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Tumor evolution gives rise to 
intratumoral heterogeneity



How does the immune system 
contend with tumor evolution?



High-Grade Serous “Ovarian” Cancer (HGSC)

Fallopian tube
Ovarian surface epithelium



TCGA data mining reveals a 
correlation between mutation load 
and CD8+ TIL

Ovarian (HGSC)
Endometrial

HGSC has an intermediate 
point mutation load
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Ciriello et. al. Nat Gen 2013

HGSC has extraordinarily 
high copy number alterations



HGSC tumors often exhibit 
robust TIL responses

Killer T cells (CD8)
Helper T cells (CD3)

B cells (CD20)
Plasma cells (CD79a)
Macrophages (CD68)
Tumor cells (panCK)



TIL are strongly associated 
with survival in HGSC
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Conundrum

• Hot tumors are common and favorably 
prognostic in HGSC

• Yet response rates to current 
immunotherapies are low:

– checkpoint blockade: 10-15% OR
– TIL/CAR-T therapy: best response 

is stable disease



Three requirements for a 
successful immune response

robust TIL responses Killer T cells (CD8)
Helper T cells (CD3)

B cells (CD20)
Plasma cells (CD79a)
Macrophages (CD68)
Tumor cells (panCK)



Three requirements for a 
successful immune response

robust TIL responses Killer T cells (CD8)
Helper T cells (CD3)

B cells (CD20)
Plasma cells (CD79a)
Macrophages (CD68)
Tumor cells (panCK)

• Antigens
• Access
• Activity



Extensive spatial profiling of 
212 primary tumors from 38 HGSC patients

Whole genome sequencing 
à clonal architecture & mutation signatures

Multi-colour IHC 
à TIL patterns: T cells, B cells, plasma cells

Nanostring profiling 
à molecular subtype, immune gene expression

TCR & BCR sequencing
à T cell and B cell clonal distributions

Allen Zhang, Rob Holt, Sohrab Shah, et al. Cell 2018



Tumor evolution leads to 
intratumoral heterogeneity

A McPherson...S Shah, Nature Genetics 2016

Clonal phylogeny in 
ovarian cancer (patient 4)



Patients show a range of
TIL “temperatures”

Patients

TIL:

Immunohistochemistry data for 4 TIL subsets

Allen Zhang, Rob Holt, Sohrab Shah, et al. Cell 2018



TIL densities can vary widely 
within a patient

CD8+ TIL densities at 10 anatomical sites, 20 high-powered fields each

Allen Zhang, Rob Holt, Sohrab Shah, et al. Cell 2018



TIL are negatively associated 
with intratumoral heterogeneity

Polyclonal tumors 
tend to be cold

Monoclonal tumors 
tend to be hot

Allen Zhang, Rob Holt, Sohrab Shah, et al. Cell 2018

Clonal phylogeny in 
ovarian cancer (patient 4)



Tumor clone phylogeny:

Example from ovarian cancer patient #2

TCR sharing at 4 tumor sites:

Shared
TCRs

Shared
TCRs

A
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T cell clones track spatially 
with tumor clones

Allen Zhang, Rob Holt, Sohrab Shah, et al. Cell 2018



Hot tumors show signs 
of immune editing

HLA allelic loss: Neoantigen depletion:

Allen Zhang, Rob Holt, Sohrab Shah, et al. Cell 2018

Example from ovarian cancer patient #15



Lung cancer: immune evasion 
is linked to prognosis

Rosenthal R…Swanton C. Nature 2019

• Non-small-cell lung cancer: 88 cases and 258 specimens
• Hot tumors show decreased clonal diversity and increased immune 

editing (neoantigen and/or HLA loss)
• The extent of immune evasion was key to prognosis



Checkpoint blockade can select for 
a variety of immune evasion mechanisms

Schoenfeld AJ and Hellmann MD, Cancer Cell 2020



Schoenfeld AJ and Hellmann MD, Cancer Cell 2020

Number of cases showing a given resistance mechanism

Checkpoint blockade can select for 
a variety of immune evasion mechanisms



Tumor-specific CD8+ T cells can emerge & 
then disappear during tumor progression

T cell clones:
Vb13.6
Vb5.2
Vb1

Neoantigen

Darin Wick et al, Clin Can Res 2014
Spencer Martin et al, Oncoimm 2017



Only a small minority of CD8+ TIL 
are tumor reactive in HGSC

Scheper, Kelderman…Schumacher, Nat Med, 2018



Tumor-infiltrating T cells 
exhibit major limitations

Despite their prognostic benefit, hot tumors can exhibit:
• Antigen loss
• MHC loss
• Loss of tumor-reactive T cells over time
• Multiple immune suppressive factors
• High proportion of bystander T cells
• Mixture of hot & cold sites in individual patients
• Progression toward colder tumors at end stage

What is the phenotype of tumor-reactive TIL 
and how can we help them?



Defining the phenotype of 
tumor-reactive CD8 TIL in HGSC

Céline Laumont, Maartje Wouters, Julian Smazynski et al. Clin Can Res 2021

Co-expression of CD39, PD1 and CD103



A small subset of CD8+ TIL 
co-express CD39, PD1 & CD103

Céline Laumont, Maartje Wouters, Julian Smazynski et al. Clin Can Res 2021



Co-expression of CD39, CD103 & PD-1 defines
the most prognostically favourable CD8 TIL

Céline Laumont, Maartje Wouters, Julian Smazynski et al. Clin Can Res 2021



Single-cell profile of CD8 TIL 
co-expressing CD39, PD1 & CD103

Highly activated, complex phenotype:
• Mean = 25 TCRs per patient
• Granzyme B – killing
• PD-1, CD39, TIGIT, LAG-3, TIM-3 – inhibitory
• CXCL13 – B cell recruitment

Céline Laumont, Maartje Wouters, Julian Smazynski et al. Clin Can Res 2021



van der Leun AM, Thommen DS, Schumacher TN. CD8+ T cell states in human cancer: insights 
from single-cell analysis. Nat Rev Cancer. 2020 Apr;20(4):218-232. PMID: 32024970.

Hallmarks of tumor-reactive CD8 T cells



Killer T cells (CD8)
Helper T cells (CD3)

B cells (CD20)
Plasma cells (CD79a)
Macrophages (CD68)
Tumor cells (panCK)

LMA = Lympho-myeloid aggregate

The hottest tumours contain T cells, 
B cells, plasma cells & macrophages



The hottest tumours contain 
tertiary lymphoid structures

Killer T cells (CD8)
Helper T cells (CD3)

Plasma cells (CD79a)
Dendritic cells (CD208)

FDCs (CD21)
HEVs (PNAd)



Some hot-ish tumours contain 
T cells and macs but not B cells

Killer T cells (CD8)
Helper T cells (CD3)

B cells (CD20)
Plasma cells (CD79a)
Macrophages (CD68)
Tumor cells (panCK)



TIL-B responses are associated 
with stronger cytolytic signatures

TCGA ovarian cancer dataset

David Kroeger et al, Clin Can Res 2016



Julie Nielsen et al. Clin Can Res 2012
Ron deLeeuw et al. Can Imm Res 2015
David Kroeger et al. Clin Can Res 2016

Wouters & Nelson SITC 2017

Tumor-infiltrating T cells and B cells
show a combined effect on survival



Abundance and prognostic significance of 
B cells and plasma cells across cancers

Céline Laumont et al, in revision

B cell and plasma cell abundance:

Prognostic associations:
B cells
Plasma cells

B naive
B memory
Plasma cells



Florent Petitprez…Wolf H. Fridman, Nature Jan 23 2020

Rita Cabrita…Goran Jonsson, Nature Jan 23 2020

Beth A. Helmink…Jennifer A. Wargo, Nature Jan 23 2020

Lucile Vanhersecke…Antoine Italiano, Nature Cancer Aug 2021



B cells & T cells have 
complementary definitions of ‘self’ 

Céline Laumont et al, in revision



B cells can promote antigen spreading,
a holy grail of immunotherapy 

Céline Laumont et al, in revision



B cells and plasma cells have an 
impressive anti-tumor armamentarium

Laumont and Nelson
Cancer Cell 2021



B cells and plasma cells have an 
impressive anti-tumor armamentarium

Laumont and Nelson
Cancer Cell 2021

New therapeutic opportunities



Take home messages

• Tumors evolve under numerous selective pressures, 
including the immune response

• Like all treatments, immunotherapy can shape tumor 
evolution significantly

• T cell responses are important yet fragile
• The strongest, most prognostic, durable TIL 

responses involve T cell, B cells and macrophages
• B cells and antibodies use diverse effector 

mechanisms which are orthogonal to T cells
• A more holistic understanding of TIL cell types and 

mechanisms will inspire new approaches to 
immunotherapy
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