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• 51 yo with metastatic 
carcinoid

• Waxing and waning 
consolidative 
opacities

• Offending agent:

Everolimus 



Pre and Post treatment with FOLFOXIRI (Fluorouracil, oxaliplatin, irinotecan)

December September

                                                                                                                             

                                  



Fun facts 
about 
drug- 
induced 
ILD

• 3-5% of all cases of ILD

• Anti-neoplastic drugs 23-51% of drug-induced ILD

• Next most common: anti-rheumatologics, 
amiodarone, antibiotics

• Bleomycin (6.8-21% with up to 48% mortality; dose-
related) and mTOR inhibitors (everolimus) have the 
highest incidence.  

• Targeted therapies are next most common (EGFR, cyclin-
dependent kinase inhibitors (ie Palbociclib), poly (ADP-
ribose) polymerase inhibitors (PARP; ie Olaparib).

• Immune checkpoint inhibitors 1-4%; higher when used 
in combination.

• New:  Antibody-drug conjugates, ie trastuzumab-
deruxtecan: 16% pneumonitis, 2.4% mortality in clinical 
trials but more recent, modified protocols: 10.5% 
pneumonitis and no mortality.



Cisplatin targets DNA



Cancer immunity cycle

Dendritic cells may be the link between the innate and adaptive immune systems

Cancers 2023;15:2721.https://doi.org/10.3390/cancers15102721



Immune checkpoints between 
tumor and T-cells

Cancers 2023;15:2721.https://doi.org/10.3390/cancers15102721



Cancers 2023;15:2721.https://doi.org/10.3390/cancers15102721



Antibody-drug conjugates

Antibodies 2023;12:72. https://doi.org/10.3390/antib12040072



Antibody-drug conjugates



FDA-approved ADC’s



Nanoparticles



Life Sciences 2024;353:122899.

Liposomes





Life Sciences 352 (2024) 122899



Mechanism 
of lung 
toxicities

• Immunologic: direct haptogen modification 
or antibody-antigen immune complex 
deposition followed by inflammation

• Direct toxic effect on endothelium and 
epithelium (seen with bleomycin—
neutrophilia, and methotrexate—
lymphocytic alveolitis).  HER-2 receptors on 
bronchial and bronchiolar epithelium, for 
example, may serve as a target forT-DXd but 
target independent uptake 

• Release of toxic reactive oxygen species 
(seen with bleomycin, amiodarone, 
nitrofurantoin)

• Endothelial permeability

• “Bystander” effect (ADC’s)



Clinical presentation

• Typically presents days to months after drug 
administration

• Majority within first 2 months for ICIs and initial 12 
months with ADCs. 



Small cell carcinoma, treated with radiation, chemotherapy, and 
nivolumab.  P/w productive cough. 

PATHOLOGIC DIAGNOSIS: 

A. RIGHT LOWER LOBE TBLB: 

Acute pneumonia and bronchitis. 

Gram, fungal (MSS), and acid-fast stains (nocardia and 
mycobacteria IHC) are negative for organisms.

All cultures negative.  BAL and biopsies with predominantly neutrophils

Finally improved with steroids and ultimately transition to MMF 

                                                                                                                             





“Pneumonitis”

• Not a specific entity

• Non-infectious inflammation of the lungs

• Spectrum of pathologic findings affecting the 
interstitium and alveoli including (but not limited 
to):

• Cellular (non-specific) interstitial pneumonitis

• Organizing pneumonia

• Diffuse alveolar damage



Cellular interstitial pneumonitis   Organizing pneumonia   Diffuse alveolar damage
“non-specific interstitial pneumonitis”

                   



Cellular interstitial pneumonitis   Organizing pneumonia  Diffuse alveolar damage
“non-specific interstitial pneumonitis”



Presentation of ici pneumonitis

• More common: dyspnea and cough

• Less common: fever (12%) and chest pain 
(7%)

• Additional irAE in 58%: rash, colitis most 
common

• Radiographic findings:
• 45% bilateral

• Majority “ground glass” and/or consolidation

• Majority (86%) away from tumor; minority are “peri-
tumoral”.

Naidoo et al., JCO, 2017
Suresh et al., JTO, 2018



Porcu et al.  Cancers 2019;11:305

                                

Suggested criteria for diagnosis of 
“ici” pneumonitis
• Clinical

• History of checkpoint blockade treatment
• Symptoms and/or radiographic evidence
• Resistance to antibiotic treatment; absence of microorganism 

in BAL or sputum
• “Exclusion of other possibilities”

• Radiographic
• CT findings of interstitial pneumonia:

• Organizing pneumonia-like pattern
• Ground glass opacities
• “Sarcoid-like” pattern



Grading for severity

Porcu et al.  Cancers 2019;11:305



Radiology

                                                                                



European Respiratory Review 2019 28: 190012; DOI: 10.1183/16000617.0012-2019

ICI pneumonitis



90% lung cancer
42% prior radiation
24/144 deaths
Time to onset of ILD: 

47 days
      

Total     PTI     Non-PTI

Peritumoral vs non-peritumoral



November September

RCC with metastases to lungs s/p 1 dose of ipi/nivo presenting
for admission due to 7 days cough, new mild hypoxia, and CT findings 



Risk factors for ici pneumonitis

• ECOG > or = 2

• Smoking > 50 pk-yr

• Autoimmune diseases
• Interstitial lung disease

• Pre-existing other lung disease
• Thoracic RT
• PD-1 inhibitor

• Combination therapies
• Lung metastases

Lung cancer (squamous > adeno) > melanoma



Differential Diagnosis

• Infection
• Bacterial (typical and atypical)

• Viral

• Opportunistic infections (PJP)

• Aspiration pneumonitis

• Radiation-induced lung injury

• Other drug toxicity

• Cardiogenic pulmonary edema

• Cancer



Diagnosis:

• Bronchoscopy

• No findings specific to drug-

induced lung disease

• Main role is to exclude infection 

or recurrent malignancy

• Biopsy

• No pathognomonic findings

• Virtually all histopathologic 

patterns of lung injury have 

been described

• Exclude other processes when 

they cannot be excluded by less 

invasive means

• Rechallenge

• Can be confirmatory but may be 

risky

Uncertainty Is Always Present



• 2 centers over 2.5 years

• Combination vs Monotherapy

  10% vs 3% P < .001

• No difference between PD-1 and 

PD-L1

• NSCLC (3.6%) vs Melanoma 

(3.3%)

• Pneumonitis occurred irrespective 

of line of  therapy in which 

immunotherapy was received

Naidoo, et al. J Clin Oncology 2017;35

Incidence



Median time to onset 2.8 M (range 9 days to 19.2M)
Onset earlier with combination therapy then monotherapy (2.7 vs 4.6 month)
More then 50% patients with pneumonitis experienced other organ itox.



                                                                                                                             

Endometrial cancer treated with chemo and radiotherapys completing in mid March.  
Began pembrolizumab April

September                                                  June                                                  April: no nodes                                    



39/82 deaths



         Impact of Radiation

188 patients treated for NSCLC

The time from receipt of ICI to development of 
pneumonitis did not differ between those who had 
radiation and those who did not.

Of those who developed pneumonitis and had
 prior chest RT, it was much more likely that they 
were treated for curative intent then palliative.
 





Management



Asymptomatic:
To treat or not to treat?



What if steroid-refractory?

• Recommendations based on consensus, not data

• If grade 3 or higher, use IV corticosteroids.  If no 
response in 48 hr, “steroid-refractory”.  

• Consider additional immunosuppression:
• Infliximab
• Mycophenolate mofetil
• Cyclophosphamide
• IVIG
• Tocilizumab

• Also, consider the differential diagnosis!



Steroid-refractory pneumonitis (failure of improvement after 
2-14 d of hi-dose steroid)

J Immunother Cancer 2021;9;e001884



Chronic Pneumonitis

• Pneumonitis that persists or worsens with steroid tapering, 
and requires ≥12 weeks of immunosuppression, after ICI 

• A retrospective review of 299 patients with NSCLC and 
melanoma treated with ICI therapy, detected an overall 
incidence of 2% (6/299) (Naidoo et al., 2020). 

• Most commonly have an organizing pneumonia-like 
appearance on CT chest. 

• Additional therapies used included infliximab (1/6) and 
mycophenolate mofetil (2/6), with variable outcome. 



Recurrent CIP is defined as an additional episode of pneumonitis 

after complete clinical and radiological resolution of previous 

episode and can occur on re-introduction of ICI therapy 

(provoked) or despite complete discontinuation of ICI therapy 

(unprovoked). 

In a single-center retrospective review, ICI pneumonitis recurred 

in 6/19 ICI pneumonitis cases (Asher et al., 2019).

Recurrent Pneumonitis



Beware!

• Patient with breast cancer 
treated with pembrolizumab

• Developed asymptomatic 
findings.

• Admitted in respiratory failure 2 
months later.

• Given pulse dose steroids

• Diagnosis:
• Legionella pneumonia



On treatment for ici pneumonitis; become SOB



Is CIP associated with efficacy of immune checkpoint 

blockade ?

Questions and Challenges



March 2018

irAE 69/134 (51%)

Skin (32%)

Endocrine (8%)

GI (9%)

CIP (6%)



Retrospective
38/204 (19%) pneumonitis

CIP was associated with 
decreased survival.

? Impact on other organ 
systems, relationship with 
steroid use



Is CIP associated with efficacy of immune checkpoint 

blockade ?

Is it safe to re-challenge?

Questions and Challenges



Safety of retreatment with immunotherapy 
after immune-related toxicity in patients with 
lung cancers treated with anti-PD(L)-1 
therapy.
Fernando Costa Santini, Hira Rizvi, Olivia Wilkins, Martine van 
Voorthuysen, Elizabeth Panora, Darragh Halpenny, ...

• 71/482 patients with irAE necessitating 
treatment delay at least one week

• 39 patients re-challenged

• Overall, 10/39 had same irAE, 9/39 had a new 
one.

• 20/39 had no subsequent irAE

• Recurrent or new irAE was 33% (2/6) in those 
with pneumonitis

Journal of Clinical Oncology 2017;35:9012.

https://ascopubs.org/author/Santini,+Fernando+Costa
https://ascopubs.org/author/Rizvi,+Hira
https://ascopubs.org/author/Wilkins,+Olivia
https://ascopubs.org/author/van+Voorthuysen,+Martine
https://ascopubs.org/author/Panora,+Elizabeth
https://ascopubs.org/author/Halpenny,+Darragh


• JAMA Oncology Original Investigation  September 1, 2019

• Evaluation of Readministration of Immune Checkpoint 
Inhibitors After Immune-Related Adverse Events in 
Patients With Cancer

• Audrey Simonaggio, MD; Jean Marie Michot, MD; Anne Laure Voisin, MD; Jérome Le Pavec, MD, 
PhD; Michael Collins, MD; Audrey Lallart, MD; Geoffray Cengizalp, MD; Aurore Vozy, MD; 
Ariane Laparra, MD; Andréa Varga, MD; Antoine Hollebecque, MD; Stéphane Champiat, MD, 
PhD; Aurélien Marabelle, MD, PhD; Christophe Massard, MD, PhD; Olivier Lambotte, MD, PhD

• 93 patients, 16% lung cancer

• Initial irAE 13 (14%) pneumonitis

• 40 patients re-challenged

• Same or different irAE in 22 (55%)

• Second irAE’s were not more severe then the first

https://jamanetwork.com/journals/jamaoncology/fullarticle/2735330?resultClick=1
https://jamanetwork.com/journals/jamaoncology/fullarticle/2735330?resultClick=1
https://jamanetwork.com/journals/jamaoncology/fullarticle/2735330?resultClick=1


Rechallenge: summary

If patients have developed grade 1 CIP which completely resolves, 

guidelines would recommend that the patient may safely restart ICI 

upon clinical +/- radiographic resolution of CIP. 

If a patient develops grade 2-3 CIP which completely resolves, 

patients may recommence ICI at the discretion of their treating 

oncologist with close monitoring, and knowledge that there is 

increased risk of re-emergent CIP on reinstitution of ICIs (Naidoo 

et al, JCO 2016). 

In patients with severe (grade 3+ CIP) which does not completely 

resolve, ICI should be permanently discontinued. 



Is CIP associated with efficacy of immune checkpoint blockade ?

Is it safe to re-challenge?

Is treatment with steroids associated with worse 

cancer-related outcome?

Can you treat patients with ICI if they have co-existing interstitial 

lung disease, airway disease, etc?

Questions and Challenges





Is CIP associated with efficacy of immune 

checkpoint blockade ?

Is it safe to re-challenge?

Is treatment with steroids associated with 

worse cancer-related outcome?

Can you safely treat patients with ICI if 

they have co-existing interstitial lung 

disease, airway disease, etc?

       







Patients with ILD

• In this small retrospective series:

• Conclusions:

• Patients with ILD who received PD-1 
inhibitors were more likely to die 
from cancer or non-ILD cause then 
from ILD or drug-induced 
pneumonitis



Special consideration for ADC



Key Take-Home Points

• Medication related lung toxicity:

• Potentially serious/fatal

• Usually responds to holding the medication and 
starting steroids

• Consider if safe to re-challenge

• Multi-disciplinary Toxicity Team; at least 50% will have 
other organ toxicities if experiencing ICI pneumonitis

• Consider and re-consider the differential diagnosis.



gweinhouse@bwh.harvard.edu
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