulmonary MAC dis-
ease who have achieved consecutively negative sputum cul-
ture with standard regimen are estimated to be about 60% 
[46]. Taken together, the definitive treatment for pulmonary 
MAC disease has not been established. Factors predicting a 
poor prognosis include Cav or Cav+NB disease, low BMI, 
and anemia [27]. Additionally, associations between the vari-
able number of tandem repeats (VNTR) profiling data and a 
therapeutic response in patients with pulmonary MAC dis-

ease were reported [47]. Thus, it is expected to establish the 
usefulness of this method in predicting the therapeutic reac-
tivity of pulmonary MAC disease.

11.3.3.5  Special Consideration for RA Patients
As a rule, standard treatments should be conducted as 
described above, even in RA cases with the use of biological 
agents. The prognosis of RA-NTM infection was somewhat 
poorer than NTM infection alone; Yamakawa et al. reported 
that the 5-year survival rate was 66.1% [48]. In another 
research conducted in the United States, the mortality rate 
was 37% in RA-NTM patients who were administered anti- 
TNF- alpha agents [24]. In general, concomitant use of bio-
logical agents is considered a contraindication in cases of 
RA with confirmed NTM infection. Meanwhile, in a multi-
center study conducted in Japan, no death was reported [49]. 
Also, no deceased case is notified in PMS of biologic agents 
in Japan. Although the reasons for such differences are 
unknown, differences in the medical systems of both coun-
tries may be an explanation, and frequent chest x-ray imag-
ing and careful monitoring during clinical course are crucial. 
In this context, the consensus statement of Japan, published 
in 2014 [50], declared that if the disease activity of RA is 
severe and requires the use of biological agents, it may be 
administered in the following situations: (a) MAC disease, 
(b) nodular bronchiectatic type, (c) mild preexisting lung 
disease, (d) good general health, (e) antibiotic therapy which 
can be administered over a long period, and (f) good response 
to antibiotic treatment. The use of any biological agent for 
RA patients with NTM infection should be based on whether 
or not the benefits outweigh the risk, which requires further 
clinical study.
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Organizing Pneumonia in Rheumatoid 
Arthritis

Takahisa Gono

Abstract

Organizing pneumonia (OP) is one of the extra-articular manifestations in rheumatoid 
arthritis (RA). OP is noninfectious pneumonia with less responsiveness to antibiotics, occa-
sionally mimicking bacterial pneumonia. RA patients with OP typically experience flu-like 
symptoms and respiratory symptoms such as nonproductive cough and dyspnea at the onset 
of OP. However, some RA patients do not reveal any respiratory symptoms. The character-
istics of chest imaging include bilateral/multiple consolidations or ground-glass opacities 
with normal lung volumes. The lung lesions are occasionally unilateral/solitary and are 
frequently observed in the lower zone of the lungs. In the pathophysiology of OP with RA, 
Th1-dominant response and pro-inflammatory cytokines are associated with the develop-
ment of OP with RA.

In general, intermediate–high dose of prednisolone ameliorates OP with RA. The prog-
nosis is good for OP with RA, although OP relapse is noted in 10–20% of RA-OP cases. OP 
is not a direct cause of death in RA.
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12.1  Introduction

Rheumatoid arthritis (RA) is a joint disease that is caused by 
autoimmune processes. The most common extra-articular man-
ifestation is lung disease, such as usual interstitial pneumonia 
(UIP), nonspecific IP (NSIP), organizing pneumonia (OP), and 
airway disease in RA [1]. OP is complicated in several diseases 
such as infection, connective tissue disease, drug, and radiation 
therapy, as shown in Table 12.1 [2]. OP associated with these 
underlying diseases is called secondary OP. By contrast, OP 
without an underlying disease is called cryptogenic OP (COP). 
OP is classified as a type of interstitial lung disease (ILD).

The primary affected area is within the alveolar wall in 
OP. At first, alveolar epithelial cells are injured by some 

type of factor. Then, the necrosis and sloughing of pneumo-
cytes result in the denudation of the epithelial basal laminae 
[3]. Interestingly, OP is relatively responsive to treatment 
with intermediate doses of corticosteroids and can display 
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Table 12.1 Causes of OP

Infection:
  Bacteria, virus, fungus, parasite

Connective tissue disease:
  RA, polymyositis/dermatomyositis

Drug:
  Amiodarone, carbamazepine, DMARDs, interferon, 

nitrofurantoin, etc.

Radiation therapy

Organ transplant:
  Bone marrow transplantation

Aspiration of gastric contents:
  Gastroesophageal reflux, repeated micro-aspirations

OP organizing pneumonia, RA rheumatoid arthritis, DMARDs disease- 
modifying antirheumatic drugs
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dramatic reversibility of the lung lesions, despite the fact 
that the inflammatory exudates are composed of collagen, 
fibroblasts, and myofibroblasts. By contrast, UIP responds 
poorly to treatment by corticosteroids and results in pro-
gressive irreversible fibrosis. Thus, the prognosis is better in 
OP than in UIP. However, OP occasionally recurs in RA 
patients and in COP patients. The detailed pathophysiology 
of RA-associated OP (RA-OP) remains unknown. The clini-
cal characteristics, diagnosis, treatment, and pathophysiol-
ogy of RA-OP, including recent findings, are described 
below.

12.2  Prevalence and Incidence of RA-OP

The accurate prevalence and incidence of RA-OP remain 
unknown. OP is one type of ILD. ILD is clinically compli-
cated in ~10% of RA patients [4–6]. UIP and nonspecific IP 
(NSIP) are common in RA-ILD. In a multicenter UK study, 
OP was revealed in 7 (5%) of 159 RA patients with ILD [7]. 
In addition, a Japanese study found OP in 19 (4%) of 499 RA 
patients [8]. Therefore, the complication of OP is not fre-
quently revealed in RA.

12.3  Relationship Between OP Onset 
and Arthritis Onset in RA

According to the combined results from the two previous 
reports, OP preceded the onset of arthritis in 12% of the 40 
enrolled RA patients, as shown in Fig. 12.1 [8, 9]. The dura-
tion between the development of OP and onset of arthritis is 
2 weeks to 2 years [9]. In almost all of these cases, rheuma-
toid factor (RF) and/or anti-citrullinated protein antibody 
(ACPA) were positive. On the other hand, OP is typically 
complicated after diagnosis of RA (70%) and occasionally 
simultaneous development of OP (18%) (Fig. 12.1) [8–10]. 
When clinicians experience a case with OP in which RF/
ACPA is positive in sera and no arthritis is noted, clinicians 

should be mindful of the development of arthritis in subse-
quent follow-up appointments.

12.4  Clinical Characteristics  
of OP in RA

The mean age of the development of OP is approximately 
60 years. The incidence is twofold greater in females than in 
males. The disease duration at OP onset is approximately 
4–7 years after the onset of RA. There was no significant dif-
ference in clinical characteristics, including age, gender, 
presence of RF/ACPA, smoking history, disease activity, and 
treatment with DMARDs, between RA-OP patients and RA 
patients without OP [8, 10]. In some cases with RA-OP, 
arthritis disease activity is closely associated with the devel-
opment of OP. However, OP is also complicated in some 
cases with RA in which disease activity is low or in remis-
sion [9, 10]. The difference might depend on the cause of OP 
in RA. We hypothesized the causes of RA-OP, as shown in 
Table 12.2. In RA, the causes of OP include RA disease, 
infections such as from bacteria or viruses, and the use of 
drugs that include conventional synthetic DMARDs and 
bDMARDs [3, 9–14].

12.4.1  Clinical Characteristics of OP in RA 
Patients Treated with bDMARDs

According to a previous report, OP onset was found in 12 RA 
patients treated with bDMARDs [10]. As shown in 
Table 12.3, MTX was administered to 9 of these 12 patients. 
Infliximab, etanercept, and tocilizumab were administered to 
six, five, and one of the patients, respectively. The selection 
of which bDMARD was administered could reflect a phar-
maceutical market trend at the time of the study. Four patients 
developed OP within 2 months of initiating their bDMARD 
treatment. The other eight patients developed OP more than 
1 year after commencement of bDMARD treatment. RA dis-
ease activity at the onset of OP was low or in remission 
(DAS28-ESR <3.2) for five patients.

OP precedes
arthritis

12%

OP onset after
arthritis onset

70%

simultaneous
development of OP

and arthritis
18%

Fig. 12.1 Relationship between OP onset and arthritis onset in RA. 
OP organizing pneumonia. The whole number of enrolled patients is 40

Table 12.2 Presumptive causes of OP associated with RA

RA-itself disease activity

Infection:
  Bacteria, fungus, virus

Drugs:
  csDMARDs, bDMARDs, others

Unknown origin

OP organizing pneumonia, RA rheumatoid arthritis, csDMARDs con-
ventional synthetic disease-modifying antirheumatic drugs, bDMARDs 
biological DMARDs
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These results indicate that the initiation of bDMARD 
treatment might be associated with the onset of OP in some 
cases and that RA disease activity is not always correlated 
with the frequency of OP onset. In two cases, OP developed 
within 1 month of initiating bDMRAD treatment. These two 
patients were almost 80 years old and had preexisting 
ILD. Infection or treatment with bDMARDs might induce 
the onset of OP. Clinicians should be aware of the potential 
onset of OP in elderly RA patients with preexisting pulmo-
nary disease.

Compared with patients treated with csDMARDs alone, 
RA disease duration tended to be reduced, and RA disease 
activity tended to be increased in patients treated with 
bDMARDs. There was no significant difference in age, gen-
der, prednisolone (PLS) dose, RF titers, and the rate of pre-
existing pulmonary disease between the two subsets [10].

12.5  Symptoms and Physical Examination

In COP, the following symptoms occur (Table 12.4): persis-
tent nonproductive cough (72%), dyspnea (66%), fever 
(51%), malaise (48%), and body weight loss [15]. In RA-OP, 
patients typically feel flu-like symptoms such as fever, mal-
aise, shivering, chills, and body aches [9]. These symptoms 
in RA-OP are basically the same as those in COP and develop 
acutely or subacutely across days to weeks. By contrast, 
some patients with RA-OP occasionally have no respiratory 
symptoms. According to a previous report, 40% of the 
RA-OP patients studied had no respiratory symptoms [8], 
which may be because the disability of physical function 
caused by RA masks their respiratory symptoms. In these 

cases, the levels of C-reactive protein (CRP) are higher than 
usual, although arthritis disease activity is stable compared 
with previous visits. When the origin of the high levels of 
CRP is unknown and the arthritis disease activity is the same 
as previously noted, chest radiography should be assessed to 
consider any complications of OP. In addition, when treat-
ment with antibiotics is unresponsive or insufficiently 
responsive to pneumonia in RA patients, clinicians should be 
mindful in case OP is developing.

On physical examination, inspiratory crackles are often 
(74%) revealed in COP patients [15]. There are no respira-
tory findings on physical examination in one-fourth of 
patients. Specific findings are also frequently absent in 
RA-OP. Breath sounds are frequently normal or slightly 
abnormal in RA-OP patients.

12.6  Evaluation

The main measures to diagnose RA-OP and conduct differ-
ential diagnosis are laboratory tests, imaging studies, micro-
organism tests, and histopathological evaluations, as shown 
in Table 12.5. Each evaluation is described below.

Table 12.3 Clinical characteristics of OP with RA patients treated with bDMARDs

No. Age/sex

RA disease 
duration, 
month csDMARD PSL bDMARD

Period of 
bDMARD, 
month

RF at OP 
development, IU/
mL

DAS28-ESR at OP 
development

1 53/F 27 MTX + IFX 2 6 3.3

2 56/F 35 MTX − IFX 12 45 4.3

3 60/F 36 MTX − ETN 14 195 4.4

4 31/F 28 MTX − ETN 1 45 2.1

5 66/F 102 MTX, TAC + TCZ 15 112 2.1

6 66/M 84 MTX − IFX 18 122 3.8

7 79/F 144 – − ETN 1 <5 2.8

8 78/F 8 SASP + ETN 0 307 5.1

9 42/F 106 MTX + IFX 62 <5 3.4

10 41/F 258 LEF + ETN 60 29 1.4

11 63/M 84 MTX, SASP − IFX 26 86 3.0

12 56/M 86 MTX − IFX 27 403 4.8

OP organizing pneumonia, RA rheumatoid arthritis, bDMARDs biological disease-modifying antirheumatic drugs, csDMARD conventional syn-
thetic DMARD, PSL prednisolone, RF rheumatoid factor, DAS28 disease activity score at joints, ESR erythrocyte sedimentation rate, MTX metho-
trexate, TAC tacrolimus, SASP salazosulfapyridine, LEF leflunomide, IFX infliximab, ETN etanercept, TCZ tocilizumab

Table 12.4 Symptoms of OP

Persistent nonproductive cough

Dyspnea

Fever

Malaise

Weight loss

OP organizing pneumonia
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12.6.1  Laboratory Tests

No specific laboratory markers are available for the diagno-
sis of RA-OP. In cases with OP preceding arthritis in RA, 
RF/ACPA is useful for the consideration of later RA onset. 
Inflammatory markers such as CRP and erythrocyte sedi-
mentation rate (ESR) increase during the onset of OP. CRP 
and ESR levels are higher at the OP onset than at the latest 
visits before the OP onset.

12.6.2  Imaging Studies

12.6.2.1  Chest Radiography
Chest radiography is conventional and appropriate as a 
screening test for the evaluation of pulmonary disease. As 
shown in Table 12.6, the characteristics of chest radiogra-
phy/high-resolution computed tomography (HRCT) are 
bilateral/multiple consolidations or ground-glass opacities 
with normal lung volumes. The lung lesions are occasionally 
unilateral or solitary. In addition, the lung lesions occasion-
ally disappear spontaneously and migrate to another zone. 
Pleural effusion and shrinking lung are typically not observed 
in OP.

As shown in Fig. 12.2a, multiple consolidations and 
ground-glass opacities are observed in the right lobe of the 
lung. After treatment with prednisolone (PSL), these lesions 
disappeared. Then, a new ground-glass lesion appeared in 
the left lower lobe immediately after tapering the PSL dose 
to 5 mg/day (Fig. 12.2b).

As shown in Figs. 12.3a and 12.4a, a unilateral and soli-
tary lesion is occasionally observed in RA-OP. These lesions 
are frequently revealed in the lower zone of the lung.

12.6.2.2  HRCT
HRCT evaluates pulmonary lesions in greater detail than 
chest radiography. In general but not especially in RA-OP, 
the most common radiologic pattern is multifocal peripheral 
consolidations (Fig. 12.3b). This form is identified in three- 
quarters of COP patients [16]. The lower zone is preferen-
tially affected. Other zones are also affected in 
OP. Furthermore, a bronchocentric pattern is also revealed in 
up to one-third of COP (Fig. 12.5b) [16]. This pattern dem-
onstrates multiple nodules and consolidations in the periph-
ery of the lung and subpleural space. The density of the 
opacities reflects consolidation with air bronchogram or 
ground glass (Fig. 12.4b, c). Bronchial wall thickening with 
dilation is also revealed (Fig. 12.5b).

According to a previous report on RA-OP and as shown in 
Table 12.7, consolidation/alveolar opacities were observed in all 
of the 19 RA-OP patients [8]. Multiple consolidation and bilat-
eral lung lesions were noted in 14 (74%) and 8 (42%) patients, 
respectively. These lesions were frequently revealed in the 
lower/middle lung zones. The lung lesions disappeared sponta-
neously in 8 (42%) patients. A reticular shadow was observed in 
only one patient. This shadow is generally not found in RA-OP.

12.6.3  Pulmonary Function Test

Vital capacity is decreased in OP. Restrictive ventilatory 
impairment is noted. The severity of the impairment is typi-
cally mild to moderate [15, 17]. The diffusing capacity of the 
lung for carbon monoxide is also reduced in the majority of 
OP patients [15, 18]. These impairments of pulmonary func-
tion usually improve after administration of corticosteroid.

12.6.4  Microorganism Test

To exclude infection in pneumonia, Gram’s stain and culture 
including mycobacterium and fungus in blood, sputum, and 
bronchoalveolar lavage fluid (BALF) and urinary tests for 
pneumococcal and Legionella antigen should be performed. 
In addition, measurements of β-D-glucan and cytomegalovi-
rus antigenemia also should be considered in RA patients 
treated with immunosuppressive csDMARDs, bDMRADs, 
or corticosteroids.

Table 12.5 Evaluation for diagnosis of RA-OP and differential 
diagnosis

Laboratory tests:
  RF, ACPA, CRP, ESR

Imaging studies:
  Chest radiograph, HRCT

Pulmonary function test:
  %VC, DLCO

Microorganism test:
  Gram’s stain and culture (blood, sputum, BALF) including 

mycobacterium and fungus

Cytology/histopathology:
  BALF (distribution of leukocytes, confirmation of alveolar 

hemorrhage, cytology), lung biopsy (transbronchial, CT-guided, 
surgical)

RA rheumatoid arthritis, OP organizing pneumonia, RF rheumatoid fac-
tor, ACPA anti-citrullinated protein antibody, CRP C-reactive protein, 
ESR erythrocyte sedimentation rate, HRCT high-resolution computed 
tomography, %VC vital capacity as percent of predicted, DLco diffuse 
capacity for carbon monoxide, BALF bronchoalveolar lavage fluid

Table 12.6 Characteristics of chest radiography/HRCT in OP

Consolidation/ground-glass opacities

Normal lung volume

Bilateral, occasionally unilateral

Patchy, multiple lesions, occasionally solitary

HRCT high-resolution computed tomography, OP organizing 
pneumonia
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a b

dc

Fig. 12.2 A 67-year-old male 
with RA developed OP during 
treatment with bucilamine. (a, 
c) Multiple consolidations 
and ground-glass opacities are 
found in the right lobe of the 
lung. (b, d) A new ground- 
glass lesion appeared in the 
left lower lobe just after 
tapering of PSL dose to 5 mg/
day. These images are 
provided through the courtesy 
of M. Hanaoka

a b
Fig. 12.3 A 55-year-old 
female developed OP during 
treatment with infliximab. (a) 
Consolidation is revealed in 
the middle/lower zone of the 
lung. (b) Air bronchogram is 
demonstrated in HRCT. These 
images are provided through 
the courtesy of M. Hanaoka
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12.6.5  Cytology/Histopathology

12.6.5.1  BALF
BALF is obtained using bronchoscopy. The evaluation of 
BALF reveals the distribution of cells such as neutrophils, 

eosinophils, lymphocytes, and macrophages and detects 
microorganisms, alveolar hemorrhage, and malignant cells. 
This investigation is critical for differential diagnosis in lung 
disease. In OP, increases in lymphocytes are noted; however, 
this finding is not specific for OP [3, 15, 19]. A decreased 
ratio of CD4/CD8 and Th1-dominant activation are revealed 
in BALF with OP [15, 19, 20].

12.6.5.2  Lung Biopsy
To confirm a diagnosis of OP, it could be considered to obtain 
lung tissues. The measures include transbronchial lung 
biopsy (TBLB), CT-guided lung biopsy, and surgical lung 
biopsy. TBLB using bronchoscopy is relatively less invasive 
as a procedure. However, it is difficult to obtain sufficient 

a b c

Fig. 12.4 A 70-year-old male developed OP during treatment with methotrexate. (a) Consolidation is revealed in the lower zone of the right lung. 
(b, c) Air bronchogram and ground-glass opacities are demonstrated in HRCT. These images are provided through the courtesy of M. Hanaoka

a b
Fig. 12.5 A 68-year-old 
female developed OP during 
treatment with methotrexate. 
(a, b) Multiple nodules and 
consolidations are found in 
the periphery lung and 
subpleural. (b) Bronchial wall 
thickening with dilation is 
also revealed

Table 12.7 HRCT findings and frequency in RA-OP (n = 19)

Consolidation/alveolar opacities, 100%

Multiple consolidation, 74%

Ground-glass opacities, 47%

Bilateral lung lesions, 42%

Reticular shadow, 5%

HRCT high-resolution computed tomography, RA rheumatoid arthritis, 
OP organizing pneumonia
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tissue for accurate evaluation. By contrast, surgical lung 
biopsy using video-assisted thoracoscopy makes it possible 
to obtain sufficient tissue and evaluate it accurately. However, 
the procedure is invasive and risky for patients with poor 
general or respiratory health. In a typical case with RA-OP, 
CT-guided/surgical lung biopsy might not be needed. In 
these cases, TBLB could be considered. However, CT-guided 
or surgical lung biopsy should be  considered in cases in 
which the clinical characteristics are inconsistent with those 
of OP and a more certain differential diagnosis is needed.

12.7  Characteristics of Histopathology

The characteristics of the histopathological findings in OP are 
shown in Table 12.8. One characteristic is an intraluminal 
plug of inflammation that consists of buds of granulated tis-
sue (Figs. 12.6 and 12.7). The buds of granulated tissue within 
the alveolar space are revealed in the area indicated by circles 
(Fig. 12.6). The granulations are composed of fibroblasts, 

myofibroblasts, and connective tissue matrix within the alve-
olar ducts and surrounding alveoli (Fig. 12.8) [16]. These 
buds may extend to adjacent buds through the pore of Kohn 
[3, 16]. Mild interstitial inflammation is found surrounding 
the lung (Fig. 12.9). Mononuclear cells are mildly infiltrating 
into the alveolar walls (indicated by black arrows in Fig. 12.9). 
Lymphocytes and macrophages are present in the alveolar 
lumina (indicated by black arrow heads in Fig. 12.9). Foamy 
macrophages are present in alveoli [16]. A uniform appear-
ance within the involved area and a patchy distribution with-
out severe disruption of the lung architecture are characteristic 
features in OP (Fig. 12.6). In a typical form of OP, hyaline 
membranes are absent, as found in diffuse alveolar damage.

Table 12.8 Characteristics of histopathology in OP

Buds of granulated tissue within the alveolar space

Granulated tissue consist of fibroblasts/myofibroblasts embedded in 
connective tissue

Buds extend into the bronchioles and occasionally obstruct the 
lumen

Mild interstitial inflammation with lymphocytes/plasma cells, 
foamy macrophages in alveoli

A uniform appearance within involved area

Patchy distribution without severe disruption of the lung 
architecture

OP organizing pneumonia

2mm

Fig. 12.6 Histopathology of RA-OP in hematoxylin-eosin staining. 
Buds of granulation tissue within the alveolar space are revealed in the 
area indicated by circles. A uniform appearance within involved area 
and a patchy distribution without the disruption of the lung architecture 
are revealed in this histopathology. This image is provided through the 
courtesy of T. Takemura

500µm

Fig. 12.7 Histopathology of high-power field in the Fig. 12.6 in 
hematoxylin- eosin staining. Alveolar spaces are filled with granulation 
tissue. ILS interlobular septa. This image is provided through the cour-
tesy of T. Takemura

500µm

Fig. 12.8 Histopathology in Elastica van Gieson staining. Intra- 
alveolar buds of granulations and fibrosis were revealed with preserved 
alveolar structures. This image is provided through the courtesy of 
T. Takemura
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12.8  Histopathogenesis of OP

In the histopathogenesis of OP, four processes are organized 
as follows: (1) leakage, (2) coagulation, (3) organization, and 
(4) resorption [3, 17]. First, alveolar epithelial injury leads to 
pneumocyte cell death, thus forming gaps in the basal lamina. 
Plasma proteins containing clotting factors and inflammatory 
cells such as neutrophils, eosinophils, and lymphocytes leak 
into the airspace. Then, the activated coagulation cascade 
causes fibrin deposition. Thereafter, fibroblasts migrate 
through the gap in the basal lamina. Mature fibrotic buds are 
formed with concentric rings of myofibroblasts and connec-
tive tissue matrix, such as type III collagen, fibronectin, and 
proteoglycans, into the alveolar space. Finally, inflammation 
subsides and fibrotic lesions are resorbed.

12.9  Diagnosis

When a typical clinical course, symptoms, imaging findings, and 
histopathology are observed, it is easy to diagnose RA-OP. In 
daily practice, histopathology evaluation of the lung is some-
times not conducted because clinicians tend to avoid invasive 
evaluations such as surgical lung biopsy or because they do not 
consider any disease other than OP. Otherwise, CT-guided or 
surgical lung biopsy should be considered in cases in which the 
clinical characteristics are inconsistent with those of OP in order 
to more definitively perform a differential diagnosis as described 
below. In cases that are unresponsive or insufficiently responsive 
to treatment with corticosteroids for lung lesions mimicking OP, 
a lung biopsy should be conducted.

12.10  Differential Diagnosis

For differential diagnosis, several diseases are listed as 
below and presented in Table 12.9.

12.10.1  Infection

The most important consideration during diagnosis is to 
exclude the possibility of infection because corticosteroid 
treatment will be initiated for OP. In some cases, infections 
can induce OP. When an antibiotic is sufficiently received 
and a poor response is noted for the lung lesions, the addition 
of corticosteroid can be considered on conditon that infec-
tion is excluded.

12.10.2  Malignancy

In addition, malignancy such as adenocarcinoma(invasive 
mucinous adenocarcinoma) and lymphoma should be con-
sidered when the response to corticosteroid therapy is poor 
or not sufficient or clinical features and radiological find-
ings are inconsistent with those of typical OP. In these cases, 
CT-guided or surgical lung biopsy should be conducted.

12.10.3  Other Forms of ILD

In NSIP, OP-like imaging is partly revealed in the peripheral 
distribution of the lung. In these cases, a reticular shadow is 
usually found in the lower zone of the bilateral lung. This 
finding is typically not observed in OP. By contrast, some 
cases with OP have a fulminant onset, progress rapidly to 
respiratory failure, and are refractory despite corticosteroid 
treatment. In those cases, diffuse alveolar damage (DAD) 
should be considered. Clinicians should pay attention to the 
development of DAD when OP-like imaging is found, the 
response to corticosteroids is poor, and the pulmonary func-
tion is progressively impaired.

500µm

Fig. 12.9 Histopathology of high-power field in the Fig. 12.6 in 
hematoxylin- eosin staining. Mononuclear cells were mildly infiltrating 
in the alveolar walls (indicated by black arrows). Lymphocyte and mac-
rophages are present in the alveolar lumina (indicated by black arrow 
heads). This image is provided through the courtesy of T. Takemura

Table 12.9 Differential diagnosis for OP

Infection:
  Coexisting of infection

Malignancy:
  Invasive mucinous adenocarcinoma, lymphoma

Other forms of ILD:
  NSIP, DAD

Chronic eosinophilic pneumonia

Hypersensitivity pneumonitis

OP organizing pneumonia, ILD interstitial lung disease, NSIP nonspe-
cific interstitial pneumonia, DAD diffuse alveolar damage
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12.10.4  Chronic Eosinophilic Pneumonia

Clinical features of chronic eosinophilic pneumonia (CEP) 
mimic those of OP. In contrast to OP, the clinical course is 
more chronic, and eosinophils are more prevalent in periph-
eral blood, BALF, or lung tissue in CEP.

12.10.5  Hypersensitivity Pneumonia

The clinical manifestation of OP is similar to that of sub-
acute hypersensitivity pneumonia (HP). HP is primarily 
caused by inhalation of dust. When a known exposure to 
an etiological agent occurs, a higher percentage of lym-
phocytes is observed, and the presence of poorly formed 
granulomas on the lung tissue is found, HP must be 
diagnosed.

12.11  Treatment

No randomized controlled trial for the treatment of COP or 
RA-OP has been performed. Corticosteroids have been used 
traditionally for the treatment of COP or RA-OP. In general, 
0.5–1.0 mg/kg of prednisolone (PSL) ameliorates OP in RA 
[8, 9]. The dose of PSL might depend on the general condi-
tion, intensity of inflammation, extent of OP, severity of pul-
monary function, and a patient’s comorbidity. In some cases, 
a relatively lower dose of PSL, 15–20 mg/day, would suffice 
for RA-OP. When an intermediate to high dose of PSL, 
30–60 mg/day, is administered as the treatment of OP, most 
clinicians discontinue csDMARDs or bDMARDs. This 
might be because they are seeking to avoid excessive immu-
nosuppression or are considering DMARD-induced 
OP. Whether csDMARDS or bDMARDs should be with-
drawn or should be continued at the initiation of PSL treat-
ment remains controversial.

Based on previous clinical experiences, PSL therapy 
alone is sufficiently responsive to RA-OP. The regimen of 
PSL therapy has not been determined. The initial dose of 
PSL is continued for 2–4 weeks until the improvement of OP 
is obviously confirmed. Then, the dose of PSL should be 
carefully tapered by 10–20% every 1–2 weeks. If PSL is 
reduced to less than 10 mg/day, RA patients who are kept in 
the cessation of DMARDs could begin to suffer from arthral-
gia again. Therefore, treatment with DMARDs should be 
reinitiated when the dose of PSL reaches 15–20 mg/day. In 
relapsing cases with COP or secondly OP, immunosuppres-
sive agents such as tacrolimus, cyclosporine, cyclophospha-
mide, and azathioprine could be administered, even though 
RA disease activity primarily needs to be under control upon 
treatment with DMARDs [21–23]. No reliable evidence sup-
ports the usage of these immunosuppressive agents for 

RA-OP. In addition, upon recommencement of the same 
DMARDs as previously used, the recurrence of OP should 
be carefully monitored in cases in which OP developed less 
than 3 months after the DMARDs were administered.

12.12  Prognosis

The prognosis is good. In typical cases, OP is not a direct 
cause of death. In 10–20% of cases, OP relapses [8, 9]. In 
some cases with DAD mimicking the imaging of OP as an 
initial feature, pulmonary function rapidly and progressively 
deteriorates regardless of the initiation of PSL. DAD in RA 
is frequently complicated with preexisting UIP and results in 
a fatal outcome due to respiratory failure.

12.13  Pathophysiology

12.13.1  Th1-Dominant Response

The pathophysiology of RA-OP remains unclear, as does 
that of COP. A previous report indicated that a Th1-dominant 
response was activated [20]. Lymphocytes were increased in 
BALF with COP. Interleukin (IL)-12, IL-18, and monocyte 
chemoattractant protein-1 levels were significantly increased 
in BALF from patients with COP compared with those with 
UIP or controls [20]. This result is consistent with a study 
regarding RA-OP. According to the research with serum 
cytokine profiles in RA-OP, the levels of interferon (IFN)-γ, 
IL-2, IL-12, and IFN-γ-inducible protein 10 (IP-10) were 
significantly higher in RA-OP than in RA without OP [10]. 
Dendritic cells, macrophages, and monocytes synthesize 
IL-12 [24]. IL-12 differentiates naïve T cells to Th1 cells that 
produce IL-2 and IFN-γ. IFN-γ activates macrophages and 
induces leukocytes to produce IP-10 [25]. IP-10 chemoat-
tracts CXCR-3-positive cells including macrophages, den-
dritic cells, natural killer cells, and activated T lymphocytes 
toward the inflamed area [10]. These findings indicate that 
activated innate immune cells such as macrophages and 
acquired immune cells such as Th1 cells are associated with 
the development of RA-OP and COP.

12.13.2  High Levels of IFN-α and   
Pro- inflammatory Cytokines

Serum levels of IFN-α, IL-1β, IL-6, IL-8, and TNF-α were 
significantly higher than in RA-OP patients than in RA 
patients without OP [10]. According to a previous report, 
porcine circovirus type 2 (PCV2) infection caused the devel-
opment of OP in swine [26]. IFN-α, IL-1β, and IL-6 serum 
levels were increased in swine infected with PCV2. This 
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finding is similar to one revealed in RA-OP. It could be 
hypothesized that viral infection could cause OP in some 
patients with RA. We present a schema regarding a hypoth-
esis of the development of RA-OP in Fig. 12.10.

 Conclusion

OP is occasionally encountered in RA. The important 
strategies for preventing OP onset are to keep the disease 
activity of arthritis under control with DMARD treatment 
and to take precautions against infection as much as pos-
sible. If OP develops within 3 months of the initiation of 
DMARD treatment, it should be considered that the 
DMARD treatment could be associated with the OP 
onset. Differential diagnosis should be performed, espe-
cially in cases exhibiting a poor response to corticoste-
roids or progressive impairment of pulmonary function.
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Acute Pulmonary Infiltrates in Patients 
with Rheumatoid Arthritis: Differential 
Diagnosis and Management

Sadatomo Tasaka

Abstract

Patients with rheumatoid arthritis (RA) sometimes experience acute onset of respiratory 
symptoms with pulmonary infiltrates on chest roentgenogram, potentially leading to respi-
ratory failure. Because many of RA patients have pre-existing lung complications, such as 
interstitial lung disease (ILD) and airway disease, and receive various immune-modulating 
drugs, it is often difficult to make a correct diagnosis. The differential diagnosis includes 
acute exacerbation of RA-associated ILD, drug-induced occurrence or exacerbation of ILD, 
and respiratory infection. There are many diagnostic tools, such as radiological examina-
tion, laboratory tests, bronchoalveolar lavage, and lung biopsy, but, in most cases, none of 
these tools has enough power to make a diagnosis by itself, requiring a combined diagnostic 
approach. Once an RA patient is diagnosed with acute exacerbation of ILD or rapidly pro-
gressive ILD, ventilatory management and drug treatment should be initiated immediately 
in accordance with those of acute exacerbation of idiopathic interstitial pneumonias. In case 
of bacterial pneumonia in RA patients receiving immune-modulating agents, it should be 
treated as healthcare-associated pneumonia, considering risk factor for Pseudomonas aeru-
ginosa infection. Pneumocystis jirovecii pneumonia in RA patients is characterized by an 
abrupt onset of respiratory insufficiency, requiring a speedy diagnosis using PCR and serum 
β-D-glucan measurement.

Keywords

Acute exacerbation • Acute pulmonary infiltrates • Drug-induced lung disease • Healthcare- 
associated pneumonia • Pneumocystis jirovecii pneumonia

13.1  Introduction

Most of lung complications in patients with rheumatoid 
arthritis (RA), such as interstitial lung disease (ILD) and air-
way disease, develop gradually, but RA patients sometimes 
experience acute onset of respiratory symptoms with pulmo-
nary infiltrates on chest roentgenogram, potentially leading 
to respiratory failure [1, 2]. Lung complications of acute or 
subacute onset (within 3 months) in patients with RA are 
divided into two categories: (1) acute exacerbation of pre- 

existing lung complications of RA and (2) those related to 
RA treatment, including drug-induced lung disease (DILD) 
and opportunistic infection [3]. Since clinical and radiologi-
cal features of these two categories are often similar, it may 
be difficult to make a correct diagnosis.

The incidence of ILD occurring in RA patients was seven 
times higher than that for other connective tissue diseases 
[4]. Using high-resolution computed tomography (HRCT), 
interstitial abnormalities are frequently observed even in 
patients with early RA, although most of them have no respi-
ratory symptoms [5]. Unless the respiratory system has been 
precisely evaluated with imaging and pulmonary function 
tests, pre-existing lung complications may not be recog-
nized, which makes it difficult to discriminate acute exacer-
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bation from rapid development of lung complications. 
Furthermore, two or more disease processes may coexist in 
an RA patient complaining respiratory symptoms. For exam-
ple, an RA patient with DILD who receives steroid treatment 
may develop an opportunistic infection. In this chapter, 
 clinical diagnosis and management of acute pulmonary infil-
trates in patients with RA will be illustrated.

13.2  Acute Exacerbation of Interstitial 
Lung Disease

Acute exacerbation of ILD is generally defined as rapidly 
deteriorating respiratory symptoms within a 30-day period 
with evidence of new infiltrates and exclusion of an identi-
fiable cause, such as respiratory infection, heart failure, and 
pneumothorax [6]. An often, overlooked possibility for 
clinical worsening is environmental or occupational expo-

sures. There are clinical characteristics that increase the 
likelihood of each of these possibilities in any given patient, 
and all of these need to be explored before determining that 
a clinical worsening is attributable to the underlying 
RA-ILD. The absolute risk of an acute exacerbation is not 
well established, but based on the limited data of acute 
exacerbations in collagen vascular diseases (CVD), possi-
bly as many as 20% of patients with RA-ILD will experi-
ence an acute exacerbation with a 1-year incidence as high 
as 2.58% [7]. By the time patients present to the hospital, 
there may have developed severe hypoxemia, possibly 
leading to a fatal outcome [7, 8].

Clinical features of acute exacerbation of CVD-associated 
ILD are characterized by rapidly deteriorating respiratory 
symptoms, such as dyspnea and cough [7]. Fine crackles are 
usually evident and coarse crackles may be present. The 
most conspicuous finding of HRCT at the onset of acute 
exacerbation was newly developed bilateral ground-glass 
opacity (GGO) that is observed in 100% of the patients 
(Fig. 13.1) [7]. GGO is often patchy and distributed with a 
panlobular pattern, which is rarely observed in acute exacer-
bation of idiopathic pulmonary fibrosis (IPF). Consolidation, 
which is superimposed on the bibasilar reticular abnormali-
ties, is also observed in many of the patients [7]. In addition, 
honeycombing and traction bronchiectasis, which are associ-
ated with the underlying ILD, may exist in some of the 
patients.

In case of acute exacerbation of RA-ILD, serum levels of 
lactate dehydrogenase (LDH) and C-reactive protein (CRP) 
are elevated, which may be associated with the severity of 
lung inflammation and tissue damage. Krebs von den 
Lungen-6 (KL-6), a glycoprotein expressed by type II pneu-
mocytes and epithelial cells, is a serum marker that can be 
related to the disease activity of ILD. Serum concentration of 
surfactant protein-D (SP-D) is another useful marker to 

detect active ILD. SP-D is elevated in accordance with pro-
liferation of type II pneumocytes and destruction of the base-
ment membrane of alveolar structures in patients with 
ILD. Both KL-6 and SP-D have been shown to be elevated in 
patients with RA-ILD [7]. Although KL-6 has relatively 
poor sensitivity in RA-ILD, it is correlated with reticular 
opacities and honeycombing on HRCT images [9, 10]. In 
case of acute exacerbation, further increases in the levels of 
these serum markers are usually observed. Hypoxemia is 
apparent in many of those with acute exacerbation of 
RA-ILD, but it may not be significant in early stage of the 
disease.

Once a patient with RA-ILD develops acute exacerbation, 
ventilatory management and drug treatment should be initi-
ated immediately in accordance with those of acute exacer-
bation of idiopathic interstitial pneumonias. Patients with 
ILD and acute respiratory failure treated by intubation and 
mechanical ventilation may have an increased risk of 
ventilator- associated lung injury and pneumonia. Therefore, 
it is expected that noninvasive ventilation (NIV), which pre-
cludes the use of intubation, could lead to decreased rates of 
complications and mortality among these patients. At pres-
ent, however, there are no sufficient evidences to support the 
use of NIV for patients with acute respiratory failure due to 
RA-ILD. High-flow nasal cannula (HFNC), in which heated 
and humidified inspired gas with a high flow rate (up to 60 L/
min) enables a rise in the fraction of inspired oxygen (FIO2) 
to 1.0, has been shown to be useful for the management of 
acute exacerbation of ILD [11].

In addition to respiratory management, high doses of cor-
ticosteroids and immunosuppressant are often administered, 
although there has been no evidence for the effectiveness of 
these therapies. In spite of these intensive care and drug 

Fig. 13.1 HRCT appearance of acute exacerbation of RA-associated 
interstitial lung disease. A 61-year-old male patient who is a heavy 
smoker complained of fever, dry cough, and general fatigue. The find-
ings included ground-glass opacity that was superimposed on pre- 
existing some honeycombing and traction bronchiectasis
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treatment, the outcome of acute exacerbation of RA-ILD is 
usually not favorable [7]. Park and coworkers described 
three cases of acute exacerbation of biopsy-confirmed 
RA-ILD, all of whom were deceased [12]. All the three 
patients had undergone surgical lung biopsy, and pathologic 
diagnosis was usual interstitial pneumonia (UIP) [12]. Suda 
and colleagues reported that 6 (7%) of 83 patients with 
CVD-associated interstitial pneumonia developed acute 
exacerbation and that 5 (83%) of them expired [7]. In con-
trast, a recent report by Toyoda and coworkers described bet-
ter prognosis [13]. They reported a 90-day survival as high as 
70% after acute exacerbation of CVD-associated ILD and 
concluded that immunosuppressant for RA-ILD before onset 
of acute exacerbation might improve the outcome [13]. 
Taken together, acute exacerbation of RA-ILD is character-
ized by poor prognosis, although early introduction of immu-
nosuppressant may exert some beneficial effects. Similar to 
IPF, RA-ILD with pathological pattern of UIP may be asso-

ciated with a worse outcome, but it remains to be determined 
whether the pathological pattern is associated with the fre-
quency of acute exacerbation and its outcome in patients 
with RA-ILD.

13.3  Drug-Induced Lung Disease

Drug-induced pulmonary disease is an important consider-
ation in the differential diagnosis of RA patients under medi-
cal treatment who present with acute respiratory symptoms 
[14]. For the appropriate diagnosis and management of 
DILD, we need to understand the characteristics of lung dis-
eases that are associated with the individual agents for RA 
treatment and the spectrum of potential comorbid disease 
processes.

Most patients with active RA are on disease-modifying 
antirheumatic drugs (DMARDs) or immunosuppressant 
therapy to treat the joint manifestations. Theoretically, these 
drugs could protect the lungs by reducing production of 
inflammatory mediators, which are known to be involved in 
the pathogenesis of various pulmonary complications of RA 
[14]. In addition, a growing number of RA patients are 
administered with TNF inhibitors and other biological 
agents. Although methotrexate (MTX), one of the most fre-
quently prescribed DMARDs, is extensively reported medi-
cation associated with pulmonary drug toxicity, almost every 
medication available for the treatment of RA has been impli-
cated in the development of pneumonitis [14, 15]. It is, how-
ever, often difficult to prove causality because patients with 
RA are prone to lung complications from infection, other 
medications, and the disease itself. In addition, ILD or air-
way disease that progresses while on a drug treatment may 
represent progressive disease rather than an effect of the 
implicated medication.

The clinical manifestations of DILD are variable, depend-
ing upon the type and localization of the pathological changes 
that can be elucidated by HRCT. DILD with rapidly progres-
sive pulmonary infiltrates is usually characterized by a his-
topathological pattern of diffuse alveolar damage (DAD) or 
organizing pneumonia (OP). HRCT in early DAD typically 
shows heterogeneous foci of consolidation and GGO with a 
gravitationally dependent gradient (Fig. 13.2). Air broncho-
grams and small pleural effusions are common. With orga-
nization and fibrosis, reticulation and traction bronchiectasis 
may develop [16]. Typical HRCT findings of OP include air-
space consolidation in a subpleural distribution (Fig. 13.3). 
GGO may also be present, often with a bilateral asymmetric 
distribution. The reverse halo sign may be present in almost 
20% of cases. Centrilobular nodules and GGO suggest path-
ological changes like hypersensitivity pneumonia.

DILD may be asymptomatic and, when symptomatic, it 
can develop days to years, possibly leading to respiratory 

failure. Symptoms include cough, dyspnea, and low-grade 
fever. Lung auscultation may reveal focal or bibasilar inspi-
ratory crackles but is often normal. Skin eruption may be 
observed, which is suggestive of drug-induced process.

Due to its diverse clinical presentation, DILD is often a 
diagnosis of exclusion. The diagnostic approach includes a 
combination of examinations designed to exclude respira-
tory infection, RA-ILD, and heart failure. It is also important 
to elucidate the timing of symptoms relative to drug initia-
tion, eosinophilia in peripheral blood and/or bronchoalveolar 
lavage (BAL) fluid, and other features suggestive of a drug- 
induced process. Empiric drug discontinuation is an impor-
tant diagnostic approach. Pre-existing lung disease, which is 
not only associated with RA but also independent of RA, 

Fig. 13.2 HRCT appearance of drug-induced interstitial lung disease. 
A 71-year-old female patient who had been receiving methotrexate and 
etanercept complained of dyspnea. HRCT shows bilateral GGO and 
consolidation with a gravitationally dependent gradient, suggesting a 
histopathological pattern of diffuse alveolar damage (DAD). Courtesy 
of Dr. H. Sakuraba
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such as asthma and emphysema, may modify the clinical 
presentation and results of examination and complicate 
determination of whether current symptoms are caused by a 
newly developed process or progression/exacerbation of a 
pre-existing one.

Laboratory testing is helpful to determine whether other 
disease processes contribute to the patient’s respiratory com-
promise. Complete blood counts and differentials are infor-
mative to identify anemia and neutrophilia, which indicate 
alveolar hemorrhage and bacterial infection, respectively. 
Measurement of B-type natriuretic peptide (BNP) can be 
helpful in exclusion of heart failure as an etiology. 
Microbiological studies and CRP, procalcitonin, presepsin 
(soluble CD14 subtype), and other serological markers are 
also helpful in discriminating infectious causes [17]. Serum 
β-D-glucan is useful for ruling out Pneumocystis pneumonia 
(PCP) that can occur in RA patients receiving MTX or 
immunosuppressive agents [18].

Like acute exacerbation of RA-ILD, DILD is often asso-
ciated with elevated levels of serum LDH, KL-6, and 
SP-D. Miyata and colleagues reported that monitoring of 
serum concentrations of KL-6 and SP-D is valuable in 
detecting the occurrence of MTX-associated ILD, even in 
RA patients with pre-existing ILD, and in evaluating the 
response to treatment [19]. Although serial assessment of 
these markers is informative in evaluating the activity of 
inflammatory and fibrotic process, it is not useful for dis-
criminating DILD from other disease processes. Drug lym-
phocyte stimulation test (DLST) is a potentially useful 

diagnostic test in DILD. DLST verifies the growth of sensi-
tized lymphocytes after a drug is used for antigen stimula-
tion, confirming the presence of drug-sensitized lymphocytes 
[20]. While DLST has been widely used in the diagnosis of 
DILD in Japan, this is not the case in other countries. It 
should be noted that DLST can only detect the presence of 
sensitization but cannot predict whether the sensitization is 
associated with the development of DILD [21].

A chest radiograph is obtained to assess the pattern and 
extent of disease, but HRCT of the chest is much more infor-
mative for precise evaluation and differential diagnosis [22, 
23]. Various radiological patterns of DILD have been 
described, including patchy or diffuse, unilateral or bilateral 
reticular opacities, GGO, consolidation, and pulmonary nod-
ules with or without cavitation [24, 25]. Cleverley and col-
leagues reported that HRCT interpretation and histological 
diagnosis were concordant in only 45% of patients with 
DILD [22]. HRCT may be of limited value in determining 
the histological pattern and prognosis in many cases of 
DILD.

After review of clinical findings, laboratory data, and 
chest imaging, bronchoscopy with BAL may be considered 
to exclude other processes such as infection, diffuse alveolar 
hemorrhage, or amyloidosis secondary to RA [26]. In case of 
opportunistic infection, BAL is also useful in identifying the 
pathogen, which enables us to initiate optimal antibiotics. 
Although there are no specific findings of BAL for DILD, 
cell counts in the lavage fluid are usually increased. The pat-
tern of cellularity is nonspecific. Increased lymphocyte 

Fig. 13.3 HRCT appearance 
of drug-induced interstitial 
lung disease. A 46-year-old 
female patient who had been 
receiving etanercept 
complained of fever. HRCT 
shows patchy airspace 
consolidation in a subpleural 
distribution, suggesting a 
histopathological pattern of 
organizing pneumonia (OP). 
Courtesy of Dr. H. Sakuraba
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counts in the lavage fluid are common, but eosinophilia or 
neutrophilia may be observed [26, 27]. Thus, the main role 
of bronchoscopy is to exclude alternative diagnoses.

Empiric withdrawal of the implicated drug is a key proce-
dure not only for diagnosis but also for treatment. In general, 
DILD often regresses upon withdrawal of the responsible 
medication, but lung fibrosis and traction bronchiectasis are 
usually irreversible. After exclusion of infection, an immedi-
ate response to treatment with systemic corticosteroid may 
be a distinguishing feature of DILD. DILD often responds 
better to steroid therapy than ILD associated with RA itself.

Lung biopsy is usually not required, and many patients 
may be too unwell to undergo this invasive procedure. 
Combination of the clinical picture, radiological appearance, 
and BAL findings excluding infection are usually robust 
enough to make a biopsy unnecessary, especially in patients 
who respond quickly to discontinuation of the suspicious 
drug. In contrast, a lung biopsy is indicated when the patient 

has progressive disease and the causes of the pathological 
changes are uncertain. A lung biopsy is also considered 
when lymphoproliferative disease, sarcoidosis, or mycobac-
terial infection remains to be ruled out. Lung biopsy rarely 
establishes an antirheumatic agent as the definitive cause of 
the pathological changes of the lungs, because there are no 
pathognomonic findings for DILD, and histologic criteria for 
DILD have not been established [28]. However, when avail-
able, lung histopathology can characterize the histopatho-
logic pattern, such as lymphocytic, granulomatous, 
eosinophilic, or organizing pneumonia or DAD, which may 
help to guide therapy or to predict patient prognosis. For 
example, lymphocyte-dominant infiltration of the lung sug-
gests better response to steroid treatment.

The differentiation between a drug reaction, underlying 
RA-ILD, infection, and heart failure may be difficult due to 
significant overlap in the clinical features. In addition, many 
of the pulmonary reactions to drugs used for the treatment of 
RA are rare. An online repository of DILD is available to 
help identify potential offending medications (Pneumotox.
com) [29].

13.3.1  Methotrexate

MTX is the most common first-line agent used to treat RA 
for prevention of joint destruction. A possible link between 
this medication and lung disease was first reported in 1983; 
since then many more cases have been reported [30, 31]. 
Acute or subacute pneumonitis has been well described in 
the literature, with a variable incidence ranging from 0.86 to 
6.9% in MTX-treated patients, with higher-dose MTX more 
likely to be associated with pulmonary toxicity [32]. MTX 
pneumonitis typically occurs within the first year of treat-
ment, suggesting a hypersensitivity reaction as its pathogen-

esis [33, 34]. Symptoms include dyspnea and nonproductive 
cough with/without systemic symptoms. Radiological find-
ings are relatively nonspecific, with diffuse pulmonary opac-
ities or patchy consolidation. Typically, HRCT shows 
bilateral GGO distributed in a panlobular or mosaic pattern 
(Fig. 13.4) [35]. Chest radiographs may be normal especially 
in the early stages of disease. New appearance or develop-
ment of pulmonary nodules has also been shown to be asso-
ciated with MTX [35]. It was also reported that MTX can be 
responsible for pleural effusions [30]. It should be noted that 
these radiological findings can be observed in tuberculosis 
and other respiratory infections.

BAL and lung biopsy are more helpful in ruling out infec-
tion and other alternative causes than in establishing the 
diagnosis of MTX pneumonitis. In patients with MTX pneu-
monitis, lung pathology typically reveals poorly formed non- 
necrotising granulomas and scattered eosinophils, which is 
rarely observed in RA-ILD [30, 34, 36]. DAD can be 

observed, which suggests poor prognosis.
Differentiation of MTX pneumonitis from acute respira-

tory infection is not always easy, even with the widely 
accepted diagnostic criteria [37]. In case of rapidly progres-
sive disease without eosinophilia, it may be necessary to 
treat for both conditions, namely, combination of antibiotics 
and discontinuation of MTX. In patients with unilateral 
shadows and leukocytosis, infection is more likely, suggest-
ing prompt initiation of antibiotics. In addition, measure-
ment of serum KL-6 and SP-D has been shown to be useful 
for the detection and monitoring of MTX pneumonitis [19, 
38]. Although SP-D levels can be elevated during lung infec-

Fig. 13.4 HRCT appearance of methotrexate pneumonitis. A 70-year- 
old female patient who had been receiving methotrexate and predniso-
lone complained of fever and dry cough. HRCT shows bilateral GGO 
distributed in a panlobular manner; that is, GGO was sharply demar-
cated from the adjacent normal lung by interlobular septa. Courtesy of 
Dr. H. Tokuda
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tion, KL-6 may be useful for discriminating between MTX 
pneumonitis and respiratory infection [19]. In case radiologi-
cal findings and elevated KL-6 levels indicate MTX pneu-
monitis, reversal of the effects of MTX with folinic acid may 
be useful.

Treatment consists of stopping the medication; most 
patients will have clinical improvement within days with 
radiological improvement over the course of several weeks. 
In case of refractory disease or respiratory insufficiency, cor-
ticosteroids may be administered. Unless MTX is necessary 
for the control of RA, rechallenging with MTX after recov-
ery is generally not recommended. The recurrence rate of 
MTX pneumonitis has been reported to be around 25% [36]. 
Mortality estimates from MTX pneumonitis vary but are 
around 20% [36, 39].

13.3.2  Biological Agents

Biological agents that target and block the actions of cyto-
kines or molecules that play major roles in inflammation 
have now been widely used in treatment settings of various 
immune-mediated inflammatory diseases, such as CVD, 
inflammatory bowel diseases, and autoimmune skin dis-
eases. Although biological agents have remarkable therapeu-
tic effects on joint manifestations of RA, various adverse 
events have also been documented through a number of clin-
ical studies and the post-marketing surveillances (PMS) 
[40–46].

Like MTX and other DMARDs, TNF inhibitors and other 
biological agents have been associated with new onset of 
ILD or worsening of pre-existing ILD, although clear causal-
ity has been difficult to prove. There have been many reports 
of DILD associated with biologics approved for the treat-
ment of RA [43–52]. Perez-Alvarez and colleagues evalu-
ated 122 cases of new-onset or exacerbated ILD in the setting 
of TNF inhibitor use, including 108 in those with RA [47]. 
Of note, 63% of these patients had been treated with MTX, 
and 38% had pre-existing ILD [47]. Fifteen (29%) patients 
who died were aged >65 years and had prior ILD, with lon-
ger duration of ILD being associated with risk of death [47]. 
In a recent cohort study, Curtis and colleagues evaluated 
11,219 patients with RA who were exposed to biologics and 
reported the incidence rates of ILD ranging from 4.0 to 12.2 
per 1000 person-years [48]. They also revealed that older 
age, male sex, and another pulmonary condition were associ-
ated with increased incidence of ILD [48]. However, it 
remains controversial whether biological agents are associ-
ated with increased risk of new-onset or exacerbated ILD. A 
large cohort study of 8417 patients with autoimmune disease 
showed no significant difference in the incidence of ILD 
between those who were treated with anti-TNF therapy 
(0.5%) and those who did not (0.3%) [4]. In addition, a sys-

tematic literature review revealed that 41.9% of the patients 
suffered from RA-ILD before experiencing acute worsening 
of ILD potentially related to TNF inhibitors [30]. These find-
ings may challenge the causal relationship between ILD and 
the agents.

Nakashita and colleagues evaluated 58 RA patients with 
pre-existing ILD and revealed that the incidence of exacerba-
tion of RA-ILD was significantly higher with TNF inhibitors 
(30.4%) compared to tocilizumab and abatacept [53]. In con-
trast, Curtis and colleagues reported that there were no sig-
nificant differences in the risk of ILD between TNF inhibitors 
and other classes of biologics [48]. It remains to be deter-
mined whether any specific class of biologics is associated 
with higher risk of the new occurrence of ILD or worsening 
of pre-existing ILD in RA patients.

A variety of mechanisms for biologics-induced ILD have 
been proposed. Theoretically, these agents should even have 
a therapeutic effect on RA-ILD since TNF and other targeted 
molecules are known to play an important role in the patho-
genesis of ILD [15]. To date, however, no definite etiology 
has been established.

According to PMS in Japan, the average onset of ILD 
ranged from 69 to 97 days after initiation of biologics [43–
46]. In contrast, a Spanish group reported that ILD appeared 
a mean of 26 ± 5 weeks after the introduction of TNF inhibi-
tors [47]. Symptoms at presentation of ILD include dyspnea 
(32–86%), cough (31–38%), and fever (25–44%) [47, 54]. In 
addition, malaise, pleuritic pain, and hemoptysis may be 
observed.

In most cases, HRCT shows GGO, but reticular opacity 
and consolidation can also be seen. Perez-Alvarez and col-
leagues evaluated HRCT findings in 36 cases of ILD induced 
or exacerbated by TNF inhibitors and reported that GGO 
was observed in 31 cases (86%), reticular nodular pattern in 
7 (19%), and reticular pattern in 5 (14%) [47]. In case of RA 
patients with pre-existing ILD, honeycomb changes and 
reticular opacity can be observed.

Like other types of ILDs, serum levels of KL-6 and SP-D 
are elevated in most patients with ILD induced or exacer-
bated by biological agents. However, KL-6 levels were nor-
mal in 34% and 31% of RA patients with ILD during 
treatment with etanercept and adalimumab, respectively [44, 
45]. In addition, KL-6 fluctuates in RA patients being treated 
with TNF inhibitors or MTX, regardless of the emergence or 
exacerbation of ILD [55]. A diagnosis of active ILD should 
not be made based solely upon the elevated levels of serum 
markers. Lung pathology could show a variety of findings, 
such as UIP, nonspecific interstitial pneumonia (NSIP), OP, 
DAD, and exacerbation of pre-existing ILD [30, 47, 56, 57].

After the occurrence or exacerbation of ILD, it is impor-
tant to differentiate between respiratory infection, pulmo-
nary manifestation of RA, and DILD. Particularly, the 
possibility of PCP should be intensively investigated in 
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RA patients developing acute-onset diffuse ILD while 
receiving biologics, partly because HRCT findings are 
quite similar [58].

When emergence or exacerbation of ILD was considered, 
the biological agents should be withdrawn immediately. 
There has been no evidence of treatment effect of corticoste-
roids on ILD induced or exacerbated by biologics. In case of 
respiratory insufficiency or poor response to the withdrawal 
of the biologics, corticosteroids are usually administered 
[47, 52, 54]. There has been a report of a small number of 
cases of ILD induced or exacerbated by TNF inhibitors that 
were treated with adjunctive immunosuppressive agents or 
intravenous immunoglobulins [47].

According to the British registry, the mortality in patients 
with RA-ILD is not increased following treatment with anti- 
TNF therapy compared with traditional DMARDs [59]. 
Spanish investigators reported a mortality rate ranging from 
29 to 32% in patients treated with TNF inhibitors [47]. 
According to PMS in Japan, the mortality rates range from 
7.5 to 20% [43–46]. The reported mortality was higher in 
patients treated with tocilizumab (20%) compared with those 
treated with TNF inhibitors. It should be noted that many of 
the RA patients who receive biologics are already under 
treatment with MTX and/or corticosteroids, which makes it 
difficult to estimate the exact impact of biologics-associated 
ILD on the outcome.

13.4  Infectious Complications

Infection remains the leading cause of death in RA, account-
ing for 20–30% of the mortality [1, 2]. The respiratory infec-
tions in RA patients are now more likely to be acute rather 
than chronic. Namely, whereas the incidence of bronchiecta-
sis has fallen sharply, up to 2% of the RA population develop 
an acute respiratory infection requiring hospitalization annu-
ally [60]. Bronchiectasis and other comorbidities are found 
in 92% of RA patients with bacterial pneumonia, indicating 
that they could contribute to the development of lung infec-
tion [61]. In addition to the underlying ILD and airway dis-
eases, the higher incidence of respiratory infection in RA 
patients could be associated with various therapeutic agents 
modulating host defense. While patients on MTX or other 
DMARDs are at no greater risk of developing infection than 
other RA patients, glucocorticoids have been related to 
increased risks of lower respiratory tract infections, includ-
ing influenza [3, 62–64]. Chronic prednisone use increases 
the risk of hospitalization for pneumonia in a dose- dependent 
fashion with doses greater than 10 mg/day more than dou-
bling the risk [3]. In addition, an increased incidence of seri-
ous infections following the administration of TNF inhibitors 
and other biologics has been reported [65–68]. The most 
common sites of infection associated with the administration 

of biological agents include the respiratory tract (approxi-
mately 50%), skin and soft tissue (20–25%), urinary tract, 
gastrointestinal tract, sepsis, and bone and joints [43–46].

In patients with pneumonia, tachypnea and hypotension 
are usually markers of severe disease and indicate an 
increased risk of death [69], often associated with positive 
blood cultures and raised serum lactate. In case such patients 
meet criteria of sepsis, they should be promptly referred to 
an intensive care unit and may need ventilator management. 
Failure to mount an appropriate leucocytosis is another 
major risk factor for death [32].

Infectious complications in RA patients treated with 
immune-modulating agents are not always opportunistic 
infections. Takayanagi and colleagues evaluated pulmonary 
infections in 149 RA patients and identified 46 patients with 
bacterial pneumonia, 5 with PCP, and 9 with lung abscess 
[70]. In patients under steroid treatment, 65.2% of the pul-
monary infections were bacterial pneumonia, including 
those caused by common pathogens such as Streptococcus 
pneumoniae. In contrast, 80% of the infections were PCP in 
those receiving MTX [70]. The mechanism of the difference 
remains unclear.

13.4.1  Bacterial Pneumonia

A higher incidence of pneumonia has been demonstrated in RA 
patients compared with the general population, although it is 
difficult to understand the exact prevalence of lung infections 
related to RA medications as the disease itself is known to be a 
predisposing risk factor for infection [71]. Pneumonia is the 
leading cause of death in subjects receiving biological agents, 
accounting for 21.1% of deaths, while it accounted for 12.1% 
of deaths in RA patients who were not receiving biological 
agents in Japan [72]. The standardized mortality rate of pneu-
monia compared with the general population was 4.19 [72].

In RA patients with pneumonia, Pseudomonas aerugi-
nosa was frequently identified, especially in those with pre- 
existing bronchiectasis. In addition, there have been some 
reports describing Legionella pneumophila as an important 
causative organism in patients treated with TNF inhibitors 
[73, 74]. Other pathogens that should be anticipated in RA 
patients administered biologics include S. pneumoniae, 
Haemophilus influenzae, Staphylococcus aureus, Moraxella 
spp., Klebsiella pneumoniae, and atypical pathogens, such as 
Mycoplasma pneumoniae and Chlamydophila pneumoniae. 
It remains to be determined whether causative bacteria of 
pneumonia differ between RA patients and population with-
out RA. Risk factors of pneumonia in RA patients receiving 
biologics include male sex, older age, Steinbrocker stage III 
or advanced, 10 years or longer of disease duration, comor-
bid respiratory disease, and concomitant use of corticoste-
roid [43–46].
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Symptoms at presentation of pneumonia include fever, 
dyspnea, and cough. It should be noted that these symptoms 
can be masked or mitigated by biologics. For example, 
patients receiving tocilizumab, humanized antibody against 
IL-6 receptor, present with only minimal symptoms even 
when they developed severe pneumonia [75]. It is important 
to consider that, even if the initial symptoms are negligible or 
nonspecific, symptoms may rapidly exacerbate following the 
administration of biologic. In addition, it should be carefully 
evaluated whether the patient has dehydration, hypotension, 
or impairment of oxygenation or consciousness especially in 
the elderly with pneumonia.

The usual radiographic pattern of bacterial pneumonia is 
an airspace consolidation limited to one lobe or segment. 
Nevertheless, the pattern may be variable, which may be 
associated with the causative agent, timing of the examina-
tion, and underlying lung disease. If diffuse GGO is 

observed on chest radiograph or HRCT, PCP should be 
considered.

Laboratory tests may show leukocytosis and elevated 
CRP levels in serum. Again, it should be noted that CRP 
levels are hardly elevated in those receiving tocilizumab, 
an IL-6 receptor blocker. In such patients, procalcitonin 
may be preferred as a surrogate marker of bacterial infec-
tion [76].

In case of pneumonia in RA patients receiving biologics 
and other immunosuppressive agents, it should be treated as 
healthcare-associated pneumonia rather than community- 
acquired pneumonia. Cases should be classified into four 
groups (A–D) depending on the preferred setting of manage-
ment and presence or absence of P. aeruginosa risk factors 
(Fig. 13.5) [77]. Risk factors for P. aeruginosa infection 
include antibiotic therapy within the past 90 days and under-
lying respiratory diseases. To prevent in-hospital transmis-

If influenza rapid antigen test is positive in endemic season,
add inflenza drugs on the following antibiotics.

Severe enough to need intensive care or ventilator support?

No

A: outpatient B: hospitalization
Pseudomonas risk (–)

C: hospitalization
Pseudomonas risk (+)

D: intensive care
unit admission

TAZ/PIPC

Antipseudomonal
carbapenem

(IPM/CS, MEPM or
DRPM)

Antipseudomonalcefem
(CFPM or CPR)

Quinolone
(CPFX or PZFX)

or intravenous AZM

Quinolone (CPFX or PZFX)
+

SBT/ABPC
If patients did not receive antibiotic therapy
within the past 90 days, or did not have
underlying respiratory diseases, patients do not
have risk factors for Pseudomonas infection.

Risk of Pseudomonas infection

Antipsedomonal cefem
(CFPM or CPR) +

Macrolide
CAM or AZM)

Antipseudomonal
carbapenem

(IPM/CS, MEPM or
DRPM) + Macrolode

(CAM or AZM)

or

or

oror
or

or

or

or

TAZ/PIPC+

Macrolide
(CAM or AZM)

CTRX +
Macrolide

(CAM or AZM)

AMPC/CVA or SBTPC
+

Macrolide
(CAM or AZM)

CTRX
+

Macrolide
(CAM or AZM)

GRNX, MFLX or LVFX
SBT/ABPC +

Macrolide
(CAM or AZM)

PAPM/BP +
Macrolide

(CAM or AZM)

Intravenous LVFX

+

or

or

Yes

Fig. 13.5 Recommendations of antibiotic therapy against pneumonia 
under treatment with biological agents. Abbreviations: AMPC/CVA 
amoxicillin clavulanate, SBTPC sultamicillin, CAM clarithromycin, 
AZM azithromycin, GRNX garenoxacin, MFLX moxifloxacin, LVFX 
levofloxacin, CTRX ceftriaxone, SBT/ABPC sulbactam/ampicillin, 
PAPM/BP panipenem/betamipron, TAZ/PIPC tazobactam/piperacillin, 

IPM/CS imipenem/cilastatin, MEPM meropenem, DRPM doripenem, 
CFPM cefepime, CPR cefpirome, CPFX ciprofloxacin, PZFX pazu-
floxacin; (−), negative; (+), positive; +, add to. Adapted from Consensus 
statements for medical practice: Biological agents and lung disease by 
the Japanese Respiratory Society [77]
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sion, a rapid test of influenza antigen should be considered in 
all pneumonia patients, especially when prevalent.

13.4.1.1  Group A: Outpatient Cases
This group consists of mild cases of pneumonia with no pre- 
existing lung disease. Oral quinolones or other drugs against 
common bacteria, such as S. pneumoniae, as well as atypical 
pathogens, particularly M. pneumoniae, should be 
administered.

13.4.1.2  Group B: Hospitalization Cases 
without a Risk of P. aeruginosa 
Infection

This group consists of moderate-to-severe cases with no risk 
factors for P. aeruginosa infection. Intravenous levofloxacin 
or a combination of a macrolide and a broad-spectrum 
β-lactam antibiotic should be considered.

13.4.1.3  Group C: Hospitalization Cases 
with a Risk of P. aeruginosa Infection

This group consists of moderate-to-severe cases with risk 
factors for P. aeruginosa infection. A combination of an 
antipseudomonal β-lactam and a macrolide antibiotic or an 
injectable new quinolone antibiotic and sulbactam/ampicil-
lin should be administered.

13.4.1.4  Group D: Severe and Very Severe 
Cases That Require Intensive Care Unit 
Management

Influenza virus was reported as the leading causative agent 
of very severe pneumonia in Japan, followed by S. pneu-
moniae, L. pneumophila, and P. aeruginosa [78]. Injectable 
antibiotics against these three bacterial strains should be 
chosen. For patients that test positive for influenza using a 
rapid diagnostic kit, injectable anti-influenza agent should 
also be administered.

13.4.2  Pneumocystis Pneumonia

PCP is a potentially life-threatening fungal infection that is 
seen in immunocompromised individuals. PCP used to be 
uncommon in patients with RA, with reported frequencies 
of 0.02% in RA patients, until the introduction of low-dose 
MTX in the 1980s [79]. As novel immune-modulating 
agents, such as MTX, tacrolimus, and biologics, were 
introduced for treatment of RA, a rising incidence of PCP 
has been noticed [80, 81]. In patients with systemic auto-
immune diseases and those undergoing immunosuppres-
sive therapy, P. jirovecii colonization has been reported 
[82, 83]. Pneumocystis- colonized individuals may not 
only serve as a reservoir for disease transmission but also 
pose a risk for developing PCP [84]. Mori and colleagues 

performed PCR for P. jirovecii DNA on respiratory speci-
mens from 82 patients with RA and identified 9 (11%) as 
asymptomatic carriers [85]. Three among the nine carriers 
developed PCP within 1 month after the PCR testing, sug-
gesting that a colonized individual can be at risk for rapid 
development of PCP.

Clinical features of PCP are quite different between HIV- 
infected patients and those without HIV infection. PCP in 
non-HIV patients is characterized by an abrupt onset of 
respiratory insufficiency [81]. In non-HIV patients, it takes 
about a week from the onset of fever and dry cough until the 
development of respiratory failure, whereas PCP in HIV- 
infected patients has a more gradual disease course that lasts 
for 2 weeks to 2 months. Respiratory insufficiency is usually 
more severe in non-HIV patients than in HIV-infected popu-
lation. In non-HIV patients with PCP, the IL-8 levels in BAL 
fluid were higher than in HIV-infected patients and corre-
lated with the oxygenation index [86]. The mortality rates of 
PCP range from 30 to 60% among non-HIV patients, whereas 
the rates are 10–20% among the HIV-infected population 
[87]. Compared to HIV-infected patients, non-HIV patients 
including those with RA are characterized by severe lung 
inflammation, which may be associated with excessive pro-
duction of inflammatory mediators in the alveolar space, 
possibly leading to acute respiratory failure and poor 
prognosis.

Chest radiograph typically reveals bilateral or diffuse 
GGO, but it can be normal in those with mild disease. 
HRCT usually shows diffuse GGO with patchy distribu-
tion. In some patients with PCP, GGO is distributed in the 
subpleural lung parenchyma, whereas peripheral sparing of 
GGO occurs in others [88, 89]. Tokuda and colleagues 
compared the imaging features of PCP between AIDS 
patients and RA patients who are not receiving biologics 
[35]. In half the RA patients with PCP, HRCT revealed dif-
fuse GGO distributed in a panlobular manner; that is, GGO 
was sharply demarcated from the adjacent normal lung by 
interlobular septa (Fig. 13.6a). The other half of the RA 
patients with PCP presented diffuse GGO without sharp 
demarcation, which is commonly observed in HIV-infected 
patients with PCP (Fig. 13.6b) [35]. In contrast, diffuse 
GGO distributed in a panlobular manner was rarely 
observed in PCP patients who received a biological agent 
for RA [58]. This difference in the HRCT patterns may 
result from difference in the host immune response. It 
should be noted that PCP can have a radiologic appearance 
that mimics RA-ILD with increased GGO superimposed on 
interstitial infiltrates, which may make the differential 
diagnosis difficult.

As Pneumocystis cannot readily be cultured in the labora-
tory, the microscopic demonstration of the organisms in 
respiratory specimens is required for the diagnosis of 
PCP. However, PCP patients without HIV infection are char-
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acterized by a lower burden of Pneumocystis in the lungs 
than those with AIDS [90]. In most cases of PCP in RA 
patients, Pneumocystis could not be identified microscopi-
cally, requiring PCR for the microbiological diagnosis [35].

Laboratory tests show elevated serum levels of CRP and 
LDH, as well as β-D-glucan that is derived from the cell wall 
of several fungi including Pneumocystis. Although it is not 
specific for Pneumocystis, measurement of serum β-D- 
glucan is of great diagnostic value with a sensitivity of 92% 
and a specificity of 86% [18].

Because of the high efficacy and the availability of oral 
and parenteral forms, trimethoprim-sulfamethoxazole 
(TMP-SMX) is the first-line agent for the treatment of mild 
to severe PCP. The recommended daily dose is TMP 
15–20 mg/kg plus SMX 75–100 mg/kg [91]. This therapy is 
often complicated with adverse events, which include hepa-
totoxicity, nephrotoxicity, bone marrow depression, and skin 
rash, that sometimes become an obstacle to the completion 
of the treatment. Kameda and coworkers reported that 67% 
of the rheumatic patients treated with TMP-SMX experi-
enced adverse events and 38% could not complete the treat-
ment [58]. Intravenous pentamidine and oral atovaquone are 
the most studied drugs as alternatives to TMP-SMX.

PCP prophylaxis is often considered in patients taking 
immune-modulating medications. Harigai and colleagues 
evaluated 123 RA patients receiving infliximab and iden-
tified risk factors for PCP, including an age of at least 
65 years, a daily dose of prednisolone of at least 6 mg, and 
the presence of coexisting pulmonary disease [92]. 
Patients with two or three risk factors had a significantly 
higher cumulative probability of PCP than did patients 
with no risk factors. Although there are no published 

guidelines, PCP prophylaxis should be considered in RA 
patients with such risk factors.

 Conclusion

In RA patients presenting respiratory symptoms with 
acute pulmonary infiltrates on the chest images, acute 
exacerbation of RA-ILD, drug-induced occurrence or 
exacerbation of ILD, and respiratory infection should be 
considered. Since many of RA patients have underlying 
airway diseases or ILD, it could be difficult to make a cor-
rect diagnosis without precise evaluation of the respira-
tory system in advance. There are many diagnostic tools, 
such as radiological examination, laboratory tests, BAL, 
and lung biopsy, but, in most cases, none of these tools 
has enough power to make a diagnosis by itself, requiring 
a combined diagnostic approach. Also, precise evaluation 
of the respiratory system with HRCT and pulmonary 
function test is highly recommended prior to the introduc-
tion of DMARDs and biologics and other immunosup-
pressive agents.

Once an RA patient is diagnosed with acute exacerba-
tion of ILD or rapidly progressive DILD, ventilatory 
management and drug treatment should be initiated 
immediately in accordance with those of acute exacerba-
tion of idiopathic interstitial pneumonias. In case of bac-
terial pneumonia in RA patients receiving 
immune-modulating agents, it should be treated as health-
care-associated pneumonia, considering risk factor for P. 
aeruginosa infection. PCP in non-HIV patients is charac-
terized by an abrupt onset of respiratory insufficiency, 
requiring a speedy diagnosis using PCR and serum β-D-
glucan measurement.

a b
Fig. 13.6 HRCT appearance 
of Pneumocystis jirovecii 
pneumonia. (a) A 70-year-old 
female patient who had been 
receiving methotrexate and 
etanercept complained of 
fever and dry cough. HRCT 
shows diffuse GGO 
distributed in a panlobular 
manner; that is, GGO was 
sharply demarcated from the 
adjacent normal lung by 
interlobular septa (arrows). 
(b) A 76-year-old female who 
had been receiving 
methotrexate and 
prednisolone complained of 
fever and dyspnea. HRCT 
shows diffuse GGO without 
sharp demarcation

S. Tasaka



197

References

 1. Turesson C, Jacobsson L, Bergström U. Extra-articular rheu-
matoid arthritis: prevalence and mortality. Rheumatology. 
1999;38(7):668–74.

 2. Suzuki A, Ohosone Y, Obana M, Mita S, Matsuoka Y, Irimajiri 
S, et al. Cause of death in 81 autopsied patients with rheumatoid 
arthritis. J Rheumatol. 1994;21(1):33–6.

 3. Wolfe F, Caplan L, Michaud K. Treatment for rheumatoid arthri-
tis and the risk of hospitalization for pneumonia: associations with 
prednisone, disease-modifying antirheumatic drugs, and anti-tumor 
necrosis factor therapy. Arthritis Rheum. 2006;54(2):628–34.

 4. Herrinton LJ, Harrold LR, Liu L, Raebel MA, Taharka A, Winthrop 
KL, et al. Association between anti-TNF-α therapy and interstitial 
lung disease. Pharmacoepidemiol Drug Saf. 2013;22(4):394–402.

 5. Mori S, Cho I, Koga Y, Sugimoto M. Comparison of pulmonary 
abnormalities on high-resolution computed tomography in patients 
with early versus longstanding rheumatoid arthritis. J Rheumatol. 
2008;35(8):1513–21.

 6. Collard HR, Moore BB, Flaherty KR, Brown KK, Kaner RJ, King 
TE Jr, et al. Acute exacerbations of idiopathic pulmonary fibrosis. 
Am J Respir Crit Care Med. 2007;176(7):636–43.

 7. Suda T, Kaida Y, Nakamura Y, Enomoto N, Fujisawa T, Imokawa S, 
et al. Acute exacerbation of interstitial pneumonia associated with 
collagen vascular diseases. Respir Med. 2009;103(6):846–53.

 8. Papiris SA, Manali ED, Kolilekas L, Kagouridis K, Triantafillidou 
C, Tsangaris I, et al. Clinical review: idiopathic pulmonary fibro-
sis acute exacerbations—unravelling Ariadne’s thread. Crit Care. 
2010;14(6):246.

 9. Kinoshita F, Hamano H, Harada H, Kinoshita T, Igishi T, Hagino 
H, et al. Role of KL-6 in evaluating the disease severity of rheu-
matoid lung disease: comparison with HRCT. Respir Med. 
2004;98(11):1131–7.

 10. Nakajima H, Harigai M, Hara M, Hakoda M, Tokuda H, Sakai F, 
et al. KL-6 as a novel serum marker for interstitial pneumonia asso-
ciated with collagen diseases. J Rheumatol. 2000;27(5):1164–70.

 11. Horio Y, Takihara T, Niimi K, Komatsu M, Sato M, Tanaka J, 
et al. High-flow nasal cannula oxygen therapy for acute exac-
erbation of interstitial pneumonia: a case series. Respir Investig. 
2016;54(2):125–9.

 12. Park IN, Kim DS, Shim TS, Lim CM, Lee SD, Koh Y, et al. Acute 
exacerbation of interstitial pneumonia other than idiopathic pulmo-
nary fibrosis. Chest. 2007;132(1):214–20.

 13. Toyoda Y, Hanibuchi M, Kishi J, Kawano H, Morizumi S, Sato S, 
et al. Clinical features and outcome of acute exacerbation of inter-
stitial pneumonia associated with connective tissue disease. J Med 
Investig. 2016;63(3–4):294–9.

 14. Libby D, White DA. Pulmonary toxicity of drugs used to treat sys-
temic autoimmune diseases. Clin Chest Med. 1998;19(4):809–21.

 15. Jani M, Hirani N, Matteson EL, Dixon WG. The safety of bio-
logic therapies in RA-associated interstitial lung disease. Nat Rev 
Rheumatol. 2014;10(5):284–94.

 16. Obadina ET, Torrealba JM, Kanne JP. Acute pulmonary injury: 
high-resolution CT and histopathological spectrum. Br J Radiol. 
2013;86(1027):20120614.

 17. Tsujimoto K, Hata A, Fujita M, Hatachi S, Yagita M. Presepsin 
and procalcitonin as biomarkers of systemic bacterial infection in 
patients with rheumatoid arthritis. Int J Rheum Dis. 2016. https://
doi.org/10.1111/1756-185X.12899.

 18. Tasaka S, Hasegawa N, Kobayashi S, Yamada W, Nishimura T, 
Takeuchi T, et al. Serum indicators for the diagnosis of pneumocys-
tis pneumonia. Chest. 2007;131(4):1173–80.

 19. Miyata M, Sakuma F, Fukaya E, Kobayashi H, Rai T, Saito H, et al. 
Detection and monitoring of methotrexate-associated lung injury 
using serum markers KL-6 and SP-D in rheumatoid arthritis. Intern 
Med. 2002;41(6):467–73.

 20. Pichler WJ, Tilch J. The lymphocyte transformation test in the diag-
nosis of drug hypersensitivity. Allergy. 2004;59(8):809–20.

 21. Matsuno O, Okubo T, Hiroshige S, Takenaka R, Ono E, Ueno T, 
et al. Drug-induced lymphocyte stimulation test is not useful for 
the diagnosis of drug-induced pneumonia. Tohoku J Exp Med. 
2007;212(1):49–53.

 22. Cleverley JR, Screaton NJ, Hiorns MP, Flint JD, Müller NL. Drug- 
induced lung disease: high-resolution CT and histological findings. 
Clin Radiol. 2002;57(4):292–9.

 23. Padley SP, Adler B, Hansell DM, Müller NL. High-resolution 
computed tomography of drug-induced lung disease. Clin Radiol. 
1992;46(4):232–6.

 24. Akira M, Ishikawa H, Yamamoto S. Drug-induced pneu-
monitis: thin-section CT findings in 60 patients. Radiology. 
2002;224(3):852–60.

 25. Ellis SJ, Cleverley JR, Müller NL. Drug-induced lung dis-
ease: high-resolution CT findings. AJR Am J Roentgenol. 
2000;175(4):1019–24.

 26. Costabel U, Uzaslan E, Guzman J. Bronchoalveolar lavage in drug- 
induced lung disease. Clin Chest Med. 2004;25(1):25–35.

 27. Akoun GM, Cadranel JL, Milleron BJ, D'Ortho MP, Mayaud 
CM. Bronchoalveolar lavage cell data in 19 patients with 
drug-associated pneumonitis (except amiodarone). Chest. 
1991;99(1):98–104.

 28. Flieder DB, Travis WD. Pathologic characteristics of drug-induced 
lung disease. Clin Chest Med. 2004;25(1):37–45.

 29. Camus P. The Drug-Induced Respiratory Disease Website. www.
pneumotox.com. Accessed 7 Jan 2017.

 30. Roubille C, Haraoui B. Interstitial lung diseases induced or 
exacerbated by DMARDS and biologic agents in rheumatoid 
arthritis: a systematic literature review. Semin Arthritis Rheum. 
2014;43(5):613–26.

 31. Lateef O, Shakoor N, Balk RA. Methotrexate pulmonary toxicity. 
Expert Opin Drug Saf. 2005;4(4):723–30.

 32. Saravanan V, Kelly C. Drug-related pulmonary problems in 
patients with rheumatoid arthritis. Rheumatology (Oxford). 
2006;45(7):787–9.

 33. Cavagna L, Monti S, Grosso V, Boffini N, Scorletti E, Crepaldi G, 
et al. The multifaceted aspects of interstitial lung disease in rheu-
matoid arthritis. Biomed Res Int. 2013;2013:759760.

 34. Barrera P, Laan RF, van Riel PL, Dekhuijzen PN, Boerbooms AM, 
van de Putte LB. Methotrexate-related pulmonary complications in 
rheumatoid arthritis. Ann Rheum Dis. 1994;53(7):434–9.

 35. Tokuda H, Sakai F, Yamada H, Johkoh T, Imamura A, Dohi M, 
et al. Clinical and radiological features of Pneumocystis pneumonia 
in patients with rheumatoid arthritis, in comparison with metho-
trexate pneumonitis and Pneumocystis pneumonia in acquired 
immunodeficiency syndrome: a multicenter study. Intern Med. 
2008;47(10):915–23.

 36. Imokawa S, Colby TV, Leslie KO, Helmers RA. Methotrexate 
pneumonitis: review of the literature and histopathological findings 
in nine patients. Eur Respir J. 2000;15(2):373–81.

 37. Searles G, McKendry RJ. Methotrexate pneumonitis in rheumatoid 
arthritis: potential risk factors. Four case reports and a review of the 
literature. J Rheumatol. 1987;14(6):1164–71.

 38. Leth-Larsen R, Nordenbaek C, Tornoe I, Moeller V, Schlosser 
A, Koch C, et al. Surfactant protein D (SP-D) serum levels in 
patients with community-acquired pneumonia. Clin Immunol. 
2003;108(1):29–37.

 39. Kinder AJ, Hassell AB, Brand J, Brownfield A, Grove M, Shadforth 
MF. The treatment of inflammatory arthritis with methotrexate in 
clinical practice: treatment duration and incidence of adverse drug 
reactions. Rheumatology. 2005;44(1):61–6.

 40. Picchianti Diamanti A, Germano V, Bizzi E, Laganà B, Migliore 
A. Interstitial lung disease in rheumatoid arthritis in the era of bio-
logics. Pulm Med. 2011;2011:931342.

13 Acute Pulmonary Infiltrates in Patients with Rheumatoid Arthritis: Differential Diagnosis and Management

https://doi.org/10.1111/1756-185X.12899
https://doi.org/10.1111/1756-185X.12899
http://www.pneumotox.com
http://www.pneumotox.com


198

 41. Roubille C, Martel-Pelletier J, Haraoui B, Tardif JC, Pelletier 
JP. Biologics and the cardiovascular system: a double-edged 
sword. Antiinflamm Antiallergy Agents Med Chem. 2013;12(1): 
68–82.

 42. Hadjinicolaou AV, Nisar MK, Bhagat S, Parfrey H, Chilvers ER, 
Ostör AJ. Non-infectious pulmonary complications of newer bio-
logical agents for rheumatic diseases—a systematic literature 
review. Rheumatology (Oxford). 2011;50(12):2297–305.

 43. Takeuchi T, Tatsuki Y, Nogami Y, Ishiguro N, Tanaka Y, Yamanaka 
H, et al. Postmarketing surveillance of the safety profile of inf-
liximab in 5000 Japanese patients with rheumatoid arthritis. Ann 
Rheum Dis. 2008;67(2):189–94.

 44. Koike T, Harigai M, Inokuma S, Inoue K, Ishiguro N, Ryu J, et al. 
Postmarketing surveillance of the safety and efectiveness of etaner-
cept in Japan. J Rheumatol. 2009;36(5):898–906.

 45. Koike T, Harigai M, Ishiguro N, Inokuma S, Takei S, Takeuchi T, 
et al. Safety and effectiveness of adalimumab in Japanese rheuma-
toid arthritis patients: postmarketing surveillance report of the first 
3,000 patients. Mod Rheumatol. 2012;22(4):498–508.

 46. Koike T, Harigai M, Inokuma S, Ishiguro N, Ryu J, Takeuchi T, 
et al. Postmarketing surveillance of tocilizumab for rheumatoid 
arthritis in Japan: interim analysis of 3881 patients. Ann Rheum 
Dis. 2011;70(12):2148–51.

 47. Perez-Alvarez R, Perez-de-Lis M, Diaz-Lagares C, Pego-Reigosa 
JM, Retamozo S, Bove A, et al. Interstitial lung disease induced 
or exacerbated by TNF-targeted therapies: analysis of 122 cases. 
Semin Arthritis Rheum. 2011;41(2):256–64.

 48. Curtis JR, Sarsour K, Napalkov P, Costa LA, Schulman 
KL. Incidence and complications of interstitial lung disease in 
users of tocilizumab, rituximab, abatacept and anti-tumor necro-
sis factor α agents, a retrospective cohort study. Arthritis Res Ther. 
2015;17:319.

 49. Kawashiri SY, Kawakami A, Sakamoto N, Ishimatsu Y, Eguchi 
K. A fatal case of acute exacerbation of interstitial lung disease in a 
patient with rheumatoid arthritis during treatment with tocilizumab. 
Rheumatol Int. 2012;32(12):4023–6.

 50. Lager J, Hilberg O, Løkke A, Bendstrup E. Severe interstitial lung 
disease following treatment with certolizumab pegol: a case report. 
Eur Respir Rev. 2013;22(129):414–6.

 51. Hagiwara K, Sato T, Takagi-Kobayashi S, Hasegawa S, Shigihara 
N, Akiyama O. Acute exacerbation of preexisting interstitial lung 
disease after administration of etanercept for rheumatoid arthritis. J 
Rheumatol. 2007;34(5):1151–4.

 52. Sen S, Peltz C, Jordan K, Boes TJ. Infliximab-induced nonspecific 
interstitial pneumonia. Am J Med Sci. 2012;344(1):75–8.

 53. Nakashita T, Motojima S, Fujio N, Jibatake A. The incidence of 
exacerbation of pre-existing interstitial lung disease (ILD) is higher 
in TNF blockers than in non-TNF blockers in RA. Arthritis Rheum. 
2012;64(Suppl 10):1332. https://doi.org/10.1002/art.39064.

 54. Ramos-Casals M, Perez-Alvarez R, Perez-de-Lis M, Xaubet A, 
Bosch X, BIOGEAS Study Group. Pulmonary disorders induced 
by monoclonal antibodies in patients with rheumatologic autoim-
mune diseases. Am J Med. 2011;124(5):386–94.

 55. Harigai M, Takamura A, Atsumi T, Dohi M, Hirata S, Kameda H, 
et al. Elevation of KL-6 serum levels in clinical trials of tumor 
necrosis factor inhibitors in patients with rheumatoid arthri-
tis: a report from the Japan College of Rheumatology Ad Hoc 
Committee for Safety of Biological DMARDs. Mod Rheumatol. 
2013;23(2):284–96.

 56. de Lauretis A, Veeraraghavan S, Renzoni E. Review series: aspects 
of interstitial lung disease: connective tissue disease-associated 
interstitial lung disease: how does it differ from IPF? How should 
the clinical approach differ? Chron Respir Dis. 2011;8(1):53–82.

 57. Hallowell RW, Horton MR. Interstitial lung disease in patients 
with rheumatoid arthritis: spontaneous and drug induced. Drugs. 
2014;74(4):443–50.

 58. Kameda H, Tokuda H, Sakai F, Johkoh T, Mori S, Yoshida Y, et al. 
Clinical and radiological features of acute-onset diffuse intersti-
tial lung diseases in patients with rheumatoid arthritis receiving 
treatment with biological agents: importance of Pneumocystis 
pneumonia in Japan revealed by a multicenter study. Intern Med. 
2011;50(4):305–13.

 59. Dixon WG, Hyrich KL, Watson KD, Lunt M, Symmons 
DP. Influence of anti-TNF therapy on mortality in patients with 
rheumatoid arthritis-associated interstitial lung disease: results 
from the British Society for Rheumatology Biologics Register. Ann 
Rheum Dis. 2010;69(6):1086–91.

 60. Coyne P, Doe S, Saravanan V, Heycock C, Hamilton J, Kelly CA. Is 
respiratory infection in patients with rheumatoid arthritis caused by 
disease modifying drugs? Rheumatology. 2005;i74(A42):44.

 61. Takayanagi N. Biological agents and respiratory infections: caus-
ative mechanisms and practice management. Respir Investig. 
2015;53(5):185–200.

 62. Coyne P, Hamilton J, Heycock C, Saravanan V, Coulson E, Kelly 
CA. Acute lower respiratory tract infection in patients with rheuma-
toid arthritis. J Rheumatol. 2007;34(9):1832–6.

 63. Blumentals WA, Arreglado A, Napalkov P, Toovey S. Rheumatoid 
arthritis and the incidence of influenza and influenza related com-
plications: a retrospective cohort study. BMC Musculoskelet 
Disord. 2012;13:158.

 64. Dixon WG, Suissa S, Hudson M. The association between sys-
temic glucocorticoid therapy and the risk of infection inpatients 
with rheumatoid arthritis: systematic review and meta-analyses. 
Arthritis Res Ther. 2011;13(4):R139.

 65. Gardam MA, Keystone EC, Menzies R, Manners S, Skamene E, 
Long R, et al. Anti-tumour necrosis factor agents and tuberculosis 
risk: mechanisms of action and clinical management. Lancet Infect 
Dis. 2003;3(3):148–55.

 66. Keane J, Gershon S, Wise RP, Mirabile-Levens E, Kasznica J, 
Schwieterman WD, et al. Tuberculosis associated with infliximab, 
a tumor necrosis factor alpha-neutralizing agent. N Engl J Med. 
2001;345(15):1098–104.

 67. Komano Y, Tanaka M, Nanki T, Koike R, Sakai R, Kameda H, et al. 
Incidence and risk factors for serious infection in patients with 
rheumatoid arthritis treated with tumor necrosis factor inhibitors: a 
report from the Registry of Japanese Rheumatoid Arthritis Patients 
for Longterm Safety. J Rheumatol. 2011;38(7):1258–64.

 68. Winthrop KL, Baxter R, Liu L, Varley CD, Curtis JR, Baddley JW, 
et al. Mycobacterial diseases and antitumour necrosis factor ther-
apy in the USA. Ann Rheum Dis. 2013;72(1):37–42.

 69. Macfarlane JT, Boldy D. 2004 update of BTS pneumonia guide-
lines: what’s new? Thorax. 2004;59(5):364–6.

 70. Takayanagi N, Tsuchiya Y, Tokunaga D, Miyahara Y, Yamaguchi 
S, Saito H, et al. [Pulmonary infections in patients with rheumatoid 
arthritis]. Nihon Kokyuki Gakkai Zasshi. 2007;45(6):465–73.

 71. Doran MF, Crowson CS, Pond GR, O'Fallon WM, Gabriel 
SE. Frequency of infection in patients with rheumatoid arthritis 
compared with controls: a population based study. Arthritis Rheum. 
2002;46(9):2287–93.

 72. Nakajima A, Saito K, Kojima T, Amano K, Yoshio T, Fukuda W, 
et al. No increased mortality in patients with rheumatoid arthritis 
treated with biologics: results from the biologics register of six rheu-
matology institutes in Japan. Mod Rheumatol. 2013;23(5):945–52.

 73. Hansen RA, Gartlehner G, Powell GE, Sandler RS. Serious adverse 
events with infliximab: analysis of spontaneously reported adverse 
events. Clin Gastroenterol Hepatol. 2007;5(6):729–35.

 74. Tubach F, Ravaud P, Salmon-Céron D, Petitpain N, Brocq O, 
Grados F, et al. Emergence of Legionella pneumophila pneumo-
nia in patients receiving tumor necrosis factor–α antagonists. Clin 
Infect Dis. 2006;43(10):e95–100.

 75. Fujiwara H, Nishimoto N, Hamano Y, Asanuma N, Miki S, 
Kasayama S, et al. Masked early symptoms of pneumonia in 

S. Tasaka

https://doi.org/10.1002/art.39064


199

patients with rheumatoid arthritis during tocilizumab treatment: a 
report of two cases. Mod Rheumatol. 2009;19(1):64–8.

 76. Gaensbauer JT, Press CA, Hollister JR, Asturias EJ. Procalcitonin: 
a marker of infection not subverted by treatment with interleukin-6 
receptor inhibition. Pediatr Infect Dis J. 2013;32(9):1040.

 77. Tokuda H, Harigai M, Kameda H, Tomono K, Takayanagi N, 
Watanabe A, et al. Consensus statements for medical practice: bio-
logical agents and lung disease. Respir Investig. 2017;55(3):229–51.

 78. Takayanagi N, Hara K, Tokunaga D, Takaku Y, Minagawa S, 
Tsuchiya Y, et al. [Etiology and outcome of community-acquired 
pneumonia in relation to age and severity in hospitalized adult 
patients]. Nihon Kokyuki Gakkai Zasshi. 2006;44(12):906–15.

 79. Ward MM, Donald F. Pneumocystis carinii pneumonia in patients 
with connective tissue diseases: the role of hospital experience in 
diagnosis and mortality. Arthritis Rheum. 1999;42(4):780–9.

 80. Carmona EM, Limper AH. Update on the diagnosis and treatment of 
Pneumocystis pneumonia. Ther Adv Respir Dis. 2011;5(1):41–59.

 81. Tasaka S, Tokuda H. Pneumocystis jirovecii pneumonia in non- 
HIV- infected patients in the era of novel immunosuppressive thera-
pies. J Infect Chemother. 2012;18(6):793–806.

 82. Mekinian A, Durand-Joly I, Hatron PY, Moranne O, Denis G, Dei- 
Cas E, et al. Pneumocystis jirovecii colonization in patients with 
systemic autoimmune diseases: prevalence, risk factors of coloni-
zation and outcome. Rheumatology. 2011;50(3):569–77.

 83. Wissmann G, Morilla R, Martín-Garrido I, Friaza V, Respaldiza N, 
Povedano J, et al. Pneumocystis jirovecii colonization in patients 
treated with infliximab. Eur J Clin Investig. 2011;41(3):343–8.

 84. Morris A, Wei K, Afshar K, Huang L. Epidemiology and clini-
cal significance of Pneumocystis colonization. J Infect Dis. 
2008;197(1):10–7.

 85. Mori S, Cho I, Sugimoto M. A follow-up study of asymptomatic 
carriers of Pneumocystis jiroveci during immunosuppressive ther-
apy for rheumatoid arthritis. J Rheumatol. 2009;36(8):1600–5.

 86. Tasaka S, Kobayashi S, Kamata H, Kimizuka Y, Fujiwara H, 
Funatsu Y, et al. Cytokine profiles of bronchoalveolar lavage fluid 
in patients with Pneumocystis pneumonia. Microbiol Immunol. 
2010;54(7):425–33.

 87. Kovacs JA, Hiemenz JW, Macher AM, Stover D, Murray HW, 
Shelhamer J, et al. Pneumocystis carinii pneumonia: a comparison 
between patients with the acquired immunodeficiency syndrome 
and patients with other immunodeficiencies. Ann Intern Med. 
1984;100(5):663–71.

 88. Kuhlman JE, Kavuru M, Fishman EK, Siegelman SS. Pneumocystis 
carinii pneumonia: spectrum of parenchymal CT findings. 
Radiology. 1990;175(3):711–4.

 89. Fujii T, Nakamura T, Iwamoto A. Pneumocystis pneumonia in 
patients with HIV infection: clinical manifestations, laboratory find-
ings, and radiological features. J Infect Chemother. 2007;13(1):1–7.

 90. Reid AB, Chen SC, Worth LJ. Pneumocystis jirovecii pneumonia 
in non-HIV-infected patients: new risks and diagnostic tools. Curr 
Opin Infect Dis. 2011;24(6):534–44.

 91. Kaplan JE, Benson C, Holmes KK, Brooks JT, Pau A, Masur 
H. Guidelines for prevention and treatment of opportunistic infec-
tions in HIV-infected adults and adolescents: recommendations 
from CDC, the National Institutes of Health, and the HIV Medicine 
Association of the Infectious Diseases Society of America. MMWR 
Recomm Rep. 2009;58(RR-4):1–207.

 92. Harigai M, Koike R, Miyasaka N. Pneumocystis pneumonia asso-
ciated with infliximab in Japan. N Engl J Med. 2007;357(18): 
1874–6.

13 Acute Pulmonary Infiltrates in Patients with Rheumatoid Arthritis: Differential Diagnosis and Management


	Preface
	Contents
	Part I: Introduction
	1: Overview: Clinical Significance of Lung Disease Associated with Rheumatoid Arthritis
	1.1	 Introduction
	1.2	 Mortality and Causes of Death in RA
	1.3	 Pulmonary Complications in RA
	1.4	 bDMARDs and Pulmonary Complications in RA
	1.5	 Future Perspectives for Managing RA in Patients with Pulmonary Complications
	References


	Part II: Airway Disease in Rheumatoid Arthritis
	2: Comprehensive Understanding of Airway Disease in Rheumatoid Arthritis
	2.1	 Introduction
	2.2	 Bronchiectasis (BE)
	2.2.1	 Epidemiology
	2.2.2	 Mechanism of Development
	2.2.2.1	 BE Appearing after RA Onset
	2.2.2.2	 BE Preceding RA Onset

	2.2.3	 Imaging Findings

	2.3	 Peripheral Airway Disease: Bronchiolitis
	2.3.1	 Pathology of Bronchiolitis
	2.3.2	 Epidemiology
	2.3.3	 Imaging Findings
	2.3.4	 How and When Does Bronchiolitis Appear and How Does It Progress in RA Patients?

	2.4	 Peripheral Airway Disease: Cystic Bronchiolectasis and Honeycomb-Like Structural Remodeling
	2.5	 How to Understand and Confront Airway Diseases of RA Patients
	References

	3: Pathology of Airway Disease in Rheumatoid Arthritis
	3.1	 Introduction
	3.2	 Bronchiolitis Obliterans
	3.2.1	 Definition of Bronchiolitis Obliterans
	3.2.2	 Endobronchiolitis Obliterans (EBO)
	3.2.3	 Cellular Destructive Bronchiolitis (CDB)

	3.3	 Summary (Fig. 3.16 and Table 3.1)
	References

	4: Imaging of Airway Diseases of Rheumatoid Arthritis
	4.1	 Introduction
	4.2	 X-Ray Diagnosis of Airway Disease
	4.3	 CT Findings of Airway Disease
	4.3.1	 Bronchitis and Bronchiectasis
	4.3.2	 Bronchiolitis

	4.4	 Airway Disease in RA Patients
	4.4.1	 Diseases of Large to Intermediate Airway
	4.4.1.1	 Noninfectious Airway Disease
	4.4.1.2	 Infectious Airway Disease

	4.4.2	 Diseases of Small Airway
	4.4.2.1	 Noninfectious Disease
	4.4.2.2	 Infectious Process


	4.5	 Relationship Between Airway Disease and Interstitial Pneumonia
	References

	5: Therapeutic Strategy for Airway Disease in Rheumatoid Arthritis
	5.1	 Introduction
	5.2	 Airway Disease Can Predispose to Infectious Diseases and Cause Poor Prognosis
	5.2.1	 Bacterial Infections
	5.2.1.1	 Recurrent Infection and Progressive Deterioration of Medical Condition
	5.2.1.2	 How to Control Bacterial Infection
	5.2.1.3	 How to Treat OP That Follows Pneumonia
	5.2.1.4	 Choice of DMARDs in Cases of Recurrent Respiratory Infection

	5.2.2	 NTM Disease

	5.3	 Airway Diseases May Cause Obstructive Lung Disease
	5.3.1	 Airway Obstruction in RA Patients
	5.3.2	 Bronchiolitis Obliterans
	5.3.3	 How to Control the Progression of Airway Obstruction
	5.3.4	 How to Control Persistent Cough and the Role of Antibiotics: A Hint for Controlling Chronic Inflammation of the Airway in RA Patients

	5.4	 Airway Disease Can Cause Honeycomb-Like Change Through Inflammatory Destruction of Bronchioles and Lung Parenchyma
	References


	Part III: Interstitial Lung Disease in Rheumatoid Arthritis
	6: Comprehensive Understanding of Interstitial Lung Disease in Rheumatoid Arthritis
	6.1	 Introduction
	6.2	 What Is the Incidence and Prevalence Rate of RA-ILD?
	6.3	 What Symptoms Appear in RA-ILD?
	6.4	 Clinical Factors and Characteristics of RA-ILD
	6.5	 What About the Prognosis for Patients with RA-ILD?
	6.6	 What Are the Risk Factors Associated with Mortality in RA-ILD?
	6.7	 Which Patients with RA-ILD Developed AE of ILD?
	6.8	 Risk of Infections in RA-ILD
	6.9	 How to Differentiate the Diagnosis in RA-ILD?
	6.10	 Serum Biomarkers in RA-ILD
	6.11	 Pathophysiology of RA-ILD
	6.12	 A New Device for the Detection of ILD
	6.13	 Do Biologic DMARDs Improve Progressive RA-ILD or Prevent Acute Exacerbations of RA-ILD?
	6.13.1	 TNFi and RA-ILD
	6.13.2	 TCZ and RA-ILD
	6.13.3	 ABT and RA-ILD
	6.13.4	 Rituximab and RA-ILD

	References

	7: Pathology of Interstitial Lung Disease in Patients with Rheumatoid Arthritis
	7.1	 Introduction
	7.2	 Pleural Involvement
	7.3	 Rheumatoid Nodules
	7.4	 Hyperplasia of Bronchus-Associated Lymphoid Tissue
	7.5	 Interstitial Pneumonia in Patients with RA
	7.5.1	 Current Understanding
	7.5.2	 Nonspecific Interstitial Pneumonia in Patients with RA
	7.5.2.1	 What Constitutes the Early Stage of Interstitial Pneumonia in Patients with RA?
	7.5.2.2	 Progressive Stage of NSIP in Patients with RA

	7.5.3	 UIP in RA
	7.5.3.1	 Early Stage of UIP in RA
	7.5.3.2	 Progressive Stage of UIP in RA


	7.6	 Peripheral Airway Diseases Associated with Interstitial Pneumonia in Patients with RA
	7.6.1	 Cystic Changes Coexisting in Chronic Fibrosing Interstitial Pneumonia
	7.6.2	 Indeterminate Peribronchiolar Metaplasia and Cystic Intralobular Bronchiolectasis
	7.6.3	 Intralobular Bronchiolar and Alveolar Inflammation Inducing Alveolar Structural Remodeling

	7.7	 Interstitial Pneumonia Preceding RA
	7.8	 Other Histological Patterns of RA-ILD
	7.8.1	 Organizing Pneumonia in RA
	7.8.2	 Desquamative Interstitial Pneumonia in RA
	7.8.3	 Fibroelastosis in RA
	7.8.4	 Diffuse Alveolar Damage in RA

	References

	8: Radiological Characteristics of Interstitial Lung Diseases in Patients with Connective Tissue Disease: Focus on Rheumatoid Arthritis
	8.1	 Introduction
	8.2	 Interstitial Lung Diseases in Connective Tissue Disease
	8.2.1	 Frequency of CTD-ILD
	8.2.2	 Undifferentiated Forms of CTD-ILD
	8.2.3	 Classification of CTD-ILDs
	8.2.4	 Histopathological Patterns of CTD-ILD
	8.2.5	 Three Pathological Patterns of Pulmonary Fibrosis
	8.2.6	 CT UIP Pattern Based on the Current IPF Guideline
	8.2.7	 CT Patterns of CTD-ILD

	8.3	 Interstitial Lung Disease in RA
	8.3.1	 Clinicopathological Characteristics of Patients with RA-ILD
	8.3.2	 CT Characteristics of RA-ILD
	8.3.3	 CT Findings of Airway Impairments in RA
	8.3.4	 Peripheral Aircystic Lesions Coexisting in RA-ILD
	8.3.5	 Acute Exacerbation in CTD-ILD and in RA-ILD

	8.4	 Interstitial Pneumonia with Autoimmune Features: IPAF
	8.4.1	 Clinical Concept of IPAF
	8.4.2	 CT Findings in IPAF
	8.4.3	 CT Pattern and Prognostic Factors

	References

	9: Therapeutic Strategies for Interstitial Lung Diseases in Rheumatoid Arthritis
	9.1	 Introduction
	9.2	 Indication for Treatment
	9.3	 Pharmacological Treatment
	9.3.1	 Corticosteroids
	9.3.2	 Cyclophosphamide
	9.3.3	 Azathioprine
	9.3.4	 MMF
	9.3.5	 Calcineurin Inhibitors
	9.3.6	 Methotrexate
	9.3.7	 Rituximab
	9.3.8	 Antitumor Necrosis Factor Drugs
	9.3.9	 Tocilizumab
	9.3.10	 Abatacept
	9.3.11	 Other Agents

	9.4	 Non-pharmacological Treatment
	References


	Part IV: Diagnosis and Treatment of Acute Lung Disease in Rheumatoid Arthritis
	10: Bacterial and Fungal Infections in Rheumatoid Arthritis
	10.1	 Introduction
	10.2	 Risk Factors of Infection in RA
	10.2.1	 Immune Dysregulation of RA
	10.2.2	 Drugs for RA
	10.2.3	 Pulmonary Involvements Associated with RA

	10.3	 Bacterial Infections
	10.3.1	 Pneumonia
	10.3.1.1	 Epidemiology
	10.3.1.2	 Diagnosis
	10.3.1.3	 Prophylaxis
	10.3.1.4	 Treatment

	10.3.2	 Acute Exacerbation of Bronchiectasis
	10.3.3	 Other Bacterial Infections

	10.4	 Fungal Infections
	10.4.1	 Pneumocystis jirovecii Pneumonia
	10.4.1.1	 Epidemiology
	10.4.1.2	 Diagnosis
	10.4.1.3	 Prophylaxis
	10.4.1.4	 Treatment

	10.4.2	 Other Fungal Infections

	10.5	 Pulmonary Infection as a Risk Factor for the Onset of RA
	References

	11: Mycobacterium Infections in Rheumatoid Arthritis (Tuberculosis and Nontuberculous Mycobacteriosis)
	11.1	 Introduction
	11.2	 Tuberculosis
	11.2.1	 Overview
	11.2.2	 Diagnosis
	11.2.2.1	 Radiographic Findings
	11.2.2.2	 Microbiological Evaluation
	11.2.2.3	 IGRA

	11.2.3	 Treatment
	11.2.3.1	 Active TB Disease
	11.2.3.2	 LTBI
	11.2.3.3	 Special Consideration for RA Patients


	11.3	 Nontuberculous Mycobacterium Infection
	11.3.1	 Overview
	11.3.2	 Diagnosis
	11.3.2.1	 Diagnostic Criteria
	11.3.2.2	 Radiographic Findings
	11.3.2.3	 Microbiologic Evaluation
	11.3.2.4	 Serodiagnosis
	11.3.2.5	 Susceptibility Testing

	11.3.3	 Treatment
	11.3.3.1	 Pulmonary MAC Disease
	11.3.3.2	 M. kansasii Disease
	11.3.3.3	 Surgical Management
	11.3.3.4	 Prognosis
	11.3.3.5	 Special Consideration for RA Patients


	References

	12: Organizing Pneumonia in Rheumatoid Arthritis
	12.1	 Introduction
	12.2	 Prevalence and Incidence of RA-OP
	12.3	 Relationship Between OP Onset and Arthritis Onset in RA
	12.4	 Clinical Characteristics of OP in RA
	12.4.1 Clinical Characteristics of OP in RA Patients Treated with bDMARDs

	12.5	 Symptoms and Physical Examination
	12.6	 Evaluation
	12.6.1 Laboratory Tests
	12.6.2 Imaging Studies
	12.6.2.1	 Chest Radiography
	12.6.2.2	 HRCT

	12.6.3 Pulmonary Function Test
	12.6.4 Microorganism Test
	12.6.5 Cytology/Histopathology
	12.6.5.1	 BALF
	12.6.5.2	 Lung Biopsy


	12.7	 Characteristics of Histopathology
	12.8	 Histopathogenesis of OP
	12.9	 Diagnosis
	12.10	 Differential Diagnosis
	12.10.1 Infection
	12.10.2 Malignancy
	12.10.3 Other Forms of ILD
	12.10.4 Chronic Eosinophilic Pneumonia
	12.10.5 Hypersensitivity Pneumonia

	12.11	 Treatment
	12.12	 Prognosis
	12.13	 Pathophysiology
	12.13.1 Th1-Dominant Response
	12.13.2 High Levels of IFN-α and 	 Pro-inflammatory Cytokines

	References

	13: Acute Pulmonary Infiltrates in Patients with Rheumatoid Arthritis: Differential Diagnosis and Management
	13.1	 Introduction
	13.2	 Acute Exacerbation of Interstitial Lung Disease
	13.3	 Drug-Induced Lung Disease
	13.3.1	 Methotrexate
	13.3.2	 Biological Agents

	13.4	 Infectious Complications
	13.4.1	 Bacterial Pneumonia
	13.4.1.1	 Group A: Outpatient Cases
	13.4.1.2	 Group B: Hospitalization Cases without a Risk of P. aeruginosa Infection
	13.4.1.3	 Group C: Hospitalization Cases with a Risk of P. aeruginosa Infection
	13.4.1.4	 Group D: Severe and Very Severe Cases That Require Intensive Care Unit Management

	13.4.2	 Pneumocystis Pneumonia

	References



