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5-Year Estimates of OS

M edian OS (95%  CI ), mo

Overall (N = 129) 9.9 (7.8, 12.4)
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2 y OS, 24%
3 y OS, 18% 5 y OS, 16%

aThere were 3 deaths between 3 and 5 years, all due to disease progression; 1 surviving patient was censored for OS prior to 5 years (OS: 58.2+ months) 

AACR 2017

BM S CA209-003: phase 1 dose finding study in NSCL C
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2015 2016 2017 

History of Checkpoint Inhibitors:  
Key Milestones in Lung cancer 

10/9/15 
Nivolumab approved for 2L  

non-squamous NSCLC 
(US)8 

 

10/2/15 
Pembrolizumab 

approved for 2L PD-L1 
≥1%* NSCLC (US)7 

10/18/16 
Atezolizumab 
approved for 
2L NSCLC 
(US)4 

3/4/15 
Nivolumab  
approved for 
2L squamous 
NSCLC (US)1 

4/6/16 
Nivolumab  
approved for 2L 
non-squamous 
NSCLC (EU)10 

1/31/17 
Pembrolizumab approved  
for 1L PD-L1+ ≥50%,* 
mEGFR-, mALK- NSCLC 
(EU)6 

7/10/15 
Nivolumab  
approved for 
2L squamous 
NSCLC (EU)2 

08/02/16 
Pembrolizumab  
approved for 2L 
PD-L1+* NSCLC 
(EU)3 

10/24/16 
Pembrolizumab 
approved  
for 1L PD-L1+ ≥50%*, 
mEGFR-, mALK- 
NSCLC (US)11 

7/20/17 
Atezolizumab  
approved for 2L 
NSCLC (EU)13 

4 

*As determined using the Dako IHC 22C3 pharmDx assay.12 

Abbreviations and references can be found in the speaker notes. 

2018 

02/16/18 
Durvalumab  
approved for 
NSCLC stage III 
(US)14 

19/08/18 

Nivolumab 

approved for 

SCLC 3rd line (US) 



LOCAL APPROVAL MAY BE REQUIRED BEFORE EXTERNAL USE. REFER TO LOCAL GUIDELINES. 

Evolution of Survival Outcomes  
in 2L+ Lung Cancer 

1990 2000 2010 2015 

~10–12 

~8–10 

~6–8 

~12+ 

Median OS, mo 

2004 
Erlotinib13,14 

1999 
Docetaxel15,16 

2004 
Pemetrexed: NSQ9,10 

2014 
 Nintedanib + docetaxel: NSQ7,8 

2014 
Ramucirumab + docetaxel11,12 

2015 
Nivolumab: SQ, NSQ1,2 

2015 
 Pembrolizumab  

(PD-L1 TPS ≥ 1%)5,6* 

2016 
Atezolizumab3,4 

2020 

 

2016 (1L NSCLC) 
 Pembrolizumab  

(PD-L1 TPS ≥ 50%)5 

5 

• Anti-PD-1/PD-L1 mAb replaced docetaxel as the preferred second-line therapy 

based on improved OS, higher response rates, longer DOR, and fewer AEs and QoL 

compared with docetaxel 



CheckMate 057 CheckMate 017 
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Δ10% 

Nivolumab (n = 135)  

Docetaxel (n = 137)  

1-y OS = 42% 

2-y OS = 23% 

3-y OS = 16% 1-y OS = 24% 

2-y OS = 8% 
3-y OS = 6% 

HR (95% CI): 0.62 (0.48, 0.80) 
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Months 

1-y OS = 51% 

2-y OS = 29% 

3-y OS = 18% 

1-y OS = 39% 

2-y OS = 16% 

3-y OS = 9% 

Nivolumab (n = 292)  

Docetaxel (n = 290)  

HR (95% CI): 0.73 (0.62, 0.88) 

100 

80 

60 

40 

20 

0 

O
S

 (
%

) 

Δ12% 

Δ13% 

Δ9% 

Keynote-010 
OAK  



Why are biomarkers predictive of response needed in the I-O clinic? 

 

Identify those patients who would benefit more from a defined treatment, 

also avoiding treatment-related toxicities and saving resources on 

expensive therapies 

 

The “perfect” biomarker 

 

Easy and reliable to assess (molecularly defined) 

 

Limited/no need of tumor tissue (liquid biopsy) 

 

Not influenced by tumor microenvironment (stable expression) 

 

 

CONSOLIDATED IN THE CLINIC: BRAF, ALK, ROS, EGFR, cKIT, ……. 

 



Topalian S, et al., NEJM 2012 

PD-L1 tumor expression  

PREDICTIVE MARKERS OF RESPONSE TO PD1/PD-L1 BLOCKADE 



ASCO 2016 

CheckMate 017 and CheckMate 057  
Study Designs 

9 

LCSS = Lung Cancer Symptom Scale; ORR = objective response rate; OS = overall survival; PD = progressive disease;  
PFS = progression-free survival; TKI = tyrosine kinase inhibitor 

CheckMate 017 (NCT01642004; N = 272) 

CheckMate 057 (NCT01673867; N = 582) 

Docetaxel 75 mg/m2 IV Q3W 

until PD or 

unacceptable toxicity 

(n = 290) 

Key eligibility criteria 

•Stage IIIB/IV SQ NSCLC 

•ECOG PS 0–1 

•One prior platinum-based chemotherapy 

•Pretreatment (archival or fresh) tumor 

samples required for PD-L1 analysis 

Key eligibility criteria 

•Stage IIIB/IV non-SQ NSCLC 

•ECOG PS 0–1 

•One prior platinum-based chemotherapy 

•Pretreatment (archival or fresh) tumor 

samples required for PD-L1 analysis 

•Prior maintenance therapy allowed 

•Prior TKI therapy allowed for known ALK 

translocation or EGFR mutation 
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Endpoints 

• Primary 
‒ OS 

• Additional 
‒ ORR 
‒ PFS 
‒ Efficacy by tumor PD-L1 expression 
‒ Safety 
‒ Quality of life (LCSS) 

Endpoints 

• Primary 
‒ OS 

• Additional 
‒ ORR 
‒ PFS 
‒ Efficacy by tumor PD-L1 expression 
‒ Safety 
‒ Quality of life (LCSS) 

Nivolumab 3 mg/kg IV Q2W 

until PD or 

unacceptable toxicity 

(n = 292) 

Docetaxel 75 mg/m2 IV Q3W 

until PD or 

unacceptable toxicity 

(n = 137) 

Nivolumab 3 mg/kg IV Q2W 

until PD or 

unacceptable toxicity 

(n = 135) 



Checkmate 057 (Non-squamous) 

Checkmate 017 (Squamous) 

Survival benefit by PD-L1 expression 

PD-L1 negative expression 

PD-L1 positive expression 

Not quantifiable 

PD-L1 negative expression 

PD-L1 positive expression 

Not quantifiable 

PD-L1 negative expression 

PD-L1 positive expression 

Not quantifiable 

PD-L1expression level Unstratified  
HR (95% Cl) 

Interaction 
P-valuea 

OS 
1% 0.59   (0.43, 0.82) 

0.0646 
<1% 0.90   (0.66, 1.24) 

5% 0.43   (0.30, 0.63) 
0.0004 

<5% 1.01   (0.77, 1.34) 

10% 0.40   (0.26, 0.59) 
0.0002 

<10% 1.00   (0.76, 1.31) 



OAK study design 

Barlesi et al. ESMO 2016 

Atezolizumab  
1200 mg IV q3w 

PD or loss 
of clinical 

benefit 

Docetaxel  
75 mg/m2 q3w  

Locally Advanced or 
Metastatic NSCLC 

•1–2 prior lines of chemo 
including at least 1 
platinum based 

•Any PD-L1 status 

N = 1,225 enrolleda PD 

R 

1:1 

Stratification factors 
•PD-L1 expression 

•Histology  

•Prior chemotherapy  
regimens 

Primary Endpoints (first 850 enrolled patients): 

•OS in the ITT population 

•OS in patients with PD-L1 expression on ≥ 1% TC or IC 

Secondary Endpoints: ORR, PFS, DoR, Safety 

aA prespecified analysis of the first 850 patients provided sufficient power to test the co-
primary endpoints of OS in the ITT and TC1/2/3 or IC1/2/3 subgroup (≥ 1% PD-L1 
expression). TC, tumor cells; IC, tumor-infiltrating immune cells. 



Overall survival based on PD-L1 and IC status 

Median 8.9 mo 

Median 20.5 mo 

P < 0.0001 

Months 

Atezolizumab 
Docetaxel 

Barlesi et al. ESMO 2016 

Months 

Median 8.9 mo 

Median 12.6 mo 
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P = 0.0205 

PD-L1 < 1% TC and IC 

TC0 and IC0; 45% of patients 

PD-L1 ≥ 50% TC or ≥ 10% IC 

TC3 or IC3; 16% of patients 



Pembrolizumab in Pretreated, PD-L1-Positive NSCLC in 

the Phase 2/3 KEYNOTE-010 Trial 

Inclusion criteria 

•Advanced NSCLC; progression 

after ≥2 cycles of platinum-doublet 

chemotherapy 

•≥18 years 

•ECOG PS 0/1 

•Provision of a tumor sample 

•PD-L1 expression on ≥1% of tumor 

cells 

Stratification 

•ECOG PS: 0 vs 1 

•Region: East Asia vs not East Asia 

•PD-L1 expression: tumor proportion 

score ≥50% vs 1-49%  

Pembrolizumab monotherapy  

(2 mg/kg IV every 3 weeks) 

n=345 

Docetaxel monotherapy 

(75 mg/m2 IV every 3 weeks) 

n=343 
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1:1:1 

Pembrolizumab monotherapy  

(10 mg/kg IV every 3 weeks) 

n=346 

Treatment  for  

24 months or 

until disease 

progression or 

discontinuation 

due to toxicity / 

other reasons 

Primary endpoints OS, PFS in total population and patients with tumor proportion score ≥50%  

Secondary endpoints Safety, response rate (as per RECIST version 1.1), duration of response 

Herbst RS et al. Lancet 2016;387:1540-50 



BMS  HIGHLY CONFIDENTIAL. For internal use only. 

MST  

Pem 2 = 14.9 mos (HR 0.54) 

Pem 10 = 17.3 mos (HR 0.50) 

TXT = 8.2 mos 

MST  

Pem 2 = 10.4 mos (HR 0.71) 

Pem 10 = 12.4 mos (HR 0.61) 

TXT = 8.5 mos 

Garon et al, NEJM 2015 

Keynote-010 

PD-L1: ≥ 50% PD-L1: 1-49% 



Key End Points 

Primary: PFS (RECIST v1.1 per blinded, independent central review) 

Secondary: OS, ORR, safety 

Exploratory: DOR 

Key Eligibility Criteria 

•Untreated stage IV NSCLC 

•PD-L1 TPS ≥50%  

•ECOG PS 0-1 

•No activating EGFR mutation or 
ALK translocation 

•No untreated brain metastases 

•No active autoimmune disease 

requiring systemic therapy 

Pembrolizumab  
200 mg IV Q3W 

(2 years) 

R (1:1) 
N = 
305 

Platinum-Doublet 
Chemotherapy 

(4-6 cycles) 

Reck M,  et al. NEJM 2016 

KEYNOTE 024 study design 

PDa Pembrolizumab  

200 mg Q3W 

for 2 years

aTo be eligible for crossover, progressive disease (PD)  had to be confirmed by blinded, independent central radiology review  

and all safety criteria had to be met. 



Hazard  Ratio (95% CI) 

0.1 1 10 
  Pembrolizumab Better    Chemotherapy Better 

<65 years (n = 141) 
 65 years (n = 164) 

Male (n = 187) 
Female (n = 118) 

East Asia (n = 40) 
Non-east Asia (n = 265) 

0 (n = 107) 
1 (n = 197) 

Squamous (n = 56) 
Nonsquamous (n = 249) 

Current (n = 65) 
Former (n = 216) 
Never (n = 24) 

50%-74% (n = 113) 
75%-100% (n = 190) 

With pemetrexed (n = 199) 
Without pemetrexed (n = 106) 

Age 

Sex 

Enrollment  

region 

ECOG PS 

Histology 

Smoking status 

PD-L1 TPS 

Chemotherapy 

regimen 

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) 

0.48 (0.29-0.80) 
0.53 (0.36-0.78) 

0.63 (0.44-0.91) 
0.29 (0.17-0.50) 

0.50 (0.37-0.68) Overall (N = 305) Overall 

Reck M et al. NEJM 2016 

Progression-Free survival in subgroups 



Brahmer WCLC 2017 







Phase 3 CheckMate 026 Study Design:  

Nivolumab vs Chemotherapy in First-line NSCLC 
 

Primary endpoint: PFS (≥5% PD-
L1+)d 

Secondary endpoints:  

• PFS (≥1% PD-L1+)d 

• OS  

• ORRd   

Nivolumab 

3 mg/kg IV Q2W 

n = 271 

Randomize 
1:1 

Key eligibility criteria: 

•Stage IV or recurrent NSCLC 

•No prior systemic therapy for 
advanced disease 

•No EGFR/ALK mutations 
sensitive to available targeted 
inhibitor therapy 

•≥1% PD-L1 expressiona 

•CNS metastases permitted if 
adequately treated at least 2 
weeks prior to randomization 

Chemotherapy  

(histology 

dependent)b 

Maximum of 6 cycles 

n = 270 

Disease progression or 
unacceptable toxicity  

Disease 
progression 

Crossover 
nivolumabc 

(optional) 

Tumor scans Q6W 
until wk 48 then 

Q12W 

Stratification factors at randomization: 

•PD-L1 expression (<5% vs ≥5%)a  

•Histology (squamous vs non-
squamous)  

Socinski M et al. ESMO 2016 



Carbone DP et al: NEJM 2017; 376:2415 



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 
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S
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Months 

15 18 21 24 

Nivolumab 

Chemotherapy 
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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) 

AACR 2017 



Predictive role of PDL-1 expression to PD-1/PDL-1 blockade: open questions 

 There are different antibody (one mAb for each of the anti-PD-1/PD-L1 agents tested) 

and assay utilized 

 Patients with PD-L1-negative tumors can respond to treatment 

 PD-L1 is a highly dynamic and inducible marker (IFN-g), and it should be tested as 

close as possible at the beginning of the PD-1/PD-L1 blockade treatment 

 PD-L1 is heterogeneously expressed in tumor tissuesfalse negative cases 



PD-L1 immunohistochemistry: Expression 
heterogeneity and potential for sampling error 

Biopsy 
Core 1 

Biopsy Core 2 

18 g needle 
= 800 µm 



Lawrence et al, Nature 2013 Lawrence et al, Nature 2013 





Checkmate-227-part 1 



Hellmann MD et al, NEJM 2018 



Ipilimumab/nivolumab is better than platinum-CT in TMB≥10Mb irrespective of  

PD-L1 (Checkmate 227) 

Hellmann MD et al, NEJM 2018 



Checkmate- 227: PFS in Nivolumab + Chemotherapy and Nivolumab + 
Ipilimumab by TMB 

30 

Exploratory analysis 
a95% CI: nivo + chemo (4.3, 9.1 mo), nivo + ipi (2.7, NR mo), chemo (4.0, 6.8 mo); b95% CI: nivo + chemo (4.2, 6.9 mo), nivo + ipi (1.6, 5.4 mo), chemo (3.9, 6.2 mo)  

Nivolumab + 

chemotherapy 

Nivo + 
chemo 
(n = 54) 

Nivo + ipi 

(n = 52) 

Chemo 

(n = 59) 

Median PFS,b 
mo  

4.7 3.1 4.7  

HR (vs chemo) 

(95% CI) 

0.87  

(0.57, 1.33) 

1.17 

(0.76, 
1.81) 

Nivolumab + 
ipilimumab 

1-y PFS = 18% 

1-y PFS = 18% 

Months 

Chemotherapy 1-y PFS = 16% 

TMB <10 mut/Mb and <1% Tumor PD-L1 Expression TMB ≥10 mut/Mb and <1% Tumor PD-L1 Expression 

Nivolumab + 

chemotherapy 

Months 

1-y PFS = 45% 

1-y PFS = 27% 

Nivo + 
chemo 
(n = 43) 

Nivo + ipi 

(n = 38) 

Chemo 

(n = 
48) 

Median PFS,a 
mo 

6.2 7.7  5.3 

HR (vs chemo) 

(95% CI) 

0.56 

(0.35, 0.91) 

0.48  

(0.27, 
0.85) 

Nivo + chemo 

No. at risk 

Nivo + ipi 38 20 16 15 10 8 4 1 

43 36 21 14 9 5 2 0 

48 30 16 4 1 1 1 0 Chemo 
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Chemotherapy 

1-y PFS = 8% 
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No. at risk 

Nivo + ipi 52 22 12 7 5 3 1 0 

59 39 16 6 6 3 1 0 Chemo 

Nivo + chemo 54 38 19 13 6 3 0 0 

Nivolumab + 
ipilimumab 
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Predictive role of TMB: open questions 

- TMB is a dynamic marker 

- Different cutoff utilized in early phase studies  

- Immune chekpoint blockade could be effective also in 

tumors with a low TMB (kidney) 

- Assay not easy (time, expensive....) 

 



 
The complexity (hurdles) of biomarkers in I-O 

TUMOR 
 MICROENVIRONMENT 

Antigens 

Active  
T cell   

Cancer cell 

Dendritic 
cell 

Apoptotic 
cancer cell 

Active  
T cell   

IMMUNE 
SYSTEM 

TUMOR 
MICRO- 

ENVIRONMENT 

TUMOR 

High complexity, flexibility, 

adaptability and individuality 

of the immune system 

Heterogeneity of tumor 

microenvironment 

Intra-/inter-tumor heterogeneity 

 HLA I/II 

Tumor Associated Antigens 

Antigen Processing 
Machinery 

Co-stimulatory Molecules 

….. 

….. 



a 

Tumor-permissive Tumor non-permissive 

Mutational load 

 angiogenesis, MDSC, 

immunosuppressive  

reactive stroma 

Low  

MHC I 

Adapted from Hedge PS, et al. Clin Cancer Res 2016; 22(8) 1865-1874. 

Immune desert tumors pre-existing immunity T-cell migration defect 

TILs 

CD8 T cells/IFNγ 

PD-L1 & 

checkpoints 



Melero I, Nar Rev Cancer 2015 



Borghaei WCLC 2017 





KEYNOTE-189 - Overall Survival 

No. at Risk 

Pembrolizumab combination 

Placebo combination 

1-yr OS=69.2% 

mOS=NR 

1-yr OS=49.4% 

mOS=11.3mo 

Gandhi L et al, NEJM 2018 



Dr. Mark A. Socinski https://bit.ly/2Ld0jng 
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IMpower150 Study Design 

a Patients with a sensitizing EGFR mutation or ALK translocation must have disease progression or intolerance of treatment with one or more approved 

targeted therapies.  
b Atezolizumab: 1200 mg IV q3w. c Carboplatin: AUC 6 IV q3w. d Paclitaxel: 200 mg/m2 IV q3w. e Bevacizumab: 15 mg/kg IV q3w. 

Arm A 

Atezolizumabb + 

Carboplatinc + 

Paclitaxeld 

4 or 6 cycles 

Atezolizuma
bb 

Arm C (control) 

Carboplatinc + 

Paclitaxeld 

+ Bevacizumabe  

4 or 6 cycles 

Bevacizumab
e 

Su
rv

iv
al

 f
o

llo
w

-u
p

 

 

 

Stage IV or  

recurrent metastatic 

nonsquamous 

NSCLC 

Chemotherapy-naivea 

Tumor tissue 

available for 

biomarker testing 

Any PD-L1 IHC status 

Stratification factors: 

•Sex 

•PD-L1 IHC expression 

•Liver metastases  

 

N = 1202 

R 
1:1:1 

Arm B 

Atezolizumabb + 

Carboplatinc + 

Paclitaxeld 

+ Bevacizumabe 

4 or 6 cycles 

Atezolizuma

bb  

+  

Bevacizumab
e 

Maintenance therapy 

(no crossover 

permitted) 

Treated with 

atezolizumab 

until PD per 

RECIST v1.1  

or loss of  

clinical 

benefit 

 

AND/OR 

 

Treated with 

bevacizumab 

until PD per 

RECIST v1.1 



Dr. Mark A. Socinski https://bit.ly/2Ld0jng 

• Statistically significant and clinically meaningful PFS benefit with atezolizumab + 
bevacizumab + chemotherapy vs bevacizumab + chemotherapy was previously 
observed1 and continued to improve with additional follow-up 

3
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Updated PFS Analysis in the ITT-WT (Arm B vs Arm C) 

P
ro

g
re
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s
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n

-F
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e
 S

u
rv
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a
l 
(%

) 

Landmark 
PFS, % 

Arm B:  
atezo + bev + 

CP 

Arm C:  
bev + CP 

6-month 66% 56% 

12-month 38% 20% 

18-month 27% 8% 

HRa, 0.59  
(95% CI: 0.50, 0.70) 

P < 0.0001b 

Median follow-up: ~20 mo 

Time (months) 

Median, 8.3 mo 
(95% CI: 7.7, 9.8) 

Median, 6.8 mo 
(95% CI: 6.0, 7.1) 



Dr. Mark A. Socinski https://bit.ly/2Ld0jng 
4
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OS in Key Subgroups (Arm B vs Arm C) 

Subgroup n (%)a 

PD-L1–High (TC3 or IC3) WT 136 (20%) 

PD-L1–Low (TC1/2 or IC1/2) WT 226 (32%) 

PD-L1–Negative (TC0 and IC0) WT 339 (49%) 

Liver Metastases WT 94 (14%) 

No Liver Metastases WT 602 (86%) 

ITT (including EGFR/ALK+) 800 (100%) 

EGFR/ALK+ only 104b (13%) 

ITT-WT 696 (87%) 

1.0 

0.82 

In favor of Arm C: 

bev + CP 

Hazard Ratioc 

In favor of Arm B: 

atezo + bev + CP 

0.78 

0.80 

0.70 

0.54 

0.76 

0.54 

0.83 

Arm B Arm C 

25.2 15.0 
20.3 16.4 
17.1 14.1 

13.2 9.1 
19.8 16.7 

19.8 14.9 
NE 17.5 

19.2 14.7 

Median OS, mo 



Future theoretical treatment scenarios 

Non squamous / squamous NSCLC 

Nivolumab+Ipilimumab 

Pembrolizumab  

(PS=2 or 

low tumor burden) 

 

Low PD-L1 (< 50%) 

 
 

High TMB (≥ 10/MB) 

 

 

High PD-L1 (> 50%) 

 
 

High TMB (≥ 10/MB) 

 

 

Low PD-L1 (< 50%) 

  
Low TMB (< 10/MB) 

 

 

High PD-L1 (> 50%) 

  
Low TMB (< 10/MB) 

 

Pembrolizumab 

Nivolumab+Ipilimumab  

(high tumor burden  

or  

 rapid growth kinetics)   

Pembrolizumab 

Best option: enrollment in a clinical trial! 

Atezolizumab+CT +/- Bevacizumab 

or high  

tumor  

burden 
Pembrolizumab+CT 



Future theoretical treatment scenarios 

Non squamous / squamous cell lung cancer 

 

Low PD-L1 (< 50%) 

 

 

High PD-L1 (> 50%) 

 

 

High PD-L1 (> 50%) 

 

 

Low PD-L1 (< 50%) 

  
Low TMB (< 10/MB) 

 

 

Low TMB (< 10/MB) 

 

 

High TMB (≥ 10/MB) 

 

 

High TMB (≥ 10/MB) 

 

Nivolumab+Ipilimumab 

Nivolumab+Ipilimumab  

(high tumor burden  

or  

 rapid growth kinetics)   

Pembrolizumab Pembrolizumab 

Pembrolizumab+CT 

Atezolizumab+CT +/- Bevacizumab 

Pembrolizumab  

(PS=2 or 

low tumor burden) 

or high  

tumor  

burden 

 

Presence of targetable alteration 

(EGFR, ALK, ROS-1, BRAF) 
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Implications of this particular biomarker 

Presented By Keith Kerr at 2015 ASCO Annual Meeting 



Biomarker not predictive in Squamous (017) <br />but predictive in Non-Squamous (057)  

Presented By Keith Kerr at 2015 ASCO Annual Meeting 



PD-L1 immunohistochemistry as a biomarker 

Presented By Keith Kerr at 2015 ASCO Annual Meeting 



PD-L1 immunohistochemistry as a biomarker 

Presented By Keith Kerr at 2015 ASCO Annual Meeting 



Recently presented results with anti-PD-1 and anti-PD-L1 mAb for NSCLC 

Vansteenkiste J, et al, Future Oncology 2015 



PD-L1 expression as biomarker 

IC, immune cells; TC, tumour cell; UBC, urothelial bladder cancer 

*TC3 or IC3 = TC ≥ 50% or IC ≥ 10% PD-L1+; TC2/3 or IC2/3 = TC or IC ≥ 5% 

PD-L1+; TC1/2/3 or IC1/2/3 = TC or IC ≥ 1% PD-L1+; TC0 and IC0 = TC and 

IC < 1% PD-L1+, respectively 

UC = urothelial carcinoma 

Atezolizumab Nivolumab Pembrolizumab Durvalumab 

Detection 

antibody1 SP142 28-8 22C3 SP263 

IHC platform1 Ventana Dako Dako Ventana 

Tested cells 
NSCLC (IC and TC) 

UBC (IC) 
Lung (TC) 

NSCLC (TC) 

UBC (TC and 

stroma) 

NSCLC (TC) 

Estimated 

PD-L1 

prevalence 

in NSCLC 

PD-L1+ as ≥50% of TCs 

~46%1 

PD-L1+ as ≥5% of TCs 

~25%1 37%*2 

 

68%*2 

16%*2 PD-L1+ as ≥25% of TCs 

~41%1 

1. Kerr KM, et al. J Thorac Oncol 2015;10(7):985–9; 

2. Spira AI, et al. J Clin Oncol 2015;33(15_Suppl.):Abstract 8010 



PD-L1 immunohistochemistry as a biomarker 

Presented By Keith Kerr at 2015 ASCO Annual Meeting 



Correlation between TMB and ORR with anti-PD1 and PDL1 
therapy in 27 tumor types 

Yarchoan M, NEJM 2017 



Why some patients do not respond to immunotherapy?  
The gene expression profile of the tumor microenvironment as an approach to the identification 

 of mechanisms of resistance to immune checkpoint blockade 

HLA-I 
regressing 
lesion 

HLA-I 
progressing 
lesion 

Courtesy of Andrea Anichini, INT Milano 
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https://bit.ly/2snPEzb Jotte R, et al. IMpower131 PFS 
Analysis.  
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IMpower131: Study Design  

Arm A 

Atezolizumab +  

Carboplatin + Paclitaxel 

4 or 6 cycles 

Atezolizum
ab 

Arm C (control) 

Carboplatin + Nab-

Paclitaxel  

4 or 6 cycles 

Best 
Supportive 

Care  

Su
rv

iv
al

 f
o

llo
w

-u
p

 

Stage IV squamous 
NSCLC 
• Chemotherapy 

naivea 

• ECOG PS 0 or 1  
• Any PD-L1 IHC status 

Stratification factors: 
• Sex 
• PD-L1 IHC expression 
• Liver metastases  
 

N = 1021 

R 
1:1:

1 

Arm B 

Atezolizumab +  

Carboplatin + Nab-

Paclitaxel 

4 or 6 cycles 

Atezolizum
ab 

Maintenance 

therapy  

(no crossover 

permitted) 

Until PD  
per RECIST v1.1  
or loss of clinical 

benefit 

Until PD  
per RECIST v1.1 

Co-primary endpoints 
• Investigator-assessed PFS per RECIST 

v1.1 (ITT) 
• OS (ITT) 

Secondary endpoints 
• PFS and OS in PD-L1 

subgroups 
• ORR, DOR; safety 



https://bit.ly/2snPEzb Jotte R, et al. IMpower131 PFS 
Analysis.  
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INV-Assessed PFS in the ITT Population (Arm B vs Arm C)  

Data cutoff: January 22, 2018.  

INV, investigator. a Stratified HR.  

Minimum follow-up, 9.8 mo 

Median follow-up, 17.1 mo 

Time (months) 

12.0

% 

24.7

% 

12-month PFS  

Arm B: 
Atezo + CnP 

Arm C:  
CnP 

Median PFS  
(95% CI), mo 

6.3  
(5.7, 7.1) 

5.6  
(5.5, 5.7) 

HRa (95% CI) 
P value  

0.71 (0.60, 0.85) 
0.0001 

P
ro

gr
e

ss
io

n
-F

re
e 

Su
rv

iv
al

 (
%

) 

No. at risk 



https://bit.ly/2snPEzb Jotte R, et al. IMpower131 PFS 
Analysis.  
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First Interim OS in the ITT Population (Arm B vs Arm C)   

Data cutoff: January 22, 2018.  
a Stratified HR.  

56.9

% 55.6

% 

12-month OS  

24.1

% 

31.9

% 

24-month OS  

Arm B: 
Atezo + CnP 

Arm C:  
CnP 

Median OS  
(95% CI), mo 

14.0  
(12.0, 17.0) 

13.9  
(12.3, 16.4) 

HRa (95% CI) 
P value  

0.96 (0.78, 1.18) 
0.6931 

O
ve

ra
ll 

Su
rv

iv
al

 (
%

) 

Time (months) 
No. at risk 



 
CheckMate 227 Part 1 Study Design 

• Co-primary endpoints: OS in PD-L1–selected populations and PFSc in TMB-selected populations treated with 
nivolumab + ipilimumab vs chemotherapy 

72 

N = 1189 

<1% PD-L1 
expressionb 

N = 550 

Nivolumab 3 mg/kg Q2W  
Ipilimumab 1 mg/kg Q6W 

n = 396 

Histology-based chemotherapya 

n = 397 

Nivolumab 240 mg Q2W 
n = 396 

Nivolumab 3 mg/kg Q2W  
Ipilimumab 1 mg/kg Q6W 

n = 187 

Histology-based chemotherapya 

n = 186 

Nivolumab 360 mg Q3W +  
histology-based chemotherapya 

n = 177 

Key eligibility criteria 
• Stage IV or recurrent NSCLC 
• No prior systemic therapy 
• No known sensitizing EGFR/ALK 

alterations  
• ECOG PS 0–1 
 

Stratified by SQ vs NSQ 

R 
1:1:1 

Database lock: January 24, 2018; minimum follow-up: 11.2 months 
aNSQ: pemetrexed + cisplatin or carboplatin, Q3W for ≤4 cycles, with optional pemetrexed maintenance following chemotherapy or nivolumab + pemetrexed maintenance following nivolumab + 
chemotherapy; SQ: gemcitabine + cisplatin, or gemcitabine + carboplatin, Q3W for ≤4 cycles; bOne patient was randomized with <1% tumor PD-L1 expression in IVRS, but was subsequently 
found to have ≥1% tumor PD-L1 expression; cPer BICR 

Secondary endpoint: Nivolumab + 

chemotherapy vs chemotherapy 

•PFSc in patients with <1% tumor  

PD-L1 expression  

R 
1:1:1 

≥1% PD-L1 
expression 



OS (3 years’ minimum follow-up) 

73 

CI = confidence interval; HR = hazard ratio 
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86 57 38 31 26 21 16 8 0 

13
7 

69 33 17 11 10 8 7 3 0 

CheckMate 057 (non-SQ NSCLC) CheckMate 017 (SQ NSCLC) 

No. of patients at risk 

Nivolumab 

Docetaxel 

No. of patients at risk 

Nivolumab 

Docetaxel 

0 6 12 18 24 30 36 42 48 54 

Δ10% 

Nivolumab (n = 135)  

Docetaxel (n = 137)  

1-y OS = 42% 

2-y OS = 23% 

3-y OS = 16% 1-y OS = 24% 

2-y OS = 8% 
3-y OS = 6% 

HR (95% CI): 0.62 (0.48, 0.80) 
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Months 

1-y OS = 51% 

2-y OS = 29% 

3-y OS = 18% 

1-y OS = 39% 

2-y OS = 16% 

3-y OS = 9% 

Nivolumab (n = 292)  

Docetaxel (n = 290)  

HR (95% CI): 0.73 (0.62, 0.88) 
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