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Abstract
Durvalumab, a programmed cell death ligand 1 inhibitor, induces various immune-related 
adverse events (irAEs), including lung injury. However, diffuse alveolar hemorrhage (DAH) is a 
rare type of lung injury due to immune checkpoint inhibitors. A 76-year-old man with c-stage 
IIIA squamous cell carcinoma of the lung received maintenance durvalumab therapy after 
chemoradiotherapy. He developed dyspnea and malaise after 11 cycles of durvalumab. Chest 
computed tomography showed rapidly spreading bilateral ground-glass opacity in the lungs. 
We diagnosed DAH by hemosiderin-laden macrophages in bloody bronchoalveolar lavage 
fluid. Despite mechanical ventilation, steroids, and cyclophosphamide, he died of respiratory 
failure. The autopsy revealed that fresh and old bleeding areas coexisted, and neither pulmo-
nary vasculitis nor diffuse alveolar damage was detected microscopically. Furthermore, CD3+ 
and CD8+ lymphocytes were observed in the lung interstitium, whereas CD20+ and CD4+ 
lymphocytes were scarcely detected. We report the first case of durvalumab-induced DAH. 
We should be alert to irAEs with DAH as a potential differential diagnosis of lung injury dur-
ing durvalumab treatment. © 2020 The Author(s).

Published by S. Karger AG, Basel

Introduction

Durvalumab maintenance therapy after chemoradiotherapy improves progression-free 
and overall survival for patients with inoperable stage III non-small cell lung cancer [1, 2]. 
Among various immune-related adverse events (irAEs) induced by programmed cell death 
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protein 1 (PD-1)/programmed cell death ligand 1 (PD-L1) inhibitors, lung injury is one of the 
most serious adverse events [3]. In the PACIFIC trial, lung injury occurred in 33.9% of patients 
treated with durvalumab, and was the most frequent grade 5 irAE [2]. According to a study 
on lung injury in patients treated with PD-1/PD-L1 inhibitors, the most common pathological 
feature was cellular interstitial pneumonitis, and the second most common was organizing 
pneumonia [4]. However, to the best of our knowledge, diffuse alveolar hemorrhage (DAH) 
has never been reported as a lung injury induced by durvalumab. It is difficult to distinguish 
DAH from other types of lung injury based on clinical presentation and radiographic exami-
nation [5]. Hemoptysis is a specific symptom of DAH, but it is initially absent in 33% of patients 
with DAH [6]. Radiologic findings of bilateral and central ground-glass opacities (GGOs) are 
nonspecific and can change throughout the course of the disease [5, 7]. In clinical practice, 
DAH is often diagnosed by bronchoalveolar lavage (BAL). Bloody BAL fluid (BALF), intra-
alveolar red blood cells, and hemosiderin-laden macrophages indicate a diagnosis of DAH [6, 
7]. Herein, we report an autopsy case of durvalumab-induced DAH.

Case Report

A 76-year-old man was diagnosed with squamous cell carcinoma of the lung (cT2aN2M0, 
c-stage IIIA). He regularly took edoxaban for atrial fibrillation, and he received chemoradio-
therapy (2 Gy × 33 fractions with weekly carboplatin and weekly paclitaxel). Nine days after 
the end of thoracic radiation, he developed a fever of 38.6°C. Chest computed tomography 
(CT) showed a new GGO in the irradiation area. We suspected radiation pneumonitis and then 
initiated oral prednisolone therapy (initial dose: 1 mg/kg/day). We gradually reduced the 
dose and then discontinued prednisolone for 6 months. When the dose of prednisolone had 
decreased to 10 mg/day, 41 days after the thoracic radiotherapy, we initiated durvalumab 
maintenance treatment (10 mg/kg, bi-weekly).

After 11 cycles of durvalumab therapy, 3 weeks after the discontinuation of prednisolone, 
he developed dyspnea and malaise. His body temperature was 37.3°C, heart rate was 75 beats 
per minute, blood pressure was 111/81 mm Hg, and oxygen saturation on room air was 96%. 
Chest CT showed new GGOs in the bilateral lower lobes, extending beyond the irradiated areas 
(Fig. 1A). Laboratory blood tests exhibited an increase in C-reactive protein (8.24 mg/dL) and 
KL-6 (515 U/mL). He was hospitalized and underwent fiberoptic bronchoscopy on hospital 
day 2. The BALF from the right B8 gradually became bloody (Fig. 2A), and revealed a cell count 

Fig. 1. Chest CT images on the first hospital day showed ground-glass opacity in the bilateral lower lobes, 
extending beyond the irradiated areas (A), and on the tenth hospital day showed ground-grass opacity 
spread to the entire left lung (B).
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of 13.4 × 105 cells/mL with 70% neutrophils, 10.5% lymphocytes, 11% eosinophils, and 8.5% 
macrophages. Despite immediate discontinuation of edoxaban and administration of cipro-
floxacin, his symptoms and respiratory conditions rapidly deteriorated. Thereafter, although 
there was a negative bacterial culture in the BALF, we detected hemosiderin-laden macro-
phages (Fig. 2B). Myeloperoxidase ANCA (antineutrophil cytoplasmic antibody), proteinase-3 
ANCA, and anti-glomerular basement membrane antibody were all negative. Thus, we 
suspected durvalumab-induced DAH. On hospital day 7, we initiated oral prednisolone (1 mg/
kg/day). Chest CT on hospital day 10 showed an expansion of GGOs to the left lung (Fig. 1B). 
A methylprednisolone pulse (1,000 mg/day) was administered for 3 consecutive days, followed 

Fig. 2. Macroscopic (A) and microscopic (B) findings of bronchoalveolar lavage fluid from the right B8 on the 
second hospital day. B Berlin blue staining. ×100. Arrows indicate hemosiderin-laden macrophages.

Fig. 3. Autopsy findings. Microscopic view of autopsied right lung before formalin fixation (A) and after for-
malin fixation (B). Microscopic finding of alveolar spaces filled with red blood cells in a fresh bleeding area 
of the lung (C) (hematoxylin and eosin stain; ×40) and hemosiderin-laden macrophages in an old bleeding 
area of the lung (D) (hematoxylin and eosin stain; ×200). Immunostaining (×100) for CD3 (E), CD4 (F), CD8 
(G), and CD20 (H); predominantly CD3+ and CD8+ lymphocytes infiltrated the lung interstitium (E, G), while 
there were few CD20+ and CD4+ lymphocytes (F, H).
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by oral prednisolone (1 mg/kg/day). On hospital day 14, due to his deteriorated respiratory 
condition, we introduced invasive mechanical ventilation with endotracheal intubation. On 
hospital day 15, we administered cyclophosphamide (750 mg/m2). The second BALF from the 
left B5 and B9 on hospital day 24 were both bloody and contained hemosiderin-laden macro-
phages. Due to exacerbated respiratory failure, the patient died on day 50.

We performed an autopsy 14 h after his death. In the macroscopically bloody lung areas 
with decreased aeration (Fig. 3A, B), the alveolar spaces were microscopically filled with red 
blood cells, which suggested fresh bleeding (Fig. 3C). In the macroscopically white lung areas, 
hemosiderin-laden macrophages were still present, which suggested old bleeding (Fig. 3D). 
Almost all parts of the lungs exhibited one of these two histological findings. Neither pulmonary 
vasculitis nor diffuse alveolar damage was detected in the autopsy. Immunohistochemical 
analyses showed that CD3-positive (CD3+) and CD8+ lymphocytes were present in the lung 
interstitium, but not around capillaries. On the other hand, CD20+ and CD4+ lymphocytes 
were scarcely observed (Fig. 3E–H).

Discussion

To our knowledge, this was the first case of durvalumab-induced DAH, and the second 
case of an autopsy after an irAE of DAH. The clinically important finding is that DAH is a 
possible irAE due to durvalumab. There have been only 3 case reports of DAH induced by 

Table 1. Review of diffuse alveolar hemorrhage caused by immune checkpoint inhibitors in the English literature

Takahashi et al. [8], 2018 Sugano et al. [9], 2018 Ikeda et al. [10], 2018 Our report

Cancer (histology) Lung (Ad) Lung (Ad) Melanoma Lung (sq)

ICIs Nivolumab Pembrolizumab Nivolumab Durvalumab

TPS Not described 50–74% Not described 10–20%

Patient’s age, years (sex) 74 (M) 67 (F) 41 (F) 76 (M)

Symptoms Hematuria, hemoptysis No symptoms Bloody sputum, 
respiratory distress

Dyspnea, malaise

DAH onset timing 16 weeks (8 cycles) 4 cycles 3 months 5 months (11 cycles)

CT images GGO (unilateral and 
not central) effusion

GGO and consolidation 
(unilateral and not 
central)

GGO (bilateral and not 
central)

GGO (bilateral and 
not central)

CRP, mg/dL Not described 4.7 11.85 8.24

Diagnosis of DAH Autopsy BALF BALF BALF

Lymphocytes in BALF Not described 45.0% 32.2% 10.5%

Treatment mPSL pulse
Plasma exchange

Oral PSL (1 mg/kg/day) mPSL pulse mPSL pulse
Cyclophosphamide

Outcome Died (35 days) Improved Improved Died (50 days)

Note Goodpasture’s disease Pseudoprogression

Ad, adenocarcinoma; BALF, bronchoalveolar lavage fluid; CRP, C-reactive protein; DAH, diffuse alveolar hemorrhage; F, female; 
GGO, ground-glass opacity; ICI, immune checkpoint inhibitor; M, Male; mPSL, methylprednisolone; PSL, prednisolone; Sq, squamous 
cell carcinoma; TPS, tumor proportion score.
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PD-1 inhibitors (Table 1) [8–10]. Except for an autopsy case of DAH due to nivolumab-induced 
Goodpasture’s disease, the etiology of the other 2 DAH cases is unknown. In these 2 cases, 
unlike in our case, the responses to steroids were good. A higher proportion of lymphocytes 
in BALF might be associated with better outcomes. In our case, we did not suspect DAH until 
BALF, because the patient did not complain of hemoptysis and the radiologic findings were 
not typical of DAH. We are afraid of underdiagnosed immune checkpoint inhibitor (ICI)-
induced DAH when BAL is not performed; thus, we should not hesitate to perform BAL when 
we suspect lung injury as an irAE.

The pathologically important finding was that bland pulmonary hemorrhage was the 
histopathological feature of our DAH. There are three pathological patterns that can induce 
DAH: pulmonary capillaritis, diffuse alveolar damage, and bland pulmonary hemorrhage [6]. 
Except for the autopsy case of Goodpasture’s disease, neither an autopsy nor a lung biopsy 
was performed in the other 2 DAH cases [8–10]. Thus, the pathological mechanism under-
lying DAH as an irAE has remained unknown. Our autopsy showed a bland pulmonary 
hemorrhage pattern. Although anticoagulant drugs, including edoxaban, can induce bland 
pulmonary hemorrhage, in previous case reports the hemorrhage disappeared immediately 
after the drugs were stopped [11]. In our case, there was still fresh bleeding at death, which 
means that the bleeding continued 7 weeks after the discontinuation of edoxaban. Therefore, 
edoxaban did not cause DAH in our case. There were 2 cases in which lung injury as an irAE 
had occurred 6 and 8 months after stopping ICIs [12]. These 2 cases do not contradict our 
finding that DAH continued for more than 10 weeks after discontinuation of durvalumab. 
Thus, we should be particularly alert to lung injury as an irAE for several months after ICI 
therapy.

Interestingly, immunostaining revealed that the predominant infiltrating lymphocytes in 
the lung interstitium were exclusively CD3+ and CD8+ cells, and there were few CD20+ and 
CD4+ cells. Our immunostaining patterns in the lungs were similar to those of an irAE of liver 
injury, which are characterized by the infiltration of predominantly CD3+ and CD8+ lympho-
cytes, with fewer CD20+ or CD4+ lymphocytes detected [13]. Furthermore, the CD20+/CD3+ 
and CD4+/CD8+ ratios were significantly lower than those in autoimmune or drug-induced 
liver injuries. However, it is still unclear whether CD3+ and CD8+ lymphocytes increase or 
not in an irAE of lung injury. Immunostaining for CD4 and CD8 might be useful for distin-
guishing lung injury as an irAE from other types of lung injuries.

In conclusion, we report the first case of durvalumab-induced DAH. We should be alert 
to an irAE of DAH as a potential differential diagnosis of lung injury during durvalumab 
treatment.
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