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Treatment with chemotherapy, radiation therapy, and more recently, immunotherapy, has provided 
improvement in disease outcomes



Introduction

• The benefits of agents need always be weighted against the risks of toxicity. 

• Drug-related pneumonitis is one of the major categories of adverse events 
during cancer therapy



Clinical manifestation

• Clinical courses

• Variable, Non-specific

• lung infiltration, shortness of breath, gas exchange abnormality 

• Timing of the symptoms can vary between weeks to months

• Some patients required admission to the ICU

• Others were treated successfully with oral corticosteroids on an OPD basis



Pathogenesis

• Poorly understand.

• Direct toxic injury to pneumocytes or the aveloar capillary endothelium with subsequent 
release of cytokines and recruitment of inflammatory cells

• The systemic releases of cytokines

• Cell-mediated lung injury d/t activation of lymphocytes and alveolar macrophage

• Oxidative injury from free oxygen radicals

• Unintended dysregulation of the immune system and T-cell activation

• Impair alveolar wall repair mechanisms

• Radiation recall pneumonitis



Diagnosis

● Exclusion diagnosis

○ There are no specific findings to confirm a diagnosis of drug-induced pneumo
nitis => to rule out infectious causes and recurrent malignancy.



Diagnosis

Radiographic findings can vary depending on the offending agent.
(Patchy, unilateral or bilateral reticular markings, ground glass opacit
ies or consolidation, pleural effusion, focal nodular consolidations…)

Nasal swab and PCR, infection panel testing

Sputum, blood and urine culture

Bronchoscopy & BAL are necessary to rule out other causes(infectio
n, IIPs, etc.)

Pulmonary Function test 
DLCO - decreased / Restrictive pattern.



Radiologic pattens of drug-induced pneumonitis



Radiographic manif
estations

(A) COP pattern is characterized by multi
focal bilateral parenchymal consolidatio
ns with peripheral and lower lung distrib
ution, with ground-glass opacities (GGOs) 
and reticular opacities (arrows).



Radiographic manif
estations

(B) NSIP pattern demonstrates GGOs an
d reticular opacities predominantly in pe
ripheral and lower lung distribution (arro
ws). The asterisk indicates lung tumor b
urden.



Radiographic manif
estations

(C) HP pattern demonstrates diffuse GG
Os and centrilobular nodularities, with sc
attered areas of air trapping.



Radiographic manif
estations

(D) AIP/ARDS pattern is characterized by 
diffuse or multifocal GGOs or consolidati
ons, along with lung volume loss and tra
ction bronchiectasis.



Cancer Chemother Pharmacol (2011) 68:1099–1109



Journal of Thoracic Oncology Vol. 13 No. 12: 1930-1939



Grading of drug-induced pneumonitis



Treatments

• No specific treatments

• Drug discontinuation
• The risks, benefits, and availability of alternative treatements…

• Systemic glucocorticoids
• Depends on the severity and rapidity of worsening of pulmonary impairments
• No established treatment schedule

• Prednisone 40-60mg daily; intravenous(eg, methyl-Pd with doses up to 1gm daily for 3 days)

• Supportive care
• Supplemental oxygen, inhaled bronchodilating medication, mechanical ventilation…

• Rechallenge
• Case by case basis



Treatment-related Pneumonitis

• Chemotherapy-Induced Pneumonitis

• Target-therapy-Induced Pneumonitis

• Immunotherapy-Induced Pneumonitis



Chemotherapy-Induced Pneumonitis



Chemotherapy-Induced Pneumonitis

10~20% of all cancer patients treated with cytotoxic chemotherapy d
evelop some form of lung toxicity. 
It is estimated to occur in 3% of NSCLC patients. 

Pathophysiology is pooly understood. 

Multiple mechanism have been proposed.

=> Mediated by the systemic release of cytokines
-> direct injury to the pneumocytes, activation of lymphocytes & alv

eolar macrophages,  generation of oxygen free radicals.



Chemotherapy-Induced Lung injury

Clinical presentation of Lung injury; variable

1) acute bronchoconstriction
2) alveolar hemorrhage
3) eosinophilic pneumonia
4) hypersensitivity
5) interstitial pneumonitis
6) capillary leak syndrome
7) pulmonary veno-occlusive disease



Taxanes, namely paclitaxel and docetaxel

• Disrupt microtubule function

• Pulmonary complication : < 5% 

• m/c type : interstitial pneumonitis

• Duration : within days to weeks

Paclitaxel

• d/t immune-mediated dealyed hypersensitivity

Docetaxel

• Capillary leak syndrome ; exclusively

• Fluid retention and non-cardiogenic pulmonary edema and/or pleural effusion

Ostoros G, et al. Int J Gynecol Cancer. 2006;16(Suppl 1):391–3.
Tamiya A, et al. Anticancer Res. 2012;32(3):1103–6.
Dimopoulou I, et al. Ann Oncol. 2006;17(3):372–9.
Graziano SL, et al. J Thorac Oncol. 2008;3(2):158–62.
Bielopolski D, et al. J Chemother. 2017;29(2):113–7.

Constantopoulos S, et al. Respiration. 2000;67(6):680–3.
Amathieu R, et al. Ann Fr Anesth Reanim. 2007;26(2):180–1.



Gemcitabine

• Pyrimidine analog
• Nearly 25% of patients develop pulmonary Sxs

• Only 1-2% : significant pulmonary toxicities

• A potent radiosensitizer; increase RT toxicity, radiation recall

• Radiation-induced lung injury

Aapro MS et al. Anti-Cancer Drugs. 1998;9(3):191–201.
Roychowdhury DF, et al. Investig New Drugs. 2002;20(3):311–5.
Pavlakis N, et al. Cancer. 1997;80(2):286–91.
LinskensRK, et al. Neth J Med. 2000;56(6):232–5.
Marruchella A, et al. Eur Respir J. 1998;11(2):504–6.
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Boiselle PM, et al. J Comput Assist Tomogr. 2000;24(6):977–80.
Sauer-Heilborn A, et al. J Cancer Res Clin Oncol. 1999;125(11):637–40.

Umemura S, et al. J Cancer Res Clin Oncol. 2011;137(10):1469–75.
Blackstock AW, et al. Int J Radiat Oncol Biol Phys. 2001;51(5):1281–9.
van Putten JW, et al. Clin Cancer Res. 2003;9(7):2472–7.
Shewach DS, et al. Investig New Drugs. 1996;14(3):257–63.
Vokes EE, et al. J Clin Oncol. 2002;20(20):4191–8.
JeterMD, et al. Int J Radiat Oncol Biol Phys. 2002;53(2):394–400.



Gemcitabine

• Tx. : Generally supportive & discontinuation of the drug

• Mortality rate with severe gemcitabine lung toxicity  → 20 %

Barlesi F. et al. Fundam Clin Pharmacol 2004;18:85

• Reintroduction of Gemcitabine : contraindicated



Etoposide

• Topoisomerase 2 inhibitor.

• 1-3% suffer pulmonary toxicity

• oral administration have higher incidence

• Vehicle may be causing hypersensitivity reaction 

• RT pneumonitis risk ↑

• Treatment: discontinuation of the drug

Gurjal A, et al. Lung Cancer. 1999;26(2):109–12.
Hatakeyama S, et al. Nihon Kyobu Shikkan Gakkai Zasshi. 1997;35(2):210–4.
Uchida T, et al. Gan To Kagaku Ryoho. 1996;23(14):1967–70.



PEMETREXED

• A multisite folic acid inhibitor 
• Acute and Subacute pulmonary fibrosis, Acute respiratory distress syndrome, Diffuse 

alveolar hemorrhage

Hochstrasser A, et al. Chemotherapy 2012;58:84

Kim KH et al. Cancer Res Treat 2013;45:74

Loriot Y et al. Clin Lung Cancer 2009;10:364

Nagata K, et al. J Thorac Oncol 2010;5:1714

Kurimoto R, et al. Intern Med 2015;54:833

• Treatment
• Prompt discontinuation of drug and initiation of glucocorticoid(limited benefit)

Nagata K, et al. J Thorac Oncol 2010;5:1714

Khakal B, et al. Clin Pract 2011;1:e106



Irinotecan and Topotecan

Pulmonary toxicity 

( non specific onset of cough, shortness of breath, fever)

• Tx. : Discontinuation of the drug & glucocorticoid

Yamada M, et al. Br J Cancer 2002;87:258

Fukuoka M, et al. J Clin Oncol 1992;10:16

Madarnas Y, et al. Anticancer Drugs 2000;11:709

Rothenberg ML, et al. J Clin Oncol 1996;14:1128

Pitot HC, et al. J Clin Oncol 1997;15:2910

Michielin O, et al. Lancet Oncol 2004;5:322

Irinotecan Any grade : 0 – 20%
Severe : 1 – 2 %

Topotecan Rare association



VINCA ALKALOIDS

• Rare cases of lung toxicity

• Vinblastine --- Bronchoconstriction, interstitial pneumonitis, lung nodules, 
and noncardiogenic pulmonary edema

Hoelzer KL, et al. Drug Intell Clin Pharm 1986;20:287

Rao SX, et al. Arch Intern Med 1985;145:1905

• Vinorelbine --- interstitial pneumonitis as a single agent 
Igishi T, et al. J Thorac Oncol 2009;4:376
Furuse K, et al. Lung Cancer 1994;11:385

Yanagitani N et al. Gan To Kagaku Ryoho 2008;35:1619



Target-therapy-Induced Pneumonitis



Pathogenesis

• Decreased alveolar regeneration
• A process normally regulated by EGFR



Cancer Chemother Pharmacol (2011) 68:1099–1109
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EGFR-TKI
• Acute onset of dyspnea, cough, and pyrexia

• Develops within 3 weeks to 7 weeks

• Gefitinib; overall 1%
• In the ISEL trial;   1%, similar in the two treatment groups
• In IPASS trial; 2.6%(gefitinib) vs 1.4%(paclitaxel/carboplatin)

• Erlotinib; overall 1.1%
• In EURTAC trial; 1%(erlotinib), 1st line Tx.
• In BR.21 trial; 3%(erlotinib), 2nd, 3rd line Tx.
• In the SATURN trial; 2%(erlotinib) vs. <1%(placebo)

• Osimertinib; ~ 3%

• Risk factors : Asian ethnicity, male gender, smoking, a presence of ILD

• Nearly ⅓ of patients who develop pulmonary complications of gefitinib died as a consequence



Lung Cancer 132 (2019) 79–86
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1. The overall incidence of ALK inhibitor pneumonitis was 2.14% in patients with advanced NSCLS.

2. The patients from Japanese cohorts had a higher incidence of ALK-inhibitor pneumonitis



Anaplastic Lymphoma Kinase (ALK) 

Crizotinib, ceritinib, alectinib, and brigatinib

- Options for advanced or metastatic NSCLC with EML4-ALK fusion oncogene

- Crizotinib is approved for ROS-1-mutated NSCLC 

Crizotinib

- 3% of patients : pneumonitis 

- 1.5% of patients : severe, life-threatening, or fatal pneumonitis 

Ceritinib: 4% of patients, grade 3 or 4 pneumonitis

Brigatinib: 3.7% of patients, grade 3 or 4 pneumonitis

Alectinib: 1% of patients, grade 3 or 4 pneumonitis



Immunotherapy-Induced Pneumonitis



N Engl J Med 2018;378:158-68.



Pathophysiology

● The precise pathophysiology is unknown
● Translational studies in patients with immun

e-related adverse events have shown that T-
cell, antibody, and cytokine responses may 
be involved

- T-cell activity ↑
- Preexisting autoantibodies ↑
- Inflammatory cytokines ↑
- Complement-mediated inflammation

d/t direct binding of an antibody against 
CTLA-4 expressed on normal tissue
(pituitary gland)

N Engl J Med 2018;378:158-68.



Pathophysiology

Curr Opin Oncol 2016, 28:269–277



Incidence of pneumonitis according to cancer types



Onset of pneumonitis in IO Tx

• 170 patients who were treated in 10 trials of nivolumab
• Either alone or in combination with other ICIs

• 20 patients developed pneumonitis
• 10 with melanoma, 6 with lymphoma, 4 with lung cancer

• Time from initiation of therapy to pneumonitis
• Widely from 0.5 to 11.5 months(median 2.6 months)

• Shorter in patients with lung cancer(1.1 vs 3.1 months, respectively)

Clin Cancer Res 22:6051-6060, 2016
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Curr Opin Oncol 2016, 28:269–277

PD-1 inhibitors



Curr Opin Oncol 2016, 28:269–277

CTLA-4 inhibitors

PD-L1 inhibitors

Anti-PD-1 related pneumonitis has been reported more frequently 
than anti-PD-L1 and anti-CTLA4 induced pneumonitis.



CHEST 2017; 152(2):271-281
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PD-1

PD-L1
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PD-1

PD-L1



CHEST 2017; 152(2):271-281

Treatment-
naive

Previously 
treated



CHEST 2017; 152(2):271-281

• PD-1 inhibitors were found to have statistically significant higher incidence of any grade 
pneumonitis compared with PD-L1 inhibitors (3.6%; 95% CI, 2.4%- 4.9% vs 1.3%; 95% CI, 0.8%-1.9%, 
respectively; P= .001). 

• PD-1 inhibitors were also associated with higher incidence of grade 3 or 4 pneumonitis (1.1%; 
95% CI, 0.6%-1.7% vs 0.4%; 95% CI, 0%-0.8%; P=.02).

• Treatment naive patients had higher incidence of grade 1 through 4 pneumonitis compared 
with previously treated patients



• Retrospective in a cohort of 205 patients with NSCLC, all of whom received anti–programmed 
death 1/programmed death ligand 1 ICIs.

• At Johns Hopkins Hospital between 2007 to 2017.

• Examined clinical characteristics, incidence, and risk factors for CIP

• Onset of CIP 
• early (<6 months from initiation of ICI therapy) or late (>6 months after initiation of therapy).

Journal of Thoracic Oncology Vol. 13 No. 12: 1930-1939
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Guideline of Pneumonitis Management

● Mild to moderate cases
○ Prednisone 1-2 mg/kg/d or Methylprednisolone 0.5-1 mg/kg/d
○ Assess response within 48~72hrs

● Severe cases
○ Hospitalization is necessary
○ High-dose corticosteroids, such as methylprednisolone 2-4 mg/kg/d
○ Assess response within 48hrs; additional immunosuppression: mycophenolat

e mofetil, cyclophosphamide, infliximab

JAMA Oncol. 2016;2(10):1346-1353.



Combination Tx



Chemo-immunoTx
Study Cancer Drug Chemo-immunoTx Placebo combination

Any grade 
pneumonitis

Grade 3,4,5
pneumonitis

Any grade 
pneumonitis

Grade 3,4,5
pneumonitis

KEYNOTE 021 NSCLC Pemetrexed/platinum ±
Pembrolizumab

3% 2% 0% 0%

KEYNOTE 189 NSCLC
(non-SqCC)

Pemetrexed/platinum ±
Pembrolizumab

4.4% 2.7% 2.5% 2.0%

KEYNOTE 407 NSCLC(SqCC) Paclitaxel/platinum
± Pembrolizumab

6.5% 2.5% 2.1% 1.1%

IMPOWER 132 NSCLC Pemetrexed/platinum
± Atezolizumab

6% 2% 2% 1%

IMPOWER 131 NSCLC Paclitaxel/platinum
± Atezolizumab

3.2% 1.8% 0.6% 0.6%

CHECKMATE 026 NSCLC Platinum doublet
± Nivolumab

N/A N/A N/A N/A

IMPOWER 133 SCLC Etoposide/platinum
± Atezolizumab

N/A N/A N/A N/A

CASPIAN SCLC Etoposide/platinum
± Durvalumab

N/A N/A N/A N/A



Dual immunoTx

Study Cancer Drug Dual-immunoTx Single-immuno

Any grade 
pneumonitis

Grade 3,4,5
pneumonitis

Any grade 
pneumonitis

Grade 3,4,5
pneumonitis

Checkmate 227 NSCLC Nivolumab ± ipilimumab N/A N/A N/A N/A

Checkmate 012 NSCLC Nivolumab + ipilimumab
(12 weeks vs. 6 weeks)

6% 3% 6% 3%

KEYNOTE 021 NSCLC Pembrolizumab + 
ipilimumab

5.1% 2% 0% 0%

Checkmate 032 SCLC Nivolumab ± ipilimumab 4~6% 2% 3.1% 1%



Target Tx + immunoTx

• A recent observation trial 
• In a multi-arm phase Ib trial 

• PD-L1 inhibitor(durvalumab), plus EGFR-TKI(osimertinib) in EGFR-mutant NSCLC

• A significantly high rate of lung toxicity 
• an overall incidence of 38% (13 of 34 patients) and a rate of grade 3 to 4 events of 15% (5 of 34 

patients)



CCRTx -> immunoTx



Retreatment



Journal of Thoracic Oncology • Volume 5, Number 7, July 2010
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ICI retreatment after immune mediated pneumonitis

Drugs Cancer No. of 
pneumonitis

No. of 
Re-administration

No. of pneumonitis 
recurrence

Pembrolizumab NSCLC 21 4(19%) 1(25%)

Anti-PD-1/PD-L1 antibody or combination 
with Anti-CTLA-4 antibody

Melanoma
NSCLC etc.

43 12(28%) 3(25%)

Anti-PD-1/PD-L1 antibody or combination 
with other drugs

NSCLC 25 9(36%) 5(56%)

Nivolumab or combination with other 
immune checkpoint inhibitors

Melanoma
Lung cancer, etc.

20 7(35%) 2(29%)

Ahn MJ:ESMO Asia 2015, Naidoo J:JCO 2016, Gettinger S: ASCO2016, Nishino M: CCR 2016



Yamakawa et al. BMC Pulmonary Medicine (2019) 19:156



Summary

• Drug-related pneumonitis is one of the major categories of adverse events during 
cancer therapy.

• Clinical courses; Variable, Non-specific
• between weeks to months

• Exclusion diagnosis

• No specific treatments
• Drug discontinuation, Systemic glucocorticoids, and Supportive care

• Chemotherapy-Induced Pneumonitis

• Target-therapy-Induced Pneumonitis

• Immunotherapy-Induced Pneumonitis

• Combination; more frequently

• Retreatment or Rechallenge; debate…negative



Thank you for listening…


