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Introduction

Granulomatosis with polyangiitis (GPA), previously known 
as Wegener’s granulomatosis, is an autoimmune disease 
that primarily affects the upper airway or lower respira-
tory tract and kidneys. It is characterized by inflammatory 
granulomas and necrotizing small-vessel vasculitis and can 
result in pauci-immune crescentic glomerulonephritis [1]. 
The prognosis of untreated GPA is poor, and a combination 
of high-dose corticosteroids and cyclophosphamide (CYC) 
to induce remission, followed by maintenance therapy 
including low-dose corticosteroids and azathioprine (AZA), 
is recommended [2, 3]. Among these, AZA is a purine 
analog that is widely used to prevent transplant rejection 
and treat chronic inflammatory diseases such as rheuma-
toid arthritis, systemic lupus erythematosus, vasculitis, and 
inflammatory bowel disease [4]. However, it has various 
side effects such as bone marrow suppression, infection, 
gastrointestinal intolerance, hepatitis, and, rarely, hyper-
sensitivity reactions such as fever, arthralgia, skin rash, and 
pulmonary toxicity [5]. Pulmonary toxicity associated with 
AZA administration is usually reported in patients with 
inflammatory bowel disease or organ transplantation [6, 7], 
and, to date, there is no report of its occurrence in a patient 
with GPA. Here, we describe a case involving a 38-year-old 
man with GPA who developed hypersensitivity pneumoni-
tis (HP) during AZA maintenance therapy.

Abstract Granulomatosis with polyangiitis (GPA), 
an autoimmune disease characterized by inflammatory 
granulomas and necrotizing small-vessel vasculitis, pri-
marily affects the respiratory tract and kidneys. Azathio-
prine (AZA) is a purine analog that is commonly used for 
maintaining GPA remission after induction therapy with 
cyclophosphamide. While the dose-dependent side effects 
of AZA are common and well known, hypersensitivity 
reactions such as pulmonary toxicity are rare. Here, we 
describe a case involving a 38-year-old man with GPA-
associated pauci-immune crescentic glomerulonephritis 
who developed subacute hypersensitivity pneumonitis (HP) 
during AZA maintenance therapy. Five months after the 
initiation of AZA administration (100 mg/day), the patient 
was admitted with a 7-day history of cough, dyspnea, 
and fever. High-resolution computed tomography of the 
chest showed ill-defined centrilobular nodules and diffuse 
ground-glass opacities in both lung fields. Bronchoscopy 
with bronchoalveolar lavage was negative for infectious 
etiologies. A transbronchial lung biopsy specimen revealed 
poorly formed non-necrotizing granulomas. A chest radio-
graph obtained at 2 weeks after discontinuation of AZA 
showed normal findings. The findings from this case sug-
gest that AZA-induced HP should be considered as a dif-
ferential diagnosis when a patient with GPA exhibits fresh 
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Case report

A 38-year-old man was admitted to our hospital with a his-
tory of dyspnea and fever since 7 days ago. Eleven months 
prior, he had visited a Division of Nephrology with com-
plaints of cough, sputum, and progressive azotemia and 
had undergone a renal biopsy. Peripheral blood tests and 
serum biochemistry at that time revealed the follow-
ing: hemoglobin (Hb), 11.0 g/dl; white blood cell (WBC) 
count, 13,000/μl (neutrophils, 74.5 %); platelets, 306,000/
μl; blood urea nitrogen (BUN), 45 mg/dl; and serum cre-
atinine (Cr), 4.1 mg/dl. Urinalysis revealed proteinuria 2+, 
and the urinary sediment was found to contain several red 
blood cells (RBCs; dysmorphic 80 %) and five to 10 WBCs 
per high-power field (HPF). The 24-h urine volume was 
550 ml, urinary protein excretion level was 217 mg per day, 
and Cr clearance was 22.8 ml/min/1.73 m2 body surface 
area (BSA). The estimated glomerular filtration rate (GFR) 
calculated using the Modification of Diet in Renal Dis-
ease (MDRD) study equation was 17.44 ml/min/1.73 m2 
[8]. Serum immunoglobulin levels, complement levels, 
and the findings of blood coagulation tests were within 
normal limits. The results of serological tests, including 
those for antistreptolysin O, rheumatoid factor, venereal 
disease research laboratories (VDRL), hepatitis B surface 
antigen, anti-hepatitis C antibody, antinuclear antibodies, 
anti-double-stranded DNA antibody, human immunodefi-
ciency virus antibody, anti-glomerular basement membrane 
antibody, and cryoglobulin, were all negative. However, an 
indirect immunofluorescence (IF) test showed positivity 
for cytoplasmic anti-neutrophil cytoplasmic antibody, with 
a titer of 1:80, while enzyme-linked immunosorbent assay 
(ELISA) showed an anti-proteinase 3 (PR3) anti-neutrophil 
cytoplasmic antibody (ANCA) level of 40 IU/ml (refer-
ence range, <2 IU/ml) and an anti-myeloperoxidase (MPO) 
ANCA level of 0.8 IU/ml (reference range, <3.5 IU/ml). 
The patient did not report any specific family history or 
past history of systemic diseases such as hypertension, dia-
betes mellitus, or renal disease. Light microscopic exami-
nation of the kidney biopsy specimen revealed segmental 
or global sclerosis in 14 of 23 glomeruli and fibrocellular 
crescents in five glomeruli (Fig. 1). IF microscopy did not 
show any immunoglobulin or complement deposition. On 
the basis of the above findings, the patient was diagnosed 
with GPA-associated pauci-immune crescentic glomerulo-
nephritis and was treated with intravenous methylpredni-
solone 500 mg (7 mg/kg) for three consecutive days, fol-
lowed by oral prednisolone 60 mg (1 mg/kg) daily. A single 
intravenous CYC dose of 900 mg [500 mg/BSA (m2)] was 
also administered every 4 weeks a total of six times; subse-
quently, AZA 100 mg (1.5 mg/kg/day) was orally admin-
istered daily for 5 months. No specific abnormal finding 

was noted on a chest radiograph obtained at the initiation 
of AZA therapy (Fig. 2a). Oral prednisolone was contin-
ued for a month, following which the dose was gradually 
tapered and discontinued at 6 months.

At the current admission, the patient had a blood pres-
sure of 110/70 mmHg, pulse rate of 88/min, respiration 
rate of 20/min, and body temperature of 38.0 °C. Physi-
cal examination revealed no specific findings except a 
saddle nose deformity and mild pretibial edema. Inspira-
tory crackles could be heard over both lower lung fields, 
while the findings of cardiac examination were unremark-
able. The laboratory findings were as follows: Hb, 9.5 g/
dl; WBC count, 4500/μl (neutrophils, 54 %; lymphocytes, 
20.9 %); platelets, 381,000/μl; erythrocyte sedimenta-
tion rate, 73 mm/h (reference range, 0–27 mm/h); BUN, 
79.6 mg/dl; Cr, 6.9 mg/dl; total protein, 5.7 g/dl; albumin, 
3.4 g/dl; and C-reactive protein (CRP), 58.6 mg/l (refer-
ence range, 0–5 mg/l). In arterial blood gas analysis per-
formed in room air, the pH was 7.37, PaCO2 37.6 mmHg, 
PaO2 80.3 mmHg, HCO3

− 19.5 mmol/l, and oxygen 
saturation 86 %. Urinalysis with microscopic examina-
tion showed urinary protein 1+, an RBC count of 5–10/
HPF, and a WBC count of 0–1/HPF. PR3 ANCA and MPO 
ANCA levels measured using ELISA were 0.4 and 0.2 IU/
ml, respectively. A chest radiograph obtained at admis-
sion revealed increased ground-glass opacities in both 
lung fields (Fig. 2b). High-resolution computed tomogra-
phy (HRCT) of the chest also showed diffuse ground-glass 
opacification and ill-defined centrilobular nodules (Fig. 3). 
Drug-associated subacute HP was suspected, and AZA was 
discontinued. A pulmonary function test and bronchos-
copy were performed 2 days after admission. Spirometry 

Fig. 1  A renal biopsy specimen shows two glomeruli with fibrocel-
lular crescents and collapsed capillary tufts (arrows). The interstitium 
shows moderate fibrosis with inflammatory cell infiltration (arrow-
heads) (H&E staining, magnification ×200)
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revealed a forced expiratory volume in 1 s (FEV1) of 3.46 l 
(96 % of predicted), a forced vital capacity (FVC) of 4.07 l 
(87 % of predicted), and an FEV1/FVC ratio of 85 % of 
predicted. The diffusion capacity of carbon monoxide 
(DLCO) was moderately decreased to 14.7 ml/min/mmHg 
(57 % of predicted). Bronchoscopy did not identify hemor-
rhage or infectious lesions. Bronchoalveolar lavage (BAL) 
fluid from the right lower lobe was negative for bacteria, 
Pneumocystis joroveci, fungi, mycobacteria, cytomeg-
alovirus, and other respiratory viruses. Furthermore, a 
differential cell count revealed 78 % lymphocytes, 12 % 
macrophages, 1 % neutrophils, and 7 % eosinophils in the 
BAL fluid. Transbronchial lung biopsy showed partially 
formed nodules and non-necrotizing granulomas (Fig. 4). 

Following AZA discontinuation, the patient’s symptoms 
including dyspnea, fever, and general malaise began to 
ameliorate, while chest radiograph findings improved 
markedly. He was discharged with resolution of respira-
tory symptoms and fever on the tenth hospital day. At 
2 weeks after discontinuation of AZA, the findings on a 
chest radiograph appeared normal (Fig. 2c). In a follow-
up pulmonary function test conducted using spirometry, 
FEV1, FVC, and the FEV1/FVC ratio were 3.86 l (106 % 
of predicted), 4.61 l (99 % of predicted), and 84 % of pre-
dicted, respectively. The patient is currently being moni-
tored and is receiving prednisolone 5 mg/day, an angio-
tensin receptor blocker, a calcium channel blocker, and an 
erythropoiesis-stimulating agent.

Fig. 2  a A chest radiograph obtained at the time of azathioprine ther-
apy initiation shows no specific abnormal finding. b A chest radio-
graph obtained on the current admission shows bilateral hazy areas 

of increased ground-glass opacities. c A chest radiograph obtained at 
2 weeks after discontinuation of azathioprine shows complete resolu-
tion of pulmonary lesions

Fig. 3  High-resolution com-
puted tomography scans of the 
chest demonstrate ill-defined 
centrilobular nodules and dif-
fuse ground-glass opacities
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Discussion

We reported a case of AZA-induced HP in a patient with 
GPA that resolved with AZA discontinuation. GPA is an 
ANCA-associated autoimmune disease that involves small- 
and medium-sized vessels and induces necrotizing granu-
lomatous vasculitis [3]. When left untreated, the associated 
mortality rate is high. Therefore, severe cases should be 
treated with immunosuppressive regimens including a com-
bination of high-dose corticosteroids and CYC to induce 
remission [3]. With regard to intravenous CYC therapy in 
patients with ANCA-associated vasculitis, CYC is adminis-
tered at an initial dose of 750 mg/m2 every 3–4 weeks [2]. 
For elderly patients aged >60 years, or those with severe 
renal dysfunction (GFR < 20 ml/min per 1.73 m2), the ini-
tial dose of CYC is reduced to 500 mg/m2 [2]. Subsequent 
doses should be adjusted according to the patient’s response 
to therapy and the degree of leukopenia [2]. CYC may be 
administered at a reduced dose of 500 mg/m2 at monthly 
intervals when the Cr clearance is <30 ml/min [9]. Many 
previous studies on intravenous CYC pulse therapy also 
reported monthly administration of CYC [10]. After remis-
sion, the corticosteroid dose is gradually tapered, and CYC 
is replaced with AZA or methotrexate, which have compa-
rably lower toxicities [1, 2]. AZA is converted to 6-mer-
captopurine (6-MP) and nitromethylimidazole in the liver 
after absorption into the body, and is finally metabolized 
to 6-thioguanine nucleotide. AZA inserts itself into nucleic 
acids, resulting in nucleic acid malfunction, chromosomal 
breakage, and inhibition of protein synthesis and mitosis, 
and it is inactivated by xanthine oxidase and thiopurine 
S-methyltransferase (TPMT) [4, 11]. AZA administration 

can result in dose-dependent toxicity, including myelosup-
pression, infection, gastrointestinal dysfunction, infertility, 
and hepatotoxicity based on the total administered amount 
and serum TPMT activity [5]. In rare circumstances, the 
imidazole moiety acts as a hapten and causes hypersensitiv-
ity reactions or various forms of pulmonary toxicity, such 
as interstitial pneumonia, restrictive lung disease, and dif-
fuse alveolar hemorrhage [12].

To date, 17 cases of pulmonary toxicity in adult patients 
taking AZA have been reported; most of these occurred 
in kidney transplant patients or those with inflammatory 
bowel disease [6, 7, 13–22]. At the time of pulmonary tox-
icity, the median age was 41 years (range, 20–72 years) 
and the male-to-female distribution was 1.1:1 (Table 1). 
The daily dose of AZA ranged widely from 25 to 150 mg, 
and pulmonary toxicity mostly occurred several weeks to 
several months after administration, while hypersensitivity 
reactions associated with this drug were usually observed 
within 4 weeks after administration [23]. There is one 
report of severe pulmonary toxicity, including bronchiolitis 
obliterans with organizing pneumonia and acute respira-
tory distress syndrome that occurred 10 years after AZA 
administration [19]. Among the 17 reported patients, four 
(23.5 %) exhibited leukopenia (<4000/μl), which is a dose-
related side effect. Our patient was a 38-year-old man who 
developed pulmonary toxicity in the form of HP without 
leukopenia after the administration of AZA 100 mg daily 
for 5 months.

When AZA-associated HP is suspected, it is impor-
tant to rule out relapse or increased activity of an under-
lying disease and systemic sepsis. Rechallenge with AZA 
to confirm the diagnosis is not recommended because it 
may lead to severe toxic reactions within several hours that 
require close attention, including shock, fever, and oligu-
ria [23, 24]. The main treatment strategy for AZA-associ-
ated pulmonary toxicity is AZA discontinuation, although 
mechanical ventilation or high-dose steroid therapy must 
be considered when severe hypoxemia or acute respiratory 
failure is present [20]. Among the 17 reported patients, two 
died of acute respiratory distress syndrome, while pulmo-
nary lesions gradually improved after AZA discontinuation 
with or without systemic corticosteroids in the remaining 
15. The interval between AZA discontinuation and clinical 
improvement ranged from 2 days to 6 weeks (Table 1).

Our patient exhibited PR3 ANCA-positive GPA as an 
underlying disease; this disease presents with pulmonary 
involvement characterized by asymptomatic lung infiltra-
tion, cough, blood-tinged sputum, and chest discomfort 
in 85 % cases [3]. Nodular pulmonary lesions are most 
commonly observed on chest radiographs or computed 
tomography, while ground-glass-shaped infiltrations 
caused by alveolar hemorrhage and multiple cavities due to 

Fig. 4  A transbronchial lung biopsy specimen reveals a poorly 
formed granuloma (arrows) with intraluminal budding fibrosis (H&E 
staining, magnification ×200)
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pulmonary nodules are also observed [25]. Chest HRCT in 
our patient showed a combination of multiple ground-glass 
opacities, small nodules, and reticular densities, suggest-
ing subacute HP [26]. Moreover, bronchoscopy revealed no 
lesions in the respiratory tract or signs of alveolar hemor-
rhage, and infectious diseases were ruled out on the basis 
of serological testing and culture of BAL fluid.

Although the various risk factors for GPA relapse are 
known, no useful predictive indicator has been widely rec-
ognized [27]. Nevertheless, serological data such as a four-
fold or higher increase in PR3 ANCA titers, persistent PR3 
ANCA positivity, and conversion from ANCA negativity to 
positivity are associated with the future relapse of GPA [28, 
29]. At the time of the current admission, our patient had 
a high fever (38.0 °C) and pulmonary nodules. The Bir-
mingham Vasculitis Activity Score for Wegener’s Granu-
lomatosis (BVAS/WG), which is a validated tool to assess 
GPA activity, was “2 minor item positive (2 points)”; there-
fore, a relapse of the disease was suspected [30]. However, 
PR3 ANCA was still negative, and no invasion into the 
other vital organs implying GPA activity was confirmed. 
Considering the diagnostic criteria for minor relapse in 

ANCA-associated vasculitis (BVAS/WG ≥ 3), there is no 
sufficient clinical evidence supporting increased activity or 
relapse of GPA in this patient [31].

AZA discontinuation without steroid therapy led to 
gradual amelioration of respiratory symptoms with reso-
lution of pulmonary lesions 2 weeks later. Although we 
did not reinitiate administration of this drug to clarify our 
diagnosis of drug hypersensitivity, we were able to confirm 
the presence of HP because the patient satisfied four of six 
major criteria and all three minor criteria for the clinical 
diagnosis of this condition [32].

In conclusion, we reported a case of HP that developed 
during AZA maintenance therapy in a GPA patient with 
pauci-immune crescentic glomerulonephritis and resolved 
after AZA discontinuation. AZA-induced HP, in addition to 
GPA relapse or infection, should be considered as a differ-
ential diagnosis when patients with GPA exhibit fresh pul-
monary lesions accompanied by respiratory symptoms dur-
ing AZA therapy. Furthermore, timely discontinuation of 
AZA along with appropriate symptomatic treatment must 
be actively considered while examining the possibility of 
AZA-associated pulmonary toxicity.

Table 1  Cases of azathioprine-associated pulmonary toxicity in adult patients (in chronological order)

AZA azathioprine, wk weeks, mo months, yr years, WBC white blood cell, M male, F female, NR not reported, ARLD acute restrictive lung 
disease, UIP usual interstitial pneumonia, IP interstitial pneumonia, DAD diffuse alveolar damage, MPGN membranoproliferative glomerulone-
phritis, GPS Goodpasture’s syndrome, BOOP bronchiolitis obliterans with organizing pneumonia, RA rheumatoid arthritis, ARDS acute respira-
tory distress syndrome, GPA granulomatosis with polyangiitis, HP hypersensitivity pneumonitis
a Simultaneous pancreas transplant
b Pathologic diagnosis

Reported year Age (yr)/
gender

Indication for AZA 
therapy

AZA dose 
(mg/day)

Duration of 
AZA therapy

Time of  
resolution after 
discontinuation

WBC (/μl) Pulmonary 
toxicity

References

1972 20/M Ulcerative colitis 100 6 weeks 2 days NR ARLD [13]

1978 24/F MPGN 150 2 years 2 weeks 11,400 UIPb [14]

1983 38/F Kidney transplanta 50–75 4 months <6 days 2300 IPb [6]

1983 35/M Crohn’s disease 50–125 2 years 6 weeks 15,500 Alveolitis [15]

1984 51/M Kidney transplant 100 2 months Death NR UIPb [7]

1984 49/F Kidney transplant 50 3 months Yes NR DADb [7]

1984 41/F Kidney transplant 25–50 3 months Yes NR DADb [7]

1984 40/F Kidney transplant 50 2 months Yes NR UIPb [7]

1984 31/F Kidney transplant 75 4 months Death NR UIPb [7]

1992 58/M Kidney transplant 150 3 months 8 days 3800 IPb [16]

1994 21/M Kidney transplant 25 6 days 2 days NR GPS-like lung 
hemorrhageb

[17]

2007 71/M Crohn’s disease 100 4 weeks Yes >20,000 BOOPb [18]

2007 43/F Ulcerative colitis 100 3 weeks < 5 days NR Pneumonia [18]

2007 41/M Ulcerative colitis 150 10 years 4 weeks 4400 BOOPb [19]

2009 40/F Ulcerative colitis 2 mg/kg 5 weeks 1 month 2400 Pneumonia [20]

2012 72/M RA with IP 100 6 days Yes 23,870 IP exacerbation [21]

2014 58/M Liver transplantation 150 9 months 18 days 2300 ARDS [22]

Present 38/M GPA 100 5 months 2 weeks 4500 HPb
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