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The rationale for combination: tumor 
heterogeneity

Koren and Bentjres-Ali, Mol Cell 2015



How to design combinations?

“Two is meglio che one” “Perfect match”

More or less random More or less rational



BRAF+MEK inhibition: a very rational 
combination

Su et al NEJM 2015
Long et al Lancet 2015



Buchbinder et al Am JCO 2016

The mother of all immuno combinations: 
CTLA4+PD1



The mother of all immuno combinations: 
CTLA4+PD1

• Other tumors:

• NSCLC

• Colorectal

• Kidney

Larkin NEJM 2019

Melanoma



More efficacy, more toxicity
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Xu et al Front Pharmacol 2019



The evolving landscape of "Next Generation" 
Immune Modulators

Mazzarella et al Eur J Canc 2019



The evolving landscape of "Next Generation" 
Immune Modulators 

Mazzarella et al Eur J Canc 2019



General principle of immuno-oncology 
combinations: turn cold into hot

• Chemo 

• Targeted therapy

• Radio 

• Intralesional/vaccine/oncolytic

• CAR-T



Other combinations
• Chemo 

• Targeted therapy

• Radio 

• Intralesional/vaccine/oncolytic

• CAR-T

Gandhi NEJM 2018

Lung cancer



Other combinations
• Chemo 

• Targeted therapy

• Radio 

• Intralesional/vaccine/oncolytic

• CAR-T

Ascierto, Ferrucci et al Nat Med 2019

BRAFi+
MEKi+
PD1 in 
Melanoma



Other combinations
• Chemo 

• Targeted therapy

• Radio 

• Intralesional/vaccine/oncolytic

• CAR-T

Scott et al NEJM 2018

Lung cancer
PACIFIC



Other combinations
• Chemo 

• Targeted therapy

• Radio 

• Intralesional/vaccine/oncolytic

• CAR-T

Ribas et al Cell 2017

Oncolytic virus
(T-VEC)+
PD1



Other combinations
• Chemo 

• Targeted therapy

• Radio 

• Intralesional/vaccine/oncolytic

• CAR-T

Hill et all Bone Marr transp 2019

Lymphoma,
CD19 CART+
Pembro



A WORD OF CAUTION







BIOMARKERS!!!!!
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Targeting therapy improves efficacy

Benefit for patients Benefit for drug development



Increasing use of biomarkers in 
immuno-oncology trials

Mazzarella et al under review 2019



Immunotherapy biomarkers. Mutational load

In NSCLC with Pembrolizumab
(Rizvi et al 2015)

In colorectal with Pembrolizumab
MSI-Hi vs MSI-Lo
(Le NEJM 2015)

In Melanoma with Ipilimumab
(Snyder NEJM 2014)



Immunotherapy biomarkers. Host immune status 

Neutrophil-to-Lymphocyte ratio
In Melanoma treated w Ipilimumab
(Ferrucci BJC 2015)

MDSC in Melanoma treated w Ipilimumab
(Kitano Canc Imm Res 2014)



Immunotherapy biomarkers. Immune cell infiltration

CD8 Infiltrate
Present at diagnosis
In responders

CD8 Infiltrate
Absent at diagnosis
In non-responders

Pembrolizumab in melanoma, Tumeh Nature 2014



Immune cell infiltration

Intra-tumor

Invasive margin

CD8 PD1 PD-L1 CD4
CD8 but not CD4 infiltrate
Correlates with response

Pembrolizumab in melanoma, Tumeh Nature 2014



Immune cell infiltration and clonality

Intra-tumor

Invasive margin

CD8 PD1 PD-L1 CD4
CD8 but not CD4 infiltrate
Correlates with response

T cell clonality
Correlates with response

Pembrolizumab in melanoma, Tumeh Nature 2014



Immunotherapy biomarkers. Checkpoint expression

Intra-tumor

Invasive margin

CD8 PD1 PD-L1 CD4
CD8 but not CD4 infiltrate
Correlates with response

PD1 / PD-L1 expression
Correlates with response

T cell clonality
Correlates with response

Pembrolizumab in melanoma, Tumeh Nature 2014



No single parameter is perfect 

Intra-tumor

Invasive margin

CD8 PD1 PD-L1 CD4
CD8 but not CD4 infiltrate
Correlates with response

PD1 / PD-L1 expression
Correlates with response

T cell clonality
Correlates with response

No single parameter 
perfectly discriminates
responders from 
non-responders

Pembrolizumab in melanoma, Tumeh Nature 2014



Immunotherapy biomarkers. HLA loss

HLA 
expression

HLA positive HLA negative

CD8 
expression

High CD8 infiltrate Low CD8 infiltrate

Ryschich Clin Can Res 2005

Low HLA expression in 
61% pancreatic tumors

Correlates with 
low CD8 infiltrate



Immunotherapy biomarkers. HLA mutations

Spectrum of mutations is 
different than non-HLA muts

HLA-mutated tumors are 
associated with NK
transcriptional signature

Shukla Nat Biotech 2015



The cancer immunogram: nice but still far from 
real-life application

Blank et al Science 2016



HOW TO INCORPORATE ALL THIS INFO 
IN DRUG DEV?



Master protocols and adaptive designs to accelerate 
development



Immuno combo trials are increasingly conducted 
with multiple drugs

Mazzarella et al under review 2019



Take home messages
• Combo design should be based on specific rationale, but this is not always 

possible

• Ways to accelerate:

– Enhance translational and preclinical research to identify putative biomarkers

– Incorporate biomarkers early in development, possibly phase 1

– Use adaptive designs to accelerate early development

– Use master protocols with fixed backbone if multiple combos are 
hypothesized

– Carefully look at toxicity



Intro 1

Diarrhea and Colitis: the US NIH NCI Perspective

The CTCAE v.5 of IMDC

G1
• Increase of <4 stools per day 

over baseline

G2
• 4-6 stools over baseline

• Limits instrumental ADL

G3

• >6 stools over baseline

• Hospitalization indicated

• Limits self care ADL

G4
• Life- threatening 

• Urgent interventions

G1

• Asymptomatic 
(clinical or 
instrumental 
observation)

G2

• Abdominal pain, 
mucus, blood in the 
stool

G3
• Severe abdominal 

pain; peritoneal signs

G4
• Life- threatening 

• Urgent interventions
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Intro 2

The current management of IMDC
Grade 

1

Grade 
2

Grade 
3

Grade 
4

Continue 
ICI

Bland diet+ electrolyte repletion; PRN 
loperamide*

Withhold 
ICI

Oral steroids 0,5-1 mg/ kg 
Work-up for 

infectious 
diarrhea

Permanent 
discontinua

tion

Work-up for 
infectious 
diarrhea

Rule out 
CLOSTRIDIUM 

DIFFICILE

Steroids 1 -2  mg/ kg

Check intestinal 
perforation

IV fluid resuscitation 

Anti-TNFα (>5d wt steroids); 
Vedolizumab  

Som A, World J Clin Cases. 2019

Optional Work-up 
for infectious 

diarrhea
*if non infectious

REDUCTIO AD UNUM DOES NOT APPLY

Oral Budesonide 9mg is an option



Results: who has an increased risk?

Abu-Sbeih H et al, J Clin Oncol 2019 

Microscopic colitis (no endoscopic signs) can be cured with topical budesonide and 
allows treatment contnuation!!! (unpublished)



Thank you

Looking for postdocs Luca.mazzarella@ieo.it


