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Introduction

The excellent results achieved in trials assessing immune 
checkpoint inhibitors (ICIs)—especially the anti-
programmed cell death protein 1 (PD-1) and anti-
programmed death-ligand 1 (PD-L1) inhibitors—have 
established a strong position for those agents in the 
treatment of advanced non-small cell lung cancer (NSCLC) 
(1-4). However, ICIs can occasionally cause unique side 
effects known as immune-related adverse events affecting 

multiple organs, including the skin, endocrine system, 
gastrointestinal tract, lung, liver, nervous system, and 
muscular system (5,6). Pneumonitis induced by ICIs is an 
especially serious and sometimes life-threatening adverse 
event whose risk has been reported to be elevated in patients 
with pre-existing interstitial lung disease (ILD) (7-10).

Nintedanib is a multi-kinase inhibitor that blocks vascular 
endothelial growth factor receptors 1–3, fibroblast growth 
factor receptors 1–3, and platelet-derived growth factor 
receptors α and β, targeting the proangiogenic pathway 
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downstream of vascular endothelial growth factor. It has 
been approved by the US Food and Drug Administration 
for the treatment of IPF, systemic sclerosis-associated ILD, 
and chronic fibrosing ILDs with a progressive phenotype, 
that is called progressive fibrosing ILD (PF-ILD) (11-13).  
Treatment with nintedanib reduced both the rate of forced 
vital capacity (FVC) decline in patients with the foregoing 
conditions and the incidence of acute exacerbation of IPF. 
The anti-fibrotic effects of nintedanib might also reduce 
the potential for pneumonitis to be induced by cytotoxic 
anticancer drugs, molecularly targeted drugs, and ICIs.

Fur thermore ,  n in tedan ib  a l so  inh ib i t s  tumor 
angiogenesis (14). Recently, the randomized phase III 
J-SONIC trial demonstrated significantly prolonged overall 
survival after treatment with nintedanib, carboplatin, and 
nanoparticle albumin-bound (nab)-paclitaxel compared 
with carboplatin and nab-paclitaxel alone in patients with 
advanced non-squamous NSCLC and IPF (15). Although 
few publications have reported the combined use of an ICI 
and nintedanib, that treatment strategy might enhance 
safety by protecting against ICI-induced pneumonitis and 
promoting the antitumor effect of ICIs in lung cancer. 
Hence, we are reporting a series of patients with NSCLC 
complicated by progressive fibrosing ILDs treated with 
both atezolizumab and nintedanib. We present this article 
in accordance with the STROBE and AME Case Series 
reporting checklists (available at https://jtd.amegroups.com/
article/view/10.21037/jtd-24-45/rc).

Methods

We retrospectively reviewed consecutive 140 patients 
who were diagnosed with NSCLC and treated with 
atezolizumab at Aichi Cancer Center Hospital in Japan 
between April 2018 and December 2021. The inclusion 
criteria included patients with histologically or cytologically 
confirmed NSCLC, those with investigator-diagnosed 
PF-ILD (including IPF), and those receiving nintedanib 
before or concurrently with atezolizumab treatment. 
Among those patients, four with pre-existing ILDs who 
also received nintedanib treatment were analyzed. One 
diagnostic radiologist (T.H.) and one pulmonologist (J.S.) 
evaluated baseline chest computed tomography (CT) 
findings according to the clinical practice guideline jointly 
published by the American Thoracic Society, the European 
Respiratory Society, the Japanese Respiratory Society, and 
the Latin American Thoracic Association with discrepancies 
being resolved by consensus discussion (16). Pneumonitis 

was graded based on the US National Cancer Institute’s 
Common Terminology Criteria for Adverse Events, version 
5.0 (17). All CT scans performed before the initiation of 
first-line systemic treatment to the end of the observation 
period were reviewed. Based on the CT image findings and 
pulmonary function test results, a comprehensive judgment 
was made by one diagnostic radiologist (T.H.) and two 
pulmonologists (J.S. and T.Y.) to determine whether the 
patient was compatible with IPF or PF-ILD. All four 
patients were treated with atezolizumab monotherapy 
at 1,200 mg every 3 weeks and nintedanib 150 mg twice 
daily. The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The study 
was approved by the Aichi Cancer Center Hospital Review 
Board (approval No. 2022-0-059) and individual consent 
for this retrospective analysis was waived. The data cut off 
was 30 April 2022.

Results

Table 1 summarizes the characteristics, treatment profiles, 
and outcomes of the 4 patients. All patients were diagnosed 
with pre-existing ILD at least before the initiation of 
first-line systemic treatment and had never received 
any treatment for ILD, such as corticosteroids, other 
immunosuppressants, and anti-fibrotic agents. All patients 
had no history of autoimmune disease or previous chest 
radiation therapy. The clinical course of the four patients is 
shown in Figure 1 and chest CT image before atezolizumab 
treatment is shown in Figure 2A-2D.

Case 1 was an 86-year-old woman, a postoperative 
recurrence of adenosquamous lung carcinoma with 
recurrent lesions in the left upper lobe was complicated 
by ILD being treated with home oxygen therapy. On 
CT, her usual interstitial pneumonia (UIP) pattern was 
classified as indeterminate for UIP (Figure 2A). The PD-
L1 tumor proportion score (TPS) using the IHC 22C3 
pharmDx assay (Dako North America, Carpinteria, CA, 
USA) was ≥75%. After this patient progressed on first-line 
vinorelbine therapy, intravenous atezolizumab 1,200 mg 
every day 1 of a 3-week cycle and oral nintedanib 150 mg 
twice daily every day were started concurrently. Because 
of a partial response on day 30 of atezolizumab treatment, 
treatment with atezolizumab and nintedanib was continued. 
CT images on day 106 showed that the tumor in the left 
upper lobe had further shrunk compared with previous 
imaging (Figure 3A). At that time, her respiratory condition 
improved, and home oxygen therapy was discontinued. The 
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patient developed grade 1 diarrhea at approximately day 
120 and stopped nintedanib for one week. On day 246, the 
tumor in the upper lobe of the left lung was found to be 
enlarged, and treatment with atezolizumab was terminated. 
Meanwhile, nintedanib was continued for managing ILD. 
Table 2 shows the changes in pulmonary function before 
and after atezolizumab plus nintedanib treatment. The 
percent predicted FVC increased from 103.0% to 118.5%, 
and the percent predicted diffusing capacity of the lungs 
for carbon monoxide increased from 38.0% to 47.0%. 
Furthermore, her oxygenation ability improved, and home 
oxygen was discontinued. This improvement in pulmonary 
function may be influenced by tumor shrinkage caused by 
atezolizumab plus nintedanib treatment.

Case 2 was a 64-year-old male smoker diagnosed 
with IPF continued to smoke for one pack-year until 
subsequently diagnosed with right upper lobe squamous 
cell lung cancer and lung metastases. A UIP pattern was 
evident on chest CT (Figure 2B). The PD-L1 TPS using 
the immunohistochemistry (IHC) 22C3 pharmDx assay was 
40%. In the first-line, carboplatin and nab-paclitaxel were 
administered for 4 cycles; however, the tumor progressed. 
Oral nintedanib 150 mg twice daily was then started, 
followed 3 weeks later by intravenous atezolizumab 1,200 mg  
in 3-week cycles as second-line treatment. On day 28 
of atezolizumab treatment, CT images showed tumor 
progression; atezolizumab was therefore discontinued 
(Figure 3B). Regarding his pulmonary function, the percent 
predicted FVC decreased from 67.4% to 62.8%, but no 
decrease in the percent predicted diffusing capacity of the 
lungs for carbon monoxide was observed (Table 2). Tumor 
growth might have influenced the decrease in the percent 
predicted FVC. In the third line, cisplatin plus S-1 was 
started while nintedanib treatment continued. After 4 cycles, 
tumor progression again occurred, but no treatment-related 
pneumonitis developed at any point during active treatment. 
The focus of this patient’s treatment then shifted to  
palliative care.

Case 3 was a 78-year-old man had stage IIB locally 
advanced squamous cell lung cancer in the upper lobe 
of the left lung. His PD-L1 TPS using the IHC 22C3 
pharmDx assay was ≥75%. He had comorbidities of ILD, 
atrial fibrillation, sleep apnea syndrome, hypertension, and 
previously untreated hepatocellular carcinoma. Surgery and 
definitive radiation therapy were not indicated given the 
deterioration of his lung function. After first-line treatment 
with carboplatin plus nab-paclitaxel for 2 cycles, the tumor 
improved, but grade 2 drug-induced pneumonitis was T
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A B

C D

Case 1

Case 2

Case 3

Case 4

CT day 30
PR

Atezolizumab, 10 Cy

Atezolizumab 2 Cy

Atezolizumab 2 Cy

Atezolizumab 2 Cy

Nintedanib 150 mg BID Nintedanib 150 mg BID

Nintedanib 150 mg BID

Nintedanib 150 mg BID

Nintedanib 150 mg BID

CT day 28
PD

CT day 39
SD

CT day 60
PD

day 83

CT day 55
PR

CT day 140
PR

CT day 231
PD

CT day 106
PR

Day 120
grade 1 diarrhea

Grade 1
pneumonitis

Day 35 grade 3
gastrointestinal

hemorrhage

CT day 246
PD

Continued

Continued

Discontinued

Discontinued

Figure 1 Clinical course of the four patients. Cy, cycles; BID, twice daily; CT, computed tomography; PR, partial response; PD, progressive 
disease; SD, stable disease.

Figure 2 Classification of interstitial lung disease on chest computed tomography before atezolizumab treatment. UIP pattern was assessed 
as (A) case 1, indeterminate for UIP pattern; (B) case 2, UIP pattern; (C) case 3, indeterminate for UIP pattern; (D) case 4, probable UIP 
pattern. UIP, usual interstitial pneumonia.
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Before atezolizumab treatment

Before atezolizumab treatment

Before atezolizumab treatment

After 2 cycles of atezolizumab treatment

After 2 cycles of atezolizumab treatment

After 6 cycles of atezolizumab treatment

A

B

C

Case 1

Case 2

Case 3

Figure 3 Chest computed tomography for objective response. (A) A partial response of the lesion in the left upper lobe after 6 cycles of 
atezolizumab (day 106) is evident; (B) the lesion in the right lower lobe shows a progressive disease after 2 cycles of atezolizumab (day 28); 
(C) a tumor in the left hilum, with atelectasis of lingular segment, shows a partial response and improvement of the atelectasis after 2 cycles 
atezolizumab (day 55).
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Table 2 Pulmonary function parameters before and after atezolizumab plus nintedanib treatment

Case
Before atezolizumab plus nintedanib treatment After atezolizumab plus nintedanib treatment

Percent predicted FVC (%) Percent predicted DLCO (%) Percent predicted FVC (%) Percent predicted DLCO (%)

1 103.0 38.0 118.5 47.0

2 67.4 44.7 62.8 49.3

FVC, forced vital capacity; DLCO, diffusing capacity of the lungs for carbon monoxide.

observed. Treatment was therefore discontinued. Eight 
months later, re-challenge with the same treatment was 
tried in the second-line. After 3 cycles, although the patient 
achieved a partial response, he also experienced another 
bout of grade 1 drug-induced pneumonitis. The carboplatin 
and nab-paclitaxel were therefore terminated. Six months 
later, the lung cancer progressed again, resulting in left 
lower lobe atelectasis because of swelling of a lesion in 
the left hilar lymph node. On chest CT, the finding was 
indeterminate for UIP (Figure 2C). Oral nintedanib 150 mg 
twice daily was started, and one week later, atezolizumab 
1,200 mg on day 1 of a 3-week cycle was started as third 
line treatment. After 2 cycles of atezolizumab (day 35), 
the patient experienced a grade 3 lower gastrointestinal 
hemorrhage for which he was urgently hospitalized. Upper 
and lower gastrointestinal endoscopy revealed an ulcer in the 
descending colon, which was thought to be the cause of the 
gastrointestinal hemorrhage. Atezolizumab and nintedanib 
were both discontinued. Thoracic CT on day 55 from the 
start of atezolizumab treatment showed a partial response 
and release of the atelectasis of the left lung (Figure 3C).  
On the other hand, growth of the hepatocellular carcinoma 
was observed. Nintedanib was permanently discontinued 
because of toxicity, and atezolizumab was not restarted. 
After 6 months (day 231 from the start of atezolizumab), 
thoracic CT revealed progression of the left lung tumor.

Case 4 was a 71-year-old man with multiple bone 
metastases, who had undergone right upper lobectomy 
for lung squamous cell carcinoma 4 years ago. Besides, 
he had a history of previous laryngectomy for laryngeal 
cancer (squamous cell carcinoma) 11 years ago. Based on 
the clinical course, it was determined that the patient had 
lung squamous cell carcinoma recurrence. Carboplatin and 
nab-paclitaxel were administered as first-line treatment, 
but after 3 cycles, the tumor progressed. The IHC 22C3 
pharmDx assay resulted in a PD-L1 TPS of 40%, and 
on chest CT, a finding of probable UIP pattern was 
reported (Figure 2D). Oral nintedanib 150 mg twice daily 
was started, and 6 days later, treatment with intravenous 

atezolizumab 1,200 mg every day 1 of a 3-week cycle was 
administered. Chest CT on day 39 showed stable disease 
and no evidence of pneumonitis. A repeat chest CT on day 
60 showed an enlarged tumor in the chest wall and ground-
glass opacities in the lower lobe of the right lung (Figure 4). 
Because of a lack of respiratory symptoms, grade 1 drug-
induced pneumonitis was diagnosed, and treatment with 
atezolizumab was discontinued. Corticosteroids were not 
administered, and the patient experienced no dyspnea. 
Nintedanib was discontinued 3 weeks after the onset of 
pneumonitis at the attending physician’s discretion.

Discussion

Several retrospective studies have reported that, compared 
with other patients having NSCLC, those with pre-existing 
ILD more often develop ICI-induced pneumonitis (7,8). 
In a meta-analysis examining the onset of ICI-induced 
pneumonitis, pneumonitis was found to occur significantly 
less frequently with PD-L1 inhibitors than with PD-1 
inhibitors (18). On the other hand, in a phase II study of 
atezolizumab for pretreated patients with NSCLC and 
ILD, pneumonitis was observed in 29.4%, 23.5% of whom 
experienced grade 3 or higher events, including one case 
(5.9%) of grade 5; as a result, the study was terminated  
early (19). Meanwhile, several other studies demonstrated 
that the onset of ICI-induced pneumonitis did not worsen 
the prognosis of patients with NSCLC (20,21). ICI 
treatment in patients with NSCLC and pre-existing ILD 
therefore remains controversial.

Nintedanib has shown a substantial clinical benefit of a 
reduced rate of FVC decline in patients with IPF, systemic 
sclerosis-associated ILD, and progressive fibrosing ILDs. 
However, whether nintedanib also reduces the risk for 
the development of drug-induced pneumonitis remains 
unclear. The J-SONIC trial, a Japanese intergroup study 
of nintedanib in patients with NSCLC and IPF, analyzed 
the safety and efficacy of nintedanib in combination with 
carboplatin and nab-paclitaxel (15). Although that study 
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did not meet its primary endpoint of exacerbation-free 
survival, defined as the time from randomization to the 
date of acute IPF exacerbation or death from any cause, 
the incidence of acute IPF exacerbation was nevertheless 
much lower than expected in both the chemotherapy group 
and the nintedanib plus chemotherapy group. Carboplatin 
plus nab-paclitaxel carries less risk for pneumonitis, with 
a 4.3% frequency of acute ILD exacerbation having been 
reported in a multicenter phase II study of patients with 
NSCLC and pre-existing ILD (22). Although the anti-
fibrotic effect of nintedanib suggests that the drug could 
be promising when used in combination with ICIs, little 
evidence has been developed to show that nintedanib 
reduces the risk of pneumonitis in that scenario. In the one 
case of the combined use of nintedanib and an ICI that has 
been reported, a patient who had developed ICI-induced 
pneumonitis multiple times was subsequently treated with 
nintedanib and atezolizumab, resulting in avoidance of 
drug-induced pneumonitis (23).

In our study, all four patients with NSCLC and ILD 
received atezolizumab in combination with nintedanib, and 
just 1 patient experienced pneumonitis as a symptomless 

grade 1 event. The fact that the ICI could be administered 
without any patient developing symptomatic grade 2 or 
higher pneumonitis is a promising demonstration of the 
inhibitory effect of nintedanib on the onset of pneumonitis. 
A single-arm phase II trial of atezolizumab in patients 
with NSCLC with pre-existing ILD showed that 23.5% 
developed severe pneumonitis of grade 3 or higher, and the 
study was discontinued (19). Although the results showed 
that nintedanib could be combined with atezolizumab 
while suppressing symptomatic pneumonitis, safety 
cannot be overemphasized based on a case series of only 
four patients. Another limitation of this case series is the 
fact that atezolizumab and nintedanib were administered 
for a short time, except in 1 patient who eventually 
experienced tumoral exacerbation. The effect of any long-
term concomitant administration of atezolizumab with 
nintedanib is not clear. Further case series are therefore 
needed to clarify the ameliorating effect of nintedanib 
for the development or exacerbation of ICI-induced 
pneumonitis.

Adding nintedanib to ICI treatment increases the 
incidences of several adverse events. In the J-SONIC 

Case 4

Before atezolizumab treatment After 2 cycles of atezolizumab treatment

Figure 4 Chest computed tomography to assess grade 1 atezolizumab-induced pneumonitis shows ground-glass opacities in right lower lobe 
after 2 cycles of atezolizumab. The tumor in the left chest wall is enlarged.
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trial, leukocytopenia, neutropenia, increased aspartate 
aminotransferase, increased alanine aminotransferase, 
febrile neutropenia, diarrhea, and proteinuria occurred 
more often in the nintedanib plus chemotherapy group 
than in the chemotherapy group (15). In case 2 in the 
present study, lower gastrointestinal hemorrhage led to 
the complete discontinuation of nintedanib, and in case 4, 
grade 1 diarrhea led to the discontinuation of nintedanib for 
several days. When the potential adverse events attributable 
to nintedanib are added to the potential immune-related 
adverse events attributable to atezolizumab, care must be 
taken to manage the combined risks. Older patients with 
IPF have been reported to have significantly higher rates of 
adverse events, such as diarrhea, nausea, and elevated liver 
enzymes (24). Conversely, other studies have reported a 
decrease in FVC in patients who discontinued nintedanib 
treatment but not in those who reduced its dose (25). 
Therefore, adverse events should be appropriately managed 
to obtain better clinical outcomes.

In this case series, two patients achieved a partial 
response. In the randomized phase III OAK trial, which 
compared atezolizumab with docetaxel in patients with 
previously treated NSCLC, the objective response rate 
in the intention-to-treat population was 14% (4). To 
date, several antiangiogenic compounds—bevacizumab, 
ramucirumab, and nintedanib—have demonstrated 
antitumor effects when combined with chemotherapy 
in NSCLC (26-28).  Atezolizumab combined with 
bevacizumab has also been shown to be effective in a 
variety of solid tumors (28-31). In general, antiangiogenic 
compounds enhance the antitumor effects of chemotherapy 
or immunotherapy. The combination of nintedanib and 
ICIs might therefore be considered to be another promising 
treatment strategy.

Conclusions

Although ICIs have transformed the treatment landscape 
of NSCLC, patients with pre-existing ILD are not able 
to gain full clinical benefits from ICIs because of the risk 
of developing pneumonitis. Combined treatment with 
nintedanib and an ICI—for example, atezolizumab—has 
the potential to be effective in both ameliorating the risk 
of drug-induced pneumonitis and enhancing the antitumor 
effect of the ICI. In this study, the clinical courses of four 
patients with NSCLC and pre-existing ILD treated with 
both nintedanib and atezolizumab at our institution were 
investigated. Despite having a small sample size, this 

case series is the first to report the co-administration of 
nintedanib and atezolizumab in patients with both NSCLC 
and pre-existing ILD. In this study, a partial response was 
observed in two patients who received nintedanib combined 
with atezolizumab. However, the effect of such combination 
treatment on the incidence of pneumonitis remains 
unclear, and data about the incidence and management of 
adverse events are lacking. Prospective clinical trials of this 
combination treatment are therefore needed.
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