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The Immunotherapy Landscape in Oncology
Immunotherapy continues to be a growing category in oncology
treatment, and company- and cooperative group-sponsored 

Source: Ongoing company-sponsored and pivotal cooperative group-sponsored trials; 
CancerMPact Future Trends and Insights (accessed from www.cancermpact.com), 
CancerLandscape, and www.clinicaltrials.gov; accessed 13 Jul 2016 
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trials are being conducted in all major tumor types.
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Figure 2. Spectrum of toxicity of immune checkpoint blockade agents.
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•  Principales molécules et toxicités (thérapies ciblées) 
Drug Toxicity 

Gefitinib, Erlotinib Acute interstital lung disease 

Imatinib, Dasatinib Pleural effusion, pneumonitis 

Cetuximab, panitumumab Bronchospasm, bronchiolitis, pulmonary fibrosis 

Trastuzumab Pneumonitis 

Everolimus, Temsirolimus Pneumonitis 

Bevacizumab Hemoptysis, embolism, hemorrhage 

Sorafenib Pneumonitis 

Sunitinib Recall pneumonitis 

Rituximab Bronchospasm, ARDS, interstitial pneumonitis 

Ofatumumab Insterstitial pneumonitis 

Alemtuzumab Dyspnea, hypoxia, hemorrhage 

Bortezomib Pleural effusion, organizing pneumonia, bronchiolitis 

Thalidomide/lenatidomide Embolism, pneumonitis, organizing pneumonia 
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CTCAE 4.03 - June 14, 2010 : Respiratory, thoracic and mediastinal disorders 
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Respiratory, thoracic and mediastinal disorders
Grade

Adverse Event 1 2 3 4 5

Pleural hemorrhage Asymptomatic; mild
hemorrhage confirmed by
thoracentesis

Symptomatic or associated
with pneumothorax; chest
tube drainage indicated

>1000 ml of blood evacuated;
persistent bleeding (150-200
ml/hr for 2 - 4 hr); persistent
transfusion indicated; elective
operative intervention
indicated

Life-threatening respiratory or
hemodynamic compromise;
intubation or urgent
intervention indicated

Death

Definition: A disorder characterized by bleeding from the pleural cavity.

Pleuritic pain Mild pain Moderate pain; limiting
instrumental ADL

Severe pain; limiting self care
ADL

 -  -

Definition: A disorder characterized by marked discomfort sensation in the pleura.

Pneumonitis Asymptomatic; clinical or
diagnostic observations only;
intervention not indicated

Symptomatic; medical
intervention indicated; limiting
instrumental ADL

Severe symptoms; limiting self
care ADL; oxygen indicated

Life-threatening respiratory
compromise; urgent
intervention indicated (e.g.,
tracheotomy or intubation)

Death

Definition: A disorder characterized by inflammation focally or diffusely affecting the lung parenchyma.

Pneumothorax Asymptomatic; clinical or
diagnostic observations only;
intervention not indicated

Symptomatic; intervention
indicated (e.g., tube
placement without sclerosis)

Sclerosis and/or operative
intervention indicated;
hospitalization indicated

Life-threatening
consequences; urgent
intervention indicated

Death

Definition: A disorder characterized by abnormal presence of air in the pleural cavity resulting in the collapse of the lung.

Postnasal drip Mild symptoms; intervention
not indicated

Moderate symptoms; medical
intervention indicated

 -  -  -

Definition: A disorder characterized by excessive mucous secretion in the back of the nasal cavity or throat, causing sore throat and/or coughing.

Common	Toxicity	Criteria	Adverse	Event	(4:0)	

Mais	mul<ples	dénomina<ons:	«	pneumoni<s	»	+++	mais	aussi	Inters<<al	
lung	disease,	bronchioli<s,	pneumoniae:	biais	dans	l’es<ma<on	de	l’incidence	
dans	les	études	?	
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immune checkpoints are inhibitory pathways that maintain
self-tolerance. Targeting PD-1 enhances the effector function
of previously activated T cells. This blockage does not only
concern the interaction between tumor-infiltrating lympho-
cytes and tumor cells, but also normal interactions between
antigen-presenting cells and naïve T cells, resulting in a risk
of autoimmune toxicity caused by an increase in autoreactive
lymphocytes. Thus, pulmonologists and oncologists have to
face a new type of toxicity: immune-related adverse effects
(irAEs). Classic irAEs reported with anti-PD-1 are pneumo-
nitis, colitis, hepatitis, vitiligo, hypophysitis and thyroiditis.
Nevertheless, these events are usually reversible and rarely
severe. In the trials described above, nivolumab appears well
tolerated compared to docetaxel. In the CheckMate 063 study,
17% of patients experienced grade 3 or 4 toxicity (3% pneu-
monitis, 3% diarrhea). In the CheckMate 017 study, docetaxel
induced grade 3/4 adverse effects in 55% of patients versus
only 7% that received nivolumab (30% grade 3/4 neutropenia
vs. 0% with nivolumab). Similar data were reported in the
CheckMate 057 study, that is, 53.7% grade 3/5 adverse events
with docetaxel versus 10.5% with nivolumab.
Even though rare, it appears that immune-related pneu-

monitis is the most threatening side effect. Any new or
worsening respiratory symptom justifies a CT scan with a
contrast agent. In cases where there is a differential diagnosis
(pulmonary embolism, pneumonia, tumor progression), an
appropriate etiologic treatment should be initiated. In cases

of suspected iatrogenic pneumonia (infiltrates, patchy pat-
terns, ground-glass opacities, peribronchial consolidation or
other patterns of interstitial pneumonia), a bronchoscopy
with a bronchoalveolar lavage, including cytology, T cell
subsets, and a full microbial analysis, is indicated to eliminate
infection or tumor progression. Grade 1 or 2 immune-related
pneumonia requires temporary discontinuation of nivolumab
and oral corticosteroids (1 – 2 mg/kg) whereas grade 3 or 4
justifies permanently stopping nivolumab and high-dose ster-
oids (1 g/day for 3 days, then tapering).[21] An example of
interstitial pneumonitis, possibly related to nivolumab, is
shown in Figure 3.

1.9. Evaluation of response
Due to its distinct mechanism of action, the response pat-
terns to immunotherapy differ from those observed usually
with cytotoxic agents. A tumor response can occur after an
initial increase in tumor burden, which can be characterized
as progressive disease according to the response evaluation
criteria in solid tumors criteria. Four patterns of response can
be observed: a decline in tumor burden of all baseline lesions;
a durable stable disease that is eventually followed by a slow
response; a response after a first-step progression of baseline
lesions; and the appearance of new lesions and a response to
baseline lesions. These four patterns are associated with
improved survival.[22] Initial progression of baseline lesions

Figure 2. Example of tumor response to nivolumab.A, B. Before treatment in a heavily pretreated female. C, D. After four
courses of nivolumab in a heavily pretreated female.

Nivolumab for NSCLC

Expert Opin. Biol. Ther. (2015) 15(12) 5
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may correspond to a delay in efficient antitumor immunity
and/or to T-cell infiltration into the tumor microenviron-
ment, with new lesions following the same mechanisms in
radio-occult pre-existing tumors.

1.10. Perspectives
1.10.1. Nivolumab as first-line therapy
Nivolumab has been tested in pretreated patients, but we do
not know yet if we can expect the same range of efficacy in
untreated tumors. A Phase III randomized trial (CheckMate
026, NCT02041533) is currently recruiting patients to
receive either nivolumab or chemotherapy as a first-line
treatment for PD-L1-positive patients.

1.10.2. Nivolumab in an adjuvant setting
Another perspective is to extend the indications of immunother-
apy in the earlier stages of NSCLC. Immunotherapeutic inter-
ventions may be able to both induce cell-mediated immunity
against proliferating cancer cells following a complete resection,

and establish an immunologic memory that may guard against
future recurrences through active immune surveillance. Trials
are about to begin in this setting. Neo-adjuvant trials are also
interesting strategies that can initiate an immune response
before surgery, although specific toxicity profiles have to be
first addressed in Phase I/II studies.

1.10.3. Combining immunotherapy with other
treatments
Based on theoretical rationale, and supported by preclinical
data, we anticipate that immunotherapy can be synergized
with conventional treatments.
Certain chemotherapies induce so-called immunogenic cell

death and increase the release of neo-antigens, which will
then be presented to T cells. In this case, the combination of
chemotherapy should synergize with PD1 inhibitors such as
nivolumab.[23]
Acquired resistance to fractionated radiotherapy can be

overcome by the PD-1 blockade in preclinical models,[24]
suggesting the potential for concomitant or sequential use of
both strategies.
Because of two distinct levels of intervention, that is,

T-cell activation and expansion in the periphery of CTLA4
and CTL effector functions in the tumor microenvironment
of PD-1, it seems logical to combine these two drugs to
enhance antitumor immune activity.[25] Impressive results
have been reported for melanoma,[26] and clinical trials are
ongoing for lung cancer patients.[27] Other combinations
with tumor vaccines, such as indoleamine 2,3-dioxygenase-1
inhibitors, drugs that target co-stimulatory receptors such as
OX40 and inhibitory receptors that include TIM3 and LAG-
3, also show promise.
Activating a patient’s immune system during a time of

tumor reduction and remission may be the best way to
ensure that responses are converted to a durable benefit.
Unlike conventional chemotherapies, targeted therapies for
EGFR-mutated or ALK-rearranged adenocarcinoma may
achieve rapid and significant tumor shrinkage without the
need for the immunosuppression induced by chemotherapies.
Moreover, oncogenic EGFR signalling remodels the tumor
microenvironment to trigger an immune escape, and
mechanistically links the treatment response to PD-1 inhibi-
tion.[28] A combination of nivolumab and erlotinib has
shown an objective response rate of 19%, and a 6-month
PFS rate of 47% in a population of EGFR–TKI pretreated
patients (20/21 patients), but a rate of grade 3 – 4 adverse
events of 24% [29]: other trials are ongoing. The same
synergy is suspected in ALK-positive patients [30] and a
combination of checkpoint inhibitors and ALK inhibitors is
being currently tested.

1.10.4. Potential uses of biomarkers
As with other targeted therapies, only a minority of patients
currently benefit from active immunotherapy even though, for

Figure 3. Example of pulmonary toxicity with nivolumab
(interstitial pneumonitis occurring at 15 days after infusion
of nivolumab).

Guibert & Mazières

6 Expert Opin. Biol. Ther. (2015) 15(12)

D
ow

nl
oa

de
d 

by
 [I

ns
er

m
 D

is
c 

Is
t] 

at
 2

3:
48

 2
7 

N
ov

em
be

r 2
01

5 

may correspond to a delay in efficient antitumor immunity
and/or to T-cell infiltration into the tumor microenviron-
ment, with new lesions following the same mechanisms in
radio-occult pre-existing tumors.

1.10. Perspectives
1.10.1. Nivolumab as first-line therapy
Nivolumab has been tested in pretreated patients, but we do
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1.10.2. Nivolumab in an adjuvant setting
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apy in the earlier stages of NSCLC. Immunotherapeutic inter-
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against proliferating cancer cells following a complete resection,

and establish an immunologic memory that may guard against
future recurrences through active immune surveillance. Trials
are about to begin in this setting. Neo-adjuvant trials are also
interesting strategies that can initiate an immune response
before surgery, although specific toxicity profiles have to be
first addressed in Phase I/II studies.

1.10.3. Combining immunotherapy with other
treatments
Based on theoretical rationale, and supported by preclinical
data, we anticipate that immunotherapy can be synergized
with conventional treatments.
Certain chemotherapies induce so-called immunogenic cell

death and increase the release of neo-antigens, which will
then be presented to T cells. In this case, the combination of
chemotherapy should synergize with PD1 inhibitors such as
nivolumab.[23]
Acquired resistance to fractionated radiotherapy can be
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suggesting the potential for concomitant or sequential use of
both strategies.
Because of two distinct levels of intervention, that is,
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and CTL effector functions in the tumor microenvironment
of PD-1, it seems logical to combine these two drugs to
enhance antitumor immune activity.[25] Impressive results
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ongoing for lung cancer patients.[27] Other combinations
with tumor vaccines, such as indoleamine 2,3-dioxygenase-1
inhibitors, drugs that target co-stimulatory receptors such as
OX40 and inhibitory receptors that include TIM3 and LAG-
3, also show promise.
Activating a patient’s immune system during a time of

tumor reduction and remission may be the best way to
ensure that responses are converted to a durable benefit.
Unlike conventional chemotherapies, targeted therapies for
EGFR-mutated or ALK-rearranged adenocarcinoma may
achieve rapid and significant tumor shrinkage without the
need for the immunosuppression induced by chemotherapies.
Moreover, oncogenic EGFR signalling remodels the tumor
microenvironment to trigger an immune escape, and
mechanistically links the treatment response to PD-1 inhibi-
tion.[28] A combination of nivolumab and erlotinib has
shown an objective response rate of 19%, and a 6-month
PFS rate of 47% in a population of EGFR–TKI pretreated
patients (20/21 patients), but a rate of grade 3 – 4 adverse
events of 24% [29]: other trials are ongoing. The same
synergy is suspected in ALK-positive patients [30] and a
combination of checkpoint inhibitors and ALK inhibitors is
being currently tested.

1.10.4. Potential uses of biomarkers
As with other targeted therapies, only a minority of patients
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inhibiteurs	 essais	 «	pneumoni0s	»	
tous	grades		

Pneumoni0s	
	grade	3-5	

Nivolumab	(an<	PD-1)	 CHECKMATE	063	 5,1%	 3,4%	

CHECKMATE	017	 4,6%	 0	

CHECKMATE	057	 1,4%	 1%	
Pembrolizumab		
(an<	PD-1)	 KEYNOTE	010	 5%	 2%	

KEYNOTE	024	 5,8%	 2,6%	
Atezoluzimab	
(an<	PD-L1)	 POPLAR/OAK	 1-3%	

Méta-analyse incluant 26 études (mélanome, CBNPC, carcinome rénal à cellules claires, 

carcinome ovarien, lymphome): 

-  En monothérapie incidence globale 2,7% pour tous les grades de sévérité et 0,8% 

pour les formes sévères (grade>3).  

-  Traitements combinés : incidence plus élevée à 6,6% (p<0.001).  

-  Incidence plus élevée dans le CBNPC comparé au mélanome :4.1% contre 1.6% 

(p=0.002)   

Incidence 
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identified as a rare but potentially severe event.

Between December 2015 and April 2016, we conducted a retrospective study in centres experienced in
ICI use. We report the main features of ICI–ILD with a focus on clinical presentation, radiological
patterns and therapeutic strategies.

We identified 64 (3.5%) out of 1826 cancer patients with ICI–ILD. Patients mainly received
programmed cell death-1 inhibitors. ILD usually occurred in males, and former or current smokers, with a
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•  Étude	observa0onnelle	rétrospec0ve,	mul0centrique	et	
interna0onale,	24	centres	expérimentés	dans	l’u0lisa0on	
des	ICI	dont	22	centres	français	et	2	centres	suisses	

•  De	décembre	2015	à	avril	2016	

•  Recueil	de	données	par	ques0onnaire	et	envoi	du	CD	du	
TDM	ayant	permis	le	diagnos0c	de	la	PID.	

	
•  Relecture	centralisée	du	dossier	clinique	et	du	TDM	
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•  Des	critères	diagnos0ques	ont	été	proposé	par	Camus	et	al.	en	2004:	

ü  Iden0fica0on	du	traitement	

ü  Imputabilité	extrinsèque	du	traitement		

ü  Critères	chronologiques	d’imputabilité:	imputabilité	intrinsèque		

ü  Les	caractéris0ques	cliniques,	radiologiques	et	anatomo-

pathologiques	de	l'aVeinte	pulmonaire	compa0bles	avec	les	

observa0ons	antérieures	du	médicament		

ü  Exclusion	des	autres	causes	de	PID	
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		 		 		 N	 %	

Gender	(n=64)	

		 Male		 54	 84.4	

		 Female	 10	 15.6	

Age	at	diagnosis	(years)	(n=63)	

		 Median	(range)	 59	(22-83)	 		

		 <60		 		 33	 52.4	

		 ≥	60	 		 30	 47.6	

		 Unknown	 		 1	 		

Smoking	history	(n=60)	

		 No	 		 12	 20.0	

		 Current	smoker	 16	 26.7	

		 Past	Smoker	 32	 53.3	

		 Unknown	 4	 		

		 Median	of		PA	(range)	 40	(5-80)	 		

Medical	history	

		 Chronic	infec<on		 1	 1.6	

		 Immunodeficiency	 1	 1.6	

		 Other	of	Cancer	 11	 17.7	

		 COPD	 12	 19.4	

		 Emphysema	 6	 9.7	

		 Pulmonary	fibrosis	 1	 1.6	

ECOG	performans	status	(n=64)	

		 0-1	 		 59	 92.2	

		 2-3	 		 5	 7.8	

Diagnos0c	tumor	(n=64)	

		 Lung	cancer	 48	 75.0	

		 		 Adenocarcinoma	 25	 52.1	

		 		 Squamous	 16	 33.3	

		 		 Others	 7	 14.6	

		 Melanoma	 13	 20.3	

		 Others	 3	 4.7	

Best	objec0ve	response	un0l	ILD	diagnosis	(n=64)	

CR/PR	 23	 35.9	

PD	 7	 10.9	

SD	 21	 32.8	

Not	evaluated	 13	 20.3	

Drugs	(n=58)																																																						N																										%						

		 An<-CTLA4	 4	 6.9	

		 An<-PD1	 46	 79.3	

		 An<-PDL1	 8	 13.8	

		

Unknown	(double	blind	

trials)	
6	

		

		 		 		 N	 %	 		

Time	to	onset	of	ILD	(months)	(n=64)		

		

Median	

(range)	 		

2.3		

(0.2-27.4)	 		 		

		 0-2	months	 		 27	 42.2	 		

		 2-4	months	 		 17	 26.6	 		

		 4-6	months	 		 11	 17.2	 		

		 >6	months	 		 9	 14.1	 		

Grade	(CTCAE	V4.0)	(n=64)	

		 1	 		 10	 15.6	 		

		 2	 		 25	 39.1	 		

		 3	 		 17	 26.6	 		

		 4	 		 6	 9.4	 		

		 5	 		 6	 9.4	 		

Symptoms	(n=61)	

		 Cough	 		 32	 52.5	 		

		 Dyspnea	 		 49	 80.3	 		

		 Fever	 		 20	 32.8	 		

		 unknwon	 		 3	 		 		

Taux	de	réponse	à	35,9%	

An<	PD-1	en	majorité	
Aucune	bithérapie	

Délai	médian	d’appari<on	de	la	PID	2,3	mois	
6	PID	fatales	(grade	5)	
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Délai	de	survenue	des	PID	selon	le	type	tumoral:	plus	précoce	dans	le	CBNPC	avec	une	
médiane	de	2.1	pour	le	CBNPC	vs	5.2	mois	pour	le	mélanome	(p<0,02)	
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Pas	de	différence	significa<ve	entre	le	délai	de	survenue	de	la	PID	et	le	grade	
de	sévérité	
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Lésions	prédominantes	verre	dépoli	et	condensa<ons,		extension	médiane	à	3	lobes	
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Pneumopathie	
organisée	(PO)	(23.4%)		

Pneumopathie	inters00elle	
non	spécifique	(7.8%)	

Pneumopathie	
hypersensibilité	(15.6%)		

Bronchiolite	(6.3%)	 Crazy	paving	 Inclassable	(35,9%)	
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a-b:	PaVern	OP:	baseline	and	aoer	3	months	without	ICI	and	cor<costeroids.	GGO	persitant 

Evolution sous traitement (arrêt ICI et corticoides) 
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Janvier 2016 Février 2016 

  

  
 

Evolu<on	d’une	PO	après	
arrêt	des	ICI		régression	de	la	
condensa<on,	persistance	de	
plages	de	verre	dépoli	sous	
cor<cothérapie	et	arrêt	du	
traitement.	
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Taux	médian	de	lymphocytes	à	33,5%	
Infiltra<on	lymphocytaire	T	
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       N % 
 Management 
  Corticoids (n=61)  53 86.9 
    Median dose (range) (mg)                    80 (20.0; 240.0) 

    
Median duration (range) 
(days) 

 
                  27 (4.0;251.0) 

  Antibiotiques (n=62)  41 66.1 
   Evolution (n=63)      
  Guérison  18 28.6 
  Amélioration  25 39.7 
 Stable  13 20.6 
 Aggravation   1 1.6 
 Décès   6 9.5 

  Missing   1   
 Rechallenge (n=58) 
  Rechallenge        10   17.2 
  Récidive        3    5.1 
  Absence de récidive       7  12.1 

 
Absence de  
rechallenge 

 
      48  82.8 

  Missing         6  
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DOSSIER

Endoscopie bronchique 
Avec LBA, cytologie, populations lymphocytaires, 

analyse bactériologique, virologique, 
mycologique, BK, biopsie transbronchique

TDM thoracique APC
Si indication clinique, discuter : échographie cardiaque, EFR

Apparition ou aggravation de symptômes 
(toux, dyspnée)

Négative 
(absence de modifications 

par rapport à la dernière TDM)

Diagnostics différentiels
(embolie pulmonaire, infection pulmonaire, 

progression tumorale, insuffisance cardiaque)

Diagnostic 
différentiel

Anomalies à la TDM
 (réticulations, verre dépoli, condensations 

pulmonaires, nodules péribronchovasculaires, etc.)

Forte suspicion 
de pneumopathie médicamenteuse*

• Traitement étiologique
• Discuter la poursuite de l’immunothérapie
• Discuter un contrôle de la TDM à 3 semaines

• Traitement symptomatique
• Poursuite de l’immunothérapie
• Discuter un contrôle TDM à 3 semaines

* Voir tableau II.
LBA : lavage bronchoalvéolaire ; TDM : tomodensitométrie.

Figure 3. Proposition de diagramme décisionnel pour la prise en charge des pneumopathies interstitielles diffuses 
associées aux inhibiteurs des points de contrôle de l’immunité.

Conclusion

Devant l’absence de facteurs de risque clairement 
identifiés, la connaissance des patterns radiologiques 
et des manifestations cliniques des PID associées 
aux IPCI est essentielle pour le diagnostic rapide et 
la gestion de cet effet indésirable potentiellement 

grave. Le LBA et les biopsies pulmonaires perendo-
scopiques peuvent contribuer à affiner le diagnostic 
en excluant une infection pulmonaire et en montrant 
une alvéolite lymphocytaire. Une prise en charge 
rapide est généralement associée à une évolution 
favorable et nécessite une collaboration entre 
pneumo logues, radiologues et oncologues. ■

Tableau II. Prise en charge suggérée en fonction du grade de sévérité de la pneumopathie interstitielle diffuse.

Grade de sévérité 
(CTCAE 4.0)
Trouble caractérisé 
par une inflammation 
focale ou diffuse 
du parenchyme 
pulmonaire

Grade 1
Asymptomatique

Image radiologique 
isolée

Grade 2
Symptomatique

Nécessite 
un traitement médical 

Interfère 
avec les activités 
instrumentales 

de la vie quotidienne

Grade 3
Symptômes sévères

Interfère 
avec les activités 

élémentaires 
de la vie quotidienne 

Oxygénothérapie 
requise

Grade 4
Atteinte respiratoire 

mettant en jeu 
le pronostic vital

Nécessite une prise 
en charge en urgence 

Interruption de 
l’immunothérapie ✖ ✔ ✔ ✔

Corticoïdes À discuter à faible dose Faible dose 
(de 0,5 à 1 mg/kg)

Forte dose 
(de 2 à 4 mg/kg)

Forte dose 
(4 mg/ kg ou bolus i.v.)

Reprise 
de l’immunothérapie 
après résolution 
de l’épisode

/ ✔ ✖ ✖

Contrôle TDM 
à 3 semaines ✔ ✔ ✔ ✔
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•  Risque rapportée de tuberculose (n = 2) 

 

•  Un cas rapporté d’ABPA (n = 1) 

not expectorate sputum, bronchoscopy was used to
collect bronchoalveolar lavage fluid and transbronchial
lung biopsy specimens. Examination of a bronchoalveo-
lar lavage fluid culture showed positive acid-fast bacilli
that were confirmed as Mycobacterium tuberculosis by
polymerase chain reaction. The transbronchial lung
biopsy specimens showed no caseous necrosis but did
show diffuse lymphocytic infiltrations (Fig. 2A and B).

After cessation of nivolumab administration in May
2016, the patient began receiving antituberculosis
treatment.

Discussion
To our knowledge, this is the first case of acute

development of pulmonary tuberculosis during anti–PD-1
antibody immune therapy. Active tuberculosis is often

Figure 1. Computed tomography (CT) images during the clinical course of the patient. (A and B) CT scan at diagnosis. There
was no obvious abnormal shadow in the bilateral upper to lower lobes. (C and D) CT scan after four cycles of second-line
chemotherapy (before nivolumab). Similarly, no obvious abnormal shadow was seen in the bilateral upper to lower lobes.
(E and F) CT scan after eight cycles of nivolumab administration. Abnormal shadows with centrilobular nodules, showing
tree-in-bud appearance, were observed.

Figure 2. Histopathological findings of examination of the lung biopsy specimens. Diffuse lymphocyte infiltrations were
observed in the alveolar area (hematoxylin and eosin). (A) Original magnification, !200; (B) original magnification, !400).

December 2016 Anti–PD-1 Antibody and Acute Tuberculosis 2239

treatment rechallenge [5]. Of note, aspergillosis infection
in immunocompromised patients from the oncology
field is usually associated with an invasive form of
the disease. However, in this case report, we describe
a hypersensitivity reaction to aspergillosis that may have
been triggered by anti-PD-1 therapy. The patient’s damp
environment further suggests that this complication may
have been facilitated by an aspergillus respiratory tract
precolonisation. Since anti-PD1 therapy may be involved
in allergic responses [6], it could be proposed that this
therapy may also have disrupted the tolerance balance
between the host and aspergillus and triggered respira-
tory symptoms of allergic nature. In addition, this un-
usual case highlights that immune-related adverse events

due to novel immunotherapies could derive from close
interactions between the patient’s host background and
his environment and support the need for biological
documentation of immune-related adverse events. This
first reported case of a respiratory immune-related
adverse event potentiated by a respiratory pathogen
colonisation highlights a new mechanism of immune-
related adverse event physiopathology.
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•  Granulomatose de type sarcoidosique chez un patient porteur 
d’un mélanome et traité par nivolumab 

•  Evolution favorable à l’arret du traitement (pas de corticoides) et 
rémission prolongé du mélanome. 
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•  3 cas de granulomatose de type sarcoidosique (1 mélanome et 2 
CBNPC) traités par ipi+nivo, nivo, durvalumab 
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Clinical presentations

Maculopapular rashes

A predominantly nonspecific macular papular rash
represents the most prevalent cutaneous adverse
event induced by anti-PD-1 therapy [11&]. Patients
generally develop eruptions after the first doses
[2&,6&,11&], but lesions can also worsen after each
treatment cycle.

Lesions are mainly located on the trunk and
extremities, usually sparing the face. Acral involve-
ment is also possible [11&]. The extent of skin surface
involved varies, but lesions usually remain self-lim-
iting (grade 1 or 2, covering less than 30% of body
surface area). Lesions chiefly consist of faint eryth-
ematous macules and/or papules (Fig. 1a and b),
with or without discrete scaling. Itching or a burn-
ing sensation are commonly associated. A predom-
inantly photoexposed distribution has also been
mentioned recently but needs to be confirmed [11&].

Histopathologic changes are not clearly charac-
terized with PD-1/PD-L1 blocking antibodies. By
contrast, the most relevant histopathologic findings
with anti-CTLA-4 ipilimumab are perivascular
superficial CD4þ T-cell infiltrates, with or without
epidermal spongiosis and eosinophilic infiltrates
in the upper dermis [13]. A skin biopsy should

be systematically recommended in the case of
atypical lesions or persistent/recurrent grade 2 or
grade 3 exanthematous rash. Indeed, more specific
histologic features can occasionally be isolated (e.g.
psoriasiform or lichenoid patterns).

Early intervention and adequate monitoring are
crucial in order to restrict exacerbation of the
lesions, to ensure consistent dosing, and to limit
the decrease in quality of life. Symptomatic manage-
ment depends on severity and clinical grading but
mainly includes prescription of oral antihistamines,
topical steroids (e.g., betamethasone or clobetasol
propionate, cream or ointment), and/or moisturiz-
ing ointments. However, a cutaneous infection
should be ruled out before applying topical steroids.
In a large majority of cases, management of macular
papular rash does not require skipping a cycle or
permanent discontinuation. Nevertheless, immu-
notherapy should be delayed and oral corticoste-
roids considered (0.5–2 mg/kg/day) in the case of
persistent or intolerable grade 2 and grade 3 rash
(Fig. 2). Once improving, systemic steroids should
be tapered over 1 month and immunotherapy
resumed within 12 weeks of the last dose and
when the steroid dose is less than 10 mg prednisone
equivalent. Management algorithm is summarized
in Fig. 2.

Table 1. All-grade and high-grade skin toxicities of anti-PD-1 and anti-CTLA-4 immune checkpoint antibodies reported in
pivotal studies conducted in melanoma patientsa

Treatment-related
select skin adverse
events (% "grade 3) Pembrolizumab Nivolumab Ipilimumab

Nivolumab/ipilimumab
in combination

Skin select adverse
events

Data missing 37.4–41.9% (1.5–1.6) 43.5–58.7% (0–2.9) 58.7–71.3% (4–9.6)

Rash 13.4–20.7% (0–2) 15–21.7% (0.3–0.5) 14.5–26.1% (0–1.6) 28.4–55% (2.9–5.3)

Rash maculopapular 1.5–3.6% (0–0.4) 2.5–4.2% (0.3) 2.7–17.4% (0–0.4) 11.8–16% (1.6–3.2)

Pruritus 14.1–20.7% (0–1) 17–18.8% (0–0.5) 24.4–35.4% (0–0.4) 33.2–47% (0–1.9)

Vitiligo 8.9–11% (0) 7.3–10.7% (0–0.3) 1.6–8.7% (0) 6.7–11% (0)

aAdapted from [4,5&,7&,14,17,18&].

(a) (b)

FIGURE 1. (a) Grade 1 and (b) grade 2 pruritic maculopapular rash (anti-PD-1 antibodies).
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layer can also be observed, associated with scattered
apoptotic basal keratinocytes [26&,27&] (Fig. 4a–c).
Schaberg et al. [25] recently observed greater histio-
cytic infiltrates compared with control lichenoid
reactions. Conversely, the number of T cells staining
positive for PD-1 was comparable (5–20%). Conser-
vative management with high-potency topical
steroids is generally sufficient and dose interruption
is usually not required [25,27&].

Psoriasis

Recently, a few sporadic case reports of exacerbation
or occurrence of psoriasis have been reported

with nivolumab [28,29,30&] and pembrolizumab
[11&,31&]. This has also been described previously
with ipilimumab therapy [32&]. Patients chiefly
exhibited asymptomatic psoriasiform lesions with
sharply bordered, scaly erythematous plaques
on the trunk and limbs. Immunotherapy was main-
tained in all cases and psoriasis was controlled with
topical steroids, vitamin D3 analogues, or retinoids
[28,29,30&,31&].

In our experience, we have also observed new
onset psoriasis with anti-PD-L1 agents (unpublished
data). Involvement of palmar areas or inverse
psoriasis with lesions predominantly located

(a) (b)

FIGURE 3. (a) Diffuse and (b) localized lichenoid dermatitis induced by anti-PD-1 antibodies.

(a) (b)

(c)

FIGURE 4. (a) Histopathological aspects of a lichenoid reaction, demonstrating a vacuolar interface dermatitis with a
predominant superficial band-like T-cell infiltrate and visible scattered apoptotic basal keratinocytes (hemalum eosin, !20); (b)
PD-1 (20% of infiltrate cells); and (c) PD-L1 (15% of infiltrate cells) immunostaining (!10, Ventana Ultraview DAB Detection
Kit; clone NAT1054, Cell Marque, Rocklin, California, USA, and clone SP142, Spring Bioscience, Pleasanton, California,
USA).
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in large folds [31&] can also sometimes be observed
(Fig. 5a–c).

The pathogenesis remains speculative. The
recent demonstration of weak PD-L1 and 2 expres-
sion at mRNA and protein levels in psoriatic
keratinocytes should be underlined [33]. It has also
been clearly demonstrated that psoriasis is strongly
associated with T-helper (Th)17 lymphocytes,
which are, at least in part, downregulated by the
PD-1 pathway. By inhibiting PD-1, these checkpoint
inhibitors may increase Th17 cell activation, induc-
ing psoriatic lesions [28,29,30&]. The true incidence
of anti-PD-1/PD-L-1-induced psoriasis is currently
unknown and prospective studies are underway.

Miscellaneous

(1) The development of follicular acneiform lesions
has been described rarely with pembrolizumab
and atezolizumab therapy [2&,9&,21]. It may also
be noted that we personally have observed a
severe exacerbation of papulopustular rosacea
with nivolumab (Fig. 6; unpublished data).

(2) An urticarial reaction can also occur with PD-1/
PD-L1 monoclonal antibodies [2&].

(3) Several case reports of ipilimumab-induced
Sweet’s syndrome have been reported. PD-1
inhibitors also appear capable of inducing such
neutrophilic dermatoses [2&], and erythema
nodosum (noted in the pembrolizumab ‘Sum-
mary of Product Characteristics’).

(4) Anti-PD-1/PD-L1 antibodies may also reactivate
HSV or herpes zoster infection [3&,9&].

VITILIGO
The development of vitiligo represents a well rec-
ognized adverse event in patients with melanoma
treated with anti-CTLA-4 and anti-PD-1/PD-L1 anti-
bodies. Depigmentation may result from induction
of antimelanoma immunity through a cytotoxic
T-cell-mediated response with a cross-reaction
against different epitopes or antigens expressed by
both melanoma cells and normal melanocytes (e.g.
MART-1, GP100, TRP1-2, tyrosinase) [15&,16].

The overall incidence of newly developed viti-
ligo with PD-1 inhibitors varies between 8 and 25%
[4,5&–7&,11&,15&]. The relative risk of all-grade
vitiligo with anti-PD-1 and anti-CTLA-4 (pooled
analysis) has been evaluated as 16.3 (95% CI,
3.21–82.8; P¼0.0008) [34&]. Vitiligoid lesions, how-
ever, occur more frequently with anti-PD-1 agents
than with other immunotherapies (overall inci-
dence of 3.4%) [35] previously used in melanoma,
including anti-CTLA-4 [4,5&,7&] (Table 1). The inci-
dence with anti-PD-L1 therapies remains to be deter-
mined [10]. Finally, vitiligo has not been described
to date in other types of solid cancers treated
with PD-1/PD-L1 antibodies [9&,11&,20&,21–23],
but a potential underestimation because of a lack
of systematic examination of the entire skin surface
cannot be ruled out.

Vitiligo usually develops after several months
of treatment and does not appear to be dose related.
It can be preceded by erythematous inflammatory
lesions [11&,15&]. Lesions are mainly generalized
(Fig. 7a) and bilateral but focal or segmental

(a)

(c)

(b)

FIGURE 5. (a) Inverse psoriasiform eruption with anti-PD-L1 therapy (confined to perineal areas). (b, c) Acral lesions of
psoriasis developing with anti-PD-1 agents (courtesy of Professor Caroline Robert for Fig. 5b).

Supportive care
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[4,7&,9&,20&,22]. They appear to develop less com-
monly with anti-CTLA-4 ipilimumab [7&]. In rare
cases, these symptoms impact severely on health-
related quality of life (Fig. 8b) and symptomatic
management is then recommended.

SPECIFIC CONSIDERATIONS

Preexisting autoimmune disorders
Safety of anti-PD-1 or anti-PD-L1 agents in patients
with preexisting autoimmune diseases is not estab-
lished and some concerns remain. Available data are
lacking because of the fact that patients with base-
line autoimmune conditions were largely excluded
from clinical trials.

It has recently been described retrospectively
that anti-CTLA-4 ipilimumab was able to reactivate
preexisting immune-related diseases, including psor-
iasis or sarcoidosis [32&]. Likewise, the development
of bullous pemphigoid in a patient with melanoma
treated with pembrolizumab has been reported [37&].
We have also noted the exacerbation of preexisting
subacute lupus erythematosus and bullous pemphi-
goid in some of our patients with anti-PD-1 or PD-L1
antibodies (Fig. 9a and b; unpublished data).

Therefore, caution should be taken in patients
suffering from recent or ongoing auto-immune der-
matologic conditions. In all cases, close monitoring
should be set up.

Dual checkpoint blockade
Combination blockade of CTLA-4 and PD-1 recep-
tors was shown to be synergistic in increasing
objective response rate and progression-free sur-
vival in advanced melanoma patients [5&,17,18&].
As a result, the FDA has recently granted an
accelerated approval to nivolumab and ipilimu-
mab combination. Although the safety profile
appeared acceptable and consistent with previous
experience with nivolumab or ipilimumab in
monotherapy, dermatologic irAEs were notably
increased with a higher rate of all-grade skin
select adverse events (42, 55, and 59–71% for
nivolumab, ipilimumab, and combination,
respectively) [5&,18&] (Table 1). However, the pro-
portion of patients developing high-grade
cutaneous adverse events remained below 10% in
both studies. In addition, the number of patients
developing vitiligo was roughly identical in the
nivolumab and combination groups.

(a) (b)

FIGURE 8. (a) Lichenoid reaction with visible reticular streaks on the lateral side of the tongue (anti-PD-L1 antibody). (b)
Severe sicca syndrome developing with nivolumab therapy.

(a) (b)

FIGURE 9. (a) Severe exacerbation of preexisting subacute lupus erythematosus, associated with skin superinfection (anti-PD-
L1 agent). (b) Reactivation of bullous pemphigoid with nivolumab therapy.

Supportive care

8 www.co-oncology.com Volume 28 ! Number 00 ! Month 2016

Copyright © 2016 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.



Toxicité cutanée 

J. Mazieres, GOLF 2017           Sibaud V,	Curr	Op	Oncol	2016	
     

Toxicités 



Toxicité cutanée 

J. Mazieres, GOLF 2017         traduit de Sibaud V,	Curr	Op	Oncol	2016	
     

Toxicités 
Grade 1 

Macules/papules  recouvrant <10% 
BSA  ,avec ou sans symptômes fonctionnels  

Grade 2* 
Macules/papules  recouvrant  10 à 30 % BSA , 

avec ou sans symptômes fonctionnels  
Limitation  des activités instrumentales de 

la vie quotidienne 

Poursuite de l’immunothérapie  
 
Prise en charge symptomatique (émollients, corticoïdes locaux forts, antihistaminiques…) 
 
Réevaluation clinique après 2/3 semaines 

Poursuite de l’immunothérapie 
 
Prise en charge symptomatique (émollients, corticoïdes locaux forts ou très 
forts, antihistaminiques…) 
 
Biopsie cutanée si lésions atypiques ou mal tolérées 
 
si lésions persistantes et mal tolérées : Corticothérapie orale (0,5 -1 mg/kg, 
décroissance progressive sur 1 mois et reprise du traitement si  grade ≤ 1  et 
dose <10mg/j) 

Arrêt de l’immunothérapie 
 
Biopsie cutanée 
 
Prise en charge symptomatique (émollients, corticoïdes forts ou très forts, 
antihistaminiques…) 
 
Corticothérapie orale (0,5 -1 mg/kg, décroissance progressive sur 1 mois et 
reprise du traitement si  grade ≤ 1 et dose <10mg/j) 

Réaction potentiellement 
grave* 

(vésicules ou bulles, décollement cutané, 
exanthème avec exfoliation, fièvre associée, 
atteintes muqueuses, œdème facial, signe de 

Nikolsky etc.) 

Arrêt définitif de l’immunothérapie  
 prise en charge  rapide, en milieu spécialisé 

Grade 3* 
Macules/papules  recouvrant  > 30 % BSA , 

avec ou sans symptômes fonctionnels  
Limitation  des activités  indispensables de 

la vie quotidienne 

* U
ne biopsie cutanée doit être réalisée en cas de lésions 

atypiques, de grade 2 persistant et/ou m
al toléré, de grade 3 ou 

de réaction potentiellem
ent grave  
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Hypophysites Dysthyroidies 

Ac anti CTLA4  8 à 12 % 1 à 2% 

Ac anti PD1 < 1% 8 à 10 % 
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IRM pour éliminer une métastase hypophysaire 
en urgence car caractère transitoire des anomalies. 

anti-CTLA-4 +++ 
Bilan antéhypophysaire préalable avec : 
cortisol à 8 heures, ACTH, TSH, T4 libre, 
FSH, LH, estradiol chez la femme et 
testostérone chez l’homme 



Toxicité endocrinienne 

J. Mazieres, 2017         Caron P, CHU Toulouse     
            

Toxicités 

Doser TSH, T4L, T3L  
 

TSH	normale	TSH	>	4	 TSH	<	0,4	

Débuter	
ICI	

Débuter	
ICI	

§  Doser	Ac	an<-TPO	et	T4L	
§  Si	TSH	>	10	et/ou	si	T4L	basse:	
ü  introduire	Levothyroxine	
ü  consult	endoc	6	semaines	

après	obten<on	de	la	dose	
pleine	

§  Doser	T3L,	T4L,	Ac	an<-TPO,	
an<-récepteurs	de	la	TSH	

§  Prescrire	écho	thyroïdienne	
§  Consult	endoc	rapide,	puis	

suivi	mensuel	

Débuter	ICI,	dès	
que	T3L	normale	

Surveillance	TSH,	T4L,	
T3L	avant	chaque	cure	

Surveillance	TSH,	T4L,	
T3L	avant	chaque	cure	
jusqu’à	normalisa<on	
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Surveillance de la TSH, T4L, T3L 

TSH	normale	TSH	>	4	 TSH	<	0,4	

Poursuivre	
ICI	

§  Doser	Ac	an<-TPO	et	T4L	
§  Si	TSH	>	10	et/ou	si	T4L	basse:	
ü  introduire	Levothyroxine	
ü  consult	endoc	6	semaines	

après	obten<on	de	la	dose	
pleine	

§  Doser	T3L,	T4L,	Ac	an<-TPO,	
an<-récepteurs	de	la	TSH	

§  Prescrire	écho	thyroïdienne	
§  Consult	endocrino	à	1	mois,	

puis	suivi	mensuel	
§  Si	pa<ent	symptoma<que:	

propanolol	40	mg	½	cp	ma<n,	
midi	et	soir,	si	pas	de	CI	

Pas	d’arrêt	du	
ICI	

Surveillance	TSH,	T4L,	T3L	
avant	chaque	cure	

Surveillance	TSH,	T4L,	T3L	avant	
chaque	cure	jusqu’à	normalisa<on	

Poursuivre	
ICI	
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Dysfonction 

Etiologie  

Evolution  

Hypothyroïdie Thyrotoxicose 

transitoire définitive 

Thyroïdite Basedow 

transitoire persistante 

Traitement  ATS* +/- 
𝛽bloquants +/-LT4 LT4 
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Endoscopie : aspect de colite 
inflammatoire “Crohn-like”, avec un 
aspect de colite ulcérée, parfois 
extensive, pouvant s’étendre au 
rectum, à  l’anus, au sigmoïde et à 
l’iléon 

Biopsies : aspect histologique de 
colite aiguë multifocale, ou parfois 
granulomateuse (Ipilimumab), soit une 
inflammation diffuse de la muqueuse. 
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•  Colite sévères. 
•  RCH-like 
•  Recto/coloscopie 

•  Traitement par corticoïdes, anti-TNFα  

CHU	Toulouse	(L.	Alric)	
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Acute heart failure due to autoimmune myocarditis
under pembrolizumab treatment for metastatic
melanoma
Heinz Läubli1,4†, Cathrin Balmelli1†, Matthias Bossard2, Otmar Pfister2, Kathrin Glatz3 and Alfred Zippelius1,4*

Abstract

Antibodies that stimulate the immune system by targeting inhibitory T cell receptors were successfully introduced
into oncological practice and are capable to overcome tumor-induced immune evasion. In particular, targeting of
the inhibitory receptors CTLA-4 and PD-1 or its ligand PD-L1 have been shown to be beneficial for patients with
melanoma, renal cell cancer, non-small cell lung cancer and a growing list of other cancers with impressive response
rates. Here, we report a severe, potentially life-threatening side effect of anti-PD-1 immunotherapy with pembrolizumab,
which has not been previously described in the literature. A 73-year-old woman with metastatic uveal melanoma
treated with pembrolizumab in third line developed severe heart failure due to pembrolizumab-mediated autoimmune
myocarditis. Echocardiographic studies revealed a severely impaired left ventricular function with dyssynchrony. All tests
for cardiotropic viruses were negative and histological analysis of a myocardial biopsy showed lymphocytic infiltration
with a predominance of CD8 positive cells and a reduction of FOXP3 positive regulatory T cells. After initiation of
corticosteroids and guideline-conform heart failure therapy, the symptoms rapidly improved and the left ventricular
function recovered. While autoimmune myocarditis is a documented side effect of other checkpoint inhibitors, as for
example ipilimumab and in one case with anti-PD-L1 antibody, it is not described for anti-PD-1-antibodies like pembrolizumab
or nivolumab. As the FDA recently approved both pembrolizumab and nivolumab for melanoma progressing after
anti-CTLA-4 treatment with ipilimumab, more patients will soon receive anti-PD-1 therapy. Thus, it is important to be
aware of such rare, but severe immune-related adverse events.

Keywords: Melanoma, Immunotherapy, PD-1 blockade, Antibody, Nivolumab, Pembrolizumab, Autoimmunity, Anti-tumor
T cell response, Myocarditis

Background
The field of cancer immunotherapy is currently moving
forward at an accelerated pace. Though early clinical
trials have yielded mixed results with ambiguous clinical
benefit [1], cancer immunotherapy is now attracting
increasing attention as viable therapeutic option, both in
melanoma and in other malignancies [2]. In particular,
recent therapeutic efforts targeting inhibitory receptors on
T cells to overcome tumor-induced immune dysfunction
has been successfully introduced into oncological practice.
The clinical development of immune checkpoint blocking

antibodies has been pioneered by the antibody ipilimumab
(Yervoy®), which inhibits CTLA-4 and has demonstrated
survival benefit in two randomized landmark trials in
melanoma [3,4]. Capitalizing on this success, research on
clinically relevant T cell checkpoint inhibition has been
boosted. Early clinical trials have demonstrated meaningful
response rates, sustained clinical benefits with exceptional
survival rates and good tolerability of next-generation
checkpoint inhibitors, including PD-1 and PD-L1 inhibi-
tors across multiple cancer types [5-10]. Exciting perspec-
tives include the concurrent blockade of different
immunologic (non-redundant) checkpoints. The feasibility
of this approach has recently been demonstrated in melan-
oma using combined CTLA-4 and PD-1 inhibition [11].
Inhibition of immune checkpoints induces side effects

defined as “immune-related adverse events” (irAEs) [12].
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with pembrolizumab than in studies using nivolumab
alone [10], although the tumor type likely plays a role in
the toxicity profile. Future studies in other tumor types
and combinations of immunostimulatory therapies that
include pembrolizumab will certainly require careful mon-
itoring and dose escalation schemes to avoid severe irAEs.
Temporary or definitive discontinuation of immunostimu-
latory treatment and temporary immunosuppression can
be an effective treatment in most cases and safety manage-
ment guidelines are implemented in clinical trials and
should also be used for patients treated outside trials [7].
There is no prior report on perimyocarditis or endo-

carditis after treatment with pembrolizumab [6,8]. While
a similar spectrum of toxicities was observed with anti-
PD-1 antibody nivolumab [5,7] and anti-PD-L1 antibody
[9,13-15], only one case of myocarditis was reported in a
phase one trial testing anti-PD-L1 antibody [9]. Myo-
carditis of non-infectious cause was previously de-
scribed with anti-CTLA-4 treatment [3]. Histological
analysis of autoimmune lesions and tumors after treat-
ment with immune checkpoint inhibitors usually
shows infiltration of effector CD8 T cells and reduction
of regulatory FOXP3 positive T cells similarly as seen
in the analysis of the myocardial biopsy in our patient
[16] (Figure 3). Interestingly, various tissue-specific
autoimmune conditions are observed in mice deficient

for PD1 (Pdcd1−/−) [17]. These mice, particularly with
a Balb/c background, die of heart disease, which is
similar to human dilated cardiomyopathy. There is
almost no inflammation in the heart of these mice and
subsequent analyses revealed that auto-antibodies
against cardiac troponin I are responsible for the dis-
ease [18]. In mice that are genetically predisposed to
systemic autoimmunity, PD1 deficiency results in fatal
myocarditis by 10 weeks of age that is reminiscent of
Ctla4−/− mice [19]. Massive infiltration of both CD4
positive and CD8 positive T cells and myeloid cells was
found in hearts of those mice concomitant with the pro-
duction of high-titer auto-antibodies against cardiac my-
osin. Subsequent experimental work clearly confirmed the
important role for PD-1 in protecting the heart from T
cell-mediated damage [20]. PD-1–deficient T lympho-
cytes caused enhanced disease with increased cytotoxic
activity and inflammatory infiltrate.
Differential diagnosis of lymphocytic myocarditis and

dilated cardiomyopathy includes infections with cardio-
tropic viruses. Among viral causes, enteroviruses and
adenoviruses are historically common causes, but more
recently, parvovirus B19, the recent H1N1 influenza
pandemic, and human herpes virus 6 have become more
prominent [21]. Although it carries some inevitable limi-
tations, the endomyocardial biopsy remains the gold

Figure 3 Histological analysis of endomyocardial biopsy. (a) Hematoxylin and eosin staining of the myocardial biopsy with focal mononuclear
infiltrates. (b) Immunohistochemical analysis of CD68 macrophages. (c) Staining for CD8 positive T cells (d) and FOXP3 positive cells within the myocardium
of the patient.
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52%). Also BNP and hs-TnT levels had significantly
decreased (154 ng/L and 0.075 μg/L, respectively). The
patient could be discharged and anti-PD1 therapy was
halted. No other specific anti-tumor therapy was initi-
ated at the time.

Discussion
On September 4, 2014, the FDA granted accelerated
approval of pembrolizumab (KEYTRUDA®) for the
treatment of patients with unresectable or metastatic
melanoma and disease progression following ipilimumab
after the analysis of an expansion cohort of the
KEYNOTE-001 trial of 173 patients [6]. The 2 mg and
10 mg per kilogram body weight regimens every 3 weeks
showed similar response rates. Drug-related adverse
events of any grade occurred in 82% and only 12% had
grade 3 or 4 adverse events [6]. Grade 3 or 4 side effects

due to immune stimulation or irAEs were only noted
in 3 patients and included autoimmune hepatitis, maculo-
papular rash and pancreatitis [6]. In earlier studies of pem-
brolizumab, 4% of patients had pneumonitis, 1% grade 3
aminotransferase elevation, 8% hypothyroidism, 2% poten-
tially autoimmune-mediated renal failure and one patient
had autoimmune adrenalitis and hyperthyroidism [8].
Diarrhea developed in 20% of patients, but was usually
mild and could be controlled without glucocorticoids [8].
Toxicities were less frequent in patients receiving 2 mg
per kilogram body weight every 3 weeks compared to
10 mg every two or three weeks [8]. The toxicity profile
and frequency of irAEs under pembrolizumab alone com-
pared favorable to anti-CTLA-4 treatment with ipilimu-
mab alone or in combination with anti-PD-1 therapy with
nivolumab [11,12]. Similarly, pneumonitis, a potentially
life-threatening complication, was noted less frequently

Figure 2 Electrocardiograms – At presentation and during follow-up. The electrocardiograms at admission, after 10 and 19 days of treatment
are presented.
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Brief Report

Summ a r y

Immune checkpoint inhibitors have improved clinical outcomes associated with 
numerous cancers, but high-grade, immune-related adverse events can occur, par-
ticularly with combination immunotherapy. We report the cases of two patients 
with melanoma in whom fatal myocarditis developed after treatment with ipilimu-
mab and nivolumab. In both patients, there was development of myositis with 
rhabdomyolysis, early progressive and refractory cardiac electrical instability, and 
myocarditis with a robust presence of T-cell and macrophage infiltrates. Selective 
clonal T-cell populations infiltrating the myocardium were identical to those pres-
ent in tumors and skeletal muscle. Pharmacovigilance studies show that myocar-
ditis occurred in 0.27% of patients treated with a combination of ipilimumab and 
nivolumab, which suggests that our patients were having a rare, potentially fatal, 
T-cell–driven drug reaction. (Funded by Vanderbilt–Ingram Cancer Center Ambas-
sadors and others.)

Immune checkpoint inhibitors have transformed the treatment 
of several cancers by releasing restrained antitumor immune responses.1 Ipili-
mumab, an anti–cytotoxic T-lymphocyte–associated antigen 4 (CTLA-4) anti-

body, and nivolumab, an anti–programmed death-1 (PD-1) antibody, have indi-
vidually improved survival in patients with melanoma, and early results suggest 
that their combination further enhances antitumor activity and survival.2-5 Other 
adverse events associated with these agents include dermatitis, endocrinopathies, 
colitis, hepatitis, and pneumonitis, which are all thought to arise from aberrant 
activation of autoreactive T cells.6,7 These toxic effects are more frequent and severe 
when ipilimumab and nivolumab are used in combination.4 Here, we report two 
cases of lethal myocarditis accompanied by myositis in patients treated with a 
combination of nivolumab and ipilimumab.
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contained an abundance of CD4+ and CD8+ T cells 
(CD8+ T cells are shown in Fig. 1E). The infil-
trating cells were negative for CD20 and con-

tained no antibody deposits. Postmortem histo-
pathological analysis of the heart in Patient 2 
showed similar T-cell and macrophage infiltrates 

Figure 1. Results on ECG and Immune Effects in Cardiac Muscle after Treatment with Ipilimumab and Nivolumab in Patient 1.

Patient 1 had rapid progression to complete heart block (as shown on electrocardiography [ECG] in Panel A), followed by ventricular 
tachycardia (Panel B). Autopsy revealed lymphocytic infiltration of the myocardium (shown in the intraventricular septum in Panel C; 
staining with hematoxylin and eosin). The inflammatory infiltrate included CD3-positive T lymphocytes (Panel D), many of which were 
positive for CD8 (Panel E). Only cardiac and skeletal muscle was affected; smooth muscle and other tissues were spared (Panel F, hema-
toxylin and eosin). The black arrow points to esophageal smooth muscle without immune infiltration, and the green arrow points to 
esophageal skeletal muscle, which is heavily infiltrated by immune cells.
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10 mg per kilogram.15-18 Our review of a large 
safety database suggests that myocarditis is 
more frequent and severe with the combination 
of ipilimumab and nivolumab than with nivo-
lumab monotherapy, but the condition remains 
rare with both regimens, occurring in less than 
1% of patients. Since cardiac monitoring (e.g., 
with ECG or assessment of troponin levels) is 
not routinely performed in most immunotherapy 
trials, the true incidence is unknown.

Clinicians should be vigilant for immune-
mediated myocarditis, particularly because of its 
early onset, nonspecific symptomatology, and 
fulminant progression. There are no known data 
regarding what monitoring strategy may be of 
value; in our practice, we are performing base-
line ECG and weekly testing of troponin levels 
during weeks 1 to 3 for patients receiving com-
bination immunotherapy. In our experience with 
the cases reported here, both patients had strik-
ingly elevated troponin levels and refractory 
conduction-system abnormalities with preserved 
cardiac function. The findings on pathological 
examination were reminiscent of those observed 
in patients with acute allograft rejection after 
cardiac transplantation. In this regard, high-dose 
glucocorticoids appeared to blunt ongoing in-
flammation and had the effect of decreasing 
creatine phosphokinase and troponin levels, but 
the data are not directive.

We sought to characterize these aberrant im-
mune responses mechanistically. Notably, striated 
muscle (cardiac and skeletal) and tumor were 
the only affected tissues. Robust T-cell infiltra-

tion, activation, and clonal expansion were ob-
served across tissue types, with indications of 
shared high-frequency T-cell receptors. There are 
several possible mechanisms for the observed 
toxic effects. T cells could be targeting an anti-
gen shared by the tumor, skeletal muscle, and 
the heart, or the same T-cell receptor may be 
targeting a tumor antigen and a different but 
homologous muscle antigen. Alternatively, it is 
possible that clonal, high-frequency, T-cell–recep-
tor sequences across tumor and muscle samples 
are misleading and that distinct T-cell receptors 
are targeting dissimilar antigens. These include 
the possibilities that T cells are targeting an 
antigen shared by the tumor, skeletal muscle, 
and the heart, that the same T-cell receptor is 
targeting a tumor antigen and a different but 
homologous muscle antigen, or that clonal, 
high-frequency, T-cell receptor sequences across 
tumor and muscle samples are misleading and 
that distinct T-cell receptors are targeting dis-
similar antigens. In keeping with the first pos-
sibility, we observed high levels of muscle-spe-
cific antigens (desmin and troponin) in tumors 
from both patients. It is also conceivable that 
subclinical viral infection could generate T-cell 
targets, although extensive viral profiling did not 
reveal a clear cause. Although the single HLA 
class II allele HLA-DQB1*03:01 was shared by 
the two patients, up to 30% of white people 
carry this allele. No specific class I or II HLA 
haplotype was shared. Ultimately, defining which 
epitopes are being recognized by these T-cell 
receptors within the universe of potential anti-
gens is a difficult task. Moreover, only early 
mechanistic insights have been proposed for any 
toxic effects derived from immune checkpoint 
inhibitors.19,20 Further studies are needed to elu-
cidate the causative antigens and molecular 
mechanisms involved in these events.

The development of myocarditis from immune 
checkpoint inhibition does have biologic plausi-
bility. In studies in mice, PD-1 plays a role in 
myocardial immune responses and protects 
against inflammation and myocyte damage in 
models of T-cell–mediated myocarditis.21 Ge-
netic deletion of PD-1 in mice leads to cardiomy-
opathy that is caused by autoantibodies against 
cardiac troponin I.22,23 We did not observe IgG-
autoantibody deposition in the affected tissue, 
which argues against a directly analogous mech-
anism. Thus, the underlying cause of the T-cell 

Characteristic
Nivolumab 
(N = 17,620)

Nivolumab plus 
Ipilimumab 
(N = 2974)

no. (%)

Myocarditis

Any* 10 (0.06) 8 (0.27)

Fatal events 1 (<0.01) 5 (0.17)

Myositis

Any 27 (0.15) 7 (0.24)

Fatal events 2 (0.01) 1 (0.03)

*  The number of patients with myocarditis includes six pa-
tients with concurrent myocarditis and myositis.

Table 1. Incidence of Myocarditis and Myositis in 
Patients Receiving Nivolumab or Ipilimumab plus 
Nivolumab.
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the Declaration of Helsinki revised in 2004 and to the rules of the
Ethical committee of the University Hospital of Toulouse, patients
were informed of the collection of their clinical data and gave
informed consent.

Renal and extra-renal involvements were recorded using
standardised assessment of the hospital records. Glomerular
filtration rate was estimated (eGFR) using the CKD-
EPI formula. Renal pathology consisted of light microscopy
and immunostaining directed against IgG, IgA, IgM, kappa
and lambda light-chains, and fibrinogen. Immunostainings
against CD3 T-cell and CD20 B-cell markers were also
performed.

Patients

Case 1. A 67-year-old woman with lung adenocarcinoma was
treated with nivolumab. She was a never-smoker and had no
significant comorbidities. Other treatments included omeprazole,
bromazepam, fluoxetine, and levothyroxine. She had previously
received three lines of chemotherapy, including platinum salt, and
had no renal impairment. As shown in Figure 1, serum creatinine
(SCr) was 78 mmol l! 1 at baseline (day 0; estimated glomerular-
filtration rate (eGFR) was 68 ml min! 1/1.73 m2). Urinalysis
showed no red or white cells, and was sterile. After the third
infusion of nivolumab (day 34), the patient developed fatigue and
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Figure 1. Interstitial nephritis following the use of immune checkpoint inhibitors. Serum creatinine is depicted according to the time that patients
were treated with nivolumab (A), pembrolizumab (B), or ipilimumab (C). Each vertical line indicates one injection of an immune checkpoint
inhibitor. The arrow represents a kidney biopsy. (D and E) Hematoxylin-eosin and Masson’ trichrome staining of a kidney section (original
magnification) revealed acute interstitial nephritis with lymphoplasmacytic cell infiltrate and acute tubular injuries. Arrows indicate granulomatosis
aspect of the infiltrate. (F) Anti-CD3, CD4, and CD8 staining (original magnification x50). The interstitial inflammatory infiltrate was mainly positive
for the CD3 CD4 T-cell marker. Anti-perforin, granzyme, and CD56 were negative (not shown).
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for the CD3 CD4 T-cell marker. Anti-perforin, granzyme, and CD56 were negative (not shown).

BRITISH JOURNAL OF CANCER Renal toxicity of immune checkpoint inhibitors

2 www.bjcancer.com | DOI:10.1038/bjc.2016.358

																																									
Néphrite	tubulo-inters<<elle	aiguë	(parfois	
granulomateuse)	;		
	
Syndrome	néphro<que	secondaire	à	une	aweinte	rénale	
induite	par	le	complément	(néphrite	lupique),	ou	à	une	
aweinte	des	podocytes	glomérulaires	(syndrome	
néphro<que	à	lésions	glomérulaires	minimes	(LGM))	



Impact sur la PFS ? 

J. Mazieres, GOLF 2017          Von Pawel, ESMO 2017   
            

Toxicités 

 - The ORR in atezolizumab-treated patients with irAE was higher than that 
in patients without irAE

 - 45% responders (13 of 29) had irAE prior to response

• OS, PFS and ORR results in atezolizumab-treated patients who did vs did 
not receive systemic corticosteroids for management of irAE are shown  
in Figure 7

Figure 7. Effect of Corticosteroids on Efficacy of Atezolizumab in 
Patients With irAE 

a Included patients with missing or unevaluable post-baseline response assessments.

 - 24 patients (5.7%) in the atezolizumab arm received systemic 
corticosteroids for irAE management

 - OS appeared to be similar or slightly better in patients who did not  
receive corticosteroids than in those who did receive corticosteroids. 
However, these results could have been confounded by variability  
due to smaller number of patients receiving steroids, the severity  
of irAE and treatment discontinuation due to irAE

 - PFS and ORR were generally similar in patients who did not receive 
steroids vs a small number of patients who did receive steroids
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BACKGROUND

Atezolizumab in the Treatment of Non-Small Cell Lung 
Cancer (NSCLC)

• Atezolizumab is an engineered and humanized anti–programmed  
death-ligand 1 (PD-L1) antibody that specifically binds to PD-L1 and 
prevents its interaction with programmed death-1 (PD-1) and B7.1 (CD80) 
receptors to restore tumor-specific T-cell immunity and enhance killing of 
cancer cells1

 - Atezolizumab leaves the PD-L2/PD-1 interaction intact, potentially 
preserving peripheral immune homeostasis2,3 

• Atezolizumab has been approved by the US FDA for the treatment of 
patients with metastatic NSCLC who have disease progression during or 
following platinum-containing chemotherapy4 
 - Patients with EGFR or ALK genomic aberrations should have disease 
progression on FDA-approved therapy for these aberrations prior to 
receiving atezolizumab4

OAK, the Phase III Study of Atezolizumab vs Docetaxel  
in Previously Treated NSCLC

• OAK (NCT02008227) is the first randomized Phase III study of 
atezolizumab vs docetaxel in second- and third-line settings in patients 
with advanced or metastatic NSCLC5 

• In the primary analysis of OAK (efficacy population, N = 850), atezolizumab 
showed significant benefit over docetaxel in the study co-primary endpoints: 
overall survival (OS) in the PD-L1–unselected intention-to-treat (ITT) 
population and OS in patients with ≥ 1% PD-L1 expression on tumor cells 
(TC) or tumor-infiltrating immune cells (IC; TC1/2/3 or IC1/2/3 subgroup; 
Data cutoff, July 7, 2016; median follow-up, 21 months)5 (Figure 1)  
 - The OS benefit with atezolizumab was observed in all patients regardless  
of PD-L1 expression status and in both non-squamous and squamous 
histology subgroups5

 - Progression-free survival (PFS) was similar between the atezolizumab and 
docetaxel arms of OAK (hazard ratio [HR], 0.95 [95% CI: 0.82, 1.10])5

• Atezolizumab was well tolerated in the safety population (N = 1225) of 
the OAK primary analysis, with a favorable adverse event (AE) profile 
compared with docetaxel5

 - Although the safety profile of anti–PD-L1/PD-1 agents is generally 
acceptable,4,6,7 irAE are observed due to non-selective activation of the 
immune system with the treatment8

 - Management of irAE may require immunosuppressive agents such as 
systemic corticosteroids, which may attenuate the antitumor activity of 
PD-L1/PD-1 agents and impact their efficacy9 

 - In this analysis, we characterize baseline factors for their association with 
irAE and investigate the relationship between irAE and the efficacy of 
atezolizumab. We also examine the impact of systemic corticosteroids 
used for the management of irAE on the efficacy of atezolizumab

Figure 1. Overall Survival in the OAK Primary Analysis
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METHODS
• OAK is a global, multicenter, open-label, randomized, Phase III study 

designed to evaluate the efficacy and safety of atezolizumab in patients 
with locally advanced or metastatic NSCLC who had disease progression 
on prior platinum therapy5 

• The study design and endpoints are shown in Figure 2

Figure 2. OAK Study Schema
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N = 1225a

DOR, duration of response; PD, progressive disease; q3w, every 3 weeks; R, randomized.
a The primary efficacy analysis population included the first 850 patients enrolled; safety was 
  evaluated in all enrolled patients. 
PD-L1 expression was assessed with the VENTANA PD-L1 (SP142) immunohistochemistry 
assay (Ventana Medical Systems, Inc., Tucson, AZ, USA).

• The patient population for this irAE efficacy analysis consisted of those 
among the first 850 of 1225 patients enrolled in OAK (the OAK study 
primary efficacy population) who were randomized and treated

• irAE were defined using MedDRA Preferred Terms that included both 
diagnosed immune conditions and signs and symptoms potentially 
representative of immune-related events, regardless of investigator- 
assessed causality   
 - Efficacy was evaluated in patients with and without irAE in the 
atezolizumab and docetaxel arms; the schema of irAE subgroups defined 
in this analysis is shown in Figure 3

 - OS was evaluated using a time-dependent Cox model to overcome the 
inherent survivor bias between irAE subgroups (i.e., patients surviving 
longer may be more likely to have irAE)

 - PFS and objective response rates (ORR) were evaluated per   
RECIST v1.1

Figure 3. Schema of irAE Subgroups Efficacy Analysis
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irAE included both diagnosed immune conditions and signs and symptoms potentially 
representative of immune-related events.

RESULTS
• The data cutoff date for these analyses was July 7, 2016

• The irAE observed in this irAE efficacy analysis population vs the OAK 
study safety population are presented in Table 1

Table 1. irAE in the OAK irAE Efficacy Analysis Population vs the 
OAK Safety Population

irAE 

OAK irAE efficacy  
analysis population 

(N = 823)a

OAK safety 

population

(N = 1187)a

Atezolizumab

(n = 422)

n (%)

Docetaxel

(n = 401)

n (%)

Atezolizumab

(n = 609)

n (%)

Docetaxel

(n = 578)

n (%)

Any irAE 130 (31%) 122 (30%) 190 (31%) 178 (31%)
Diarrhea/colitis 72 (17%) 101 (25%) 97 (16%) 141 (24%)

Diarrhea 70 (17%) 97 (24%) 94 (15%) 141 (24%)
Colitis 1 (< 1%) 1 (< 1%) 2 (< 1%) 2 (< 1%)
Gastroenteritis 3 (1%) 5 (1%) 3 (1%) 5 (1%)

Hepatitis 30 (7%) 10 (3%) 57 (9%) 18 (3%)
Hypothyroidism 19 (5%) 2 (1%) 24 (4%) 2 (< 1%)
Diabetes mellitus 15 (4%) 20 (5%) 19 (3%) 28 (5%)
Hyperthyroidism 10 (2%) 1 (< 1%) 17 (3%) 1 (< 1%)
Pneumonitis 5 (1%) 2 (1%) 9 (2%) 4 (1%)
Meningoencephalitis 4 (1%) 0 5 (1%) 0
Guillain-Barre syndrome 2 (1%) 0 4 (1%) 0
Adrenal insufficiency 3 (1%) 0 3 (1%) 0
Ocular inflammatory 
toxicity 2 (1%) 0 3 (1%) 0

Hypophysitis 1 (< 1%) 0 1 (< 1%) 0
Pancreatitis 1 (< 1%) 0 1 (< 1%) 0

a Actual number of patients from the primary efficacy population (N = 850) and from the study  
  safety population (N = 1225) who received ≥ 1 dose of    study treatment.

 - The rates of irAE in the atezolizumab and docetaxel arms of the irAE 
efficacy analysis population were comparable to the rates in the 
respective arms of the study safety population

 - The rate of irAE in the atezolizumab arm of the irAE efficacy population 
was 31% 

 • Grade 1-2 irAE were 25% 
 • Grade 3-4 irAE were 6% 
 • No Grade 5 irAE were observed

• The baseline demographic and clinical characteristics of the patients by 
irAE subgroups are shown in Table 2

Table 2. Baseline Demographic and Clinical Characteristics 
by irAE Subgroups

irAE 
Atezolizumab (n = 422) Docetaxel (n = 401)

With irAE
(n = 130)

Without irAE 
(n = 292)

With irAE
(n = 122)

Without irAE 
(n = 279)

Age, y
Median (range) 63 (42-80) 63 (33-82) 65 (40-84) 64 (34-85)
≥ 65 y 45% 44% 53% 46%

Sex
Male / female 58% / 42% 63% / 37% 61% / 39% 61% / 39%

History of tobacco use, %
Never 18% 20% 13% 17%
Current / previous 13% / 69% 14% / 65% 16% / 71% 16% / 67%

Histology
Non-squamous / 
squamous 79% / 21% 71% / 29% 76% / 24% 72% / 28%

Prior therapies
1 / 2 75% / 25% 76% / 24% 75% / 25% 74% / 26%

ECOG PS
0 / 1 30% / 70% 39% / 61% 44% / 56% 35% / 65%

PD-L1 expression status, n (%)a

TC3 or IC3 25 (19%) 47 (16%) 22 (18%) 40 (14%)
TC2/3 or IC2/3 45 (35%) 84 (29%) 48 (39%) 81 (29%)
TC1/2/3 or IC1/2/3 73 (56%) 167 (57%) 75 (62%) 135 (48%)
TC0 and IC0 56 (43%) 122 (42%) 47 (39%) 141 (51%)

a TC scored as percentage of tumor cells and IC scored as percentage of tumor area.  
  TC3 or IC3 = TC ≥ 50% or IC ≥ 10% PD-L1+; TC2/3 or IC2/3 = TC or IC ≥ 5% PD-L1+;  
  TC1/2/3 or IC1/2/3 = TC or IC ≥ 1% PD-L1+; TC0 and IC0 = TC and IC < 1% PD-L1+.
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 - Baseline characteristics including PD-L1 expression on TC or IC were 
similar across irAE subgroups, although numerical differences were 
observed in age, sex, ECOG PS and PD-L1 expression status

• OS in the atezolizumab and docetaxel arms according to irAE subgroups  
is shown in Figure 4

Figure 4. OS in the Atezolizumab and Docetaxel Arms by irAE 
Subgroups 

 - The median OS was numerically longer in patients with irAE than in 
patients without irAE in both the atezolizumab and docetaxel arms

 - OS per time-dependent Cox model, which adjusts for survival bias, 
favored the atezolizumab-arm patients with irAE vs those without irAE 
(HR, 0.80 [95% CI: 0.60, 1.05]; P = 0.11)

• Additional OS analysis was performed for irAE subgroups after excluding 
AEs such as diarrhea, gastroenteritis and hyperglycemia, which may have 
been due to other causes and not solely of immune etiology (Figure 5) 

Figure 5. OS in the Atezolizumab and Docetaxel Arms Using a 
Narrow Definition of irAE 
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 - Comparison of stringently defined irAE subgroups showed a longer 
median OS in atezolizumab-treated patients with vs without irAE 

 - Time-dependent hazard ratios comparing patients with vs without irAE 
showed that the presence of irAE did not negatively impact OS 
improvement with atezolizumab (HR, 0.80 [95% CI: 0.55, 1.12]; P = 0.2)

• PFS in the atezolizumab and docetaxel arm patients according to irAE 
subgroups is shown in Figure 6

Figure 6. PFS in Atezolizumab and Docetaxel Arms by  
irAE Subgroups  

 - The median PFS was numerically longer in patients with vs without irAE 
in both the atezolizumab and docetaxel arms

 - Time-dependent PFS hazard ratios showed that the presence of irAE did 
not associate with PFS in either treatment group (atezolizumab arm HR, 
0.98 [95% CI: 0.76, 1.26]; P = 0.87; docetaxel arm HR, 0.95 [95% CI: 
0.75, 1.19]; P = 0.64)

• The best overall response to atezolizumab according to irAE subgroups is 
presented in Table 3

Table 3. Response to Atezolizumab by irAE Subgroups

Best overall response 

With irAE

(n = 130)

n (%)

Without irAE

(n = 292)

n (%)

ORR 29 (22.3%) 29 (9.9%)

CR 2 (1.5%) 4 (1.4%)

PR 27 (20.8%) 25 (8.6%)

SD 56 (43.1%) 94 (32.2%)

PD 43 (33.1%) 144 (49.3%)

Othera 2 (1.5%) 25 (8.6%)

CR, complete response; ORR, objective response rate; PD, progressive disease;  
PR, partial response; SD, stable disease.
a Included patients with missing or unevaluable post-baseline response assessments.

CONCLUSIONS
• irAE in atezolizumab-treated patients in the irAE efficacy analysis 

population were mostly low grade and manageable, with few patients 
requiring corticosteroid treatment

 - These results are consistent with irAE analysis in the safety population of 
OAK (see Cortinovis D, et al. ESMO 2017 [abstract 1717; poster 1313P])10

• Baseline characteristics among patients with or without irAE were similar in 
both the atezolizumab and docetaxel arms

 - Numerical differences in age, histology, ECOG PS and PD-L1 expression 
status were observed

• The efficacy of atezolizumab was not negatively impacted in patients 
experiencing irAE

 - A time-dependent Cox analysis to adjust for survivor bias demonstrated 
an OS trend in favor of atezolizumab-treated patients with vs those 
without irAE (HR, 0.80 [95% CI: 0.60, 1.05]; P = 0.11)

 - The time-dependent Cox analysis showed that PFS was not impacted by 
the presence of irAE in either treatment group (atezolizumab arm, HR, 
0.98 [95% CI: 0.76, 1.26]; P = 0.87) 

• Results of the exploratory analysis evaluating the impact of systemic 
corticosteroid use on the efficacy of atezolizumab in patients with irAE are 
difficult to interpret based on the small sample size and potential 
confounding factors

 - Further investigation will require well-designed randomized  
controlled trials

RELATED POSTER PRESENTATION
• Immune-related adverse events (irAEs) in advanced NSCLC patients 

treated with atezolizumab: safety population analyses from the Ph III  
study OAK 
 
Cortinovis D, et al. ESMO 2017 [abstract 1717; poster 1313P]. 
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Exploratory efficacy endpoints 
• OS, PFS and ORR in patients with and without irAE
• OS, PFS and ORR in atezolizumab-treated patients with irAE receiving 

vs not receiving systemic corticosteroids 

Co-primary endpoints (first 850 enrolled patients)
• OS in the ITT population
• OS in patients with ≥ 1% PD-L1 expression on TC or IC

Secondary endpoints

• ORR, PFS, DOR, Safety
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 - The ORR in atezolizumab-treated patients with irAE was higher than that 
in patients without irAE

 - 45% responders (13 of 29) had irAE prior to response

• OS, PFS and ORR results in atezolizumab-treated patients who did vs did 
not receive systemic corticosteroids for management of irAE are shown  
in Figure 7

Figure 7. Effect of Corticosteroids on Efficacy of Atezolizumab in 
Patients With irAE 

a Included patients with missing or unevaluable post-baseline response assessments.

 - 24 patients (5.7%) in the atezolizumab arm received systemic 
corticosteroids for irAE management

 - OS appeared to be similar or slightly better in patients who did not  
receive corticosteroids than in those who did receive corticosteroids. 
However, these results could have been confounded by variability  
due to smaller number of patients receiving steroids, the severity  
of irAE and treatment discontinuation due to irAE

 - PFS and ORR were generally similar in patients who did not receive 
steroids vs a small number of patients who did receive steroids
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BACKGROUND

Atezolizumab in the Treatment of Non-Small Cell Lung 
Cancer (NSCLC)

• Atezolizumab is an engineered and humanized anti–programmed  
death-ligand 1 (PD-L1) antibody that specifically binds to PD-L1 and 
prevents its interaction with programmed death-1 (PD-1) and B7.1 (CD80) 
receptors to restore tumor-specific T-cell immunity and enhance killing of 
cancer cells1

 - Atezolizumab leaves the PD-L2/PD-1 interaction intact, potentially 
preserving peripheral immune homeostasis2,3 

• Atezolizumab has been approved by the US FDA for the treatment of 
patients with metastatic NSCLC who have disease progression during or 
following platinum-containing chemotherapy4 
 - Patients with EGFR or ALK genomic aberrations should have disease 
progression on FDA-approved therapy for these aberrations prior to 
receiving atezolizumab4

OAK, the Phase III Study of Atezolizumab vs Docetaxel  
in Previously Treated NSCLC

• OAK (NCT02008227) is the first randomized Phase III study of 
atezolizumab vs docetaxel in second- and third-line settings in patients 
with advanced or metastatic NSCLC5 

• In the primary analysis of OAK (efficacy population, N = 850), atezolizumab 
showed significant benefit over docetaxel in the study co-primary endpoints: 
overall survival (OS) in the PD-L1–unselected intention-to-treat (ITT) 
population and OS in patients with ≥ 1% PD-L1 expression on tumor cells 
(TC) or tumor-infiltrating immune cells (IC; TC1/2/3 or IC1/2/3 subgroup; 
Data cutoff, July 7, 2016; median follow-up, 21 months)5 (Figure 1)  
 - The OS benefit with atezolizumab was observed in all patients regardless  
of PD-L1 expression status and in both non-squamous and squamous 
histology subgroups5

 - Progression-free survival (PFS) was similar between the atezolizumab and 
docetaxel arms of OAK (hazard ratio [HR], 0.95 [95% CI: 0.82, 1.10])5

• Atezolizumab was well tolerated in the safety population (N = 1225) of 
the OAK primary analysis, with a favorable adverse event (AE) profile 
compared with docetaxel5

 - Although the safety profile of anti–PD-L1/PD-1 agents is generally 
acceptable,4,6,7 irAE are observed due to non-selective activation of the 
immune system with the treatment8

 - Management of irAE may require immunosuppressive agents such as 
systemic corticosteroids, which may attenuate the antitumor activity of 
PD-L1/PD-1 agents and impact their efficacy9 

 - In this analysis, we characterize baseline factors for their association with 
irAE and investigate the relationship between irAE and the efficacy of 
atezolizumab. We also examine the impact of systemic corticosteroids 
used for the management of irAE on the efficacy of atezolizumab

Figure 1. Overall Survival in the OAK Primary Analysis
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METHODS
• OAK is a global, multicenter, open-label, randomized, Phase III study 

designed to evaluate the efficacy and safety of atezolizumab in patients 
with locally advanced or metastatic NSCLC who had disease progression 
on prior platinum therapy5 

• The study design and endpoints are shown in Figure 2

Figure 2. OAK Study Schema
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DOR, duration of response; PD, progressive disease; q3w, every 3 weeks; R, randomized.
a The primary efficacy analysis population included the first 850 patients enrolled; safety was 
  evaluated in all enrolled patients. 
PD-L1 expression was assessed with the VENTANA PD-L1 (SP142) immunohistochemistry 
assay (Ventana Medical Systems, Inc., Tucson, AZ, USA).

• The patient population for this irAE efficacy analysis consisted of those 
among the first 850 of 1225 patients enrolled in OAK (the OAK study 
primary efficacy population) who were randomized and treated

• irAE were defined using MedDRA Preferred Terms that included both 
diagnosed immune conditions and signs and symptoms potentially 
representative of immune-related events, regardless of investigator- 
assessed causality   
 - Efficacy was evaluated in patients with and without irAE in the 
atezolizumab and docetaxel arms; the schema of irAE subgroups defined 
in this analysis is shown in Figure 3

 - OS was evaluated using a time-dependent Cox model to overcome the 
inherent survivor bias between irAE subgroups (i.e., patients surviving 
longer may be more likely to have irAE)

 - PFS and objective response rates (ORR) were evaluated per   
RECIST v1.1

Figure 3. Schema of irAE Subgroups Efficacy Analysis

Atezolizumab 
  )224 = n(

With irAEs 
  )031 = n(

Without irAEs 
  )292 = n(

With 
corticosteroids 

(n = 24) 

Without 
corticosteroids 

(n = 106) 

 lexatecoD
  )104 = n(

With irAEs 
  )221 = n(

Without irAEs  
  )972 = n(

irAE included both diagnosed immune conditions and signs and symptoms potentially 
representative of immune-related events.

RESULTS
• The data cutoff date for these analyses was July 7, 2016

• The irAE observed in this irAE efficacy analysis population vs the OAK 
study safety population are presented in Table 1

Table 1. irAE in the OAK irAE Efficacy Analysis Population vs the 
OAK Safety Population

irAE 

OAK irAE efficacy  
analysis population 

(N = 823)a

OAK safety 

population

(N = 1187)a

Atezolizumab

(n = 422)

n (%)

Docetaxel

(n = 401)

n (%)

Atezolizumab

(n = 609)

n (%)

Docetaxel

(n = 578)

n (%)

Any irAE 130 (31%) 122 (30%) 190 (31%) 178 (31%)
Diarrhea/colitis 72 (17%) 101 (25%) 97 (16%) 141 (24%)

Diarrhea 70 (17%) 97 (24%) 94 (15%) 141 (24%)
Colitis 1 (< 1%) 1 (< 1%) 2 (< 1%) 2 (< 1%)
Gastroenteritis 3 (1%) 5 (1%) 3 (1%) 5 (1%)

Hepatitis 30 (7%) 10 (3%) 57 (9%) 18 (3%)
Hypothyroidism 19 (5%) 2 (1%) 24 (4%) 2 (< 1%)
Diabetes mellitus 15 (4%) 20 (5%) 19 (3%) 28 (5%)
Hyperthyroidism 10 (2%) 1 (< 1%) 17 (3%) 1 (< 1%)
Pneumonitis 5 (1%) 2 (1%) 9 (2%) 4 (1%)
Meningoencephalitis 4 (1%) 0 5 (1%) 0
Guillain-Barre syndrome 2 (1%) 0 4 (1%) 0
Adrenal insufficiency 3 (1%) 0 3 (1%) 0
Ocular inflammatory 
toxicity 2 (1%) 0 3 (1%) 0

Hypophysitis 1 (< 1%) 0 1 (< 1%) 0
Pancreatitis 1 (< 1%) 0 1 (< 1%) 0

a Actual number of patients from the primary efficacy population (N = 850) and from the study  
  safety population (N = 1225) who received ≥ 1 dose of    study treatment.

 - The rates of irAE in the atezolizumab and docetaxel arms of the irAE 
efficacy analysis population were comparable to the rates in the 
respective arms of the study safety population

 - The rate of irAE in the atezolizumab arm of the irAE efficacy population 
was 31% 

 • Grade 1-2 irAE were 25% 
 • Grade 3-4 irAE were 6% 
 • No Grade 5 irAE were observed

• The baseline demographic and clinical characteristics of the patients by 
irAE subgroups are shown in Table 2

Table 2. Baseline Demographic and Clinical Characteristics 
by irAE Subgroups

irAE 
Atezolizumab (n = 422) Docetaxel (n = 401)

With irAE
(n = 130)

Without irAE 
(n = 292)

With irAE
(n = 122)

Without irAE 
(n = 279)

Age, y
Median (range) 63 (42-80) 63 (33-82) 65 (40-84) 64 (34-85)
≥ 65 y 45% 44% 53% 46%

Sex
Male / female 58% / 42% 63% / 37% 61% / 39% 61% / 39%

History of tobacco use, %
Never 18% 20% 13% 17%
Current / previous 13% / 69% 14% / 65% 16% / 71% 16% / 67%

Histology
Non-squamous / 
squamous 79% / 21% 71% / 29% 76% / 24% 72% / 28%

Prior therapies
1 / 2 75% / 25% 76% / 24% 75% / 25% 74% / 26%

ECOG PS
0 / 1 30% / 70% 39% / 61% 44% / 56% 35% / 65%

PD-L1 expression status, n (%)a

TC3 or IC3 25 (19%) 47 (16%) 22 (18%) 40 (14%)
TC2/3 or IC2/3 45 (35%) 84 (29%) 48 (39%) 81 (29%)
TC1/2/3 or IC1/2/3 73 (56%) 167 (57%) 75 (62%) 135 (48%)
TC0 and IC0 56 (43%) 122 (42%) 47 (39%) 141 (51%)

a TC scored as percentage of tumor cells and IC scored as percentage of tumor area.  
  TC3 or IC3 = TC ≥ 50% or IC ≥ 10% PD-L1+; TC2/3 or IC2/3 = TC or IC ≥ 5% PD-L1+;  
  TC1/2/3 or IC1/2/3 = TC or IC ≥ 1% PD-L1+; TC0 and IC0 = TC and IC < 1% PD-L1+.
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 - Baseline characteristics including PD-L1 expression on TC or IC were 
similar across irAE subgroups, although numerical differences were 
observed in age, sex, ECOG PS and PD-L1 expression status

• OS in the atezolizumab and docetaxel arms according to irAE subgroups  
is shown in Figure 4

Figure 4. OS in the Atezolizumab and Docetaxel Arms by irAE 
Subgroups 

 - The median OS was numerically longer in patients with irAE than in 
patients without irAE in both the atezolizumab and docetaxel arms

 - OS per time-dependent Cox model, which adjusts for survival bias, 
favored the atezolizumab-arm patients with irAE vs those without irAE 
(HR, 0.80 [95% CI: 0.60, 1.05]; P = 0.11)

• Additional OS analysis was performed for irAE subgroups after excluding 
AEs such as diarrhea, gastroenteritis and hyperglycemia, which may have 
been due to other causes and not solely of immune etiology (Figure 5) 

Figure 5. OS in the Atezolizumab and Docetaxel Arms Using a 
Narrow Definition of irAE 

Atezolizumab arm

Docetaxel arm

Median 8.8 mo
(95% CI: 8.1, 10.9)

Median 11.6 mo
(95% CI: 9.7, 14.0)

20

0

40

60

80

100

O
ve

ra
ll 

Su
rv

iv
al

  (
%

)

0 3 6
Time (months)

9 12 15 18 21 24 27

Without irAE
Censored

With irAEHR, 0.67 (95% CI: 0.51, 0.87)
Time-dependent Cox HR, 0.76 (95% CI: 0.59, 0.99)

122
279

116
246

120
266

95
190

101
209

74
144

79
156

59
109

62
117

46
86

48
92

41
63

42
74

32
38

37
53

14
14

19
18

111
222

89
173

70
125

51
100

43
80

41
57

25
26

7
9 2

4 2
1

With irAE
No. of Patients at Risk

Without irAE

Median 10.6 mo
(95% CI: 9.4, 13.5)

Median 20.7 mo
(95% CI: 15.9, 23.5)

20

0

40

60

80

100

O
ve

ra
ll 

Su
rv

iv
al

  (
%

)

0 3 6
Time (months)

9 12 15 18 21 24 27

Without irAE
Censored

With irAEHR, 0.56 (95% CI: 0.42, 0.73)
Time-dependent Cox HR, 0.80 (95% CI: 0.60, 1.05)

130
292

126
254

130
276

112
213

114
226

97
162

101
177

89
133

91
142

79
118

81
123

69
93

71
103

53
62

63
77

17
23

20
33

120
241

109
195

92
155

87
130

75
112

68
88

30
43

10
17 11

4
4 1

With irAE
No. of Patients at Risk

Without irAE

Atezolizumab arm

Docetaxel arm

HR, 1.28 (95% CI: 0.75, 2.19)
Time-dependent Cox HR, 1.49 (95% CI: 0.87, 2.55)

Median 9.7 mo
(95% CI: 8.7, 11.5)

Median 9.4 mo
(95% CI: 6.4, 12.8)

20

0

40

60

80

100

O
ve

ra
ll 

Su
rv

iv
al

  (
%

)

0 3 6
Time (months)

9 12 15 18 21 24 27

Without irAE
Censored

With irAE

16
385

15
347

15
371

12
273

13
297

9
209

10
225

6
162

7
172

3
129

4
136

2
102

2
114

2
68

2
88

2
26

2
35

15
318

12
250

8
187

5
146

2
121

2
96

2
49

1
15 6 3

With irAE
No. of Patients at Risk

Without irAE

                                    HR, 0.56 (95% CI: 0.39, 0.82)
Time-dependent Cox HR, 0.80 (95% CI: 0.55, 1.12)

Median 12.3 mo
(95% CI: 10.0, 14.1)

Median 20.9 mo
(95% CI: 15.9, NE)

20

0

40

60

80

100

O
ve

ra
ll 

Su
rv

iv
al

  (
%

)

0 3 6
Time (months)

9 12 15 18 21 24 27

Without irAE
Censored

With irAE

64
358

62
318

64
342

56
269

56
284

51
208

53
225

47
175

48
185

44
153

45
159

36
126

37
137

28
87

34
106

8
32

10
43

58
303

56
248

49
198

47
170

41
146

36
120

14
59

4
23

2
13 4 1

With irAE
No. of Patients at Risk

Without irAE

 - Comparison of stringently defined irAE subgroups showed a longer 
median OS in atezolizumab-treated patients with vs without irAE 

 - Time-dependent hazard ratios comparing patients with vs without irAE 
showed that the presence of irAE did not negatively impact OS 
improvement with atezolizumab (HR, 0.80 [95% CI: 0.55, 1.12]; P = 0.2)

• PFS in the atezolizumab and docetaxel arm patients according to irAE 
subgroups is shown in Figure 6

Figure 6. PFS in Atezolizumab and Docetaxel Arms by  
irAE Subgroups  

 - The median PFS was numerically longer in patients with vs without irAE 
in both the atezolizumab and docetaxel arms

 - Time-dependent PFS hazard ratios showed that the presence of irAE did 
not associate with PFS in either treatment group (atezolizumab arm HR, 
0.98 [95% CI: 0.76, 1.26]; P = 0.87; docetaxel arm HR, 0.95 [95% CI: 
0.75, 1.19]; P = 0.64)

• The best overall response to atezolizumab according to irAE subgroups is 
presented in Table 3

Table 3. Response to Atezolizumab by irAE Subgroups

Best overall response 

With irAE

(n = 130)

n (%)

Without irAE

(n = 292)

n (%)

ORR 29 (22.3%) 29 (9.9%)

CR 2 (1.5%) 4 (1.4%)

PR 27 (20.8%) 25 (8.6%)

SD 56 (43.1%) 94 (32.2%)

PD 43 (33.1%) 144 (49.3%)

Othera 2 (1.5%) 25 (8.6%)

CR, complete response; ORR, objective response rate; PD, progressive disease;  
PR, partial response; SD, stable disease.
a Included patients with missing or unevaluable post-baseline response assessments.

CONCLUSIONS
• irAE in atezolizumab-treated patients in the irAE efficacy analysis 

population were mostly low grade and manageable, with few patients 
requiring corticosteroid treatment

 - These results are consistent with irAE analysis in the safety population of 
OAK (see Cortinovis D, et al. ESMO 2017 [abstract 1717; poster 1313P])10

• Baseline characteristics among patients with or without irAE were similar in 
both the atezolizumab and docetaxel arms

 - Numerical differences in age, histology, ECOG PS and PD-L1 expression 
status were observed

• The efficacy of atezolizumab was not negatively impacted in patients 
experiencing irAE

 - A time-dependent Cox analysis to adjust for survivor bias demonstrated 
an OS trend in favor of atezolizumab-treated patients with vs those 
without irAE (HR, 0.80 [95% CI: 0.60, 1.05]; P = 0.11)

 - The time-dependent Cox analysis showed that PFS was not impacted by 
the presence of irAE in either treatment group (atezolizumab arm, HR, 
0.98 [95% CI: 0.76, 1.26]; P = 0.87) 

• Results of the exploratory analysis evaluating the impact of systemic 
corticosteroid use on the efficacy of atezolizumab in patients with irAE are 
difficult to interpret based on the small sample size and potential 
confounding factors

 - Further investigation will require well-designed randomized  
controlled trials

RELATED POSTER PRESENTATION
• Immune-related adverse events (irAEs) in advanced NSCLC patients 

treated with atezolizumab: safety population analyses from the Ph III  
study OAK 
 
Cortinovis D, et al. ESMO 2017 [abstract 1717; poster 1313P]. 
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Exploratory efficacy endpoints 
• OS, PFS and ORR in patients with and without irAE
• OS, PFS and ORR in atezolizumab-treated patients with irAE receiving 

vs not receiving systemic corticosteroids 

Co-primary endpoints (first 850 enrolled patients)
• OS in the ITT population
• OS in patients with ≥ 1% PD-L1 expression on TC or IC

Secondary endpoints

• ORR, PFS, DOR, Safety
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Conclusion 

J. Mazieres, GOLF 2017      (adapté de Champiat, ERJ 2016)     

G
estions des toxicités 

PREVENIR 

ANTICIPER 

DETECTER TRAITER 
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Perspectives 

J. Mazieres, GOLF 2017         

G
estions des toxicités 

•  Mécanismes physiologiques 

•  Identification des patients à risque (marqueurs 
cliniques et biologiques) 

•  Amélioration des traitements (choix des 
immunosuppresseurs) 

•  Valeur pronostique de ce type de toxicité 

•  Reprise de l’immunothérapie (quelles molécules, 
quelle précaution, quelle surveillance)…
IMMUNOTOX 2. 


