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Abstract

Pulmonary toxicity of cancer immunotherapies has emerged as an important clinical event that 

requires prompt identification and management. Although often referred to as pneumonitis, 

pulmonary toxicity associated with immunotherapy covers a broad and overlapping spectrum of 

pulmonary manifestations, and, once suspected, the range of differential diagnoses of infectious 

and neoplastic processes might make the diagnostic process challenging for physicians. Optimal 

care can require multidisciplinary effort by pulmonologists, medical oncologists, and radiologists, 

and awareness of the possibility of treatment-induced pulmonary toxicity by emergency 

department and primary care physicians. This Viewpoint gives an overview of the diagnosis and 

management of pulmonary toxicity arising from cancer immunotherapy, including widely used 

treatments, such as immune checkpoint inhibitors, and emerging therapies, such as chimeric 

antigen receptor T cells.

Pulmonary toxicities of cancer therapies

For decades, until the introduction of immunotherapy a few years ago, medical oncologists 

could treat patients with cancer with little concern for the effects of treatment (as opposed to 

disease effects) on pulmonary function. Chemotherapy frequently causes adverse events 

such as alopecia, gastrointestinal effects, neuropathy, and myelosuppression; yet, only rarely 

used cytotoxic chemotherapeutics, such as bleomycin, mitomycin C, and busulfan, are 

associated with clinically significant pulmonary toxicity.1 These events are often predictable 

and avoidable as long as the total lifetime dose of chemotherapy is below a specified 
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threshold and pulmonary function is monitored. Similarly, thoracic radiation therapy has 

predictable effects on pulmonary function, reflecting anatomical location related to 

treatment ports.2 Although these toxicities might increase when radiation therapy is 

combined with chemotherapy, advancements in treatment planning and delivery have 

resulted in decreased radiation-related pulmonary toxicities.3

It is now clear that we need to understand and deal with the respiratory effects of a range of 

cancer treatments.4 Although receptor tyrosine kinase inhibitors and other molecularly 

targeted therapies might, in rare cases, be associated with adverse effects on pulmonary 

function, nowhere is the risk of pulmonary toxicity more pronounced and less clearly 

understood than with cancer immunotherapy. Immune checkpoint inhibitors have shown 

remarkable beneficial effects in several cancer types, leading to approvals for lung cancer, 

kidney cancer, melanoma, head-and-neck cancer, bladder cancer, lymphoma, Merkel cell 

cancer, and any tumour characterised by microsatellite instability (ie, a predisposition to 

mutations). Currently approved drugs in this class include ipilimumab, pembrolizumab, 

atezolizumab, nivolumab, durvalumab, and avelumab. Chimeric antigen receptor (CAR) T 

cells have also emerged as a promising therapy for refractory haematological malignancies.

This Viewpoint gives an overview of the approach to diagnosis and management of immune-

related pulmonary toxicities.

Immune checkpoint inhibitors

Immune checkpoint inhibitors are monoclonal antibodies that target natural immune 

checkpoints such as cytotoxic T-lymphocyte antigen 4, programmed death 1 (PD1), and PD 

ligand 1 (PDL1). Such checkpoints exist to prevent the development of antihost immune 

effects, which would otherwise result in clinical autoimmune disease. By taking the brakes 

off host immune function, checkpoint inhibitors might lead to enhanced antitumour 

immunity. However, as a bystander effect, these drugs might also heighten immune activity 

against self-antigens, resulting in immune-related adverse events in a substantial pro portion 

of patients, which, in some cases, might be severe and possibly permanent. These 

autoimmune toxicities can affect almost every organ, including skin, brain, pituitary, eye, 

thyroid, liver, adrenal, kidney, pancreas, colon, and—the focus of this Viewpoint—lung.

Chimeric antigen receptor T cells

T cells that have been genetically modified to express chimeric antigen receptors, or CAR T 

cells, targeting the B-cell antigen CD19 have started a revolution in the treatment of 

haematological malignancies, including acute lymphoblastic leukaemia,5 chronic 

lymphocytic leukaemia,6 and non-Hodgkin lymphoma.7 This treatment has also shown early 

signs of efficacy in solid tumours.8–10

CAR T cells, which can be autologous or allogeneic, feature recombinant receptors that 

function in both antigen binding and T-cell activation. The most common acute and serious 

toxicity of CAR T cells is cytokine release syndrome. In severe cases, this immune-mediated 

release of massive amounts of cytokines, including interleukin 6, interferon-gamma, tumour 
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necrosis factor, interleukin 2, interleukin 8, and interleukin 10,5,11,12 might lead to capillary 

leakage, renal and hepatic dysfunction, and cardiopulmonary compromise.13–16

Epidemiology

Large meta-analyses of randomised trials and retro spective studies using anti-PD1 and 

PDL1 antibodies across melanoma, lung cancer, and renal cancer found an overall incidence 

of pulmonary toxicity of 2·7–3·5%.17,18 Men and former or current smokers are at a higher 

risk of developing pulmonary toxicity than women and non-smokers, with a median age of 

59 years.17 Risk of immune-related pulmonary toxicity might vary according to tumour 

type, with incidence particularly low among individuals with melanoma and highest among 

patients with lung cancer.18 Individuals with lung cancer are also at higher risk of 

developing high-grade and even fatal toxicities than those with other types of cancer.17 

Whether this reflects juxtaposition of healthy tissue with tumour, a lower pretreatment 

pulmonary reserve than patients without lung cancer or lung abnormalities, or previous 

exposures (eg, tobacco smoke or ionising radiation) that could enhance inflammatory effects 

is not clear. The median time to onset of pulmonary toxicity after initiation of 

immunotherapy is 2·3 months, and tends to occur earlier in lung cancer (2·1 months) than 

melanoma (5·2 months).17 However, it is now apparent that immune-related adverse events, 

including pulmonary toxicities, might occur at any point during treatment, and who will 

develop these toxicities or how long they will last is unclear.

Over the past 5–10 years, the collective experience of researchers and clinicians has resulted 

in reduced rates of severe autoimmune pulmonary toxicity in clinical trials. In early 

immunotherapy clinical trials, fatal pulmonary toxicity was a documented risk. Early 

recognition and treatment have rendered such events far less common. At the same time, 

researchers, clinicians, sponsors, and regulators have expanded the use of immunotherapy to 

potentially riskier clinical scenarios. A phase 3 trial using the anti-PDL1 antibody 

durvalumab after completion of concurrent chemoradiation for locally advanced, stage III 

non-small-cell lung cancer showed a statistically and clinically meaningful improvement in 

progression-free survival.19 However, the addition of radiation to immunotherapy increased 

the risk of pulmonary toxicity when compared with historical incidence of pulmonary 

toxicity with immunotherapy alone.19 Risk also increases with the use of combinations of 

immune checkpoint inhibitors compared with monotherapy regimens.18

Pulmonary manifestations of cytokine release syndrome associated with CAR T-cell therapy 

can occur in up to 15% of patients.20 These include pulmonary oedema, hypoxia, dyspnoea, 

and interstitial lung disease.7,21,22 The severity of these manifestations can range from mild 

to severe forms requiring mechanical ventilation.

Studies of combination therapy with checkpoint inhibitors and oncoprotein-targeted agents 

have revealed unanticipated rates of pulmonary toxicity. In a phase 1 trial combining 

durvalumab and the epidermal growth factor receptor inhibitor osimertinib (each of which 

has <5% risk of pulmonary toxicity as monotherapy), more than 60% of patients developed 

interstitial lung disease, leading to early study discontinuation.23
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Immunotherapy is now under investigation as adjuvant (postoperative) treatment for early-

stage lung cancer and other early-stage malignancies. Depending on the specific disease 

stage, a reasonable proportion of these patients are cured with standard therapy alone. Large 

meta-analyses have suggested that treatment-naive patients with lung cancer might have a 

higher incidence of checkpoint inhibitor-related pulmonary toxicity than patients who 

received previous treatments.24 Thus, the possibility of life-threatening or permanent 

pulmonary toxicity, or the need for long-term corticosteroid requirements to manage these 

events, must be carefully considered before instigating such trials and treatments.

Clinical manifestations

Some immune-related adverse events are clearly defined and characterised; for example, 

thyroid, pituitary, or adrenal effects manifest as changes in discrete, quantifiable laboratory 

values, such as thyroid-stimulating hormone, free thyroxine, adrenocorticotropin, and 

cortisol. By contrast, immune-related pulmonary toxicities often present with relatively non-

specific features. Symptoms might include dyspnoea, chest discomfort, cough, or, less 

commonly, fever (figure 1). Hypoxia might develop and, in some cases, progress rapidly.25 

Rarely, the clinical presentation mimics asthma or allergic bronchopulmonary aspergillosis. 

Clinical manifestations might be quite difficult to distinguish from disease-related 

complaints or other treatment-related complications such as infection or anaemia.26

Diagnostic evaluation

Imaging

Cross-sectional imaging with CT, particularly high-resolution CT,27,28 is the preferred 

diagnostic study when immune-related pulmonary toxicity is suspected, because chest 

radiography fails to detect up to one-quarter of these cases.29 On CT, radiographic findings 

might be variable, with reported patterns including cryptogenic organising pneumonia, non-

specific interstitial pneumonia, hypersensitivity pneumonitis, and bronchiolitis (figure 2).
17,30–33 More severe forms of pulmonary toxicity, such as acute interstitial pneumonia 

leading to acute respiratory distress syndrome, have also been reported.25,34 The most 

commonly reported radiographic findings are ground glass opacities, consolidations, 

bronchiectasis, inter-lobular septal thickening, and pleural effusions. In some cases, 

organising pneumonia might appear as pulmonary nodules, which presents a diagnostic 

dilemma because such nodules can be confused with new or worsening metastatic disease. 

Additionally, thoracic (including hilar and mediastinal) adenopathy or granulomatosis might 

develop in the setting of auto immune pulmonary toxicity, and these radiographic changes 

might also be confused with cancer progression.35 The reversed halo sign, which indicates 

central alveolar septal inflammation and cellular debris surrounded by granulomatous tissue 

within distal airways, might also be seen with immune-related pulmonary toxicity. This sign 

appears as a central ground glass opacity surrounded by a denser region of consolidation, 

and is distinguished from the halo sign indicating pulmonary haemorrhage typically seen in 

angioinvasive aspergillosis.

Rashdan et al. Page 4

Lancet Respir Med. Author manuscript; available in PMC 2020 July 08.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Pulmonary function testing

Regardless of the specific radiographic features, immune-mediated pulmonary toxicities 

most commonly show a restrictive pattern, featuring reduced diffusion capacity, in 

pulmonary function tests.30,36,37 Some studies suggest routine pulmonary function testing, 

including carbon monoxide diffusing capacity measurement, might be helpful in screening 

for immune-related pulmonary toxicity during treatment with checkpoint inhibitors.38 

Furthermore, for patients undergoing treatment of immune-related pulmonary toxicity, 

pulmonary function tests including pulse oximetry, spirometry, and carbon monoxide 

diffusing capacity, at rest and exertion, might be useful in monitoring response to therapy.39

Cytological and pathological features

In a 2017 practice guideline on the management of immune checkpoint inhibitor toxicities,40 

pathological assessment was considered a recommended, but not required, component of 

autoimmune pulmonary toxicity diagnosis. In some cases, cytological and pathological 

evaluation by bronchoscopy might discriminate infection and lymphangitic spread from the 

inflammatory changes characteristic of drug-induced pneumonitis. Bronchoalveolar lavage 

fluid might show inflammatory and lymphocytic infiltration.17,41 In a 2017 series,17 80% of 

cases had T-lymphocytic alveolitis.

If bronchoscopic biopsy is done, histopathological findings can include cellular interstitial 

pneumonitis (36%), organising pneumonia (27%), and diffuse alveolar damage (9%).29 In 

more than one-quarter of cases, no pathological abnormalities are identified. Sarcoid-like 

granulomatous reactions and interstitial fibrosis have also been reported.42

Management

Occasionally, patients might develop radiographic features suggestive of immune-related 

pneumonitis with no corresponding clinical features. In these cases (ie, grade 1 pulmonary 

adverse reaction), immune checkpoint inhibitor treatment might be continued. Clinical 

monitoring every 2 or 3 days and repeat imaging at least every 3 weeks is advised.

In cases of suspected clinically apparent immune-related pulmonary toxicity, management 

should be started immediately. When clinical suspicion is high, treatment should be started 

without waiting for pathological evaluation. The initial step in management is withholding 

immune checkpoint inhibitor treatment. For patients with asymptomatic pneumonitis, this 

might be sufficient.29 In contrast with conventional chemotherapy and targeted therapies, 

dose reduction has no role. Generally, patients with symptomatic pneumonitis are promptly 

started on corticosteroids (commonly the equivalent of prednisone 1 mg/kg daily).29,40 

Tapering (often by 10 mg/week) begins after improvement to baseline of symptoms (or mild 

symptoms only) has occurred. With this approach, steroid courses might last months rather 

than weeks. As a result of the high doses and prolonged duration of steroid therapy, 

opportunistic infections might occur; in this case, pneumocystis prophylaxis might be 

warranted. For patients who experience recurrence of symptoms while receiving treatment 

with steroids or immunosuppressive agents, an infectious cause should be considered. 

Repeat endoscopy with bronchoalveolar lavage might be indicated in this situation.
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The prolonged courses of corticosteroids (and associated toxicities) that result from this 

approach have come under scrutiny.43 Whether shorter courses of steroids might be adequate 

in some cases, or whether steroid-sparing treatments should be offered instead, is not known.

In cases refractory to steroids, additional immunosuppressive agents might be considered, 

including infliximab, cyclophosphamide, or mycophenolate mofetil. Although biological 

agents such as tumour necrosis factor inhibitors (eg, infliximab) have been associated with 

risk of malignancy and invasive chronic infections,44,45 in the clinical scenario of refractory 

and progressive immune-related pulmonary toxicity, it is generally agreed that the benefits 

of such treatments outweigh the risk.29

Rechallenge with immune checkpoint inhibitors in patients with pneumonitis is an area of 

debate. Most clinicians agree that for severe (grade 3–4) pneumonitis—which typically 

translates to intensive care unit-level care—permanent discontinuation of therapy is 

reasonable.46 For low-grade events, some physicians reinitiate treatment once clinical 

improvement has occurred and steroid doses are 10 mg/kg or less.29,40,47 Finally, 

retrospective data suggest that some patients with beneficial responses to immunotherapy 

who then discontinue treatment because of immune-related adverse events might maintain 

these responses long term without re-exposure to treatment.48

Treatment of cytokine release syndrome and related toxicities from CAR T-cell therapy 

differs somewhat from the management of immune checkpoint inhibitor-related adverse 

events. Although steroids are the mainstay treatment of checkpoint inhibitor-related 

pulmonary toxicity, they are generally reserved for second-line treatment of cytokine release 

syndrome.5,21 Instead, tocilizumab, an interleukin 6 receptor antagonist typically used to 

treat rheumatological disorders, has been successfully used as initial therapy.14,16,49

Future directions

How can future research advance the understanding and management of immunotherapy-

related pulmonary toxicity (panel)? An early step is the development of a reliable means of 

diagnosis, such as a clear serological correlate. Before the advent of immune checkpoint 

inhibitors, patients with lung cancer had frequent and substantial thoracic symptoms. Thus, 

to distinguish between these disease-related processes and therapy-induced autoimmune 

toxicities is difficult. Blood-based biomarkers, similar to indicators of thyroid or adrenal 

dysfunction, would greatly aid in the management of these patients. Although the use of 

serum markers, such as surfactant protein, transforming growth factor β1, tumour necrosis 

factor α, interleukin 1β, and interleukin 6, for the prediction of radiation-induced 

pneumonitis has been studied extensively, for immuno-therapy-induced pulmonary toxicity, 

this area is a work in progress.50–53 Single-nucleotide polymorphisms of the PD1 gene 

might predict some immune-related adverse events,53 but are not used clinically.

The ability to predict risk of pneumonitis and other immune-related adverse events would 

allow clinicians to incorporate these factors into treatment decisions; for example, choosing 

single-agent, rather than combination, immunotherapy, or choosing chemo therapy, rather 

than immunotherapy, in patients expected to have similar therapeutic benefit but greater 
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toxicity. To date, proposed risk factors include combination immunotherapy, 

coadministration of radiation therapy, impaired baseline pulmonary function, previous heavy 

smoking or continued smoking, and previous high-dose chemotherapy.54 However, these 

clinical factors are unlikely to sufficiently discriminate among risk groups.

Finally, medical oncologists and other clinicians are in need of evidence-based guidance on 

the management of pulmonary toxicity. If shorter courses of steroids would give similar 

outcomes to the weeks-long tapers currently used, patients would experience less steroid-

related toxicity and might also be able to resume treatment sooner than if they had been on 

longer-term steroid treatment. This point has particular relevance, because it has been 

suggested that patients who develop immune-related adverse events are also the most likely 

to derive therapeutic benefit from these promising therapies.55
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Key messages

• Improvements in survival and quality of life mean that immunotherapy is now 

considered standard of care for multiple cancers, including lung cancer, 

kidney cancer, melanoma, head-and-neck cancer, bladder cancer, lymphoma, 

Merkel cell cancer, and any tumour characterised by microsatellite instability

• Immune-related adverse events might occur in more than 25% of patients 

with cancer treated with immunotherapy; these toxicities occur when host 

immune cells attack normal tissues

• Immune-related adverse events are unpredictable, potentially severe, and can 

affect almost every organ system

• The establishment of a diagnosis of immune-related pulmonary toxicity is 

challenging—the approach might require radiographic and bronchoscopic 

evaluation, and therefore might benefit from multidisciplinary collaboration 

between pulmonary medicine physicians and medical oncologists

• The mainstay of management of pulmonary toxicity and other immune-

related adverse events is to withhold immunotherapy and administer 

glucocorticoids
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Panel: Unanswered questions

• How can we predict which patients considered for cancer immunotherapy will 

develop pulmonary toxicity or other immune-related adverse events?

• What clinical interventions could decrease the risk of pulmonary toxicity and 

other immune-related adverse events in patients receiving cancer 

immunotherapy?

• What is the optimal means to establish a diagnosis of immune-related 

pulmonary toxicity?

• What is the optimal management of immune-related pulmonary toxicity?
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Search strategy and selection criteria

We searched PubMed with the terms “pulmonary toxicity”, “immunotherapy”, 

“checkpoint inhibitors”, “pneumonitis”, “radiographic patterns”, “pathogenesis”, 

“management”, “treatment”, “incidence”, “pulmonary function tests”, “CAR T cell”, and 

“bronchoalveolar lavage” for articles in English, published between Jan 1, 1990, and June 

30, 2017. We prioritised first reports, meta-analyses, and original studies published in the 

past 7 years.
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Figure 1: Clinical manifestations of immune checkpoint related pulmonary toxicity
Symptoms might include dyspnoea, chest discomfort, cough, hypoxia, or, less commonly, 

fever. Differential diagnosis includes disease -related complaints or other treatment-related 

complications such as infection or anaemia.
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Figure 2: Selected case examples of checkpoint inhibitor associated pneumonitis
toxicity Case listings include: demographics, cancer type, immunotherapy type, pneumonitis 

onset, and radiographic appearance. (A) 87-year-old man, non-small-cell lung cancer 

(NSCLC), anti-programmed cell death ligand 1 (PDL1), 9 weeks, reticulonodular opacities, 

and septal thickening. (B) 60-year-old man, renal cell carcinoma, antiprogrammed cell death 

protein 1 (PD1), 5 months, nodular opacities. (C) 77-year-old man, melanoma, combination 

anti-PD1 and cytotoxic T-lymphocyte-associated protein 4 (CTLA-4) inhibitor, 6 weeks, 

patchy ground glass and nodular consolidation, cryptogenic organising pneumonia. (D) 71-

year-old man, NSCLC, anti-PD1, 2 weeks, mosaic attenuation of ground glass opacities. (E) 
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70-year-old man, NSCLC, anti-PD1, 1 month, consolidation. (F) 78-year-old man, NSCLC, 

anti-PDL1, 4 months, consolidations and ground glass densities in the bases.
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