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Abstract
Immune-related pneumonitis is an uncommonbut potentially fatal immune-related adverse event

in advanced non–small cell lung cancer (NSCLC) patients during treatmentwith anti-programmed

cell death 1 (PD-1) and programmed cell death-ligand 1 (PD-L1). Underlying emphysema, inter-

stitial lung disease (ILD), and previous radiation therapy for lung cancer might be factors precipi-

tating immune-related pneumonitis. The incidence of immune-related pneumonitis is reported to

be higher in those treated with PD-1 inhibitors than in those treated with anti-PD-L1 inhibitors.

Early detection and diagnosis and appropriate management according to the severity are critical

to improving the prognosis. The first-line physicians, including the primary responsible oncolo-

gists, family doctors, emergency physicians and NSCLC patients should be trained to identify and

report symptomsof immune-related pneumonitis as early as possible.Multidisciplinary treatment

teams involving clinicians (including ILD specialists and lung cancer specialists), radiologists and

pathologists are recommended for the treatment of immune-related pneumonitis.
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1 INTRODUCTION

Immune checkpoint inhibitors (ICIs), including anti-programmed

cell death 1 (PD-1), programmed cell death-ligand 1 (PD-L1) and

cytotoxic T-lymphocyte–associated-4 (CTLA-4), in monotherapy or

in combination, have been shown to be efficacious in the treatment

of advanced non–small cell lung cancer (NSCLC).1,2 However, by

activating the immune system against cancer cells, ICIs can also cause

immune-related adverse events (irAE). Although it has been reported

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any

medium, provided the original work is properly cited and is not used for commercial purposes.

c© 2020 The Authors. Asia-Pacific Journal of Clinical Oncology published by JohnWiley & Sons Australia, Ltd.

that the skin, gastrointestinal tract, endocrine glands and liver are the

organs/systemsmost commonly involved in ICI-related irAEs, immune-

related pneumonitis can be serious or even potentially life-threatening

and can lead to the discontinuation of ICI treatment in NSCLC

patients.3–5 The incidence, clinical manifestations and outcomes of

irAE are different between the administration of CTLA-4 and anti-PD-

1/PD-L1,1,6 and it has been reported that immune-relatedpneumonitis

might be more common in patients treated with anti-PD-1/PD-L1

than in those treated with CTLA-4 inhibitors.6 Immune-related
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pneumonitis of any grade and immune-related pneumonitis of grade

3 or higher (≥ grade 3) are more common in immunotherapy for

NSCLC than for other malignancies. Anti-PD-1/PD-L1-associated

pneumonitis during the treatment of advanced NSCLC is reviewed in

detail below.

2 RISK FACTORS

Although the reported incidenceof anti-PD-1/PD-L1-associatedpneu-

monitis varies in different clinical trials, the incidence is less than

10%7-24 (listed in Table 1). The incidence is not known during

immunotherapy for NSCLC in the real world. From the meta-analyses

by Khunger et al.3 and Pallai et al.,25 the incidence of immune-related

pneumonitis is statistically significantly higher in patients receiving

PD-1 inhibitors than in those receiving PD-L1 inhibitors, both for any

grade or ≥ grade 3 pneumonitis. As we know, both PD-L1 and PD-L2

are ligands for PD-1, however, PD-L2 can bind not only PD-1 but also

repulsive guidance molecule b (RGMb). Blockading the RGMb–PD-L2

interaction by anti-PD-L1 might inhibit the development of respira-

tory tolerance relatedpneumonitis.3 It has alsobeen shown inKhunger

et al.’s study3 that the incidence of immune-related pneumonitis is

higher for naïve NSCLC patients than for previously treated cases, but

there is no difference between the twogroups among the patientswith

≥grade 3 pneumonitis.

Nivolumab and pembrolizumab are the common PD-1 inhibitors

recommended for NSCLC. There is no significant difference in the

reported immune-related pneumonitis incidence between them in

Khunger et al.’s report.3 The odds of immune-related pneumonitis

are reported to be higher for patients receiving nivolumab plus ipil-

imumab for the treatment of advanced cancers, including melanoma

and NSCLC.26,27 However, most of the enrolled patients in these stud-

iesweremelanomapatients. The detailed incidence of immune-related

pneumonitis was not analyzed for different cancers, especially for

NSCLC. It seems like that there is no obvious difference between

the treatment for NSCLC with nivolumab versus nivolumab plus ipil-

imumab, pembrolizumab versus pembrolizumab plus chemotherapy

and atezolizumab versus atezolizumab plus chemotherapy from the

listed data in Table 1. There were also no differences in the incidence

of immune-related pneumonitis of any grade between patients receiv-

ingmonotherapyand combination therapy inCho’s cohort.28 However,

Suresh et al. reported that the incidence was higher in NSCLC receiv-

ing combination therapy than in those treatedwith ICImonotherapy.29

Further sophisticatedly designed studies about different combination

therapies for NSCLC are expected in the future.

With the subgroup analyses in the previous studies, patients

with squamous cell carcinoma receiving immunotherapy treat-

ment might have a higher incidence of immune-related pneu-

monitis compared with those with nonsquamous NSCLC receiving

immunotherapy.9,10,29-31 Comorbid emphysema or previous radiation

therapy for lung cancer might be precipitating factors for immune-

related pneumonitis.28 However, underlying ILD will increase the

risk of immune-related pneumonitis in patients with NSCLC.28,32-33

Most NSCLC patients with preexisting ILD are always excluded from

recent immunotherapy clinical trials. This might be one of the possible

causes of the immune-related pneumonitis incidence being lower

in phase 3 clinical trials than in phase 1 or 2 trials.27 There were

no significant differences of demographic characteristics, including

gender, races and age, between NSCLC cases with or without ICI-ILD

receiving PD-1/PD-L1 inhibitors.29 Smoking is a risk factors for lung

cancer, especially for squamous NSCLC. However, the smoking status

(current or former or never smoker) was not reported as risk factor

for ICI-ILD.29,34 The prognosis of ICI-ILD was seemed to be worse for

current smokers34 or former smokers.3

3 CLINICAL AND MORPHOLOGICAL

MANIFESTATIONS

3.1 Clinical manifestations

Themedian time to the onset of immune-related pneumonitis varies in

patients taking different immunotherapy agents. The median time to

the onset of immune-related pneumonitis was reported by Naidoo to

be 2.8months after the first doses of anti-PD-1/PD-L1,but with awide

range from 9 days to 19.2 months.34 Delaunay et al. reported that the

median duration of ILD-onset after the first dose of anti-PD-1/PD-L1

was 2.1 months, ranging from 0.2 to 27.4 months.35 It has also been

reported to occur as early as hours to days or as late as several months

after the first dose, but higher grade pneumonitis occurs within the

first 100 to 200 days of immunotherapy.3 The median time to onset

is not correlated with the severity of immune-related pneumonitis.35

The onset of immune-related pneumonitis is earlier for patients under-

going combination immunotherapy34; however, there is no difference

between patients receiving anti-PD-1 and anti-PD-L135.

The clinicalmanifestations of immune-related pneumonitis are sim-

ilar to those of other forms of ILD.36 Dry cough and exertional dyspnea

are the characteristic manifestations. Fever, hemoptysis, chest pain

and expectoration are less common. If the pneumonitis is more severe,

cyanosis and tachypnea can be observed. As fatigue and rashes are

the most common irAEs for anti-PD-1/PD-L1,5,6,25,37 they might com-

monly occur concurrently with immune-related pneumonitis. These

symptoms are relatively nonspecific and can also be caused by the

underlying NSCLC or other immunotherapy-related complications,

such as pulmonary infections.

3.2 Radiological manifestations

High-quality chest CT with standard parameters is essential for the

diagnosis of idiopathic pulmonary fibrosis,36,38 and it is also important

for other kinds of ILDs. Chest HRCT is recommended for all NSCLC

patients before the first dose of anti-PD-1/PD-L1 and when immune-

related pneumonitis is clinically suspected. Contrast CT is usually per-

formed for patients with NSCLC, but it is not a good choice for ILD

imaging analysis.On theotherhand, repeatedHRCT is less harmful and

more convenient for NSCLC patients.
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TABLE 1 The reported incidence of anti-PD-1/PD-L1-related pneumonitis for NSCLC

Source ICIs Lung cancer Phase No. All grade ≥3
ILD-related
death

Rizvi, 2015 Nivolumab NSCLC 2 117 6/5.1% 4/3.4% 0

Gettinger, 2015 Nivolumab NSCLC 1 129 11/8.5% 4/3.1% 3/2.3%

Brahmer, 2015 Nivolumab NSCLC 3 131 6/4.6% 0 0

Borghael, 2015 Nivolumab NSCLC 3 287 4/1.4% 3/1% 0

Garon, 2015 Pembrolizumab NSCLC 1 495 18/3.6% 9/1.8% 1/0.2%

Herbst, 2016 Pembrolizumab NSCLC 2/3 690 31/4.5% 14/2.0% 3/0.4%

Reck, 2016 Pembrolizumab NSCLC 3 154 9/5.8% 4/2.6% 0

Carbone, 2017 Nivolumab NSCLC 3 267 7/2.6% 4/1.5% 1/0.4%

Mok, 2019 Pembrolizumab NSCLC 3 636 43/6.8% 20/3.1% 1/0.3%

Reck, 2019 Pembrolizumab NSCLC 3 154 12/7.8% 4/2.6% 1/0.6%

Fehrenbacher, 2016 Atezolizumab NSCLC 2 142 4/2.8% 1/0.7% NA

Rittmeyer, 2017 Atezolizumab NSCLC 3 425 6/1.4% 4/0.9% NA

Borghaei, 2019 Pembrolizumab+ chemotherapy Non-squamous NSCLC 3 60 4/6.7% 1/1.7% 0

Gandhi, 2018 Pembrolizumab+ chemotherapy Non-squamous NSCLC 3 704 20/2.8% 13/1.8% 3/0.4%

Paz-Arez, 2018 Pembrolizumab+ chemotherapy Squamous NSCLC 3 109 7/6.4% 3/2.8% 1/0.9%

Socinski, 2018 Atezolizumab+ bevacizumab+ chemotherapy Non-squamous NSCLC 3 356 5/1.3% 4/1.0% 0

West, 2019 Atezolizumab+chemotherapy Non-squamous NSCLC 3 473 23/4.9% 2/0.4% NA

Hellmann, 2017 Nivolumab+ ipilimumab NSCLC 1 77 3/3.9% 3/3.9% 0

Hellmann, 2018 Nivolumab+ ipilimumab NSCLC 3 576 22/3.8% 13/2.2% 3/0.5%

PD-1, programmed cell death 1; PD-L1, PD-ligand-1; NSCLC: non–small cell lung cancer; ICIs, immune checkpoint inhibitors; ILD, interstitial lung disease;
NA, non applicable.

There is no identified description about the association of the ICI-

ILD side and the original tumor side, however, according to Nishino’s

study, mixed andmultifocal distribution of pulmonary shadows in both

lower lobes were the common manifestation for ICI-ILD.39 Consoli-

dation and ground glass opacity (GGO) are the reported CT features

of Cho’s cases, and consolidation is more common than GGO.28 GGO,

reticular opacities and consolidationswere common in patients under-

going nivolumab monotherapy combined with ipilimumab or lirilumab

therapy for multiple types of malignancies in Nishino’s cohort.39

The organizing pneumonia (OP) pattern (65%) is the most common

CT imaging pattern for lower grade immune-related pneumonitis,

followed by the nonspecific interstitial pneumonia pattern (15%).39

Mixed, nonpureopacities of groundglass infiltrates, consolidation, sep-

tal thickening and traction bronchiectasis were observed in Suresh’s

study.29 However, the radiographic appearances of immune-related

pneumonitis are not specific, vary among patients and may mimic

tumor progression or combined pulmonary infection.

3.3 Pathological manifestations

Surgical biopsy is rarely performed for immune-related pneumoni-

tis, especially in advanced NSCLC patients. Sometimes, transbronchial

lung biopsy is performed during the differential diagnosis. However,

the specimenharvested through transbronchial lungbiopsy is too small

and limited to use to obtain a definite pathological pattern for immune-

related pneumonitis patients. And lung biopsies will add the risk of

acute exacerbation for the ILD, especially for the high-grade ICI-ILD

patients. The pathological features are poorly described in the previ-

ous anti-PD-1/PD-L1-related trials.

There is no detailed systemic analysis of the pulmonary patho-

logical features of immune-related pneumonitis in NSCLC patients.

The few studies of lung biopsies all involve mixed types of advanced

cancers35,34,40 other than NSCLC. On the other hand, there is no spe-

cific characteristic pathologicalmanifestations for the ICI-ILD. ICI-ILD,

connective tissue disease associated ILD, medications (other than ICI)

associated ILD, and so on, can share the similar pulmonary pathological

manifestations with idiopathic interstitial pneumonia. So, the patholo-

gist cannot make the diagnosis of ICI-ILD solely according to the pul-

monary biopsy without clinical data.

Lung biopsies were performed in 11 cases (41%) at the time of

onset of immune-related pneumonitis in the patients in Naidoo et al.’s

cohort34: eight patients underwent transbronchial lung biopsy, two

underwent transbronchial lung cryobiopsy and one underwent wedge

resected lung biopsy. Cellular interstitial pneumonitis, OP, diffuse alve-

olar damage and granulomatous inflammation are common pulmonary

pathological manifestations.34 Inflammation with lymphocyte infiltra-

tion was present in the lung tissue obtained by transbronchial lung

biopsy in another study for immune-related pneumonitis in patients

with different types of underlying cancers.35

Nine patients who developed immune-related pneumonitis after

treatment with anti-PD-1/PD-L1 for different underlying cancers

have been reported recently. Different types of biopsies, including
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cryobiopsies (five cases), transbronchial lung biopsies (three cases) and

pulmonary autopsy (one case), were performed for these patients. The

OP pattern (7 cases), sometimes mixed with vague non-necrotizing

granulomas (three among seven cases), is the most common patho-

logical pattern for them. The acute fibrinous pneumonitis pattern and

acute and organizing diffuse alveolar damage pattern were observed

in the remaining two cases.40

4 DIAGNOSIS AND GRADING

4.1 Diagnosis

The diagnosis of immune-related pneumonitis is a diagnosis made

by exclusion. It is established on the basis of compatible clinical and

radiological manifestations, supported by the pulmonary pathological

and pathogenic findings in the absence of malignancy and/or infec-

tions. New onset or the exaggeration of respiratory manifestations,

especially of dry cough, dyspnea, a decrease in oxygen saturation

(easily measured by a finger pulse oxygen saturation detector) after

immunotherapy with anti-PD-1/PD-L1 for NSCLC, immune-related

pneumonitis should be considered.34

Pulmonary infections, pulmonary interstitial edema because of

heart failure, cancerous lymphangitis, progression of the underlying

lung cancer, diffuse alveolar hemorrhage, and pulmonary embolism are

the common differential diagnosis. Pulmonary infections, especially

opportunistic infections including pneumocystis pneumonia, CMV

pneumonia, aspergillosis and mycobacteria pneumonia, are the fore-

most differential diagnoses for immune-related pneumonitis during

the treatment of NSCLC.34,41–43 On the other hand, corticosteroids

and/or other immune-relatedpneumonitis treatments are also risk fac-

tors for complicated pulmonary infections. When pulmonary infec-

tion is highly suspected, bronchoscopy is recommended. The pathogen

analysis of bronchial secretions or bronchoalveolar lavage fluid will

supply important guidance in the diagnosis of pulmonary infections.

However, when patients need high levels of oxygen supplementation,

it is difficult to perform bronchoscopy.

The development of local, national and international multidisci-

plinary toxicity teams is suggested for the treatment of irAEs.44 Mul-

tidisciplinary discussion (MDD) involving clinicians, radiologists and

pathologists is recommended for the diagnosis and treatment of idio-

pathic interstitial pneumonia and all types of ILDs.45 The MDDmodel

is also recommended for the diagnosis and treatment of immune-

related pneumonitis during immunotherapy for NSCLC. Pulmonolo-

gists specializing in ILDandmedical oncologists shouldbe the clinicians

involved in the diagnosis and management of immune-related pneu-

monitis. The early detection and diagnosis of immune-related pneu-

monitis in patients undergoing treatmentwith anti-PD-1/PD-L1 is cru-

cial for the treatment of irAEs. To avoid a delay in the diagnosis, all

involved first-line physicians, including the primary responsible oncol-

ogists, family doctors and emergency physicians and patients and/or

their families should be trained to identify and report the related symp-

toms as early as possible.46

4.2 Severity

The treatment recommendations are based on the severity of immune-

related pneumonitis.41,46 However, there are pulmonary function

impairments due to the underlying advancedNSCLC.

For the mild/grade 1 patients, (1) the symptoms are mild or absent,

and there is no increased need for oxygen. (2) The new-onset pul-

monary infiltration is localized in one lobe or less than 25% of the lung.

For the moderate/grade 2 patients, (1) they are symptomatic and

complain of dyspnea (sometimes exertional dyspnea). Most of these

patients need additional oxygen. (2) The new-onset pulmonary infiltra-

tion is less than 50% of the lung.

For the severe/≥grade 3 patients, (1) obvious dyspnea is the main

complaint, and severe hypoxia is common. Invasive or noninvasive res-

piratory ventilation, such as BiPAP or high-flow nasal cannula oxygen

supplementation, shouldbe considered for thesepatients. (2) Thenew-

onset pulmonary infiltration is more than 50% of the lung.

4.3 Management

Prevention, detection, monitoring and treatment compose the man-

agement of immune-related pneumonitis. Most cases of pneumoni-

tis are mild and asymptomatic, and the daily detection of pulse oxy-

gen saturation at rest and while moving and the timely repetition of

chest CT scans are recommended for these patients.34,46 Anti-PD-

1/PD-L1 treatment should be suspended when immune-related pneu-

monitis is diagnosed in patients with NSCLC. In cases in which severe

immune-relatedpneumonitis is strongly suspectedon thebasis of clini-

cal and radiologicalmanifestations, treatment should be initiatedwith-

out pathological evaluation.42

Corticosteroids are the most commonly prescribed medications

for immune-related pneumonitis. Other immunosuppressants, such as

cyclophosphamide, mycophenolate mofetil or infliximab, are adminis-

tered in severe cases with higher grades.3,41-42 Intravenous injection

(IV) immunoglobin is reported to be an add-on rescue medication.47

Anti-IL-6, tocilizumab, is reported to be effective for thosewith refrac-

tory immune-related pneumonitis or those in whom initial corticos-

teroid treatment fails.48

For mild/grade 1 cases, clinical monitoring and pulse oxygen sat-

uration detection are more important than treatment, and corticos-

teroids are not essential formost cases. In addition, the anti-PD-1/anti-

PD-L1 treatment is not necessarily discontinued in all mild cases,

and the anti-PD-1/anti-PD-L1 treatment might be restarted after the

remission of the immune-related pneumonitis. If the clinical symp-

toms and oxygen saturation are stable, chest CT can be repeated at

least every 3–4 weeks.41–42,46 If not, chest CT should be arranged for

themas soon as possible to detect the exacerbation of immune-related

pneumonitis.

For the moderate/grade 2 cases, the anti-PD-1/anti-PD-L1 treat-

ment should be withheld immediately, and corticosteroids with the

initial dosage of the equivalent of prednisone 1 mg/kg/d should be

administered. The patients should be monitored and assessed every

2–7 days. If the clinical condition and/or oxygenation is not improved
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in 48–72 hours, a more aggressive treatment should be considered,

for example, increasing the dosage of the corticosteroids and adding

another immunosuppressant or anti-TNF-𝛼.41,46 The dosage of corti-

costeroids can be tapered in 4–6 weeks if the patient has improved.

The anti-PD-1/anti-PD-L1 treatment could be restarted if the pneu-

monitis is stable or has improvedwith prednisone 10mg/day.With the

reinitiation of anti-PD-1/PD-L1 treatment, the clinical manifestations

and oxygenation level should bemonitored daily. If refractory immune-

related pneumonitis is suspected, the anti-PD-1/anti-PD-L1 treatment

should be stopped as soon as possible.

For the severe/≥grade 3 cases, the anti-PD-1/anti-PD-L1 treat-

ment should be stopped immediately. High dosage Intravenous injec-

tion (IV) corticosteroids, such as methylprednisolone intravenously 2–

4 mg/kg/day can be prescribed. The severity of pneumonitis should be

assessed 48–74 hours later. If it has not improved, another immuno-

suppressant or anti-TNF-𝛼 should be added.41,46 IV immunoglobulin

(IVIG) might be an add-on rescue choice.47 The corticosteroids can

be tapered if the patient remains stable or improved for at least 6–

8 weeks. The same type of ICI should not be reinitiated.42,46 Oppor-

tunistic infections should be monitored during treatment with corti-

costeroids and other immunosuppressants. During the administration

of corticosteroids, calcium and vitamin D supplementation are recom-

mended.

In summary, immune-related pneumonitis is an uncommon but

potentially fatal irAE in patients with NSCLC undergoing treatment

with anti-PD-1/PD-L1. The incidence of immune-related pneumonitis

is significantly higher in patients treated with PD-1 inhibitors com-

pared with those treated with PD-L1 inhibitors. Comorbid emphy-

sema, ILD and previous radiation therapy for lung cancermight be pre-

cipitating factors for immune-related pneumonitis. Monitoring, early

detection and diagnosis and appropriatemanagement according to the

severity are critical to improving the prognosis for these patients. Both

the involved first-line physicians andNSCLCpatients should be trained

to identify and report symptoms of immune-related pneumonitis as

early as possible.
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