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on predictive biomarkers 



DISCLOSURES

Consulting, advisory role or lectures: AstraZeneca, Bristol-Myers Squibb, Boehringer Ingelheim, 

Celgene, Daiichi Sankyo, Eli Lilly, Merck, Novartis, Pfizer, prIME Oncology, Peer CME, Roche

Honoraria: AstraZeneca, Bristol-Myers Squibb, Boehringer Ingelheim, Celgene, Eli Lilly, Merck, 

Novartis, Pfizer, prIME Oncology, Peer CME, Roche

Clinical trials research: AstraZeneca, Bristol-Myers Squibb, Boehringer Ingelheim, Eli Lilly, Merck, 

Novartis, Pfizer, Roche, Medimmun, Sanofi-Aventis, Taiho Pharma, Novocure, Daiichi Sankyo

Travel, Accommodations, Expenses: AstraZeneca, Roche, Novartis, prIME Oncology, Pfizer



Prognostic

Paesmans, Breathe 2012

Predictive Prognostic + Predictive

Prognostic vs. predictive markers
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2008 (IPASS Trial; T.Mok et al, NEJM)
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Progression-free survival
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Nick Thatcher et al, lancet 2005

ISEL Trial

Frances A. Shepherd et al, NEJM 2005

BR.21 Trial
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PROVIDE DRUGS ONLY TO 
PATIENTS WHO COULD 
BENEFIT FROM THEM

AVOID TO EXPOSE PATIENTS TO 
TOXICITY WHEN THERE ARE NO 

CHANCES OF EFFICACY

Why we need biomarkers?
BENEFIT RISK

Cabañero, Arch Bronconeumol 2018, Champiat, Ann Oncol 2016, Ferrara JAMA Oncol 2018

Hyperprogressive disease 

Toxicity Efficacy with IO (PDL1 80%)



A consistent but limited benefice in OS 2nd line 



UNSELECTED PATIENTS
OS in all nivolumab-treated patients (CM 003, 063, 017 and 057 studies)
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No Benefit : Progressive disease (HDP?)

Primary resistance

Transitory benefit/stable disease

Acquired resistance

Major benefit : Partial/complete responses

Predictive bioM

4 years



5-Year Estimates of OS
CA209-003 5-Year Update: Phase 1 Nivolumab in Advanced NSCLC

Squamous (n=54) Nonsquamous (n=74)

Julie Brahmer et al, AACR 2016

16% 15%



Long Term Survival
OS (3 Years’ Minimum Follow-up)

292 194 148 112 82 58 49 39 7 0

290 195 112 67 46 35 26 16 1 0

135 86 57 38 31 26 21 16 8 0

137 69 33 17 11 10 8 7 3 0

CheckMate 057 (non-SQ NSCLC)CheckMate 017 (SQ NSCLC)
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NEED TO ENRICHE PATIENTS WITH HIGH ORR 
ANTI-PD(L)1 SURVIVAL BASED ON RESPONSE TYPE

Gauci M-L, et al. Clin Cancer Res 2019;25:946–56. 

Impact on practice for PR/SD patients ?

Data from patients treated with an anti–PD-(L)1 monotherapy in a phase I trial at Gustave

Roussy were retrospectively analyzed over a period of 5 years.

CR

PR
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aIn all randomized patients from CheckMate 017 and 057 studies alive at the 6-month landmark; 65.6% and 61.8% patients in the nivolumab and docetaxel treatment 

arms, respectively, were included in this analysis.
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mOS: 9.1mo

mOS: 16.1mo

mOS: NR



TGR:Tumour growth rate

NEED TO AVOID PD OR HPD



HPD in NSCLC

Ferrara , JAMA Oncol 2018

▪ N = 406 advanced NSCLC patients, ICIs
▪ n= 59 patients in chemo cohort

▪ Only 5.1% in chemo cohort

13.8% of the patients



PL04a.05 Discussion – Michael Boyer

PD-L1 a good bioM ? 
Comparison of PD-L1 assays in NSCLC
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Blueprint phase 11 NCCN study2

AstraZeneca study4French study3

✓ Comparables:
22C3, 28-8 and SP263

✓ Weaker: SP142
lower sensitivity

1. Hirsch FR, et al. J Thorac Oncol. 2017 ;12(2):208-222.  2. Rimm D et al. JAMA Oncol. 2017 ;3(8):1051-1058 3. Adam J et al. Oral 
presentation at IASLC WCLC 2016. PL04.04a. 4. Ratcliffe MJ et al. Clin Cancer Res. 2017;23(14):3585-3591.  

Courtesy of Julien Adam

Traitement Clone

Nivolumab (BMS) 28-8 
Dako

Pembrolizumab (MSD) 22C3
Dako

Atezolizumab (Roche) SP142
Ventana

Durvalumab
(AstraZeneca)

SP263
Ventana



Garon, NEJM 2015; Brahmer, NEJM 2015; Borghaei, NEJM 2015; Spira ASCO 2015; Besse ECC 2015; Higgs, ECC 2015

PD-L1 IHC cut-off value

O
R

R

▪ NSCLC 
▪ Single-agent 
▪ PD(L)-1 inh

High PD-1 expression associated with higher
responses and outcomes



Limitations for PD-L1

McLaughlin et al, JAMA Oncol 2016;  Gainor et al, CCR 2016

.. is heterogeneous … is dynamic

EGFR pre/post TKI
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PD-L1 can predict long term survival

Should we exclude <1% tumours from anti-PD(L1) therapy ?  

4 years 4 years



Patients with non-squamous histology and low/no 
PD-L1 expression did not derive benefit

PD-L1 expression measured retrospectively on TCs using Dako 28-8 IHC assay in prospectively collected, pretreatment (archival or recent) tumour specimens

Borghaei, et al. N Engl J Med 2015

CheckMate 057
High PD-L1 expression

Low/no PD-L1 expression

PD-L1 not quantifiable at baselinePD-L1 expression level

Overall survival
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<5%
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Patients, n

Unstratified
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<0.001

<0.001

Interaction

p value



Two „similar“ trials..

...but completely different outcomes!

Carbone D et al, NEJM 2017; 376 (25): 2415-2426; Reck M et al, NEJM 2016; 375 (19): 1823-1833



OS (≥5% PD-L1+)
CheckMate 026: Nivolumab vs Chemotherapy in First-line NSCLC

Carbone DP, et al. N Engl J Med. 2017;376(25):2415-2426



Reck M, et al. N Engl J Med. 2016;375(19):1823-1833.

PFS OS

KN-024: Patients with advanced NSCLC and PD-L1 

expression ≥50% 

PD-L1 50%

EGFR/ALK WT
~30%



Events HR (95% CI) P

Pembro 371 (58.2%) 0.81 
(0.71-0.93)

0.0018

Chemo 438 (68.8%)

Events HR (95% CI) P

Pembro 157 (52.5%) 0.69 
(0.56-0.85)

0.0003

Chemo 199 (66.3%)

Events HR (95% CI)

Pembro 214 (63.3%) 0.92 
(0.77-1.11)

Chemo 239 (70.9%)

TPS ≥1% ≥50% ≥1-49%
(Exploratory analysis) 

Overall Survival

The PD-L1 ≥50% Subgroup Is the Main Driver of OS Benefit in PD-L1-Pos Cases

Lopes G, et al. J Clin Oncol. 2018;36(suppl): Abstract LBA4.
Small but important early death rate with Pembro



Abstract LBA9015: 5-year long-term overall survival for patients with advanced NSCLC treated with pembrolizumab

KN-001

5-years long-term OS for patients withs advances

NSCLC treated with pembrolizumab



KN-189 

(up-date OS ASCO 19)
KN-024

(up-date OS)

Pembro alone remains a reasonable choice 

for PD-L1≥50% patients

KN-042

(up-date OS ELCC)

HR:0.59 HR:0.63 HR:0.71



KN-024, chemo toxicities…. KN-189: chemoT toxicities….

PD-L1 IHC can be used to determine chemotherapy sparing



CT adds toxicity in combination with IO



PD-L1 IHC determines who should have 

chemotherapy or not

TMB ?

A minority of mutation produce

neoantigens

Accumulation of mutation 

increasing its likelihood to be

recognized
NSCLC



TMB correlates with tumor response in 

several tumor types

Urothelial cancer



Yarchoan et al, NEJM 2017

Evidence for correlation of response to 

TMB across tumour types



Correlation of WES and targeted sequencing
panels in NSCLC

Peters , AACR 2017; Rizvi, JCO 2018



Samstein, Nat Gen 2019

TMB is predictive of OS benefit across tumour types
Clinical and genomic (MSK-IMPACT) data of 1,622 advances pts treated with ICI



Gandara D et al, Nat Med 2018; Peters S et al, AACR 2019

• In 352 (31.5% of ITT) matched patient specimens, tTMB

values positively correlated with bTMB values

Correlation of Tissue and Blood Tumor Mutational 

Burden



B-F1RST

• a Excludes one patient who was never treated.
b Assay QC failures.
c The MSAF < 1%  population was considered as non-biomarker evaluable (non-BEP).

Enrolled
(N = 153)

ITT a

(n = 152)

bTMB low, 
< 16

(n = 91)

bTMB high, 
≥ 16 

(n = 28)

MSAF<1%c

(n = 29)

bTMB not 
evaluableb

(n = 4)

BEP
MSAF ≥ 1%

(n = 119)
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P = 0.0002

Kim ESMO 2018



BFAST: Trial Schema

Screening 
Inclusion/Exclusion 

Criteria*

•Age > 18 yo
•Unresectable, Stage 
IIIB or IV NSCLC
•Measurable disease
•Treatment naïve
•PS 0-2

Blood to FMI 
for ctDNA
testing for 
mutations 
and bTMB

ALK+

RET+

bTMB+

Alectinib 600 mg PO BID until PD
(n = 78)

Alectinib PO at 900, 1,200, or 750 
mg PO BID until PD

(n = 50 - 62; dose finding in BFAST 
and/or IST)

Atezolizumab 1,200 mg IV q3w
until PD or loss of clinical benefit

*All cohorts have additional, 
treatment-specific 

inclusion/exclusion criteria

Platinum-based chemotherapy
for 4 or 6 cycles

Randomized 1:1, n = 440

ROS1+
Entrectinib 600 mg PO daily until 

PD
(n = 50)

Real World Data CohortPatients not enrolled in 
Treatment Cohorts



Correlation of TMB and ORR

Nivo + Ipilimumab

(CM-227)

Durva+Tremelimumab

(MYSTIC)

Peters.S and al, AACR 2019Matthew D. Hellmann et al, AACR 2018



Overall Survival in ITT and Blood TMB Evaluable Populations
(MYSTIC Trial)

*Unadjusted; data cut-off October 4, 2018 
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*Unadjusted; data cut-off October 4, 2018 

OS in Patients With Blood TMB ≥20 and <20 mut/Mb

(MYSTIC Trial)
bTMB <20 mut/MbbTMB ≥20 mut/Mb
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*Blinded independent central review per RECIST v1.1; †Unadjusted; data cut-off June 1, 2017 

mPFS, median progression-free survival; NR, not reported; RECIST, Response Evaluation Criteria for Solid Tumors.

PFS in Patients With Blood TMB ≥20 and <20 mut/Mb

(MYSTIC Trial)
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Co-primary endpoint (CM227): PFS with

nivolumab+Ipilimumab vs chemotherapy with high TMB 

(≥10 mut/Mb)

7.2 vs 5.4 mos

Hellmann MD, et al. N Engl J Med. 2018;378(22):293-2104.



IO combo TMB (≥10 mut/Mb) or IO-ChemoT ?

Hellmann MD, et al. N Engl J Med. 2018;378(22):293-2104.

CM227
MYSITC

bTMB ≥20 mut/Mb
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IO combo TMB (≥10 mut/Mb) or IO-ChemoT ?

Hellmann MD, et al. N Engl J Med. 2018;378(22):293-2104.

Would consider use of nivolumab plus ipilimumab, particularly in pts PD-L1–
negative with high TMB, durable outcomes may exceed chemotherapy plus 
pembrolizumab (1-year PFS: 45%...vs ≈ 20%)

CM227 KN-189 
(PD-L1 low, TMB?)



NSCLC ANTI-PD1 COMBINATIONS FOR IO NAIVE PATIENTS

+CHEMO IN PDL1HIGH +ANTI-CTLA-4 IN TMBHIGH

Gandhi L., et al. (2018). N. Engl. J. Med. 378, 2078–2092. Hellmann M.D., et al. (2018). N. Engl. J. Med. 378, 2093–2104.

Median DOR: 11.2 months Median DOR: Not Reached

A.Marabelle, Gustave Roussy 2019

Median DOR: Not Reached



Impact of chemo on lymphocytes

Verma R, et al.Breast Cancer Res 2016;18:10. 
A.Marabelle, Gustave Roussy 2019

Lymphocyte depletion and repopulation after chemotherapy for 
primary breast cancer



SURVIVAL PITFALLS

Median Median

Landmark Landmark

We need Follow Up+++

Duration of Response as a surrogate Endpoint for OS benefits

Treatment A Treatment B

A.Marabelle, Gustave Roussy 2019



Rizvi H et al, ASCO 2018

TMB but not PD-L1 expression is predictive of response duration 

and of long term benefit from anti-PD(L)-1 therapy

Benefit lasting ≥18mo

76% (CR or PR) 24%(SD)



PD-L1 and Blood TMB are Independent Biomarkers

(MYSTIC Trial)

*Percentages are calculated from the ITT (n=1118)
Reference line in correlation plot is from linear regression

• bTMB values did not correlate with PD-L1 expression levels 
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Peters.S and al, AACR 2019



LIMITED OVERLAP BETWEEN bTMB ≥16 AND PD-L1 
EXPRESSIONa (OAK BEP)

a PD-L1 expression was evaluated by immunohistochemistry (IHC) using the VENTANA SP142 
assay; 
TC3 or IC3, ≥50% of TC or ≥10% of IC express PD-L1. 
BEP, biomarker-evaluable population; IC, tumor-infiltrating immune cell; TC, tumor cell. 

• Non-significant overlap between the 

bTMB ≥16 and TC3 or IC3 subgroups 

(Fisher exact test, P = 0.62)

• 19.2% of tumors with bTMB ≥16 

were also TC3 or IC3 

• 29.1% of tumors with TC3 or IC3 

also had bTMB ≥16 

PFS HR (95% CI) OS HR (95% CI)

bTMB ≥16 0.64 (0.46, 0.91) 0.64 (0.44, 0.93)

TC3 or IC3 0.62 (0.41, 0.93) 0.44 (0.27, 0.71)

bTMB ≥16 and 

TC3 or IC3
0.38 (0.17, 0.85) 0.23 (0.09, 0.58)



PD-L1 IHC determines who should have 

chemotherapy or not

TMB determines who should have IO-IO 

combination

Other IO BioM ?
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STK11/LKB1 mutations drive resistance to PD-1 

inhibitors in KRAS mutant NSCLC



PL04a.05 Discussion – Michael Boyer
Mezquita,  JAMA Oncol 2018

16.5 vs. 10.0 vs. 4.8 6.3 vs. 3.7 vs. 2.0

Predictive for IO ! (not for chemotherapy)

LIPI: Lung Immune Prognostic Index

15%

Lung Immune Prognostic Index

No factor dNLR ≤3 and LDH≤ULN Good

1 factor dNLR>3 or LDH>ULN Intermediate

2 factors dNLR>3 and LDH>ULN Poor

▪ N=466 advanced NSCLC patients         
treated with PD(L)1 inh

▪ 8 European centers

dNLR >3  [neutrophils/(leucocytes-neutrophils]

Neutrophil recruitment can block anti-tumoral cytotoxic T cells



Lisberg et al, JTO 2018

Phase II Study of Pembrolizumab in EGFR-Mutant, 
PD-L1+, TKI Naïve Patients

Lisberg et al, JTO 2018



Hazard ratios of OS by EGFR mutational status in 3 

Phase III trials comparing ICI with docetaxel

KEYNOTE-010

CheckMate 057

Oak

Pembrolizumab

Nivolumab

Atezolizumab



Ota et al CCR 2015

Constitutive PD-L1 expression

EGFR

ALK

Driver N PD-L1 + (%)

KRAS 95 66.4%

EGFR 49 63.2%

BRAF 11 70.0%

MET 20 75.5%

HER2 15 53.3%

ALK 11 63.3%

RET 8 75.0%

ROS1 5 100%

Maziéres, ASCO 2018

WT

Immunotarget, 
≥1% PD-L1 expression

DRIVER +: PD-L1, IMMUNE TME

These subgroups have not routinely benefited from immunotherapy



Immunotarget Cohort
Low benefit of immunotherapy in case of molecular alteration...need 
for specific studies 

Driver n RR PFS OS Impact (+/X) on PFS of Comments

PDL1 Smoking Nb line Subtype

Total 19% 2.8 13.3 Outcome consistent with

registration trials for ICI

KRAS 271 26% 3.2 13.5 + X X X Clear benefit across all 

subgroups

EGFR 125 12% 2.1 10 + X X X Could be considered in PDL1 + 

after TKIs exhaustion

BRAF 43 24% 3.1 13.6 X + X NA Could be considered in smokers

MET 36 16% 3.4 18.4 NA X NA X
Could be considered after

conventionnal treatmentHER2 29 7% 2.5 20.3 NA + X NA

ALK 23 0 2.5 17

X X X NA
Poor outcome. New biomarker

needed.
RET 16 6% 2.1 21.3

ROS1 7 17% - -

Julien MAZIERES et al, ASCO 18



The best place for IO

Chemo, Chemo/IO
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Targeted therapy

Immunotherapy

KRAS

TP53

STK11

ALKROS

EGFR

Exon 
21/20

T790M

MET

RET

BRAF

Non 
V600E

V600E

HER2

Courtesy of Prof. Mazières, ELCC 2019



Carbo+Pacli+Atezolizumab, potentiel new option in 
EGFR-mutant post TKIs (Impower 150)

Reck, M et al; lancet resp 2019



So IO alone or combo…need to take in account many factors



From forgotten to superorganism

Science Volume 359(6371):91-97-104-32 January 5, 2018

Strong evidences that bacteria in the gut 
may influence responses to cancer immunotherapy
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Immune atlas on
Tumor biopsy

Selection of ICB monotherapy 
vs combination

Diagnostic Kit

PD-L1
PD-1
LAG3
CTLA-4
TIM-3

Microbiota specific medical history:
- Weight, Diet, Smoking
- ATB 30 days before
- PPI, Metformin
- Apendectomy

Favorable feces

Unfavorable feces

Proceed to immunotherapy alone

- Specific antibiotics
- Diet
- Fecal transplant from healthy volunteer vs

patients in complete response
- Oncomicrobiotics: Consortium of bacteria 
- Metabolites

2. Cancer Diagnosis 3. Investigations

4. Immunotherapy +
oncomicrobiotherapy

1.Cancer Screening

Immune adverse
effect feces

55

Diagnostic kit:
Cancer signature

No

Continue healthy 
microbiota lifestyle

Yes

Perform adequate testing:
CT scan
Mammography
PSA, CEA, LDH

Precision medicine using microbiota

IO combo



Concomitant medications at baseline to IO

Derosa, Annals of Oncol 2018 Arbour & Mezquita, J Clin Oncol 2018

Antibiotics Steroids

Retrospective cohorts & probably comorbidities associated



▪ N=86 MMRD patients
▪ 12 different solid tumors (no lung)
▪ Pembrolizumab ≥ 2nd line

✓ ORR 53% (21% CR)

▪ Median OS NR
✓ 1y-OS 76%; 2y-OS 64%

Le et al Science 2017

Mismatch repair deficiency

23 May 2017



Gainor ASCO 2018

4 US centers, n=78 (23 non-smokers)



PD-L1 IHC
Is still the king

● Growing evidence that TMB is predictive

of immunotherapy efficacy in NSCLC

● Relevant challenges:

– methodology standardization

– Definition of high/low TMB

– Turn-around time

– Clinical validation

– Reimbursement/cost

-Several new biomarkers under

development: mircobiom, genomic

markers, epigenetic markers

-still a lot of work to be done



Biomarker selection for 1st line

TMB high 

PD-L1 high
Pembrolizumab

Nivolumab+Ipilimumab

Durvalumab+Tremelimumab

PD-L1 Low Nivolumab+Ipilimumab

Durvalumab+Tremelimumab

TMB Low

PD-L1 high

PD-L1 Low

Pembrolizumab

Chemotherapy

Chemotherapy

IO+chemotherapy

Need TMB data



IO combo tomorrow…
we need bioM !!!

J. Tang, A. Shalabi V. M. Hubbard-Lucey , annams of onco 2018
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