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Grade 3-4 treatment-related toxicities). Although many of these
were serious and required treatment, therapy discontinuation,
or hospitalization, the durable partial and complete responses
in melanoma may warrant this approach in some patients. In
particular, combination therapy appeared to most dramatically
benefit patients who were less likely to benefit from PD-L1 or
PD-1 inhibition alone, because their tumors were PD-L1-nega-
tive (6/13 PD-L1-positive and 9/22 PD-L1-negative patients re-
sponded to combination therapy; Wolchok et al., 2013). The
addition of a CTLA4-targeted therapy may be completing the
defect in the Cancer-Immunity Cycle for patients who are PD-
L1-negative. Further studies of preipilimumab and on ipilimumab
treatment tumor samples arewarranted to better understand this
effect.
Other combinations that merit serious consideration include

anti-PD-L1 or anti-PD-1 with vaccination, especially if it be-
comes possible to monitor a patient’s T cell profile to distinguish
individuals who have generated suboptimal T cell responses to
their cancers (Duraiswamy et al., 2013; Ge et al., 2013). In addi-
tion, combinations with agents that will enhance T cell trafficking
and infiltration into the tumor bed should be explored vigorously,
because the entry stepmay be important in some patients. In this

class, inhibition of VEGF by the anti-VEGF antibody bevacizu-
mab appears to be a promising candidate based on hints from
the preclinical and clinical literature (Motz and Coukos, 2013;
Hodi et al., 2010). Similarly, B-Raf inhibitors (vemurafenib) may
also enhance T cell infiltration into tumors (Liu et al., 2013). Of
course, with increased activity due to combinations comes the
increased chance for additive or synergistic toxicity. This further
highlights the importance of selecting therapeutic targets that
are specific to the ability of a tumor to escape immune eradica-
tion over targets thatmay also play an important role inmediating
immune homeostasis and preventing autoimmunity.

Concluding Remarks
The objective of understanding the inherent immune biology
related to cancer is to better define strategies to harness the
human immune response against cancer to achieve durable re-
sponses and/or complete eradication of cancer in patients
safely. Multiple approaches to cancer therapy exist, and few
are as complicated as immune-based therapy. Multiple numbers
of systemic factors can effect or contribute to the success or fail-
ure of immune therapy and lends to this complexity. Results may
be confounded by many currently unmeasured variables,

IFN-α

Figure 3. Therapies that Might Affect the Cancer-Immunity Cycle
The numerous factors that come into play in the Cancer-Immunity Cycle provide a wide range of potential therapeutic targets. This figure highlights examples of
some of the therapies currently under preclinical or clinical evaluation. Key highlights include that vaccines can primarily promote cycle step 2, anti-CTLA4 can
primarily promote cycle step 3, and anti-PD-L1 or anti-PD-1 antibodies can primarily promote cycle step 7. Although not developed as immunotherapies,
chemotherapy, radiation therapy, and targeted therapies can primarily promote cycle step 1, and inhibitors of VEGF can potentially promote T cell infiltration into
tumors—cycle step 5. Abbreviations are as follows: GM-CSF, granulocyte macrophage colony-stimulating factor; CARs, chimeric antigen receptors.
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Type	 Nom	 Laboratoire	 Indica3ons	

An3-CTLA4	 Ipilimumab				
(YERVOY)	

BMS	 AMM	mélanome	
	

Tremelimumab	
	

MedImmune,	
Astra-Zeneca	

Phase	3	
	

An3-PD1	 Nivolumab					
(OPDIVO)		

BMS	 AMM	mélanome,	
poumon,	rein,	hodgkin	

Pembrolizumab	
(KEYTRUDA)		

MSD	 AMM	mélanome,	
poumon,	MSI	

Avelumab	
(BAVENCIO)	

Merck	KGaA,	
Pfizer	

C	.	merckel	

An3-PDL1	 Durvalumab	
(IMFINZI)	

MedImmune,	
Astra-Zeneca	

Phase	3	
	

Atezolizumab	
(TECENTRIQ)	

Genentech-Roche	 C	urothélial,	poumon	
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Indications 
Type Stade 1L 2L > 2L 
CBNPC Stades 

précoces 
Chimio adjuvante 
 

 
NIVOLUMAB (sans marqueur) 2015-16 
 
 
PEMBROLIZUMAB (PD-L1 ≥ 1%) 2017 
 
 
ATEZOLIZUMAB (sans marqueur) 2018 

Stades IIIB Radio-chiomothérapie 

Stades IV 
non mutés 

Chimio 

Stade IV 
muté 

TKIs Chimiothérapie Immunothérapie 

CPC Localisé 
 

Chimio 1L Chimio 2L 

Etendu 
 

Chimio 1L Chimio 2L 

Mésothéliome pleural 
 

Chimio +/- beva 
 

Chimio 

Tumeur épithéliales 
thymiques 

Chimio Chimio, AA, mTOR inh 
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Indications 
•  CHECKMATE 017. Nivolumab vs taxotére.  
•  Cancers épidermoides pré-traités 

 Brahmer J, NEJM 2015 

R 

1:
1 

Objectif principal : SG 

Nivolumab 3 mg/kg toutes les 2 semaines 
jusqu’à progression ou toxicité 
(n = 135) 

Docétaxel 75 mg/m2 toutes les 3 semaines 
jusqu’à progression ou toxicité 
(n = 137) 

•  PS 0-1 
•  Prétraité  

(une seule ligne  
à base de platine) 

•  Biopsie archivée 
disponible 
(n = 272)  

•  Objectifs secondaires   
–  RO RECIST 1.1  
–  SSP 
–  Qualité de vie 
–  Tolérance 
–  Efficacité selon l’expression du PD-L1 
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Indications 
•  CHECKMATE 017. Nivolumab vs taxotére.  
•  Cancers épidermoides pré-traités 

 Brahmer J, NEJM 2015 

n engl j med  nejm.org 6

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

acteristics of the patients were generally well 
balanced between the groups, with slight be-
tween-group imbalances in the percentages of 
female patients, patients 75 years of age or older, 
and patients with an ECOG performance-status 
score of 1.

A median of 8 doses (range, 1 to 48) of 
nivolumab and 3 doses (range, 1 to 29) of docetax-
el were administered. Among the patients in the 
nivolumab group, 85% received at least 90% of 
their planned dose intensity. Among the patients 
in the docetaxel group, 69% received at least 
90% of their planned dose intensity, a finding 
that is consistent with docetaxel dose reductions 
(which occurred in 27% of patients). At least one 
dose delay occurred in 37% of the patients in the 
nivolumab group and in 31% of those in the 
docetaxel group. The majority of patients in each 
group had only one dose delay, and the majority 
of dose delays were from 4 to 7 days in duration 
(in 61% of the total cycles delayed in the nivolum-
ab group and 71% of those in the docetaxel 
group). Most delays of nivolumab therapy were 
attributable to personal or administrative rea-
sons, disease progression, or the administration 
of radiotherapy; most delays of docetaxel therapy 
were due to adverse events.

At the time of the database lock, 16% of the 
patients in the nivolumab group and 2% of those 
in the docetaxel group were continuing treatment 
(Table S2 in the Supplementary Appendix). After 
discontinuation of treatment, 36% of the patients 
in the nivolumab group and 30% of those in the 
docetaxel group received subsequent systemic 
cancer therapy. In the nivolumab group, 24% of 
the patients received subsequent docetaxel, re-
flecting the open-label nature of the study; 2% 
of the patients in the docetaxel group received 
subsequent immunotherapy (Table S3 in the Sup-
plementary Appendix).

Efficacy
The median overall survival was 9.2 months 
(95% confidence interval [CI], 7.3 to 13.3) in the 
nivolumab group as compared with 6.0 months 
(95% CI, 5.1 to 7.3) in the docetaxel group. Over-
all survival was significantly longer with nivolum-
ab than with docetaxel (Fig. 1), with the risk of 
death 41% lower with nivolumab (hazard ratio, 
0.59; 95% CI, 0.44 to 0.79; P<0.001). The overall 
survival rate at 1 year was 42% (95% CI, 34 to 50) 
in the nivolumab group versus 24% (95% CI, 17 to 
31) in the docetaxel group. The hazard ratios for 
death in the analysis of overall survival favored 

Figure 1. Kaplan–Meier Curves for Overall Survival.

The analysis included all the patients who underwent randomization. Symbols indicate censored observations, and 
horizontal lines the rates of overall survival at 1 year.
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Indications 
•  CHECKMATE 057. Nivolumab vs taxotére.  
•  Adénocarcinomes pré-traités 

Borghaei, NEJM 2015 

•  Objectif principal : SG 

* IHC anti PD-L1 évaluée avec le système IHC 
Dako. 

R 

1:1 

Nivolumab 3 mg/kg toutes les 2 semaines 
jusqu’à progression ou toxicité 
(n = 292) 

Docétaxel 75 mg/m2  toutes les 3 semaines  
jusqu’à progression ou toxicité 
(n = 290) 

•  Cancers non 
épidermoïdes 

•  Stades IIIB/IV 
•  ECOG PS 0-1 
•  Prétraités par un doublet  

à base de platine ± ITK 

•  Objectifs secondaires    
–  RO RECIST 1.1  
–  SSP 
–  Qualité de vie 
–  Tolérance 
–  Efficacité selon l’expression du PD-L1* 
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Indications 
•  CHECKMATE 057. Nivolumab vs taxotére.  
•  Adénocarcinomes pré-traités 

Borghaei, NEJM 2015 
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T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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Indications 

Borghaei, NEJM 2015 

Nivolumab 
(n = 237) 

Docétaxel 
(n = 268) 

Evénements indésirables de grade 3-4 (%) 10 54 

Evénements indésirables graves  de grade 3-4 (%) 5 18 

Evénements indésirables graves  avec arrêt du traitement 
(%) 5 15 

Poumon interstitiel (%) 3 < 1 

Hépatite (%) 6 2 

Diarrhée (%) 8 23 

Hypothyroïdie (%) 7 0 
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Indications 
Essai KEYNOTE 010 (pembrolizumab vs docetaxel). 

Analyse de la PFS selon l’expression de PD-L1. 

Herbst R, Lancet 2015 

Articles
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Median overall survival with docetaxel seemed to be 
consistent with that previously reported (9 months),23 
and there was no diff erence in survival with docetaxel 
among patients with a PD-L1 tumour proportion score of 
50% or greater or in the total population. Consistent with 
KEYNOTE-001,9 pembrolizumab effi  cacy was greater in 
patients with a tumour proportion score of 50% or 
greater than in the overall population. Progression-free 
survival with pembrolizumab was superior to that of 
docetaxel in patients with a tumour proportion score of 
50% or greater, but not in the total population. However, 
overall survival with pembrolizumab was superior to that 
of docetaxel in both tumour proportion score strata, 
suggesting that progression-free survival might not 
appropriately capture the true benefi t of pembrolizumab. 
The lack of a benefi t for progression-free survival despite 
a signifi cant overall survival benefi t was also reported in 
the CheckMate 057 study of nivolumab versus docetaxel 
for non-squamous non-small-cell lung cancer.8

Few patients assigned to pembrolizumab withdrew 
consent, whereas the incidence in the docetaxel group 
was higher than what is typical in a phase 3 trial. Many of 
the patients allocated to docetaxel who withdrew consent 
probably did so to seek anti-PD-1 treatment. A similarly 
high percentage of patients in the CheckMate 057 trial 
who were assigned to docetaxel did not receive it (22 [8%] 
of 290).8 This fi nding is not surprising given the many 
other studies of PD-1 inhibitors for non-small-cell lung 
cancer that were ongoing during KEYNOTE-010. Patients 
who withdrew and subsequently received another 
immunotherapy could aff ect overall survival. However, 
any bias of this unplanned crossover would likely favour 
the docetaxel group. Therefore, the high dropout rate in 
the docetaxel group does not diminish our confi dence in 
the signifi cant survival benefi t for pembrolizumab. 
Another limitation of this study is the incidence of EGFR 
mutation or ALK translocation, which was lower than 
would be expected in the general non-small-cell lung 
cancer population. Finally, because we excluded patients 
with no PD-L1 tumour expression, we could not do 
statistically meaningful analyses of the interaction 
between PD-L1 expression and outcome by treatment 
allocation.

Our results contribute to the growing evidence that 
supports PD-1 pathway inhibition in non-small-cell lung 
cancer.7,8,10,11,24 Although reports of treatment with 
pembrolizumab and nivolumab have shown a survival 
benefi t for PD-1 inhibition, several aspects of 
KEYNOTE-010 diff erentiate it from the CheckMate 017 
and CheckMate 057 studies of nivolumab.7,8 Whereas 
there were separate nivolumab studies for squamous7 
and non-squamous8 histology, KEYNOTE-010 enrolled 
patients regardless of histology. Our data suggest that, 
like nivolumab, pembrolizumab provides benefi t for 
squamous and non-squamous non-small-cell lung 
cancer (although the diff erence for squamous cell 
disease was not statistically signifi cant, probably partly  

because of the small population size). In addition, 
whereas both CheckMate studies limited enrolment to 
patients who received only one line of previous 
treatment for metastatic disease, almost one-third of 
patients in KEYNOTE-010 received at least two lines of 
previous treatment.

Our data are the fi rst reported for lung cancer 
prospectively showing the utility of PD-L1 as a biomarker; 
all patients derived a survival benefi t from pembro-
lizumab. This fi nding contrasts with the fi ndings of 
studies of unselected populations. The assay used in 
KEYNOTE-010 was rigorously evaluated and validated 
before the study began9 and has been approved by the 
Food and Drug Administration as a companion 
diagnostic test. Our data indicate that assessment of 
PD-L1 in archival samples with this assay is appropriate 
because pembrolizumab provided superior overall 
survival regardless of the age of the sample. Among 
patients with evaluable samples screened for enrolment 
in our study, two-thirds had a PD-L1 tumour proportion 
score of 1% or greater, and more than a quarter had a 
score of 50% or greater. The higher proportion of patients 
with a score of 50% or greater in the enrolled population 
(43%) was a result of the exclusion of patients with 
PD-L1-negative tumours. Whether the benefi t of 
pembrolizumab extends to patients with a tumour 
proportion score of less than 1% will require additional 
study. Ongoing studies are assessing pembrolizumab as 

Figure 5: Subgroup analysis of progression-free survival
Shows the comparison of the pooled pembrolizumab doses versus docetaxel. ECOG=Eastern Cooperative Oncology 
Group.
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greater (HR 1·01, 95% CI 0·75–1·36) and in the total 
population (1·09, 0·92–1·30). The eff ect on progression-
free survival did not diff er by tumour histology (fi gure 5).

Among patients with a tumour proportion score of 
50% or greater, responses occurred in 42 (30%) of 
139 patients in the pembrolizumab 2 mg/kg group, 44 
(29%) of 151 in the pembrolizumab 10 mg/kg group, and 
12 (8%) of 152 in the docetaxel group (p<0·0001 for each 
pembrolizumab group vs docetaxel; appendix p 10). In 
the total population, 62 (18%) of 344 patients versus 
64 (18%) of 346 patients versus 32 (9%) of 343 had 
responses (p=0·0005 for 2 mg/kg vs docetaxel and 
p=0·0002 for 10 mg/kg vs docetaxel; appendix p 10). All 
responses were partial responses. Median time to 
response was 9 weeks in each treatment group (appendix 
p 10). Responses were longer in the pembrolizumab 
groups than in the docetaxel group (appendix p 7), with a 
median duration of response not reached for either 
pembrolizumab group compared with 8 months in the 

docetaxel group for patients with a tumour proportion 
score of ≥50% or greater and 6 months in the docetaxel 
group for all patients (appendix p 10).

In the safety population, the median duration of 
treatment was 3·5 months (IQR 1·4–7·2) in the 
pembrolizumab 2 mg/kg group, 3·5 months (1·4–7·0) in 
the pembrolizumab 10 mg/kg group, and 2·0 months 
(0·8–3·6) in the docetaxel group. Grade 3–5 adverse 
events attributed to study treatment occurred in 43 (13%) 
of 339 patients in the pembrolizumab 2 mg/kg group, 
55 (16%) of 343 patients in the pembrolizumab 10 mg/kg 
group, and 109 (35%) of 309 patients in the docetaxel 
group (table 2). 15 (4%) of 339 patients, 17 (5%) of 
343 patients, and 31 (10%) of 309 patients, respectively, 
permanently discontinued study drug because of 
treatment-related adverse events. Deaths attributed to 
study treatment occurred in three patients in the 
pembrolizumab 2 mg/kg group (two cases of 
pneumonitis and one of pneumonia), three patients in 
the pembrolizumab 10 mg/kg group (one case each of 
myocardial infarction, pneumonia, and pneumonitis), 
and fi ve patients in the docetaxel group (one case each of 
acute cardiac failure, dehydration, febrile neutropenia, 
interstitial lung disease, and respiratory tract infection).

Adverse events were as expected for pembrolizumab 
and docetaxel (table 2, appendix pp 11–12). Adverse events 
of special interest based on their likely immune aetiology, 
irrespective of attribution to study treatment, occurred in 
69 (20%) of 339 patients in the pembrolizumab 2 mg/kg 
group and 64 (19%) of 343 patients in the pembrolizumab 
10 mg/kg group. The most common of these events were 
hypothyroidism, hyperthyroidism, and pneumonitis 
(table 2). The only adverse events of special interest of 
grade 3–5 severity that occurred in 1% or more of patients 
were pneumonitis and severe skin reactions (table 2).

Discussion
Pembrolizumab 2 mg/kg and 10 mg/kg every 3 weeks met 
the prespecifi ed criteria for improved overall survival in all 
patients (ie, PD-L1 tumour proportion score 
of 1% or greater) and in those with a tumour proportion 
score of 50% or greater—patients with high PD-L1 
expression had an unprecedented benefi t for refractory 
non-small-cell lung cancer. Both pembrolizumab groups 
had signifi cantly improved progression-free survival in 
patients with a tumour proportion score of 50% or greater, 
and although the prespecifi ed criterion for declaring 
statistical signifi cance was not met, progression-free 
survival was longer with pembrolizumab than with 
docetaxel for the total population. Responses to 
pembrolizumab were durable, regardless of PD-L1 
expression level. Pembrolizumab was associated with 
fewer high-grade treatment-related adverse events than 
was docetaxel, despite a longer exposure. Immune-
mediated adverse events, including pneumonitis, occurred 
at manageable rates, although three (<1%) of 682 patients 
treated with pembrolizumab died because of pneumonitis.

Figure 4: Kaplan-Meier analysis of progression-free survival
(A) For patients with a PD-L1 tumour proportion score of 50% or greater. (B) For all patients.
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Essai phase 3 en deuxième ligne 

OAK: Survie globale chez tous les patients  
(vs docetaxel en 2 ou 3L)  

 

Atezolizumab 
Docetaxel 

Median 9.6 mo 
(95% CI, 8.6, 11.2) 

Median 13.8 mo 
(95% CI, 11.8, 15.7) 
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J. Mazieres, GOLF 2017     Rittmeyer A, Lancet 2017 

Indications 
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S
ynthése 

CHECKMATE 017 
nivolumab vs 

docetaxel 

CHECKMATE 057 
Nivolumab vs 

docetaxel 

KEYNOTE-010 
Pembrolizumab (2 or 10 

mg/kg) vs docetaxel 

OAK 
Atezolizumab vs 

docetaxel 

Sélection PDL1 Non Non Oui (> 1%) Non 

Taille de l’étude 272  
(135 vs 137) 

582  
(292 vs 290) 

1033  
(346 vs 344 vs 343) 

1255  
(425 vs 425) 

Histologie Epidermoide Non épi CBNPC CBNPC 

Ligne de traitement 
2L 
3L 
> 3L 

 
100 
0 
0 

 
88 
11 
<1 

 
69 
20 
9 

 
75 
25 
0 

Taux de réponse 20 vs 9% 19 vs 12% 18 vs 18 vs 9 14 vs 13% 

OS 9.2 vs 6 12.2 vs 9.4 12.7 vs 10.4 vs 8.5 13.8 vs 9.6 

S 24 mois 23 % vs 8% 29 vs 16% 37.5 vs 30.1 vs 
14.5 % 
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Synthése 

Nivolumab 
OPDIVO 

Pembrolizumab 
KEYTRUDA 

Atezolizumab 
TECENTRIQ 

Histologie 2 essais,  
SCC et ADK 

1 essai,  
SCC et ADK 

1 essai,  
SCC et ADK 

Expression de PD-L1 Pas de sélection ≥1% Pas de sélection 

AMM (EMEA) Oui Oui Oui 
 

Avis transparence SCC: ASMR III 
ADK: ASMR IV 

ASMR IV En cours 

Remboursement SCC: oui 
ADK: oui 

CBNPC > 1%: Oui En cours Q4 
2018 
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Type Stade 1L 2L > 2L 
CBNPC Stades 

précoces 
Chimio adjuvante 
 

 
NIVOLUMAB (sans marqueur) 2016 
 
 
PEMBROLIZUMAB (PD-L1 ≥ 1%) 2017 
 
 
ATEZOLIZUMAB (sans marqueur) 2018 

Stades IIIB Durvalumab 

Stades IV 
non mutés 

Pembrolizumab 
Pembrolizumab + 
chimio 

Stade IV 
muté 

TKIs Chimiothérapie Immunothérapie 

CPC Localisé 
 

Chimio 1L Chimio 2L 

Etendu 
 

Chimio 1L Chimio 2L 

Mésothéliome pleural 
 

Chimio +/- beva 
 

Nivo +/- ipi 

Tumeur épithéliales 
thymiques 

Chimio Chimio, AA, mTOR inh 
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A venir 
Essai KEYNOTE 024 (pembrolizumab vs chimiothérapie en 

première ligne des CBNPC). 
 PD-L1 + > 50% 

 
 

Reck M, NEJM 2016 

•  CBNPC avancé  
•  Ni EGFR muté ni ALK + 
•  Expression de PD-L1 ≥ 50 

% des cellules tumorales 
•  Pas de maladie auto 

immune 
•  Pas de métastases 

cérébrales ou métas 
traitées 

•  Stratification 
‒  PS : 0 vs 1 
‒  Histologie épi vs 

non épi 
‒  Asie vs reste du 

monde 

pembrolizumab 200-mg dose fixe IV / 3 
sem / max 35 cycles 

Au choix des investigateurs 
carboplatine ou cisplatine et pemetrexed 
ou gemcitabine ou carboplatin paclitaxel 
Maintenance Pemetrexed possible 

1:1 

Objectif principal : SSP 

Cross over pembrolizumab possible 
à progression 

(n = 305) 

R 
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B

A

Subgroup

1 10

Chemotherapy BetterPembrolizumab Better

Hazard Ratio for Disease Progression or Death (95% CI) 

Overall
Age 

<65 yr
≥65 yr

Sex
Male
Female

Region of enrollment
East Asia
Non–East Asia

ECOG performance-status score
0
1

Histologic type
Squamous
Nonsquamous

Smoking status
Current
Former
Never

Brain metastases at baseline
Yes
No

Platinum-based chemotherapy regimen
Included pemetrexed
Did not include pemetrexed

189/305

  91/141
  98/164

116/187
  73/118

21/40
168/265

  59/107
129/197

37/56
152/249

44/65
133/216
12/24

17/28
172/277

120/199
  69/106

No. of Events/
No. of Patients

0.1

0.50 (0.37–0.68)

0.61 (0.40–0.92)
0.45 (0.29–0.70)

0.39 (0.26–0.58)
0.75 (0.46–1.21)

0.35 (0.14–0.91)
0.52 (0.38–0.72)

0.45 (0.26–0.77)
0.51 (0.35–0.73)

0.35 (0.17–0.71)
0.55 (0.39–0.76)

0.68 (0.36–1.31)
0.47 (0.33–0.67)
0.90 (0.11–7.59)

0.55 (0.20–1.56)
0.50 (0.36–0.68)

0.63 (0.44–0.91)
0.29 (0.17–0.50)
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A venir 
Essai KEYNOTE 024 (pembrolizumab vs chimiothérapie en 

première ligne des CBNPC). 
 PD-L1 + > 50% 

SSP         SG 

Reck M, NEJM 2016 
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Pembrolizumab vs. Chemother apy for PD-L1–Positive Lung Cancer

respect to progression-free survival was evident 
in all subgroups examined (Fig. 1B).

Overall Survival
At the time of the second interim analysis, 108 
deaths had occurred. The estimated percentage 
of patients who were alive at 6 months was 
80.2% (95% CI, 72.9 to 85.7) in the pembroli-
zumab group and 72.4% (95% CI, 64.5 to 78.9) 
in the chemotherapy group (Fig. 2); median over-
all survival was not reached in either group. 
Overall survival was significantly longer in the 
pembrolizumab group than in the chemotherapy 
group (hazard ratio for death, 0.60; 95% CI, 0.41 
to 0.89; P = 0.005).

Objective Response Rate
The objective response rate, assessed according 
to RECIST, was 44.8% (95% CI, 36.8 to 53.0) in 
the pembrolizumab group and 27.8% (95% CI, 
20.8 to 35.7) in the chemotherapy group (Table 2). 
The median time to response was 2.2 months in 
both groups. The median duration of response 
was not reached (range, 1.9+ to 14.5+ months) 
in the pembrolizumab group and was 6.3 months 
(range, 2.1+ to 12.6+) in the chemotherapy 
group. (Plus signs in the ranges indicate the re-
sponse was ongoing at cutoff.)

Adverse Events
During treatment with the initially assigned ther-
apy, treatment-related adverse events occurred in 

73.4% of the patients in the pembrolizumab 
group and in 90.0% of the patients in the chemo-
therapy group (Table 3). Grade 3, 4, or 5 treat-
ment-related adverse events occurred in twice as 
many patients in the chemotherapy group as in 
the pembrolizumab group (53.3% vs. 26.6%). 
Serious treatment-related adverse events occurred 
in a similar percentage of patients in the pem-
brolizumab group and the chemotherapy group 
(21.4% and 20.7%, respectively). Discontinuation 
of treatment because of treatment-related adverse 
events occurred in 7.1% of patients in the pem-
brolizumab group and in 10.7% of patients in 
the chemotherapy group. Treatment-related ad-
verse events that led to death occurred in one 
patient in the pembrolizumab group (sudden 
death of unknown cause on day 2) and three 
patients in the chemotherapy group (one death 
due to pulmonary sepsis on day 25, one death 
due to pulmonary alveolar hemorrhage on day 
112, and one death of unknown cause on day 8).

The most common treatment-related adverse 
events were diarrhea (in 14.3% of the patients), 

Figure 2. Overall Survival in the Intention-to-Treat Population.

Shown are Kaplan–Meier estimates of overall survival, according to treatment 
group. Tick marks represent data censored at the last time the patient was 
known to be alive. The intention-to-treat population included all patients 
who underwent randomization.
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Figure 1 (facing page). Progression-free Survival  
in the Intention-to-Treat Population.

Panel A shows Kaplan–Meier estimates of progression-
free survival, according to treatment group. Tick marks 
represent data censored at the last time the patient 
was known to be alive and without disease progression. 
Panel B shows the analysis of progression-free survival 
in key subgroups. Progression-free survival was assessed 
according to Response Evaluation Criteria in Solid Tu-
mors (RECIST), version 1.1, by means of blinded, in-
dependent, central radiologic review. The intention-to-
treat population included all patients who underwent 
randomization. Eastern Cooperative Oncology Group 
(ECOG) performance-status scores range from 0 to 5, 
with 0 indicating no symptoms and higher scores in-
dicating increasing disability. The subgroups for the 
platinum-based chemotherapy regimen are based on 
the regimen chosen before the patient was randomly 
assigned to treatment with either pembrolizumab or 
platinum-based chemotherapy.
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A venir 

Essai CHECKMATE 026 (nivolumab vs chimiothérapie en 
première ligne des CBNPC). 

 PD-L1 + 
 

Carbone D, NEJM 2016 

•  Objectif principal 
–  Survie sans progression chez les PD-L1+ ≥5% 

•  Objectifs secondaires 
–  Taux de réponse objective chez les PD-L1+ 

–   Survie globale chez les PD-L1+ 

Bras A 
Nivolumab 3 mg/kg / 2 semaines 

Bras B 
Selon le choix de l’investigateur 

 Doublet à base de sel de platine et  
Gemcitabine 
ou Paclitaxel 

ou Pemetrexed 

Crossover autorisé 
Nivolumab 3 mg/kg / 2 semaines 
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L’immunothérapie pour les stades IIIB 
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A venir 

•  PACIFIC. Etude de phase III, internationale, 
randomisée en double aveugle, multicentrique 

•  Patients de stades III, 
localement avancés, non 
opérables, n’ayant pas 
progressés après au moins 2 
cycles de chimiothérapie à 
base de sels de platine et 
radiothérapie 

•  18 et plus 

•  PS 0-1 

•  Durée vie estimée ≥12 
semaines 

 
Pas de sélection selon statut 
PDL1  

Durvalumab 
10 mg/kg toutes 2 
semaines jusqu’à 
12 mois (N = 476) 

Placebo 
10 mg/kg toutes 

2semaines jusqu’à 
12 mois (N = 237) 

2:1 randomisation, 
Stratification selon 
age, sexe, statut 

tabagique n = 713 

Objectifs secondaires 
•  Proportion de patients en 

vie et sans progression à 12 
et 18 mois (BICR) 

•  Taux réponse (BICR) 
•  Durée objectif de réponse 

( BICR) 
•  Survie à 24 mois  
•  Sécurité et tolérance 
•  Qualité de vie 
•  Pharmacocinétique 
•  Immunogenicité 

Objectifs primaires 
•  Survie sans progression 

selon une relecture 
indépendantes en aveugle 
(BICR), RECIST v1.1 

•  Survie globale 

R 

1-42 jours  
post-cCRT 



L’immunothérapie pour les stades IIIB 
A venir 

•  SSP (Objectif primaire en intention de traitement) 
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copathologic features, and response to previous 
treatment (Fig. 2). Additional nonprognostic fac-
tors are listed in Figure S2 in the Supplementary 
Appendix. Notably, the progression-free survival 
benefit with durvalumab was observed irrespec-
tive of PD-L1 expression before chemoradiothera-
py (hazard ratio, 0.59 [95% CI, 0.43 to 0.82] for 
a PD-L1 expression level of <25% and 0.41 [95% 
CI, 0.26 to 0.65] for a PD-L1 expression level of 
≥25%). A progression-free survival benefit was 
also evident in patients who had never smoked. 
The absence of corrections for multiple com-
parisons limits the extrapolations to particular 
subgroups.

The median time to death or distant metasta-
sis was 23.2 months (95% CI, 23.2 to not reached) 
with durvalumab versus 14.6 months (95% CI, 
10.6 to 18.6) with placebo (hazard ratio, 0.52; 
95% CI, 0.39 to 0.69; two-sided P<0.001) (Fig. S3 
in the Supplementary Appendix). In addition, the 
frequency of new lesions, as assessed by means 
of blinded independent central review, was 20.4% 
with durvalumab and 32.1% with placebo, with 
a lower incidence of new brain metastases with 

durvalumab (5.5% vs. 11.0%) (Table S6 in the 
Supplementary Appendix).

The objective response rate, as assessed by 
means of blinded independent central review, 
was significantly higher with durvalumab than 
with placebo (28.4% vs. 16.0%; P<0.001) (Ta-
ble 2); 16.5% of patients who received durvalum-
ab and 27.7% of those who received placebo had 
disease progression (Table 2). The median dura-
tion of response was longer with durvalumab 
than with placebo (Table 2, and Fig. S4 in the 
Supplementary Appendix). Of the patients who 
had a response to durvalumab, 72.8% had an 
ongoing response at both 12 and 18 months as 
compared with 56.1% and 46.8%, respectively, of 
patients in the placebo group who had an ongoing 
response (Table 2). An analysis of overall survival 
was not planned at the time of this interim analy-
sis of progression-free survival.

Safety
Adverse events of any cause and grade occurred 
in 96.8% of the patients who received durvalu mab 
and 94.9% of the patients who received placebo 

Figure 1. Progression-free Survival in the Intention-to-Treat Population.

Shown are Kaplan–Meier curves for progression-free survival (PFS), defined according to the Response Evaluation 
Criteria in Solid Tumors, version 1.1, and assessed by means of blinded independent central review. Tick marks indi-
cate censored observations, and vertical lines indicate the times of landmark PFS analyses. The intention-to-treat 
population included all patients who underwent randomization.
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Durvalumab
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No. of Events/
Total No.

of Patients
Median PFS

(95% CI)
mo

12-Mo PFS
(95% CI)

%

18-Mo PFS
(95% CI)

%

Placebo

Durvalumab

No. at Risk
476
237

Durvalumab
Placebo

377
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28

1
0

21 24
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4

4
3

18

44
15

16.8 (13.0–18.1)
  5.6 (4.6–7.8)
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(Table 3); grade 3 or 4 adverse events occurred 
in 29.9% and 26.1%, respectively. The most com-
mon grade 3 or 4 adverse event was pneumonia 
(in 4.4% of patients in the durvalumab group 
and 3.8% of patients in the placebo group). Dis-
continuation due to adverse events occurred in 
15.4% of patients in the durvalumab group and 
9.8% of patients in the placebo group, and seri-
ous adverse events occurred in 28.6% and 22.6%, 
respectively (Table S7 in the Supplementary Ap-
pendix). Death due to adverse events occurred in 
4.4% of patients in the durvalumab group and 
5.6% of patients in the placebo group (Table 3). 
Treatment-related adverse events are summarized 
in Table S8 in the Supplementary Appendix.

The most frequent adverse events leading to 
discontinuation of durvalumab and placebo were 
pneumonitis or radiation pneumonitis (in 6.3% 
and 4.3%, respectively) and pneumonia (in 1.1% 
and 1.3%). In patients who received durvalumab, 
as compared with those who received placebo, 

pneumonitis or radiation pneumonitis of any 
grade occurred in 33.9% and 24.8% and pneu-
monitis or radiation pneumonitis of grade 3 or 
4 occurred in 3.4% and 2.6%; pneumonia of any 
grade occurred in 13.1% and 7.7%, and pneumo-
nia of grade 3 or 4 occurred in 4.4% and 3.8%.

Adverse events of any grade that were of spe-
cial interest, regardless of cause, were reported 
in 66.1% of patients in the durvalumab group 
and 48.7% of patients in the placebo group. The 
majority were grade 1 or 2, and events of grade 
3 or higher were infrequent (in <10% of patients) 
in both groups. The most frequent adverse events 
of any grade that were of special interest with 
durvalumab versus placebo were diarrhea (18.3% 
and 18.8%), pneumonitis (12.6% and 7.7%), rash 
(12.2% and 7.3%), and pruritus (12.2% and 4.7%). 
Adverse events of special interest for which pa-
tients received concomitant treatment were re-
ported in 42.1% and 17.1% of patients, respectively; 
treatments included glucocorticoids (in 15.2% and 

Figure 2. Subgroup Analysis of Prognostic Factors for Progression-free Survival in the Intention-to-Treat Population.

Progression-free survival was defined according to RECIST, version 1.1, and assessed by means of blinded independent central review. 
The hazard ratio and 95% confidence interval were not calculated for the complete response because this subgroup had less than  
20 events. EGFR denotes epidermal growth factor receptor, and PD-L1 programmed death ligand 1.
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ment in all secondary end points, such as an 
objective response rate that was higher by 12.4 
percentage points with durvalumab than with 
placebo (P<0.001). In addition, responses with 
durvalumab were durable as compared with pla-
cebo (72.8% of patients who had a response to 
durvalumab had an ongoing response at both 12 
and 18 months as compared with 56.1% and 
46.8%, respectively, who had a response to pla-
cebo). Durvalumab also had a favorable effect on 

the frequency of new metastases, including a 
lower incidence of new brain metastases.

The safety profile of durvalumab in this 
population was consistent with that of other im-
munotherapies and with its known safety profile 
as monotherapy in patients with more advanced 
disease (stage IIIB or IV NSCLC).18 Although the 
incidences of some adverse events of any cause, 
including pneumonitis or radiation pneumoni-
tis, were increased with both durvalumab and 

Event Durvalumab (N = 475) Placebo (N = 234)

Any Grade* Grade 3 or 4 Any Grade* Grade 3 or 4

number of patients with event (percent)

Any event 460 (96.8) 142 (29.9) 222 (94.9) 61 (26.1)

Cough 168 (35.4) 2 (0.4) 59 (25.2) 1 (0.4)

Pneumonitis or radiation pneumonitis† 161 (33.9) 16 (3.4) 58 (24.8) 6 (2.6)

Fatigue 113 (23.8) 1 (0.2) 48 (20.5) 3 (1.3)

Dyspnea 106 (22.3) 7 (1.5) 56 (23.9) 6 (2.6)

Diarrhea 87 (18.3) 3 (0.6) 44 (18.8) 3 (1.3)

Pyrexia 70 (14.7) 1 (0.2) 21 (9.0) 0

Decreased appetite 68 (14.3) 1 (0.2) 30 (12.8) 2 (0.9)

Nausea 66 (13.9) 0 31 (13.2) 0

Pneumonia 62 (13.1) 21 (4.4) 18 (7.7) 9 (3.8)

Arthralgia 59 (12.4) 0 26 (11.1) 0

Pruritus 58 (12.2) 0 11 (4.7) 0

Rash 58 (12.2) 1 (0.2) 17 (7.3) 0

Upper respiratory tract infection 58 (12.2) 1 (0.2) 23 (9.8) 0

Constipation 56 (11.8) 1 (0.2) 20 (8.5) 0

Hypothyroidism 55 (11.6) 1 (0.2) 4 (1.7) 0

Headache 52 (10.9) 1 (0.2) 21 (9.0) 2 (0.9)

Asthenia 51 (10.7) 3 (0.6) 31 (13.2) 1 (0.4)

Back pain 50 (10.5) 1 (0.2) 27 (11.5) 1 (0.4)

Musculoskeletal pain 39 (8.2) 3 (0.6) 24 (10.3) 1 (0.4)

Anemia 36 (7.6) 14 (2.9) 25 (10.7) 8 (3.4)

*  Included are events that were reported in at least 10% of the patients in either group. Grade 5 adverse events of any 
cause occurred in 21 patients (4.4%) who received durvalumab (4 [0.8%] with pneumonitis, 2 [0.4%] with cardiac ar-
rest, and 1 each [0.2%] with the following: pneumonia, bacterial pneumonia, pneumococcal pneumonia, sepsis, septic 
shock, cardiomyopathy, cardiopulmonary failure, myocardial infarction, aortic dissection, dyspnea, emphysema, he-
moptysis, respiratory distress, respiratory failure, radiation pneumonitis, right ventricular failure, increased level of 
brain natriuretic peptide, and unknown cause). Grade 5 adverse events of any cause occurred in 13 patients (5.6%) 
who received placebo (3 each [1.3%] with pneumonitis and pneumonia and 1 each [0.4%] with the following: pneumo-
nia streptococcal, West Nile virus infection, cardiac arrest, eosinophilic myocarditis, hemoptysis, intestinal obstruc-
tions, radiation pneumonitis, and unknown cause). Each patient could have had more than one grade 5 adverse event.

†  Pneumonitis or radiation pneumonitis was assessed by investigators with subsequent review and adjudication by the 
study sponsor. In addition, pneumonitis is a grouped term that includes acute interstitial pneumonitis, interstitial lung 
disease, pneumonitis, and pulmonary fibrosis.

Table 3. Adverse Events of Any Cause.
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Nivolumab is a standard option for second‐line treatment in pts with advanced NSCLC. 
However data regarding the efficacy of nivolumab as well as post-nivolumab treatment 
in large cohorts of patients treated in a real-life setting, are lacking. 

- Overall survival (OS) 
- Best response, progression-free survival (PFS) to nivolumab 
- Best response, progression-free survival (PFS) to post-nivolumab treatment (tt) 
- Predictors of response and survival to nivolumab and first post-nivolumab tt 
- Maximal toxicity of nivolumab 

This analysis included 902 pts with stage IIIB/IV NSCLC who initated ≥1 dose of 
nivolumab 3mg/kg q2w through the French EAP from 01/2015 for Squamous (Sq) 
and 06/2015 for Non‐Sq NSCLC, until 08/2015.  
Data were collected from pts medical records at each site of the study. 

Study flowchart 

Baseline characteristics 

1302PD - ESMO 2017 

Sq (N= 317 ) Non-Sq (N=585) 
Total 

(N= 902) 
Sex F N (%) 58 (18.3) 215 (36.8) 273 (30.1) 
Age (years)   Median 66.41 62.64 64.18 

    Range [36.4-86.6] [19.9-88.2] [19.9-88.2] 
Smoking Non-smoker N (%) 22 (6.9) 94 (16.2) 116 (12.8) 

  Smoker N (%) 295 (93.1) 487 (83.8) 782 (86.2) 
Number of pack-years    Median 40.00 35.00 40.00 

    Range [2.0-130.0] [0.3-132.0] [0.3-132.0] 
Number of prior lines 1 N (%) 82 (25.9) 164 (28.1) 246 (27.3) 
  2 N (%) 115 (36.4) 169 (28.9) 284 (31.5) 
  3 N (%) 63 (19.9) 112 (19.2) 175 (19.4) 
  4 N (%) 44 (13.9) 71 (12.2) 115 (12.7) 
  >4 N (%) 12 (3.8) 68 (11.6) 80 (8.9) 
Brain metastasis 
(at initiation of nivolumab) 

No N (%) 277 (87.4) 428 (73.2) 705 (78.2) 
Yes N (%) 40 (12.6) 157 (26.8) 197 (21.8) 

PDL1 (IHC) Negative N (%) 18 (85.7) 37 (63.8) 55 (6.1) 
  Positive N (%) 3 (14.3) 21 (36.2) 24 (2.7) 

Efficacy of nivolumab 

Best response   (%, 95% CI) 
Objective response (OR) 19.0% [16.2 ; 21.7] 
Stable disease (SD) 35.5% [32.1 ; 38.9] 
Disease Control (OR+SD) 54.5% [50.9 ; 58.0] 
Progressive disease (PD) 44.9% [41.4 ; 48.4] 
Not evaluable 0.6% [0.1 ; 1.2] 

Median follow-up : 26.1 months; 95% CI [ 25.8-27.1] 
Median tt duration: 2.4 months  [Min 0; Max 25,5] 
 

  Univariate analysis Multivariate analysis (n=889) 
Characteristics HR 95% CI p HR 95% CI p 
ECOG PS             

2/3/4 (vs 0/1) 2.24 1.85-2.72 <0.0001 2.21 1.82-2.69 <0.0001 
Brain metastasis             

Yes (vs No) 1.39 1.15-1.68 0.001 1.38 1.15-1.67 0.0007 

Pronostic factors of OS 

Maximal toxicity of nivolumab 

Efficacy of post-nivolumab tt 

Pronostic factors of OS 
in patients receiving post-nivolumab tt 

Acces to post-nivolumab tt  

Gender, age at initiation of nivolumab, smoking history, TNM stage, histology 
were not associated with OS.  

815 (90%) of patients had discontinuated nivolumab. Post-nivolumab tt was 
administered to 426 (47%) patients. Patients with a PS0/1, with 1 or 2 prior 
lines and without brain metastasis (at the time of nivolumab initiation) were 
more common in the population with post-nivolumab tt. 

All  
N (%) 

Grade 2 
N (%) 

Grade 3 
N (%) 

Grade 4 
N (%) 

Grade 5 
N (%) 

All 313 (34.7%) 215 (23.8%) 82 (9.1%) 9 (1.0%) 7 (0.8%) 

General 81 (9%) 65 (7.2%) 15 (1.7%) 1 (0.1%) 0 (0%) 
Skin 76 (8.4%) 67 (7.4%) 8 (0.9%) 1 (0.1%) 0 (0%) 
Endocrine 79 (8.8%) 70 (7.8%) 8 (0.9%) 1 (0.1%) 0 (0%) 
Digestive 64 (7.1%) 48 (5.3%) 13 (1.4%) 1 (0.1%) 2 (0.2%) 
Pulmonary 47 (5.2%) 20 (2.2%) 20 (2.2%) 2 (0.2%) 5 (0.6%) 
Muscular 38 (4.2%) 28 (3.1%) 10 (1.1%) 0 (0%) 0 (0%) 
Hepatic 28 (3.1%) 14 (1.6%) 10 (1.1%) 4 (0.4%) 0 (0%) 
Blood and lymphatic 11 (1.2%) 10 (1.1%) 1 (0.1%) 0 (0%) 0 (0%) 

Renal and urinary 15 (1.7%) 11 (1.2%) 4 (0.4%) 0 (0%) 0 (0%) 

Nervous system  7 (0.8%) 6 (0.7%) 1 (0.1%) 0 (0%) 0 (0%) 

Best response to first post-nivolumab systemic tt (n=319) was:  
OR=16.2 %; SD=42.3%; PD=41.5%. 

Efficacy and safety of nivolumab was in line with data from clinical trials. 
Post-nivolumab treatment may be delivered in many patients, with highly 
variable efficacy and impact on OS. 

n=907 pts included in the IFCT-1502 CLINIVO study 

n=902 pts included in the current analysis 
n=317 Sq (35%); n=585 Non-Sq (65%)              

Ongoing nivolumab 
n=87              

Ineligible (n=5) 
• Opposition to data collection (n=2) 
• Included in a clinical trial with nivolumab (n=1) 
• Initiated nivolumab outside the inclusion period (n=2) 

Nivolumab discontinuation (n=815) 
 
•Progression (n=587, 72.0%) 
•Death (n=77, 9.4%) 
•Toxicity (n=73, 9.0%) 
•Investigator's decision (n=50, 6.1%) 
•Lost sight of (n=14, 1.7%) 
•Intercurrent disease (n=8, 1.0%) 
•Patient’s choice (n=6, 0.7%) 
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Median PFS, 95% CI: 2.0 [1.9-2.2] 
events = 788, censored n=114 

PFS 

  6-month survival rates: 29.1% (95% CI: 26.1-32.0) 
12-month survival rates: 18.7% (95% CI: 16.2-21.3) 
18-month survival rates: 12.8% (95% CI: 10.6-15.1) 
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95% CI: 7.8 [7.0-8.8] 
events = 297, censored n=129 
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Median PFS post-nivolumab,  
95% CI : 2.9 [2.7-3.3] 
events = 389, censored n=37 

PFS 

Cox multivariate analysis confirmed that smoking history  
(HR=1.42, 95% CI 1.00-2.03), presence of brain metastasis at initiation of 
nivolumab (HR=1.36, 95% CI 1.02-1.80) had defavourable effect on  
post-nivolumab prognosis. An OR under nivolumab had favourable effect 
on post-nivolumab prognosis (HR=0.52, 95% CI 0.29–0.93). 
Gender, age, PS at initiation of nivolumab, TNM stage, histology, duration 
of nivolumab tt were not associated with OS. 

Best response to nivolumab 

  6-month survival rates: 64.2% (95% CI: 61.0-67.4) 
12-month survival rates: 44.7% (95% CI: 41.4-48.0) 
18-month survival rates: 32.7% (95% CI: 29.4-35.9) 

n=426 ≥1 post-nivolumab tt 

          n=319 with first post-nivolumab             
      systemic tt  
 
Discontinuation (n=290) 
•Progression (52.8%) 
•Death (16.2%) 
•Toxicity (12.1%) 
•Investigator's decision (10%) 
•Lost sight of (1.4%) 
•Intercurrent disease (3.5%) 
•Patient’s choice (1.7%) 
•Missing (2.4%) 

Exclusive systemic tt                                                 N=319 (74.9%) 
Single agent chemotherapy n=210 (49.3%) 

 
Docetaxel 61 (14.3%) 
Gemcitabine 64 (15.0%) 
Paclitacel +/ bevacizumab 38 (8.9%) 
Vinorelbine 24 (5.6%) 
Pemetrexed 20 (4.7%) 
Other 3 (0.7%) 

Platin-based doublet n=35 (8.2%) Platin-Paclitaxel 21 (4.9%) 
Other 14 (3.3%) 

Targeted therapy n=57 (13.4%) Erlotinib 43 (10.1%) 
Other 14 (3.3%) 

Nivolumab rechallenge n=15 (3.5%) 
Other/unknown systemic tt n=2 (0.5%) 

Surgery +/- radiotherapy +/- 
systemic tt N=100 (23.5%) 

Unknown tt N=7 (1.6%) 
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Nivolumab is a standard option for second‐line treatment in pts with advanced NSCLC. 
However data regarding the efficacy of nivolumab as well as post-nivolumab treatment 
in large cohorts of patients treated in a real-life setting, are lacking. 

- Overall survival (OS) 
- Best response, progression-free survival (PFS) to nivolumab 
- Best response, progression-free survival (PFS) to post-nivolumab treatment (tt) 
- Predictors of response and survival to nivolumab and first post-nivolumab tt 
- Maximal toxicity of nivolumab 

This analysis included 902 pts with stage IIIB/IV NSCLC who initated ≥1 dose of 
nivolumab 3mg/kg q2w through the French EAP from 01/2015 for Squamous (Sq) 
and 06/2015 for Non‐Sq NSCLC, until 08/2015.  
Data were collected from pts medical records at each site of the study. 

Study flowchart 

Baseline characteristics 
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Sq (N= 317 ) Non-Sq (N=585) 
Total 

(N= 902) 
Sex F N (%) 58 (18.3) 215 (36.8) 273 (30.1) 
Age (years)   Median 66.41 62.64 64.18 

    Range [36.4-86.6] [19.9-88.2] [19.9-88.2] 
Smoking Non-smoker N (%) 22 (6.9) 94 (16.2) 116 (12.8) 

  Smoker N (%) 295 (93.1) 487 (83.8) 782 (86.2) 
Number of pack-years    Median 40.00 35.00 40.00 

    Range [2.0-130.0] [0.3-132.0] [0.3-132.0] 
Number of prior lines 1 N (%) 82 (25.9) 164 (28.1) 246 (27.3) 
  2 N (%) 115 (36.4) 169 (28.9) 284 (31.5) 
  3 N (%) 63 (19.9) 112 (19.2) 175 (19.4) 
  4 N (%) 44 (13.9) 71 (12.2) 115 (12.7) 
  >4 N (%) 12 (3.8) 68 (11.6) 80 (8.9) 
Brain metastasis 
(at initiation of nivolumab) 

No N (%) 277 (87.4) 428 (73.2) 705 (78.2) 
Yes N (%) 40 (12.6) 157 (26.8) 197 (21.8) 

PDL1 (IHC) Negative N (%) 18 (85.7) 37 (63.8) 55 (6.1) 
  Positive N (%) 3 (14.3) 21 (36.2) 24 (2.7) 

Efficacy of nivolumab 

Best response   (%, 95% CI) 
Objective response (OR) 19.0% [16.2 ; 21.7] 
Stable disease (SD) 35.5% [32.1 ; 38.9] 
Disease Control (OR+SD) 54.5% [50.9 ; 58.0] 
Progressive disease (PD) 44.9% [41.4 ; 48.4] 
Not evaluable 0.6% [0.1 ; 1.2] 

Median follow-up : 26.1 months; 95% CI [ 25.8-27.1] 
Median tt duration: 2.4 months  [Min 0; Max 25,5] 
 

  Univariate analysis Multivariate analysis (n=889) 
Characteristics HR 95% CI p HR 95% CI p 
ECOG PS             

2/3/4 (vs 0/1) 2.24 1.85-2.72 <0.0001 2.21 1.82-2.69 <0.0001 
Brain metastasis             

Yes (vs No) 1.39 1.15-1.68 0.001 1.38 1.15-1.67 0.0007 

Pronostic factors of OS 

Maximal toxicity of nivolumab 

Efficacy of post-nivolumab tt 

Pronostic factors of OS 
in patients receiving post-nivolumab tt 

Acces to post-nivolumab tt  

Gender, age at initiation of nivolumab, smoking history, TNM stage, histology 
were not associated with OS.  

815 (90%) of patients had discontinuated nivolumab. Post-nivolumab tt was 
administered to 426 (47%) patients. Patients with a PS0/1, with 1 or 2 prior 
lines and without brain metastasis (at the time of nivolumab initiation) were 
more common in the population with post-nivolumab tt. 

All  
N (%) 

Grade 2 
N (%) 

Grade 3 
N (%) 

Grade 4 
N (%) 

Grade 5 
N (%) 

All 313 (34.7%) 215 (23.8%) 82 (9.1%) 9 (1.0%) 7 (0.8%) 

General 81 (9%) 65 (7.2%) 15 (1.7%) 1 (0.1%) 0 (0%) 
Skin 76 (8.4%) 67 (7.4%) 8 (0.9%) 1 (0.1%) 0 (0%) 
Endocrine 79 (8.8%) 70 (7.8%) 8 (0.9%) 1 (0.1%) 0 (0%) 
Digestive 64 (7.1%) 48 (5.3%) 13 (1.4%) 1 (0.1%) 2 (0.2%) 
Pulmonary 47 (5.2%) 20 (2.2%) 20 (2.2%) 2 (0.2%) 5 (0.6%) 
Muscular 38 (4.2%) 28 (3.1%) 10 (1.1%) 0 (0%) 0 (0%) 
Hepatic 28 (3.1%) 14 (1.6%) 10 (1.1%) 4 (0.4%) 0 (0%) 
Blood and lymphatic 11 (1.2%) 10 (1.1%) 1 (0.1%) 0 (0%) 0 (0%) 

Renal and urinary 15 (1.7%) 11 (1.2%) 4 (0.4%) 0 (0%) 0 (0%) 

Nervous system  7 (0.8%) 6 (0.7%) 1 (0.1%) 0 (0%) 0 (0%) 

Best response to first post-nivolumab systemic tt (n=319) was:  
OR=16.2 %; SD=42.3%; PD=41.5%. 

Efficacy and safety of nivolumab was in line with data from clinical trials. 
Post-nivolumab treatment may be delivered in many patients, with highly 
variable efficacy and impact on OS. 

n=907 pts included in the IFCT-1502 CLINIVO study 

n=902 pts included in the current analysis 
n=317 Sq (35%); n=585 Non-Sq (65%)              

Ongoing nivolumab 
n=87              

Ineligible (n=5) 
• Opposition to data collection (n=2) 
• Included in a clinical trial with nivolumab (n=1) 
• Initiated nivolumab outside the inclusion period (n=2) 

Nivolumab discontinuation (n=815) 
 
•Progression (n=587, 72.0%) 
•Death (n=77, 9.4%) 
•Toxicity (n=73, 9.0%) 
•Investigator's decision (n=50, 6.1%) 
•Lost sight of (n=14, 1.7%) 
•Intercurrent disease (n=8, 1.0%) 
•Patient’s choice (n=6, 0.7%) 
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PFS 

  6-month survival rates: 29.1% (95% CI: 26.1-32.0) 
12-month survival rates: 18.7% (95% CI: 16.2-21.3) 
18-month survival rates: 12.8% (95% CI: 10.6-15.1) 
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Median OS post-nivolumab,  
95% CI: 7.8 [7.0-8.8] 
events = 297, censored n=129 
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Median PFS post-nivolumab,  
95% CI : 2.9 [2.7-3.3] 
events = 389, censored n=37 

PFS 

Cox multivariate analysis confirmed that smoking history  
(HR=1.42, 95% CI 1.00-2.03), presence of brain metastasis at initiation of 
nivolumab (HR=1.36, 95% CI 1.02-1.80) had defavourable effect on  
post-nivolumab prognosis. An OR under nivolumab had favourable effect 
on post-nivolumab prognosis (HR=0.52, 95% CI 0.29–0.93). 
Gender, age, PS at initiation of nivolumab, TNM stage, histology, duration 
of nivolumab tt were not associated with OS. 

Best response to nivolumab 

  6-month survival rates: 64.2% (95% CI: 61.0-67.4) 
12-month survival rates: 44.7% (95% CI: 41.4-48.0) 
18-month survival rates: 32.7% (95% CI: 29.4-35.9) 

n=426 ≥1 post-nivolumab tt 

          n=319 with first post-nivolumab             
      systemic tt  
 
Discontinuation (n=290) 
•Progression (52.8%) 
•Death (16.2%) 
•Toxicity (12.1%) 
•Investigator's decision (10%) 
•Lost sight of (1.4%) 
•Intercurrent disease (3.5%) 
•Patient’s choice (1.7%) 
•Missing (2.4%) 

Exclusive systemic tt                                                 N=319 (74.9%) 
Single agent chemotherapy n=210 (49.3%) 

 
Docetaxel 61 (14.3%) 
Gemcitabine 64 (15.0%) 
Paclitacel +/ bevacizumab 38 (8.9%) 
Vinorelbine 24 (5.6%) 
Pemetrexed 20 (4.7%) 
Other 3 (0.7%) 

Platin-based doublet n=35 (8.2%) Platin-Paclitaxel 21 (4.9%) 
Other 14 (3.3%) 

Targeted therapy n=57 (13.4%) Erlotinib 43 (10.1%) 
Other 14 (3.3%) 

Nivolumab rechallenge n=15 (3.5%) 
Other/unknown systemic tt n=2 (0.5%) 

Surgery +/- radiotherapy +/- 
systemic tt N=100 (23.5%) 

Unknown tt N=7 (1.6%) 
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Conclusions 

IFCT-1502 CLINIVO: Real-life experience with nivolumab in patients (pts) with advanced Non-Small Cell Lung Cancer (NSCLC): 
efficacy and safety of nivolumab and post-nivolumab treatment in the French Expanded Access Program (EAP) 
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Nivolumab is a standard option for second‐line treatment in pts with advanced NSCLC. 
However data regarding the efficacy of nivolumab as well as post-nivolumab treatment 
in large cohorts of patients treated in a real-life setting, are lacking. 

- Overall survival (OS) 
- Best response, progression-free survival (PFS) to nivolumab 
- Best response, progression-free survival (PFS) to post-nivolumab treatment (tt) 
- Predictors of response and survival to nivolumab and first post-nivolumab tt 
- Maximal toxicity of nivolumab 

This analysis included 902 pts with stage IIIB/IV NSCLC who initated ≥1 dose of 
nivolumab 3mg/kg q2w through the French EAP from 01/2015 for Squamous (Sq) 
and 06/2015 for Non‐Sq NSCLC, until 08/2015.  
Data were collected from pts medical records at each site of the study. 

Study flowchart 

Baseline characteristics 

1302PD - ESMO 2017 

Sq (N= 317 ) Non-Sq (N=585) 
Total 

(N= 902) 
Sex F N (%) 58 (18.3) 215 (36.8) 273 (30.1) 
Age (years)   Median 66.41 62.64 64.18 

    Range [36.4-86.6] [19.9-88.2] [19.9-88.2] 
Smoking Non-smoker N (%) 22 (6.9) 94 (16.2) 116 (12.8) 

  Smoker N (%) 295 (93.1) 487 (83.8) 782 (86.2) 
Number of pack-years    Median 40.00 35.00 40.00 

    Range [2.0-130.0] [0.3-132.0] [0.3-132.0] 
Number of prior lines 1 N (%) 82 (25.9) 164 (28.1) 246 (27.3) 
  2 N (%) 115 (36.4) 169 (28.9) 284 (31.5) 
  3 N (%) 63 (19.9) 112 (19.2) 175 (19.4) 
  4 N (%) 44 (13.9) 71 (12.2) 115 (12.7) 
  >4 N (%) 12 (3.8) 68 (11.6) 80 (8.9) 
Brain metastasis 
(at initiation of nivolumab) 

No N (%) 277 (87.4) 428 (73.2) 705 (78.2) 
Yes N (%) 40 (12.6) 157 (26.8) 197 (21.8) 

PDL1 (IHC) Negative N (%) 18 (85.7) 37 (63.8) 55 (6.1) 
  Positive N (%) 3 (14.3) 21 (36.2) 24 (2.7) 

Efficacy of nivolumab 

Best response   (%, 95% CI) 
Objective response (OR) 19.0% [16.2 ; 21.7] 
Stable disease (SD) 35.5% [32.1 ; 38.9] 
Disease Control (OR+SD) 54.5% [50.9 ; 58.0] 
Progressive disease (PD) 44.9% [41.4 ; 48.4] 
Not evaluable 0.6% [0.1 ; 1.2] 

Median follow-up : 26.1 months; 95% CI [ 25.8-27.1] 
Median tt duration: 2.4 months  [Min 0; Max 25,5] 
 

  Univariate analysis Multivariate analysis (n=889) 
Characteristics HR 95% CI p HR 95% CI p 
ECOG PS             

2/3/4 (vs 0/1) 2.24 1.85-2.72 <0.0001 2.21 1.82-2.69 <0.0001 
Brain metastasis             

Yes (vs No) 1.39 1.15-1.68 0.001 1.38 1.15-1.67 0.0007 

Pronostic factors of OS 

Maximal toxicity of nivolumab 

Efficacy of post-nivolumab tt 

Pronostic factors of OS 
in patients receiving post-nivolumab tt 

Acces to post-nivolumab tt  

Gender, age at initiation of nivolumab, smoking history, TNM stage, histology 
were not associated with OS.  

815 (90%) of patients had discontinuated nivolumab. Post-nivolumab tt was 
administered to 426 (47%) patients. Patients with a PS0/1, with 1 or 2 prior 
lines and without brain metastasis (at the time of nivolumab initiation) were 
more common in the population with post-nivolumab tt. 

All  
N (%) 

Grade 2 
N (%) 

Grade 3 
N (%) 

Grade 4 
N (%) 

Grade 5 
N (%) 

All 313 (34.7%) 215 (23.8%) 82 (9.1%) 9 (1.0%) 7 (0.8%) 

General 81 (9%) 65 (7.2%) 15 (1.7%) 1 (0.1%) 0 (0%) 
Skin 76 (8.4%) 67 (7.4%) 8 (0.9%) 1 (0.1%) 0 (0%) 
Endocrine 79 (8.8%) 70 (7.8%) 8 (0.9%) 1 (0.1%) 0 (0%) 
Digestive 64 (7.1%) 48 (5.3%) 13 (1.4%) 1 (0.1%) 2 (0.2%) 
Pulmonary 47 (5.2%) 20 (2.2%) 20 (2.2%) 2 (0.2%) 5 (0.6%) 
Muscular 38 (4.2%) 28 (3.1%) 10 (1.1%) 0 (0%) 0 (0%) 
Hepatic 28 (3.1%) 14 (1.6%) 10 (1.1%) 4 (0.4%) 0 (0%) 
Blood and lymphatic 11 (1.2%) 10 (1.1%) 1 (0.1%) 0 (0%) 0 (0%) 

Renal and urinary 15 (1.7%) 11 (1.2%) 4 (0.4%) 0 (0%) 0 (0%) 

Nervous system  7 (0.8%) 6 (0.7%) 1 (0.1%) 0 (0%) 0 (0%) 

Best response to first post-nivolumab systemic tt (n=319) was:  
OR=16.2 %; SD=42.3%; PD=41.5%. 

Efficacy and safety of nivolumab was in line with data from clinical trials. 
Post-nivolumab treatment may be delivered in many patients, with highly 
variable efficacy and impact on OS. 

n=907 pts included in the IFCT-1502 CLINIVO study 

n=902 pts included in the current analysis 
n=317 Sq (35%); n=585 Non-Sq (65%)              

Ongoing nivolumab 
n=87              

Ineligible (n=5) 
• Opposition to data collection (n=2) 
• Included in a clinical trial with nivolumab (n=1) 
• Initiated nivolumab outside the inclusion period (n=2) 

Nivolumab discontinuation (n=815) 
 
•Progression (n=587, 72.0%) 
•Death (n=77, 9.4%) 
•Toxicity (n=73, 9.0%) 
•Investigator's decision (n=50, 6.1%) 
•Lost sight of (n=14, 1.7%) 
•Intercurrent disease (n=8, 1.0%) 
•Patient’s choice (n=6, 0.7%) 

0

0,1

0,2

0,3

0,4

0,5

0,6

0,7

0,8

0,9

1

0 5 10 15 20 25

O
ve

ra
ll 

S
ur

vi
va

l 

Time (months) 

Median OS, 95% CI: 9.9 [9.1-11.3] 
events = 603, censored n=299 
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Median PFS, 95% CI: 2.0 [1.9-2.2] 
events = 788, censored n=114 

PFS 

  6-month survival rates: 29.1% (95% CI: 26.1-32.0) 
12-month survival rates: 18.7% (95% CI: 16.2-21.3) 
18-month survival rates: 12.8% (95% CI: 10.6-15.1) 
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Median OS post-nivolumab,  
95% CI: 7.8 [7.0-8.8] 
events = 297, censored n=129 
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Median PFS post-nivolumab,  
95% CI : 2.9 [2.7-3.3] 
events = 389, censored n=37 

PFS 

Cox multivariate analysis confirmed that smoking history  
(HR=1.42, 95% CI 1.00-2.03), presence of brain metastasis at initiation of 
nivolumab (HR=1.36, 95% CI 1.02-1.80) had defavourable effect on  
post-nivolumab prognosis. An OR under nivolumab had favourable effect 
on post-nivolumab prognosis (HR=0.52, 95% CI 0.29–0.93). 
Gender, age, PS at initiation of nivolumab, TNM stage, histology, duration 
of nivolumab tt were not associated with OS. 

Best response to nivolumab 

  6-month survival rates: 64.2% (95% CI: 61.0-67.4) 
12-month survival rates: 44.7% (95% CI: 41.4-48.0) 
18-month survival rates: 32.7% (95% CI: 29.4-35.9) 

n=426 ≥1 post-nivolumab tt 

          n=319 with first post-nivolumab             
      systemic tt  
 
Discontinuation (n=290) 
•Progression (52.8%) 
•Death (16.2%) 
•Toxicity (12.1%) 
•Investigator's decision (10%) 
•Lost sight of (1.4%) 
•Intercurrent disease (3.5%) 
•Patient’s choice (1.7%) 
•Missing (2.4%) 

Exclusive systemic tt                                                 N=319 (74.9%) 
Single agent chemotherapy n=210 (49.3%) 

 
Docetaxel 61 (14.3%) 
Gemcitabine 64 (15.0%) 
Paclitacel +/ bevacizumab 38 (8.9%) 
Vinorelbine 24 (5.6%) 
Pemetrexed 20 (4.7%) 
Other 3 (0.7%) 

Platin-based doublet n=35 (8.2%) Platin-Paclitaxel 21 (4.9%) 
Other 14 (3.3%) 

Targeted therapy n=57 (13.4%) Erlotinib 43 (10.1%) 
Other 14 (3.3%) 

Nivolumab rechallenge n=15 (3.5%) 
Other/unknown systemic tt n=2 (0.5%) 

Surgery +/- radiotherapy +/- 
systemic tt N=100 (23.5%) 

Unknown tt N=7 (1.6%) 
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Les questions pratiques 
E

n pratique 

Puis-je arréter ? 
CheckMate 153: Continuous vs 1-Year Nivolumab

PFS From Randomizationa

8

aPatients who did not have PD at randomization; minimum/median follow-up time post-randomization, 10.0/14.9 months
bWith optional retreatment allowed at PD
NR = not reached; tx = treatment

Median, months
(95% CI)

PFS rate, %
6-month 1-year

Continuous tx NR (NR) 80 65
1-year txb 10.3 (6.4, 15.2) 69 40

HR: 0.42 (95% CI: 0.25, 0.71)

No. at risk

1-year tx
Continuous tx

87 50 43 33 21 16 5 1 0
76 60 53 49 35 22 10 3 0

No. at risk

1-year tx
Continuous tx

87 50 43 33 21 16 5 1 0
76 60 53 49 35 22 10 3 0

Time post-randomization (months)
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Les questions pratiques 
E
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Puis-je arréter ? 

CheckMate 153: Continuous vs 1-Year Nivolumab
PFS From Randomization by Response Statusa

9

Median, months
(95% CI)

Continuous tx NR (NR)
1-year txb,c 10.6 (4.8, NA)

HR: 0.45 (95% CI: 0.24, 0.85)

Median, months
(95% CI)

Continuous tx NR (5.6, NA)
1-year txb 9.6 (4.5, 12.6)

HR: 0.44 (95% CI: 0.17, 1.09)

CR/PR SD

aBest overall response prior to randomization; minimum/median follow-up time post-randomization, 10.0/14.9 months; bWith optional retreatment 
allowed at PD; cTwo patients who stopped treatment had CR prior to randomization; both patients lost CR (6 and 13 months after stopping 
treatment) with progression due to new lesions; NA = not available

1-year tx 49 29 26 20 14 11 3 1 0
Continuous tx 53 45 41 39 28 17 7 2 0

No. at risk
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Retraitement ? 

CheckMate 153: Continuous vs 1-Year Nivolumab
Tumor Burden Change of Target Lesions in Retreated Patients

14aPatients with PD in target lesions only; bn = 11: 1 patient without further assessment after retreatment start was excluded

Type of PD n (%)

Target lesions only 12 (35)

Non-target lesions only 1 (3)

New lesions only 14 (41)

Target lesions and new lesions 4 (12)

Non-target lesions and new lesions 1 (3)

Target lesions, non-target lesions, 
and new lesions 2 (6)

Tumor burden change in target lesions following retreatmenta,b

● Start of retreatment
% change truncated to 100%C
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Puis-je continuer à la progression ? 

J. Mazieres, GOLF 2017          Gandara, ASCO 2017     

•  Essai OAK : poursuite de l’immunothérapie après progression 

Population 
(n = 850) 

Atézolizumab 
(n = 425) 

Pas de 
progression 

(n = 93) 

Progression 
(n = 332) 

Autre TTT post-
progression 

(n = 94) 

Atézolizumab 
post-

progression 
(n = 168) 

Pas de TTT 
post-

progression 
(n = 70) 

Autre TTT post-
progression 

(n = 167) 

Pas de TTT post-
progression 

(n = 123) 

Immunothérapie 
(n = 65) Immunothérapie 

(n = 7) 

Sans 
immunothérapie 

(n = 87) 

Sans 
immunothérapie 

(n = 102) 

Docétaxel 
(n = 425) 

Progression 
(n = 290) 

Pas de 
progression 

(n = 135) 
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Temps depuis la progression (mois) Patient(e)s (n) 

Atézolizumab 
(n = 425) 

Pas de progression 
RECIST v1.1 

(n = 93) 

Progression 
RECIST v1.1 

(n = 332) 

Pas de TTT  
post-progression 

(n = 70) 

Autres TTT  
post-progression 

(n = 94) 

Poursuite  
de l’atézolizumab 
après progression 

(n = 168) 

12,7 
(9,3-14,9) 

8,8 
(6,0-12,1) 

2,2 
(1,9-3,4) 

SG médiane (mois) 
IC95 
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1 year was 40·8% (31·6–49·7; fi gure 3B). At the time of 
analysis, 72 (62%) of 117 participants had died.

We obtained pretreatment archival tumour samples 
for 86 (74%) of 117 participants, 76 (88%) of which could 
be assessed for PD-L1 expression. Median time from 
biopsy to start of nivolumab treatment for all collected 
tumour samples was 1·3 years (IQR 0·8–2·1). 25 (33%) 
of 76 patients had PD-L1-positive tumours (≥5% 
expression). Patients with PD-L1-positive tumours and 
those with PD-L1-negative tumours achieved an objective 
response, with more objective responses in patients with 
PD-L1-positive tumours (table 2). Almost a third of 
patients with unevaluable PD-L1 expression had an 

objective response (table 2). The appendix shows 
objective response by PD-L1 status using other cutoff s. 
Reductions in target tumour lesion burden were more 
common in patients with PD-L1-positive tumours 
(13 [52%] of 25 patients) than in those with PD-L1-
negative tumours (15 [38%] of 40; appendix).

32 (27%) of 117 patients had a dose delay, most often 
because of an adverse event, with 21 (66%) of 32 having 
only one delay. Most dose delays lasted less than 15 days. 
Accordingly, 99 (85%) of 117 patients received at least 
90% of their planned dose intensity.

Almost three-quarters of patients reported a 
treatment-related adverse event of any grade; most 
commonly, fatigue, decreased appetite, and nausea 
(table 3). Grade 3–4 treatment-related adverse events 
occurred in about a sixth of patients, most commonly 
fatigue, pneumonitis, and diarrhoea (table 3). Most 
treatment-related immune-mediated adverse events 
were of low grade, with skin disorders and 
gastrointestinal events most prevalent (appendix). Three 
patients had treatment-related grade 3 diarrhoea, which 
resolved with either corticosteroid treatment (one 
patient) or supportive care. Six patients had treatment-
related pneumonitis (none grade 4 or 5); one additional 
grade 3 pneumonitis was reported between 30 and 
100 days after the last dose of nivolumab. All patients 
with pneumonitis were treated with corticosteroids, 
with a median time to resolution of 3·4 weeks (range 
1·6–13·4). Four low-grade, treatment-related, renal 
adverse events were reported, none of which were 
grade 3–4. Treatment-related adverse events led to 
discontinuation for 14 (12%) of 117 patients: fi ve (4%) for 
pneumonitis, two (2%) for fatigue, and one (1%) for 
each of anaphylactic reaction, hypersensitivity, adrenal 
insuffi  ciency, diarrhoea, polyneuropathy, rash, and 
sensory neuropathy in both hands. At time of analysis, 
15 (13%) of 117 patients were on treatment.

Two deaths were attributed, by the investigator, to 
nivolumab. One patient died of hypoxic pneumonia 
28 days after the last dose of nivolumab. This patient had 
rapid tumour progression and bronchial obstruction 
with possible associated opportunistic infection. 
Although this condition was distinct from pneumonitis, 
the investigator reported the adverse event as possibly 
related to nivolumab as an infl ammatory component 
could not be ruled out, and no bronchoscopy or autopsy 
was done. A second patient died of ischaemic stroke 
41 days after the fi rst and only nivolumab dose. Both 
patients had multiple comorbidities and progressive 
disease (appendix).
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Partial 
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Stable 
disease

Progressive 
disease
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Résistance	secondaire	
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related to nivolumab as an infl ammatory component 
could not be ruled out, and no bronchoscopy or autopsy 
was done. A second patient died of ischaemic stroke 
41 days after the fi rst and only nivolumab dose. Both 
patients had multiple comorbidities and progressive 
disease (appendix).
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Problémes des hyperprogresseurs 
Aide de PDL1 ? 

Taux de réponse des patient PDL1 négatifs 

Dr.M.Pérol 16 juin 2017 - Journée GFCO 2017 
 

Response Rate for PD-L1 Negative Patients 

Drug Histology Testing Cut-off 
PD-L1 - 

% PD-L1- ORR 

Nivolumab (Checkmate 017) Squamous Dako 28.8 <1% 40% 17% 

Nivolumab (Checkmate 057) Non-squamous Dako 28.8 <1% 46% 9% 

Atezolizumab (Poplar) All histologies Ventana SP142 TC0 + IC0 32% 7.8% 

Atezolizumab (Oak) All histologies Ventana SP142 TC0 + IC0 45% 8% 

Durvalumab (phase I-II) All histologies Ventana SP263 <25% 45% 6.1% 

Pembrolizumab (phase I) All histologies Dako 22C3 <1% 39% 8.1% 

Avelumab (phase Ib) All histologies Dako 73.10 <1% 14% 10% Brahmer, NEJM 2015; Borghaei H et al. N Engl J Med 2015;373:1627-39; Fehrenbacher; Lancet 2016; 
Garon,  NEJM 2015; Rebelatto, ASCO 2015; Herbst, Lancet 2015; Antonia, ESMO 2016; Gulley, ASCO 2015 Durvalumab and atezolizumab are  not approved in NSCLC in EU 
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Quel biomarqueur prédictif de réponse ? 



Expression de PD-L1 

Kerr K, JTO 2015 

•  Expression de PDL1 dans le CBNPC 



Réponse selon l’expression de PD-L1 

•  Taux de réponse selon le niveau d’expression de PD-L1  

Mino-Kenudson, Cancer Biol Med 2016 

Table 4   (continued)

Reference Type of
specimen PD-L1 clone Method Cut-off Membranous/cytoplasmic

staining
Positive cases
(%)

Zhang et al.21 Resectionb SAB2900365
(Sigma-
Aldrich)

Manual ≥8 (median quick score 0-
18)

Membranous and/or
cytoplasmic staining of
tumor cells

70 (49)

Koh et al.19 Resectionb PD-L1 E1L3N
(CST)

Ventana
automated
system

IHC 2 (moderate) and 3
(strong) in >10% of tumor
cells

Membranous and/or
cytoplasmic staining of
tumor cells

293 (59)

Lin et al.20 Resection or
biopsya

ab58810
(Abcam)

Manual Mean value of all
semiquantitative H-scoresd

Membranous and/or
cytoplasmic staining of
tumor cells

30 (53.6)

Calles et al.37 N/Aa Clone 9A11
(Gordon
Freeman's
laboratory,
DFCI)

Manual ≥5% (regardless of intensity) Membranous staining on
tumor cells

27 (24)

a: information regarding treatment prior procurement of the specimen is not available; b: no patients received any treatment prior
procurement of the specimen; c: asubset of the patients received treatment prior procurement of the specimen; d: calculated by
multiplying proportion of tumor cells with PD-L1 (0-3) by staining intensity score (0-3); e: calculated by multiplying staining intensity (0-3)
x fraction of positive cells (0-3 based on % of positive tumor cells).

 
Figure 2   PD-L1 expression and response to PD-1/PD-L1 inhibitors in NSCLC.
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Essai phase 3 en deuxième ligne 

•  CHECKMATE 057. Nivolumab vs taxotére.  
•  Adénocarcinomes pré-traités. 
•  Courbes de survie selon le statut PDL1 

Borghaei, NEJM 2016 



Essai phase 2 en deuxième ligne (PD-L1) 

POPLAR: PFS selon l’expression de PD-L1 
•  Atezolizumab vs docetaxel en deuxième ligne  
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TC3 or IC3 (16%) 
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ITT (N = 287) 

 
 0.2 1 2 

Hazard Ratioa 
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Atezolizumab 
n = 144 

Docetaxel 
n = 143 

Median PFS, mo (95% CI) 

Fehrenbacher L, Lancet 2016 



Essai phase 3 en deuxième ligne (PD-L1) 

OAK: Survie globale selon le niveau d’expression 
de PD-L1 

Barlesi F, ESMO 2016 
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Analyse de l’expression de PD-L1 

•  Différents anticorps et seuils utilisés 

Name Test Analysis Analyzed 
cells 

Positivity Expression 

Nivolumab Dako 
IHC (28-8 
rabbit Ab) 

FFPE 
archive 

Tumor cells 
membrane 
expression 

Cut-off at 1 & 
5% > 100 
tumor cells 

Cut-off 1% : 56% 
Cut-off 5% : 49% 

Pembrolizu
mab 

Dako 
IHC (22C3 
mouse Ab) 

FFPE 
archive 
 

Tumor cells 
membrane 
expression 
 

Cut-off at 50% 
(strong) & 
1-49 (weak) 

Cut-off 50% : 
25% 
Cut-off 1% : 70% 

Durvalumab Ventana 
IHC 
(SP263) 

FFPE 
archive 

Tumor cells 
membrane 
expression 
 

M0 < 1% 
M1 > 1% 
M2> 25% 
M3 > 50% 

Cut-off 25% 
M0, M1 : 75% 
M2, M3 : 25% 

Atezolizuma
b 
 

SP142 FFPE 
archive 

Immune cells 
& tumor cells 
expression 

IHC 3 (> 
10%), IHC 2 
(> 5%), IHC 1 
(> 1%) 

IHC 3 : 11% 
IHC 1: 75% 



Charge mutationnelle et néo-antigènes 

•  Analyse de la réponse au pembrolizumab dans le 
CBNPC selon la charge mutationnelle. 

Rizvi N, Science 2015 

NDB (Mann-Whitney P = 0.01 for both) (fig. S5).
A previously validated binary classifier to identi-
fy the molecular signature of smoking (17) was
applied to differentiate transversion-high (TH,
smoking signature) from transversion-low (TL,
never-smoking signature) tumors. Efficacy was
greatest in patients with tumors harboring the
smoking signature. The ORR in TH tumors was
56% versus 17% in TL tumors (Fisher’s exact P =
0.03); the rate of DCBwas 77% versus 22% (Fisher’s
exact P = 0.004); the PFS was also significantly
longer in TH tumors (median not reached versus
3.5 months, log-rank P = 0.0001) (Fig. 2A). Self-
reported smoking history did not significantly
discriminate those most likely to benefit from
pembrolizumab. The rates of neither DCB nor
PFS were significantly different in ever-smokers
versus never-smokers (Fisher’s exact P = 0.66 and
log-rank P = 0.29, respectively) or heavy smokers
(median pack-years >25) versus light/never smokers
(pack-years ≤25) (Fisher’s exact P = 0.08 and log-
rank P = 0.15, respectively). Themolecular smoking
signature correlated more significantly with non-

synonymous mutation burden than smoking his-
tory (fig. S6, A and B).
Although carcinogens in tobacco smoke are

largely responsible for the mutagenesis in lung
cancers (19), the wide range of mutation burden
within both smokers and never-smokers impli-
cates additional pathways contributing to the
accumulation of somatic mutations. We found
deleterious mutations in a number of genes that
are important in DNA repair and replication. For
example, in three responders with the highest
mutation burden, we identified deleterious mu-
tations in POLD1, POLE, and MSH2 (Fig. 3). Of
particular interest, a POLD1 E374K mutation was
identified in a never-smoker with DCB whose tu-
mor harbored the greatest nonsynonymous muta-
tion burden (n = 507) of all never-smokers in our
series. POLD1 Glu374 lies in the exonuclease proof-
reading domain of Pol d (20), and mutation of
this residue may contribute to low-fidelity repli-
cation of the lagging DNA strand. Consistent with
this hypothesis, this tumor exome had a relatively
low proportion of C-to-A transversions (20%) and

predominance of C-to-T transitions (51%), similar
to other POLD1 mutant, hypermutated tumors
(21) and distinct from smoking-related lung can-
cers. Another responder, with the greatest muta-
tion burden in our series, had a C284Y mutation
in POLD1, which is also located in the exonu-
clease proofreading domain. We observed non-
sense mutations in PRKDC, the catalytic subunit
of DNA-dependent protein kinase (DNA-PK),
and RAD17. Both genes are required for proper
DNA repair and maintenance of genomic integ-
rity (22, 23).
Genes harboring deleterious mutations com-

mon to four or more DCB patients and not present
in NDB patients included POLR2A,KEAP1, PAPPA2,
PXDNL, RYR1, SCN8A, and SLIT3. Mutations in
KRAS were found in 7 of 14 tumors from patients
with DCB compared to 1 of 17 in the NDB group,
a finding that may be explained by the asso-
ciation between smoking and the presence of
KRAS mutations in NSCLC (24). There were no
mutations or copy-number alterations in antigen-
presentation pathway–associated genes or CD274
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Fig. 1. Nonsynonymous mutation burden associated with clinical bene-
fit of anti–PD-1 therapy. (A) Nonsynonymous mutation burden in tumors
from patients with DCB (n = 7) or with NDB (n = 9) (median 302 versus
148, Mann-Whitney P = 0.02). (B) PFS in tumors with higher nonsynony-
mous mutation burden (n = 8) compared to tumors with lower nonsynony-
mous mutation burden (n = 8) in patients in the discovery cohort (HR 0.19,
95% CI 0.05 to 0.70, log-rank P = 0.01). (C) Nonsynonymous mutation
burden in tumors with DCB (n = 7) compared to those with NDB (n = 8) in
patients in the validation cohort (median 244 versus 125, Mann-Whitney
P = 0.04). (D) PFS in tumors with higher nonsynonymous mutation burden
(n = 9) compared to those with lower nonsynonymous mutation burden
(n = 9) in patients in the validation cohort (HR 0.15, 95% CI 0.04 to 0.59,

log-rank P = 0.006). (E) ROC curve for the correlation of nonsynonymous
mutation burden with DCB in discovery cohort. AUC is 0.86 (95% CI 0.66
to 1.05, null hypothesis test P = 0.02). Cut-off of ≥178 nonsynonymous mu-
tations is designated by triangle. (F) Nonsynonymous mutation burden in
patients with DCB (n = 14) compared to those with NDB (n = 17) for the
entire set of sequenced tumors (median 299 versus 127, Mann-Whitney P =
0.0008). (G) PFS in those with higher nonsynonymous mutation burden
(n = 17) compared to those with lower nonsynonymous mutation burden
(n = 17) in the entire set of sequenced tumors (HR 0.19, 95% CI 0.08-0.47,
log-rank P = 0.0004). In (A), (C), and (F), median and interquartile ranges of
total nonsynonymous mutations are shown, with individual values for each
tumor shown with dots.
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[encoding programmed cell death ligand-1 (PD-L1)]
that were associated with response or resistance.

How does increased mutation burden affect tu-
mor immunogenicity? The observation that non-
synonymous mutation burden is associated with
pembrolizumab efficacy is consistent with the
hypothesis that recognition of neoantigens, formed
as a consequence of somatic mutations, is impor-
tant for the activity of anti–PD-1 therapy. We ex-
amined the landscape of neoantigens using our
previously described methods (25) (fig. S7). Briefly,
this approach identifies mutant nonamers with
≤500 nM binding affinity for patient-specific class
I human lymphocyte antigen (HLA) alleles (26, 27),
which are considered candidate neoantigens (table
S6). We identified a median of 112 candidate neo-
antigens per tumor (range 8 to 610), and the quan-
tity of neoantigens per tumor correlated with
mutation burden (Spearman r 0.91, P < 0.0001),
similar to the correlation recently reported across
cancers (28). Tumors from patients with DCB had
significantly higher candidate neoantigen bur-
den compared to those with NDB (Fig. 4A), and
high candidate neoantigen burden was associated
with improved PFS (median 14.5 versus 3.5 months,
log-rank P = 0.002) (Fig. 4B). The presence of sp-

ecific HLA alleles did not correlate with efficacy
(fig. S8). The absolute burden of candidate neo-
antigens, but not the frequency per nonsynony-
mous mutation, correlated with response (fig. S9).
We next sought to assess whether anti–PD-1

therapy can alter neoantigen-specific T cell re-
activity. To directly test this, identified candidate
neoantigens were examined in a patient (Study
ID no. 9 in Fig. 3 and table S3) with exceptional
response to pembrolizumab and available pe-
ripheral blood lymphocytes (PBLs). Predicted
HLA-A–restricted peptides were synthesized to
screen for ex vivo autologous T cell reactivity in
serially collected PBLs (days 0, 21, 44, 63, 256, and
297, where day 0 is the first date of treatment)
using a validated high-throughput major histo-
compatibility complex (MHC) multimer screening
strategy (29, 30). This analysis revealed a CD8+
T cell response against a neoantigen resulting
from a HERC1 P3278S mutation (ASNASSAAK)
(Fig. 4C). Notably, this T cell response could only
be detected upon the start of therapy (level of
detection 0.005%). Three weeks after therapy
initiation, the magnitude of response was 0.040%
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Fig. 2. Molecular smoking signature is significantly
associated with improved PFS in NSCLC patients
treated with pembrolizumab. PFS in tumors char-
acterized as TH by molecular smoking signature
classifier (n = 16) compared to TL tumors (n = 18)
(HR 0.15, 95% 0.06 to 0.39, log-rank P = 0.0001).

Fig. 3. Mutation burden, clinical response, and factors contributing to
mutation burden.Total exonic mutation burden for each sequenced tumor with
nonsynonymous (dark shading), synonymous (medium shading), and indels/
frameshift mutations (light shading) displayed in the histogram. Columns are
shaded to indicate clinical benefit status: DCB, green; NDB, red; not reached
6 months follow-up (NR), blue. The cohort identification (D, discovery; V, valida-

tion), best objective response (PR, partial response; SD, stable disease; PD,
progression of disease), and PFS (censored at the time of data lock) are reported
in the table.Those with ongoing progression-free survival are labeled with ++.The
presence of the molecular smoking signature is displayed in the table with TH
cases (purple) and TL cases (orange). The presence of deleterious mutations in
specific DNA repair/replication genes is indicated by the arrows.
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PFS selon la charge  
mutationnelle  

« non synonyme » 

PFS selon le taux  
de transversion  

(lié au tabagisme) 

•  Mise en évidence d’une signature de néo-épitopes 
prédictive de la survie  

of CD8+ T cells, and this response was main-
tained at Day 44. This rapid induction of T cell
reactivity correlated with tumor regression, and
this T cell response returned to levels just above
background in the subsequent months as tumor
regression plateaued (Fig. 4D). HERC1 P3278S-
multimer–reactive T cells from PBLs collected on
day 44 were characterized by a CD45RA-CCR7-
HLA-DR+LAG-3 phenotype, consistent with an
activated effector population (fig. S10). These data
reveal autologous T cell responses against cancer
neoantigens in the context of a clinical response
to anti–PD-1 therapy.
To validate the specificity of the neoantigen-

reactive T cells, PBLs from days 63 and 297 were
expanded in vitro in the presence of mutant pep-
tide and subsequently restimulated with either
mutant or wild-type peptide (ASNASSAAK versus

ASNAPSAAK), and intracellular cytokines were
analyzed. At both time points, a substantial pop-
ulation of polyfunctional CD8+ T cells [charac-
terized by production of the cytokines interferon
(IFN) g and tumor necrosis factor (TNF) a, the
marker of cytotoxic activity CD107a, and the chemo-
kine CCL4] was detected in response to mutant
but not wild-type peptide (Fig. 4E and fig. S11).
In the current study, we show that in NSCLCs

treated with pembrolizumab, elevated nonsynon-
ymous mutation burden strongly associates with
clinical efficacy. Additionally, clinical efficacy cor-
relates with a molecular signature characteristic
of tobacco carcinogen–related mutagenesis, cer-
tain DNA repair mutations, and the burden of
neoantigens. The molecular smoking signature
correlated with efficacy, whereas self-reported
smoking status did not, highlighting the power

of this classifier to identify molecularly related
tumors within a heterogeneous group.
Previous studies have reported that pretreat-

ment PD-L1 expression enriches for response to
anti–PD-1 therapies (3, 8, 31), but many tumors
deemed PD-L1 positive do not respond, and some
responses occur in PD-L1–negative tumors (8, 31).
Semiquantitative PD-L1 staining results were avail-
able for 30 of 34 patients, where strong staining
represented ≥50% PD-L1 expression, weak rep-
resented 1 to 49%, and negative represented
<1% [clone 22C3, Merck (8)]. As this trial largely
enrolled patients with PD-L1 tumor expression,
most samples had some degree of PD-L1 ex-
pression (24 of 30, 80%) (table S3), limiting the
capacity to determine relationships between
mutation burden and PD-L1 expression. Among
those with high nonsynonymous mutation burden
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Fig. 4. Candidate neoantigens, neoantigen-specific T cell
response, and response to pembrolizumab. (A) Neoantigen
burden in patients with DCB (n = 14) compared to NDB (n = 17)
across the overall set of sequenced tumors (median 203 versus
83, Mann-Whitney P = 0.001). (B) PFS in tumors with higher can-
didate neoantigen burden (n = 17) compared to tumors with lower
candidate neoantigen burden (n = 17) (HR 0.23, 95% CI 0.09 to
0.58, log-rank P = 0.002). (C) (Top) Representative computed
tomography (CT) images of a liver metastasis before and after
initiation of treatment. (Middle) Change in radiographic response.
(Bottom) Magnitude of the HERC1 P3278S reactive CD8+ Tcell
response measured in peripheral blood. (D) The proportion of
CD8+ Tcell population in serially collected autologous PBLs rec-
ognizing the HERC1 P3278S neoantigen (ASNASSAAK) before and
during pembrolizumab treatment. Each neoantigen is encoded
by a unique combination of two fluorescently labeled peptide-

MHC complexes (represented individually on each axis); neoantigen-specific T cells are represented by the events in the double positive position indicated
with black dots. Percentages indicate the number of CD8+ MHC multimer+ cells out of total CD8 cells. (E) Autologous T cell response to wild-type HERC1
peptide (black), mutant HERC1 P3278S neoantigen (red), or no stimulation (blue), as detected by intracellular cytokine staining. Tcell costains for IFNg and
CD8, TNFa, CD107a, and CCL4, respectively, are displayed for the Day 63 and Day 297 time points.
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Charge mutationnelle et néo-antigènes 

•  Analyse de la réponse au pembrolizumab dans le 
CBNPC selon la « signature » mutationnelle. 

Rizvi N, Science 2015 

[encoding programmed cell death ligand-1 (PD-L1)]
that were associated with response or resistance.

How does increased mutation burden affect tu-
mor immunogenicity? The observation that non-
synonymous mutation burden is associated with
pembrolizumab efficacy is consistent with the
hypothesis that recognition of neoantigens, formed
as a consequence of somatic mutations, is impor-
tant for the activity of anti–PD-1 therapy. We ex-
amined the landscape of neoantigens using our
previously described methods (25) (fig. S7). Briefly,
this approach identifies mutant nonamers with
≤500 nM binding affinity for patient-specific class
I human lymphocyte antigen (HLA) alleles (26, 27),
which are considered candidate neoantigens (table
S6). We identified a median of 112 candidate neo-
antigens per tumor (range 8 to 610), and the quan-
tity of neoantigens per tumor correlated with
mutation burden (Spearman r 0.91, P < 0.0001),
similar to the correlation recently reported across
cancers (28). Tumors from patients with DCB had
significantly higher candidate neoantigen bur-
den compared to those with NDB (Fig. 4A), and
high candidate neoantigen burden was associated
with improved PFS (median 14.5 versus 3.5 months,
log-rank P = 0.002) (Fig. 4B). The presence of sp-

ecific HLA alleles did not correlate with efficacy
(fig. S8). The absolute burden of candidate neo-
antigens, but not the frequency per nonsynony-
mous mutation, correlated with response (fig. S9).
We next sought to assess whether anti–PD-1

therapy can alter neoantigen-specific T cell re-
activity. To directly test this, identified candidate
neoantigens were examined in a patient (Study
ID no. 9 in Fig. 3 and table S3) with exceptional
response to pembrolizumab and available pe-
ripheral blood lymphocytes (PBLs). Predicted
HLA-A–restricted peptides were synthesized to
screen for ex vivo autologous T cell reactivity in
serially collected PBLs (days 0, 21, 44, 63, 256, and
297, where day 0 is the first date of treatment)
using a validated high-throughput major histo-
compatibility complex (MHC) multimer screening
strategy (29, 30). This analysis revealed a CD8+
T cell response against a neoantigen resulting
from a HERC1 P3278S mutation (ASNASSAAK)
(Fig. 4C). Notably, this T cell response could only
be detected upon the start of therapy (level of
detection 0.005%). Three weeks after therapy
initiation, the magnitude of response was 0.040%
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Fig. 2. Molecular smoking signature is significantly
associated with improved PFS in NSCLC patients
treated with pembrolizumab. PFS in tumors char-
acterized as TH by molecular smoking signature
classifier (n = 16) compared to TL tumors (n = 18)
(HR 0.15, 95% 0.06 to 0.39, log-rank P = 0.0001).

Fig. 3. Mutation burden, clinical response, and factors contributing to
mutation burden.Total exonic mutation burden for each sequenced tumor with
nonsynonymous (dark shading), synonymous (medium shading), and indels/
frameshift mutations (light shading) displayed in the histogram. Columns are
shaded to indicate clinical benefit status: DCB, green; NDB, red; not reached
6 months follow-up (NR), blue. The cohort identification (D, discovery; V, valida-

tion), best objective response (PR, partial response; SD, stable disease; PD,
progression of disease), and PFS (censored at the time of data lock) are reported
in the table.Those with ongoing progression-free survival are labeled with ++.The
presence of the molecular smoking signature is displayed in the table with TH
cases (purple) and TL cases (orange). The presence of deleterious mutations in
specific DNA repair/replication genes is indicated by the arrows.
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PFS by Tumor Mutation Burden Subgroup 
CheckMate 026 TMB Analysis: Nivolumab in First-line NSCLC 

Nivolumab 
Chemotherapy 

47 30 26 21 16 12 4 1 
60 42 22 15 9 7 4 1 

111 54 30 15 9 7 2 1 1 
94 65 37 23 15 12 5 0 0 

Nivolumab 
n = 47 n = 60 

9.7 
(5.1, NR) 

5.8 
(4.2, 8.5) 

Chemotherapy 

Median PFS, months 
(95% CI) 

High TMB 

PF
S 

(%
) 

3 6 9 12 15 18 21 

No. at Risk 
Months 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 
0 

Nivolumab 

Chemotherapy 

0 3 6 9 12 
Months 

15 18 21 24 

Nivolumab 

Chemotherapy 

100 

90 

80 

70 

60 

50 

40 

30 

20 

10 

0 

n = 111 n = 94 
4.1 

(2.8, 5.4) 
6.9 

(5.5, 8.6) 

HR = 1.82 (95% CI: 1.30, 2.55) 

Nivolumab Chemotherapy 

(95% CI) 
Median PFS, months 

Low/medium TMB 

HR = 0.62 (95% CI: 0.38, 1.00) 

Peters S et al., AACR 2017 
 



Statut immunologique 

•  Effet négatif de l’absence de germe ou des antibiotiques sur la 
réponse aux anti-CTLA4 

Interspecific competition is thought to be a
pervasive force in evolution (29, 30), and we
suggest that the pattern we observe across Lakes
Victoria and Tanganyika is likely due to compe-
tition between Nile perch and cichlid predators.
For nearly half a century, the robust pharyn-

geal jaws of cichlids, wrasses, and other pharyn-
gognathous fishes have been considered a classic
example of evolutionary innovation that opened
up new niches through increased trophic flexi-
bility (18). Although this is almost certainly cor-
rect, our results suggest that the innovation
involves a major trade-off that severely limits the
size of prey that can be eaten, facilitating com-
petitive inferiority in predatory niches and ex-
tinction in the presence of a predatory invader
lacking the innovation. The evolutionary inno-
vation of pharyngognathy is not a uniformly ben-
eficial trait, but a specialization that can promote
competitive exclusion and extinctiondepending on
ecological context and community composition.
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CANCER IMMUNOTHERAPY

Anticancer immunotherapy by CTLA-4
blockade relies on the gut microbiota
Marie Vétizou,1,2,3 Jonathan M. Pitt,1,2,3 Romain Daillère,1,2,3 Patricia Lepage,4
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Antibodies targeting CTLA-4 have been successfully used as cancer immunotherapy.
We find that the antitumor effects of CTLA-4 blockade depend on distinct Bacteroides
species. In mice and patients, Tcell responses specific for B. thetaiotaomicron or B. fragilis
were associated with the efficacy of CTLA-4 blockade. Tumors in antibiotic-treated or
germ-free mice did not respond to CTLA blockade. This defect was overcome by gavage
with B. fragilis, by immunization with B. fragilis polysaccharides, or by adoptive transfer
of B. fragilis–specific T cells. Fecal microbial transplantation from humans to mice
confirmed that treatment of melanoma patients with antibodies against CTLA-4 favored
the outgrowth of B. fragilis with anticancer properties. This study reveals a key role for
Bacteroidales in the immunostimulatory effects of CTLA-4 blockade.

I
pilimumab is a fully humanmonoclonal anti-
body (Ab) directed against CTLA-4, a major
negative regulator of T cell activation (1), ap-
proved in 2011 for improving the overall sur-
vival of patients with metastatic melanoma

(MM) (2). However, blockade of CTLA-4 by ipili-
mumab often results in immune-related adverse
events at sites that are exposed to commensal mi-
croorganisms, mostly the gut (3). Patients treated
with ipilimumab develop Abs to components of
the enteric flora (4). Therefore, given our previous
findings for other cancer therapies (5), addressing
the role of gut microbiota in the immunomodu-
latory effects of CTLA-4 blockade is crucial for the
future development of immune checkpoint block-
ers in oncology.
We compared the relative therapeutic efficacy

of theCTLA-4–specific 9D9Ab against established
MCA205 sarcomas in mice housed in specific
pathogen–free (SPF) versus germ-free (GF) condi-
tions. Tumor progression was controlled by Ab
against CTLA-4 in SPF but not in GFmice (Fig. 1,
A and B). Moreover, a combination of broad-
spectrum antibiotics [ampicillin + colistin + strep-

tomycin (ACS)] (Fig. 1C), as well as imipenem
alone (but not colistin) (Fig. 1C), compromised the
antitumor effects of CTLA-4–specific Ab. These
results, which suggest that the gut microbiota is
required for the anticancer effects of CTLA-4 block-
ade, were confirmed in the Ret melanoma and the
MC38 colon cancer models (fig. S1, A and B). In
addition, in GF or ACS-treatedmice, activation of
splenic effector CD4+ T cells and tumor-infiltrating
lymphocytes (TILs) induced by Ab against CTLA-4
was significantly decreased (Fig. 1, D and E, and
fig. S1, C to E).
We next addressed the impact of the gutmicro-

biota on the incidence and severity of intestinal
lesions induced by CTLA-4 Ab treatment. A “sub-
clinical colitis” dependent on the gut microbiota
was observed at late time points (figs. S2 to S5).
However, shortly (by 24 hours) after the first ad-
ministration of CTLA-4Ab,we observed increased
cell death and proliferation of intestinal epithelial
cells (IECs) residing in the ileum and colon, as
shown by immunohistochemistry using Ab-cleaved
caspase-3 and Ki67 Ab, respectively (Fig. 2A and
fig. S6A). TheCTLA-4Ab–induced IECproliferation
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was absent in RegIIIb-deficient mice (fig. S6A).
Concomitantly, the transcription levels of Il17a,
Ifng, Ido1, type 1 Ifn-related gene products and
Ctla4 (but not Il6), which indicate ongoing in-
flammatory processes, significantly increased by
24 hours in the distal ileumof CTLA-4 Ab–treated
mice (fig. S6, B to D). Depletion of T cells, includ-
ing intraepithelial lymphocytes (IELs) (by injec-
tion of Abs specific for CD4 and CD8), abolished
the induction of IEC apoptosis byCTLA-4–specific
Ab (Fig. 2A).Whencrypt-derived three-dimensional
small intestinal enteroids (6) were exposed to Toll-
like receptor (TLR) agonists (which act as mi-
crobial ligands in this assay) and subsequently
admixed with IELs harvested frommice treated
with Ab against CTLA-4 (but not isotype Ctl),
IECs within the enteroids underwent apoptosis
(Fig. 2B). Hence, CTLA-4 Ab compromises the
homeostatic IEC-IEL equilibrium, favoring the
apoptotic demise of IEC in the presence of mi-
crobial products.
To explore whether this T cell–dependent

IEC death could induce perturbations of the
microbiota composition, we performed high-
throughput pyrosequencing of 16S ribosomal
RNA (rRNA) gene amplicons of feces. The prin-
cipal component analysis indicated that a single
injection of CTLA-4 Ab sufficed to significantly
affect themicrobiome at the genus level (Fig. 2C).
CTLA-4 blockade induced a rapid underrepre-
sentation of both Bacteroidales and Burkholder-
iales, with a relative increase of Clostridiales, in

feces (Fig. 2C and table S1). Quantitative poly-
merase chain reaction (QPCR) analyses tar-
geting the Bacteroides genus and species (spp.)
in small intestine mucosa and feces contents
showed a trend toward a decreased relative
abundance of such bacteria in the feces, which
contrasted with a relative enrichment in partic-
ular species [such as B. thetaiotaomicron (Bt)
and B. uniformis] in the small intestine mu-
cosa 24 to 48 hours after one CTLA-4 Ab injec-
tion (Fig. 2D and fig. S7). One of the most
regulatory Bacteroides isolates, B. fragilis (Bf)
(7–10), was detectable by PCR in colon mucosae

but was not significantly increased with CTLA-4
Ab (fig. S7).
Next, to establish a cause-and-effect rela-

tionship between the dominance of distinct
Bacteroides spp. in the small intestine and the
anticancer efficacy of CTLA-4 blockade, we re-
colonized ACS-treated and GF mice with several
bacterial species associated with CTLA-4 Ab–
treated intestinal mucosae as well as Bf. ACS-
treated mice orally fed with Bt, Bf, Burkholderia
cepacia (Bc), or the combination of Bf and Bc,
recovered the anticancer response to CTLA-4 Ab,
contrasting with all the other isolates that failed
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Fig. 1. Microbiota-dependent
immunomodulatory effects
of CTLA-4 Ab.Tumor growth
of MCA205 in SPF (A) or
GF (B) mice treated with five
injections (compare the
arrows) of 9D9 or isotype
control (Iso Ctrl) Ab. (C) Tumor
growth as in (A) and (B) in the
presence (left) ofACSor (right)
of single-antibiotic regimen in
>20mice per group. Flow
cytometric analysesof (D)Ki67
and ICOS expression and
(E) TH1 cytokines on splenic
CD4+Foxp3–Tcells (D) and
TILs (E) 2 days after the third
administrationof9D9or IsoCtrl
Ab. Each dot represents one
mouse in two to three indepen-
dent experiments of five mice
per group. P values corrected
for interexperimental baseline
variation between three indi-
vidual experiments in (D). *P <
0.05; **P < 0.01; ***P < 0.001;
ns, not significant.
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was absent in RegIIIb-deficient mice (fig. S6A).
Concomitantly, the transcription levels of Il17a,
Ifng, Ido1, type 1 Ifn-related gene products and
Ctla4 (but not Il6), which indicate ongoing in-
flammatory processes, significantly increased by
24 hours in the distal ileumof CTLA-4 Ab–treated
mice (fig. S6, B to D). Depletion of T cells, includ-
ing intraepithelial lymphocytes (IELs) (by injec-
tion of Abs specific for CD4 and CD8), abolished
the induction of IEC apoptosis byCTLA-4–specific
Ab (Fig. 2A).Whencrypt-derived three-dimensional
small intestinal enteroids (6) were exposed to Toll-
like receptor (TLR) agonists (which act as mi-
crobial ligands in this assay) and subsequently
admixed with IELs harvested frommice treated
with Ab against CTLA-4 (but not isotype Ctl),
IECs within the enteroids underwent apoptosis
(Fig. 2B). Hence, CTLA-4 Ab compromises the
homeostatic IEC-IEL equilibrium, favoring the
apoptotic demise of IEC in the presence of mi-
crobial products.
To explore whether this T cell–dependent

IEC death could induce perturbations of the
microbiota composition, we performed high-
throughput pyrosequencing of 16S ribosomal
RNA (rRNA) gene amplicons of feces. The prin-
cipal component analysis indicated that a single
injection of CTLA-4 Ab sufficed to significantly
affect themicrobiome at the genus level (Fig. 2C).
CTLA-4 blockade induced a rapid underrepre-
sentation of both Bacteroidales and Burkholder-
iales, with a relative increase of Clostridiales, in

feces (Fig. 2C and table S1). Quantitative poly-
merase chain reaction (QPCR) analyses tar-
geting the Bacteroides genus and species (spp.)
in small intestine mucosa and feces contents
showed a trend toward a decreased relative
abundance of such bacteria in the feces, which
contrasted with a relative enrichment in partic-
ular species [such as B. thetaiotaomicron (Bt)
and B. uniformis] in the small intestine mu-
cosa 24 to 48 hours after one CTLA-4 Ab injec-
tion (Fig. 2D and fig. S7). One of the most
regulatory Bacteroides isolates, B. fragilis (Bf)
(7–10), was detectable by PCR in colon mucosae

but was not significantly increased with CTLA-4
Ab (fig. S7).
Next, to establish a cause-and-effect rela-

tionship between the dominance of distinct
Bacteroides spp. in the small intestine and the
anticancer efficacy of CTLA-4 blockade, we re-
colonized ACS-treated and GF mice with several
bacterial species associated with CTLA-4 Ab–
treated intestinal mucosae as well as Bf. ACS-
treated mice orally fed with Bt, Bf, Burkholderia
cepacia (Bc), or the combination of Bf and Bc,
recovered the anticancer response to CTLA-4 Ab,
contrasting with all the other isolates that failed
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Fig. 1. Microbiota-dependent
immunomodulatory effects
of CTLA-4 Ab.Tumor growth
of MCA205 in SPF (A) or
GF (B) mice treated with five
injections (compare the
arrows) of 9D9 or isotype
control (Iso Ctrl) Ab. (C) Tumor
growth as in (A) and (B) in the
presence (left) ofACSor (right)
of single-antibiotic regimen in
>20mice per group. Flow
cytometric analysesof (D)Ki67
and ICOS expression and
(E) TH1 cytokines on splenic
CD4+Foxp3–Tcells (D) and
TILs (E) 2 days after the third
administrationof9D9or IsoCtrl
Ab. Each dot represents one
mouse in two to three indepen-
dent experiments of five mice
per group. P values corrected
for interexperimental baseline
variation between three indi-
vidual experiments in (D). *P <
0.05; **P < 0.01; ***P < 0.001;
ns, not significant.
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that, although bacteria from the Bacteroidales
order equally colonized the recipient murine
intestine, stools from cluster C (but not A or B)
individuals specifically facilitated the coloni-
zation of the immunogenic bacteria Bf and Bt
(7–10, 14, 15) (Fig. 4D).Moreover, after CTLA-4Ab
therapy, only cluster C (not A or B) recipient mice
had outgrowth of Bf (fig. S20B). Note that the
fecal abundance of Bf (but not B. distasonis or
B. uniformis) negatively correlated with tumor
size after CTLA-4 blockade in cluster C–recipient
mice (Fig. 4E and fig. S20C). Hence, ipilimumab
can modify the abundance of immunogenic Bac-
teroides spp. in the gut, which in turn affects its
anticancer efficacy.
Finally, intestinal reconstitution of ACS-treated

animals with the combination of Bf and Bc did
not increase but rather reduced histopathological
signsof colitis inducedbyCTLA-4blockade (Fig. 3A).
This efficacy-toxicity uncoupling effect was not

achieved with vancomycin, which could boost the
antitumor effects of CTLA-4 blockade (presum-
ably by inducing the overrepresentation of Bac-
teroidales at the expense of Clostridiales) but
worsened the histopathological score (fig. S21).
In support of this notion, Bf maintained its reg-
ulatory properties in the context of CTLA-4 block-
ade (fig. S22) (7).
Hence, the efficacy of CTLA-4 blockade is in-

fluenced by themicrobiota composition (B. fragilis
and/or B. thetaiotaomicron and Burkholderiales).
The microbiota composition affects interleukin
12 (IL-12)–dependent TH1 immune responses,
which facilitate tumor control in mice and pa-
tients while sparing intestinal integrity. In ac-
cordwith previous findings (16), colitis (observed
in the context of IL-10 deficiency and CTLA-4
blockade) (fig. S17) could even antagonize anti-
cancer efficacy. Several factors may dictate why
such commensals could be suitable “anticancer

probiotics.” The geodistribution of Bf in the
mucosal layer of the intestine (fig. S8) and its
association with Burkholderiales—recognized
through the pyrin–caspase-1 inflammasome (17)
and synergizingwith TLR2/TLR4 signaling path-
ways (fig. S15)—may account for the immunomod-
ulatory effects of CTLA-4 Ab. Future investigations
will determine whether a potential molecular
mimicry between distinct commensals and/or
pathobionts and tumor neoantigens could ac-
count for the toxicity and/or efficacy of immune
checkpoint blockers. Prospective studies in MM
and/or NSCLC may validate the relevance of the
enterotypes described herein in the long-term
efficacy of immune checkpoint blockers, with
the aim of compensating cluster B–driven pa-
tients with live and immunogenic or recombinant
Bacteroides spp. (18) or fecal microbial transplanta-
tion from cluster C–associated stools to improve
their antitumor immune responses.
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Fig. 3. Memory Tcell responses against Bt and
Bf and anticancer efficacy of CTLA-4 block-
ade. (A and B) Tumoricidal effects of Bf, Bt, and/or
B. cepacia (Bc) administered by oral feeding of ACS-
treated or GF mice (also refer to fig. S8A). (A)
(left) Tumor sizes at day 15 after 9D9 or Iso Ctrl Ab
treatment are depicted. Each dot represents one
tumor, and graphs depict two to three experiments
of five mice per group. (Middle) Histopathological
score of colonic mucosae in ACS-treated tumor
bearers receiving 9D9 Ab after oral gavage with
various bacterial strains, assessed on H&E-stained
colons monitoring microscopic lesions as described
in materials and methods at day 20 after treat-
ment in five animals per group on at least six
independent areas. (Right) Representative micro-
graphs are shown; scale bar, 100 mm. (B) Tumor-
icidal effects of Bf in GF mice as indicated. (C to E)
Recall responses of CD4+ T cells in mice and
patients to various bacterial strains after CTLA-4
blockade. DCs loaded with bacteria of the indi-
cated strain were incubated with CD4+ T cells,
2 days after three intraperitoneal (ip) CTLA-4
Ab in mice, and after at least two injections of
ipilimumab (ipi) in patients. The graphs represent
interferon-g (IFN-g) concentrations from coculture
supernatants at 24 hours in mice (C) and 48 hours
in MM patients (D). (E) IFN-g/IL-10 ratios were mon-
itored in DC–T cell cocultures of NSCLC patients
at 48 hours. No cytokine release was observed in
the absence of bacteria or Tcells (fig. S11 with HV).
Each dot represents one patient or mouse. Paired
analyses are represented by linking dots pre- and
post-ipi. (F) Tcells harvested from spleens of mice
exposed to CTLA-4 Ab and restimulated with Bf
versus B. distasonis or bone marrow DCs alone
(CD4+ NT) were infused intravenously in day 6
MCA205 tumor-bearing GFmice. A representative
experiment containing five to six mice per group
is shown. *P < 0.05; **P < 0.01; ***P < 0.001; ns,
not significant.
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CANCER IMMUNOTHERAPY

Commensal Bifidobacterium
promotes antitumor immunity and
facilitates anti–PD-L1 efficacy
Ayelet Sivan,1* Leticia Corrales,1* Nathaniel Hubert,2 Jason B. Williams,1

Keston Aquino-Michaels,3 Zachary M. Earley,2 Franco W. Benyamin,1 Yuk Man Lei,2

Bana Jabri,2 Maria-Luisa Alegre,2 Eugene B. Chang,2 Thomas F. Gajewski1,2†

T cell infiltration of solid tumors is associated with favorable patient outcomes, yet the
mechanisms underlying variable immune responses between individuals are not well
understood. One possible modulator could be the intestinal microbiota. We compared
melanoma growth in mice harboring distinct commensal microbiota and observed
differences in spontaneous antitumor immunity, which were eliminated upon cohousing
or after fecal transfer. Sequencing of the 16S ribosomal RNA identified Bifidobacterium as
associated with the antitumor effects. Oral administration of Bifidobacterium alone
improved tumor control to the same degree as programmed cell death protein 1 ligand
1 (PD-L1)–specific antibody therapy (checkpoint blockade), and combination treatment
nearly abolished tumor outgrowth. Augmented dendritic cell function leading to enhanced
CD8+ Tcell priming and accumulation in the tumor microenvironment mediated the effect.
Our data suggest that manipulating the microbiota may modulate cancer immunotherapy.

H
arnessing the host immune system consti-
tutes a promising cancer therapeutic be-
cause of its potential to specifically target
tumor cells although limiting harm to nor-
mal tissue. Enthusiasm has been fueled

by recent clinical success, particularly with anti-
bodies that block immune inhibitory pathways,
specifically CTLA-4 and the axis between pro-
grammed cell death protein 1 (PD-1) and its
ligand 1 (PD-L1) (1, 2). Clinical responses to these
immunotherapies are more frequent in patients
who show evidence of an endogenous T cell re-
sponse ongoing in the tumor microenvironment
before therapy (3–6). However, the mechanisms
that govern the presence or absence of this phe-
notype are notwell understood. Theoretical sources
of interpatient heterogeneity include host germ-
line genetic differences, variability in patterns of
somatic alterations in tumor cells, and environ-
mental differences.
The gut microbiota plays an important role in

shaping systemic immune responses (7–9). In the
cancer context, a role for intestinal microbiota in

mediating immuneactivation in response to chemo-
therapeutic agents has been demonstrated (10, 11).
However, it is not known whether commensal
microbiota influence spontaneous immune re-
sponses against tumors and thereby affect the
therapeutic activity of immunotherapeutic inter-
ventions, such as anti–PD-1/PD-L1 monoclonal
antibodies (mAbs).
To address this question, we compared sub-

cutaneousB16.SIYmelanomagrowth ingenetically
similar C57BL/6 mice derived from two different
mouse facilities, Jackson Laboratory (JAX) and
Taconic Farms (TAC), which have been shown to
differ in their commensalmicrobes (12).We found
that JAX and TAC mice exhibited significant
differences in B16.SIY melanoma growth rate,
with tumors growing more aggressively in TAC
mice (Fig. 1A). This difference was immune-
mediated: Tumor-specific T cell responses (Fig. 1,
B and C) and intratumoral CD8+ T cell accumu-
lation (Fig. 1D) were significantly higher in JAX
than in TAC mice. To begin to address whether
this difference could be mediated by commensal
microbiota, we cohoused JAX and TAC mice be-
fore tumor implantation. We found that cohous-
ing ablated the differences in tumor growth (Fig.
1E) and immune responses (Fig. 1, F to H) be-
tween the two mouse populations, which sug-
gested an environmental influence. CohousedTAC

and JAXmice appeared to acquire the JAXpheno-
type, which suggested that JAXmice may be col-
onized by commensal microbes that dominantly
facilitate antitumor immunity.
To directly test the role of commensal bacteria

in regulating antitumor immunity, we transferred
JAX or TAC fecal suspensions into TAC and JAX
recipients by oral gavage before tumor implan-
tation (fig. S1A).We found that prophylactic trans-
fer of JAX fecal material, but not saline or TAC
fecal material, into TAC recipients was sufficient
to delay tumor growth (Fig. 2A) and to enhance
induction and infiltration of tumor-specific CD8+

T cells (Fig. 2, B and C, and fig. S1B), which sup-
ported a microbe-derived effect. Reciprocal trans-
fer of TAC fecal material into JAX recipients had
a minimal effect on tumor growth rate and anti-
tumor T cell responses (Fig. 2, A to C, and fig.
S1B), consistent with the JAX-dominant effects
observed upon cohousing.
To test whether manipulation of the microbial

community could be effective as a therapy, we ad-
ministered JAX fecal material alone or in combi-
nation with antibodies targeting PD-L1 (aPD-L1)
to TAC mice bearing established tumors. Trans-
fer of JAX fecal material alone resulted in signif-
icantly slower tumor growth (Fig. 2D), accompanied
by increased tumor-specific T cell responses
(Fig. 2E) and infiltration of antigen-specific T cells
into the tumor (Fig. 2F), to the same degree as
treatment with systemic aPD-L1 mAb. Combina-
tion treatment with both JAX fecal transfer and
aPD-L1mAb improved tumor control (Fig. 2D) and
circulating tumor antigen–specific T cell responses
(Fig. 2E), although there was little additive effect
on accumulation of activated T cells within the
tumormicroenvironment (Fig. 2F). Consistent with
these results, aPD-L1 therapy alone was signifi-
cantly more efficacious in JAX mice compared
withTACmice (Fig. 2G),whichparalleled improved
antitumor T cell responses (fig. S1C). These data
indicate that the commensal microbial compo-
sition can influence spontaneous antitumor im-
munity, as well as a response to immunotherapy
with aPD-L1 mAb.
To identify specific bacteria associated with im-

proved antitumor immune responses, we moni-
tored the fecal bacterial content over time of mice
that were subjected to administration of fecal
permutations, using the 16S ribosomalRNA (rRNA)
miSeq Illumina platform. Principal coordinate
analysis revealed that fecal samples analyzed from
TAC mice that received JAX fecal material grad-
ually separated from samples obtained from sham-
and TAC feces–inoculated TAC mice over time
(P = 0.001 and P = 0.003, respectively, ANOSIM
multivariate data analysis) and became similar
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to (step 4) and infiltrate the tumor bed (step 5), specifically recog-
nize and bind to cancer cells through the interaction between its
T cell receptor (TCR) and its cognate antigen bound to MHCI
(step 6), and kill their target cancer cell (step 7). Killing of the can-
cer cell releases additional tumor-associated antigens (step 1
again) to increase the breadth and depth of the response in sub-
sequent revolutions of the cycle. In cancer patients, the Cancer-
Immunity Cycle does not perform optimally. Tumor antigensmay
not be detected, DCs and T cells may treat antigens as self rather
than foreign thereby creating T regulatory cell responses rather
than effector responses, T cells may not properly home to
tumors, may be inhibited from infiltrating the tumor, or (most
importantly) factors in the tumor microenvironment might sup-
press those effector cells that are produced (reviewed by Motz
and Coukos, 2013).

The goal of cancer immunotherapy is to initiate or reinitiate a
self-sustaining cycle of cancer immunity, enabling it to amplify
and propagate, but not so much as to generate unrestrained
autoimmune inflammatory responses. Cancer immunotherapies
must therefore be carefully configured to overcome the negative
feedback mechanisms. Although checkpoints and inhibitors are
built into each step that oppose continued amplification and can

dampen or arrest the antitumor immune response, the most
effective approaches will involve selectively targeting the rate-
limiting step in any given patient. Amplifying the entire cycle
may provide anticancer activity but at the potential cost of
unwanted damage to normal cells and tissues. Many recent clin-
ical results suggest that a common rate-limiting step is the im-
munostat function, immunosuppression that occurs in the tumor
microenvironment (Predina et al., 2013; Wang et al., 2013).
Initiating Anticancer Immunity: Antigen Release,
Presentation, and T Cell Priming
Attempts to activate or introduce cancer antigen-specific T cells,
as well as stimulate the proliferation of these cells over the last 20
years, have led to mostly no, minimal or modest appreciable
anticancer immune responses. The majority of these efforts
involved the use of therapeutic vaccines because vaccines can
be easy to deploy and have historically represented an approach
that has brought enormous medical benefit (reviewed by Pal-
ucka and Banchereau, 2013). Yet, cancer vaccines were limited
on two accounts. First, until recently, there was a general lack of
understanding of how to immunize human patients to achieve
potent cytotoxic T cell responses. This limitation reflects
continued uncertainties concerning the identities of antigens to

Figure 1. The Cancer-Immunity Cycle
The generation of immunity to cancer is a cyclic process that can be self propagating, leading to an accumulation of immune-stimulatory factors that in principle
should amplify and broaden T cell responses. The cycle is also characterized by inhibitory factors that lead to immune regulatory feedback mechanisms, which
can halt the development or limit the immunity. This cycle can be divided into seven major steps, starting with the release of antigens from the cancer cell and
ending with the killing of cancer cells. Each step is described above, with the primary cell types involved and the anatomic location of the activity listed. Ab-
breviations are as follows: APCs, antigen presenting cells; CTLs, cytotoxic T lymphocytes.

2 Immunity 39, July 25, 2013 ª2013 Elsevier Inc.
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activity of Tregs and MDSCs [162, 163]. Prostaglandin E2,
arginase, and adenosine also inhibit T-cell responses in the
TME [164–166]. Adenosine, which is generated by the
conversion of extracellular ATP through the enzymatic activity
of the ectonucleotidases CD39 and CD73, acts to inhibit T-cell
activation and expansion via the A2A adenosine receptor [167].
Loss of CD73 expression in either cancer or host cells leads to
tumor growth inhibition in preclinical models, indicating a
nonredundant role for ATP conversion for immune escape
[168, 169]. Antibodies that inhibit CD73 function augment
anti-PD-1 activity in mouse tumor models, suggesting that ATP
inactivation may contribute to escape from PD-L1 : PD-1
pathway inhibition [170]. In patients with bladder cancer,
baseline expression of myeloid genes (IL-1β, IL-8, and CCL2)
was lower in anti-PD-L1–responsive patients than in those who
had stable or progressive disease, supporting a role for myeloid
suppressor cells in cancer-immune escape [171].
Many tumors have a significant accumulation of Tregs,

which can inhibit CD8+ T-cell responses and promote tumor
progression. The accumulation of Tregs has been associated
with a poor prognosis in many cancers [172–176]. Treg deple-
tion in mouse tumor models has been shown to potentiate
anticancer-immune responses, highlighting their nonredundant

role in suppressing anticancer immunity [177–181]. Indeed,
increased intratumoral CD8+/Treg cell ratios serve as a bio-
marker for productive T-cell responses to therapy. In mouse
tumor models, transient Treg depletion synergizes with PD-
L1 inhibition [150, 182, 183], suggesting that selective Treg
depletion, or impairment of Treg suppressive activity, may
combine in the clinic. Antibodies that target CTLA-4, GITR,
and OX40 are associated with the preferential depletion of
tumor-associated Tregs [184–187], suggesting that the
observed synergistic effects of anti-PD-L1/PD-1 agents and
antibodies that target these molecules [103] may be in part
due to transient Treg depletion. An increased frequency of
Tregs at 12 weeks associated with disease progression in
patients with melanoma treated with anti-PD-1 [14], and a
higher ratio of effector T cells to Tregs was associated with re-
sponse to anti-PD-L1 in patients with RCC [23]. It is likely
that the contribution of Tregs to immune escape varies by
tumor type and the TME, and their suppressive effects may be
overcome by effector T-cell responses in some tumors. Even in
patients who initially responded to PD-L1 : PD-1 inhibition,
an increase in suppressive cells may reinforce immunosup-
pression as a reaction to T-cell–dependent attack and may
induce secondary immune escape.
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Figure 3. Personalized cancer immunotherapy paradigm. Awide range of cancer-immune phenotypes can exist, each with the potential to benefit from specif-
ic and distinct therapeutic strategies. In this proposed hypothetical algorithm, each patient’s tumor is characterized for biomarkers associated with the cancer-
immunity cycle, including the presence of Th1 immunity, PD-L1 expression, exclusion of T cells from the tumor, MHC-I expression, and the presence or
absence of other immune inhibitory factors and cells. Patients are then mapped to specific immunotherapy regimens that address the underlying cause of an in-
effective anticancer-immune response. Patients with cancers that display evidence of pre-existing immunity, an inflamed phenotype (including strong PD-L1
expression), and a high mutational burden may require only monotherapy with anti-PD-L1 or anti-PD-1. Inflamed tumors expressing other immunosuppres-
sive factors may require combination therapy, for example an IDO inhibitor plus anti-PD-L1/PD-1. Patients with noninflamed tumors may benefit from a com-
bination of an anti-PD-L1/PD-1 agent plus a therapy that targets a proximal step of the cancer-immunity cycle, such as an anti-angiogenic agent, anti-OX40,
or chemotherapy. Personalized cancer immunotherapy will enable the use of specific regimens precisely chosen to reflect the cancer-immune biology present
in a given patient. CAR-T, chimeric antigen receptor T cells; CSF1R, colony-stimulating factor 1 receptor; IDO, indoleamine 2,3-dioxygenase; IL, interleukin;
MHC, major histocompatibility complex; PD-L1, programmed death-ligand 1.
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