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• Melanoma1-3

• Non-small cell lung cancer1,2,4,5

• Renal cell cancer2

• Urothelial (bladder) cancer1,2,4

• Head-neck cancer1,2

• Hodgkin lymphoma1,2

• Merkel cell carcinoma6

• All cancers with microsatellite 
instability (MSI+) regardless of 
origin7

ICIs drive the I-O revolution

ICI, immune-checkpoint inhibitors; I-O, immuno-oncology.
1. Keytruda Summary of Product Characteristics. 2. Opdivo Summary of Product Characteristics. 3. Yervoy Summary of Product Characteristics. 4.Tecentriq Summary of Product Characteristics. 5. Imfinzi Summary of Product Characteristics. 6. Bavencio Summary of Product 
Characteristics. 7. Ciombor KK and Goldberg RM. Drugs 2018;78:155–162. 8. Webster RM. Nature Reviews Drug Discovery 2014;13:883–884.

Expanding indications

• Melanoma1-3

• Non-small cell lung cancer1,2,4,5

• Renal cell cancer2

• Urothelial (bladder) cancer1,2,4

• Head-neck cancer1,2

• Hodgkin lymphoma1,2

• Merkel cell carcinoma6

• All cancers with microsatellite 
instability (MSI+) regardless of 
origin7

Expanding economical impact8



Why do we need biomarkers in (immuno-)oncology?
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ORR 67%

combination therapy



Why do we need biomarkers in (immuno-)oncology?

► To increase efficacy of a drug (identify optimal ‘responders’)
- = avoid unnecessarily treating non-responders

► To avoid toxicity (identify individuals at risk for major side-effects)

► To keep healthcare sustainable in the face of constrained 
government budgets

Karim Vermaelen, personal communication, 2018.



tyrosine 
kinase 
inhibitor

EGFR with activating mutation

Going back in time: biomarkers for targeted therapies

CI, confidence interval; EGFR, epidermal growth factor receptor; ORR, overall response rate.
Armour AA and Watkins CL. Eur Resp Rev 2010;19:186–196.



Immune checkpoint inhibition in monotherapy: performance in second-line NSCLC

chemotherapy
I-O

chemotherapy
I-O

Performance plateau of checkpoints in monotherapy

I-O, immuno-oncology; NSCLC, non-small-cell lung carcinoma; ORR, overall response rate; OS, overall survival; SQ, squamous.
1. Borghaei H et al. N Engl J Med 2015;373:1627–1639Brahmer J et al. N Engl J Med 2015;373:123-35. 2. 3. Horn L et al. J Clin Oncol 2017;35:3924–3933. 4. Herbst R et al. Lancet. 2016;387:1540–50. 5. Rittmeyer A et al. Lancet 2017;389:255–265.
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PD-1 PD-L1T-CELL PARALYSIS
AT THE TUMOR SITE

-

IFNγ

anti-PD1
anti-PDL1

Predictive biomarkers for immunotherapy: PD-L1

► PD-L1 appears on cancer 
cells following immune attack

► PD-L1 paralyzes immune 
cells carrying PD-1

IFN, interferon; PD-L1, programmed death-ligand 1.
Karim Vermaelen, personal communication, 2018.



Predictive biomarkers for immunotherapy: PD-L1

PD-L1, programmed death-ligand 1.
Garon EB et al. N Engl J Med. 2015;372:2018–2028.

PD-L1 expression is scored on tumor samples 
(biopsies, some cytological samples)



PD-L1 expression enriches for higher response rate and better survival1

pembrolizumab ≥2nd line2

Predictive biomarkers for immunotherapy: PD-L1

CI, confidence interval; ORR, overall response rate; PD-L1, programmed death-ligand 1; PS, proportion score.
N Engl J Med. 2015;372:2018–2028. N Engl J Med. 2015;372:2018–2028 supplementary material.1. Garon EB et al. 2. Garon EB et al. 



PD-L1 expression enriches for higher response rate and better survival1,2

nivolumab ≥2nd line2

Predictive biomarkers for immunotherapy: PD-L1

*All patients include those with no quantifiable PD-L1 expression
**Belgium
CI, confidence interval; HR, hazard ratio; PD-L1, programmed death-ligand 1.

N Engl J Med. 2015;372:2018–2028. .1. Garon EB et al. 2. Horn L et al. J Clin Oncol. 2017;35:3924–3933



PD-L1 expression enriches for higher response rate, better survival

PFS OS
pembrolizumab ≥2nd line

Predictive biomarkers for immunotherapy: PD-L1

OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression free survival; PS, proportion score.
N Engl J Med. 2015;372:2018–2028.Garon EB et al. 



CI, confidence interval; OS, overall survival; PD-L1, programmed death-ligand 1; PFS, progression free survival.
N Engl J Med. 2016;375:1823–1833.Reck M et al. 

PD-L1 > 50%  immunotherapy beats chemotherapy in 1st line

PFS OS

pembrolizumab 1st line

Predictive biomarkers for immunotherapy: PD-L1



ORR, overall response rate; PD-L1, programmed death-ligand 1.
Semin Cancer Biol 2018;52:166–177. Vermaelen K et al. 

PD-L1 expression enriches for higher response rate, better survival
Predictive biomarkers for immunotherapy: PD-L1



low intermediate high
biomarker test threshold

?Responses occur 
in biomarker-

negative patients!

PD-L1 testing does not provide a sharp cut-off to 
separate responders from non-responders

responseco
st

s

Predictive biomarkers for immunotherapy: PD-L1

PD-L1, programmed death-ligand 1.
Karim Vermaelen, personal communication, 2018.



Clinical benefit can be 
observed across the 
whole range of PD-L1 

score
2nd line, regardless 
of PD-L1 
expression1

Predictive biomarkers for immunotherapy: PD-L1

*The ESMO Magnitude of Benefit Scale (ESMO-MCBS) is a validated and reproducible tool to assess the magnitude of clinical benefit for cancer medicines. The potential benefits of a new treatment can be summarized as either living longer and/or living better, compared with a 
control (usually the best current standard care). For second-line treatment of EGFR- and ALK-negative disease, Nivolumab at 3 mg/kg every 2 weeks is recommended in pretreated patients with advanced squamous cell carcinoma (SCC) [I, A; ESMO-MCBS v1.0 score: 5] and it 
represents a treatment option in pretreated patients with advanced non-squamous cell carcinoma (NSCC) [I, B; ESMO-MCBS v1.0 score: 5]. For NSCC, PD-L1-positive tumour patients benefitted from the use of Nivolumab, compared with docetaxel [II,A] and in PD-L1-negative 
tumours, Nivolumab and docetaxel showed similar results, with a more favourable toxicity profile for Nivolumab [II,B].
HR, hazard ratio; OS, overall survival; PD-L1, programmed death-ligand; QoL, quality of life. 1. Novello S et al. Ann Oncol. 2016;27(suppl 5):v1-v27. 2. Chery NI et al. Annals of Oncol 2015;26:1547–1573.

*2



PD-L1: is there anything better on the horizon?

New predictive biomarkers for immuno-oncology

PD-L1, programmed death-ligand 1.



immune
detection & 

attack

normal proteins

normal cell

HLA/MHCI
Self-peptide

cancer cell

proteins with 
mutations

peptide with 
mutation

killer T-cell

genomic 
mutations

tolerance

Is response to immunotherapy in the tumor
genes?

HLA, human leukocyte antigen; MHCI, major histocompatibility complex class I.
Karim Vermaelen, personal communication, 2018. 



EBV, Epstein-Barr virus; HLA, human leukocyte antigen; HPV, human papilloma virus.
Rooney MS et al. Cell 2015;160:48–61.

NUMBER OF MUTATIONS
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Tumor mutational burden is a driver of 
immunogenicity 



Tumor mutational burden is a driver of immunogenicity 

AML, acute myeloid leukemia; CLL, chronic lymphocytic leukaemia; DLBCL, diffuse large B-cell lymphoma.
Lawrence MS et al. Nature 2013;499:214–218. 



killer T-cells

Cancers with defects in DNA repair (MSI+) are heavily infiltrated with immune cells
"MSI-test" as a potential biomarker of response to checkpoint blockade?  investigated

Tumor mutational burden is a driver of immunogenicity 

MSI, microsatellite instability MSS, microsatellite stability.
Llosa NJ et al. Cancer Discov 2015;5:43–51. 



Biological & clinical impact of TMB seems 
to dominate over PD-L1 score
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Tumor mutation burden as a predictor of response

aCR = 0; bCR = 16%; cCR = 4%; dCR = 4%.
CR, complete response; Mb, megabase; Mut, mutation; ORR, overall response rate; PD-L1, programmed death-ligand 1; TMB, tumor mutation burden.
Ramalingam S et al. AACR 2018; oral CT078.



Current limitations of TMB testing for daily 
clinical practice:

• Time to test result +/- 2 weeks

• Price per test (e.g. FMI-CDx 3000-4000€)

• Predictive power on overall survival warrants 
further investigation

Tumor mutation burden as a predictor of response

TMB, tumor mutation burden.
Karim Vermaelen, personal communication, 2018.



Limitations of current biomarkers:
► Limited access to tumor tissue in the 

metastatic setting
► Intratumor heterogeneity

Biomarkers in I-O: what does the future hold?

I-O, immuno oncology.
McLaughlin J et al, JAMA Oncol 2016;2:46–54.



New immunotherapy combinations will require new, 
specific biomarkers!

Biomarkers in I-O: what does the future hold?

CTLA, cytotoxic T-lymphocyte-associated; I-O, immuno oncology; VEGFA, vascular endothelial growth factor A.
Tang J et al. Annals of Oncol 2018;29:84–91.



New immunotherapy combinations may require new, specific biomarkers!

Example: LAG3 -new kid on the 
immune checkpoint block

Early indications that LAG3-positivity on tumor tissue 
samples enriches for response to LAG3-targeted 
combination immunotherapy

Under investigation

Biomarkers in I-O: what does the future hold?

LAG, lymphocyte-activation gene 3; I-O, immuno oncology. 
Karim Vermaelen, personal communication, 2018. 



In contrast to oncogene-targeted therapies, 
there is no “liquid biopsy” test yet to guide 
treatment decision in I-O 

 TMB testing on blood is now in development

Non-invasive biomarkers to predict response to I-O

I-O, immuno oncology; TMB, tumor mutational burden.
Karim Vermaelen, personal communication, 2018. 



I-O, immuno oncology.
1. Cha E et al. Sci Transl Med 2014;6:238ra70. 2. Oh DY et al, Cancer Res 2017;77:1322–1330.

Shifts in peripheral blood T-cell clonality can 
potentially predict response and toxicity to 
immune checkpoint inhibition

Non-invasive biomarkers to predict response to I-O



Biomarkers in I-O: what does the future hold?

I-O, immuno oncology.
Iida N et al. Science 2013;342:967–970.



Future biomarkers in immuno-oncology

Vétizou M et al. Science 2015;350:1079–1084. 



Future biomarkers in immuno-oncology

1. Matson V et al. Science 2018;359:104–108. 2. Gopalakrishnan V et al. Science 2017;359:97–103.



Future biomarkers in immuno-oncology

Routy B et al. Science 2018;359:91–97.



Could 
microbiome 

profiling provide a 
useful predictive 

biomarker?

Future biomarkers in immuno-oncology

Matson V et al. Science 2018;359:104–108.



PD-L1, other immune markers

Microbiome profiling?

Total mutational burden

Future biomarkers in immuno-oncology

Karim Vermaelen, personal communication, 2018.



Biomarkers in I-O: conclusions / take home messages

Challenges for the future:
► Can we design the ideal predictive test: cost-effective, non-invasive, 

accurate, simple to interpret?
► Can we also find biomarkers to predict severe toxicity?
► Will every combination therapy require its own predictive test??
► Our understanding of cancer immunology keeps growing → leads to 

ever more complex candidate biomarkers (e.g. gut microbiota)

Karim Vermaelen, personal communication, 2018.

Biomarkers should allow us to deliver “precision immuno-oncology”
► Identify responders / exclude non-responders (economical burden!)
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Disclaimer

While Bristol-Myers Squibb uses reasonable efforts to include accurate and up-to-date
information in this material, Bristol-Myers Squibb makes no warranties or representations as to its
accuracy. Bristol-Myers Squibb assumes no liability or responsibility for any errors or omissions
in the content of the material. Neither Bristol-Myers Squibb nor any other party involved in
creating, producing or delivering the material is liable for any direct, incidental, consequential,
indirect or punitive damages arising out of your access to, or use of, the material.
You should assume that everything you see or read on this presentation is copyrighted, unless
otherwise noted, and may not be used without mentioning the source. Bristol-Myers Squibb
neither warrants nor represents that your use of materials displayed on the Site will not infringe
rights of third parties not owned by or affiliated with Bristol-Myers Squibb.
Nothing on these presentations should be construed as the giving of advice or the making of a
recommendation and it should not be relied on as the basis for any decision or action. BMS, nor
other parties involved, accepts no liability for the accuracy or completeness or use of, nor any
liability to update, the information contained on this Presentation. These materials are provided
"AS IS" WITHOUT WARRANTY OF ANY KIND, EITHER EXPRESSED OR IMPLIED,
INCLUDING, BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY,
FITNESS FOR A PARTICULAR PURPOSE, OR NON-INFRINGEMENT.

Copyright © 2019 by Bristol-Myers Squibb Company www.immunoscienceacademy.be
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