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All along the watchtower / Princes kept the view
While all the women came and went / Barefoot servants, too

Outside in the cold distance / A wildcat did growl
Two riders were approaching /And the wind began to howl



Agenda for today

Immune surveillance in cancer

Schreiber’s model of ”immunoediting”

Human evidence for immunoediting
 late stage cancers → immune escape
 immunotherapy-treated cancers → editing / elimination
 early stage cancers → immune equilibrium

Using this knowledge to predict immunotherapy response



First speculation of immune surveillance in cancer – 70 years ago

…the failure of such a mechanism might be one of the factors 
permitting the emergence of clinical cancer. A decline in 
immunological reactivity with age could therefore contribute 
to the increased incidence of malignant disease in later life.

…small accumulations of tumour cells may develop and, 
because of their possession of new antigenic characters, be 
destroyed by immunological mechanisms before they become 
clinically evident. 

If this were so, the elimination of nascent tumour cells would 
be a function of the immune response comparable to the 
rejection of homografts. Such a mechanism might well 
account for the failure of many potential neoplasms to 
progress beyond the microscopic stage.



Nature 2007
Nature 2012

Immunodeficient: Rag2-/- (no T/B lymphocytes)

Cultured against a specific CTL clone



Paper #1 Discussion – The 3 E’s of Immunoediting

Robert Schreiber and Lloyd Old   Science 2011



Nature 2019
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mCherry

TRM cells survey melanoma in mouse skin



Is there evidence of immunoediting in humans?

Equilibrium?
Elimination?
Escape?



NEJM, 2003



Photograph used with consent



Hundreds of UV-related mutations per cell
… some mutated cells (eg, TP53) grow exponentially in UV-exposed skin

Why do we not all develop skin SCC?

Clue: these clones stay very smallScience 2015

Normal, sun-exposed skin: lots of mutations in cancer driver genes



Chang & Shain, NPJ Genomic Medicine 2021

Skin SCCs: many mutations (UV signature)



47% ORR

51% pCR
13% major pPR (>90%)

Cutaneous SCC: high mutation load; highly immune-infiltrated



Organ transplant recipients: diminished adaptive immune response

Zhang et al, PLoS One 2013
Rajesh et al, Exp Derm  2022

CD3

CD8

FoxP3

FoxP3/CD8 ratio



A rare opportunity to observe immune equilibrium

Robert Schreiber and Lloyd Old   Science 2011



Genomic profiling of 1042 buccal swabs from healthy donors

Oct 8, 2025



Increasing mutations in oral epithelial cells with age …

Mutagenesis does not fully explain cancer development
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10-20% of buccal epithelial cells carry cancer driver mutations by age 65

1) Why don’t 10-20% of people get oral cavity squamous cell cancer?

2) If mutations provide a fitness advantage, why don’t tumors just keep mutating?



10-20% of buccal epithelial cells carry cancer driver mutations by age 65

1) Why don’t 10-20% of people get oral cavity squamous cell cancer?

2) If mutations provide a fitness advantage, why don’t tumors just keep mutating?

Constraints?
 are more mutations immunogenic?
 does immune surveillance keep these cells in check?
 [other fitness tradeoffs from deleterious mutations?]



Hypothesis:

If some mutations generate immunogenic neoantigens …

More highly-mutated tumors will be more poised to respond to immunotherapy



More mutations → more benefit from checkpoint inhibitors
1662 ICI-treated patients at MSK

Robbie Samstein  (Nature Genetics 2019)

HR for survival with ICI therapy

ICI, immune checkpoint inhibitors

Overall survival after ICI initiation



More mutations → only beneficial in immunotherapy context
Overall Survival in 10,233 patients (2,022 ICI-treated)

Cristina Valero (Nature Genetics 2021)
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ICI: immune (T cell) checkpoint inhibitor
Note: ICI(t) was modeled with a time-dependent covariate

HR = 1.26 (95%CI 1.12-1.43, p < 0.001) HR = 0.74 (95%CI 0.63-0.88, p < 0.001)



Is there direct evidence of immune editing in human tumors?

1.During immunotherapy (rejection vs escape)

2.During metastasis (escape)



Head and Neck Service

MSKCC

~20 histologic subtypes
No consensus or FDA-approved treatment for recurrent/metastatic salivary cancer

Salivary gland cancers



Mutational contraction in responding tumors

Vos et al, Nature Med 2023

In responding tumors:

More mutations lost during regression

Associated with  immune infiltration

Lost mutations ~1.8× highly presented

Mutations with higher
HLA class I binding

 Mutation count (on-treatment vs pre-treatment)



Metastasis is a bottle neck that requires tumor escape

Primary tumor Metastasis



8171 samples from 3732 patients (targeted NGS)

1509 – Primary-Metastasis pairs
1013 – Longitudinal samples of primary tumor
1210 – Longitudinal samples of metastases

Karena Zhao

Mutation count (TMB) Copy number alteration (FGA)



Karena Zhao

+ 6% +21%

* Metastasis vs primary in multivariable mixed effects model

Copy number instability increases metastatic fitness more than mutations 



Copy number alteration (pan-cancer)
956 ICI-treated patients at MSK

Robbie Samstein

Lowest quartile (n=239)
Highest quartile (n=239)

Log rank p=.0019

OS after ICI therapy by copy number alteration



Summary so far:

Normal tissues in the H&N develop mutations over time

However, mutations can be immunogenic

This tradeoff constrains mutagenesis 

Immunogenic mutations are a vulnerability that we can target



Learning from exceptional ACC responders

Tandem minigenes to screen neoepitopes for immunogenicity

TMG described by

Eric Tran et al, Science 2014



Learning from exceptional ACC responders

Swati Jain

Deconvolution of TMG hits with individual peptides

At progression:
B2M truncating mutation

Vos et al. Nature Medicine 2023



Understanding immune escape with the “cancer immunogram”

Blank, Ribas and Schumacher, Science 2016





Immune escape 

Immune equilibrium 

The fate of a nascent tumor under immune surveillance



All histology

Papillary

Follicular
Poorly differentiated
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Trends in thyroid cancer incidence in the US

Data from NCI SEER registry, 2014



PTC incidence

Mortality
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All histology incidence49% of increase:  <1 cm
87% of increase:  <2 cm 

Trends in thyroid cancer incidence in the US



Thyroid cancer 
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Why is only one line going up?



# of cancers

# of diagnoses

# of deaths



Not an epidemic of disease, but of diagnosis 



The subclinical reservoir

101 thyroid glands
2-3mm sections → 36% prevalence

(prostate cancer = 40-60%)

Cancer 1985



The prevalence is similar in men and women …
But women are diagnosed with 3x as many thyroid cancers



1000 to 1

Ratio of sub-clinical cancers to detected cancers

The subclinical reservoir



50 - 100 million Americans

Occult papillary thyroid cancer



Not every cancer needs to be detected

NCI Division of Cancer Prevention



Explaining survival measures to patients

Overall survival – probability of not dying (of anything)

Net cancer survival

Disease-specific survival – probability of not dying of this cancer

Relative survival – probability of not dying, compared to similar people without cancer*

                *matched for age, sex, and race



Survival in patients with early stage* cancers

Marcadis et al, JAMA Int Med 2019

Many overdiagnosed cases … and

“The healthy user effect”

Not every cancer diagnosis portends an earlier death.

“Your life prior to diagnosis probably means more for 
your survival than this cancer diagnosis itself.”

*Stage 1, Gleason 6, or DCIS
RS: survival compared to a non-cancer comparison cohort, matched for age, sex, race and time period



Are indolent cancers good because they are small…
or small because they are good?

Nature 2007

Robert Schreiber and Lloyd Old   Science 2011



Cancers in equilibrium are “overdiagnosed”

Thyroid 

Melanoma 

Prostate  

Breast  
(ER+/Her2–)

NSCLC

Less prone to 
overdiagnosis

Esophageal

Head & Neck SCC

Pancreas

Gastric

Breast
(TNBC)

vs.

% of cases overdiagnosed

NCI Division of Cancer Prevention

Compare large vs small

Immune microenvironment
 (RNA-sequencing)
Antigen presentation
 (HLA LOH/expression)
T cell clonality 
 (TCR repertoire)



Overdiagnosis-prone cancers (OV)

Larger tumors have:
  Much less immune infiltration
  Much less anti-tumor immunity
  More immunosuppressive cells
  More clonal T cell repertoire
  Loss of HLA

All signs of immune escape

Abhi 
Pandey

Non-overdiagnosed cancers (nOV)

No differences
No signs of immune escape

David
Kuo

Joris
VosOV: thyroid, ER+/Her2- breast, lung squamous, lung adeno, melanoma, prostate

nOV: pancreatic, esophageal, gastric, head & neck SCC, triple negative breast Cancer Cell 2023



Active surveillance in thyroid cancer @ MSK, 2024

Tuttle … Morris, Thyroid 2022

Tuttle … Morris, JAMA Oto-HNS 2017

81% at 10 years

n=660

Primum non nocere



How do we avoid low-value & harmful interventions?

Don’t just do something …
Stand there!

Prostate cancer
Papillary thyroid cancer

DCIS ?



Part II

Can this knowledge help us 
predict immunotherapy response?



“All models are wrong, but some are useful”

George Box, FRS

     English statistician 



Most patients do not experience tumor response

Unselected or indiscriminate use of IO drugs is:
 Expensive (>$100,000 per QALY)
 Toxicity without benefit

Why do we need predictive biomarkers for IO drugs?



Samstein et al, Nature Genetics 2019Yarchoan, Hopkins, and Jaffee, NEJM 2017

One of our first clues: mutational load



Tumor mutational load across cancer types
1662 ICI-treated patients at MSK

Robbie Samstein, Nature Genetics 2019



Prognostic impact of TMB depends on context
Overall Survival in 10,233 patients (2,022 ICI-treated)

Cristina Valero (Nature Genetics 2021)
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ICI: immune (T cell) checkpoint inhibitor
Note: ICI(t) was modeled with a time-dependent covariate



Tumor mutational load across cancer types
Immune checkpoint patients treated at MSK

Samstein et al, Nature Genetics 2019

Caveat: The optimal predictive cutoff varies by cancer type



TMB has modest predictive capacity across MSS cancers
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Valero et al, JAMA Oncology 2021



Cheap biomarkers: almost as good as TMB

Valero et al, Nat Comms 2021



Litchfield … Swanton et al.  Cell 2021

Can we do better with more genomic/transcriptomic data? A little

XGBoost decision tree model

11 features (from WES+RNAseq)
Average AUC of 0.72

(weighted mean, 3 test sets)



Summary so far:

TMB alone

Genomic models (WES and/or RNAseq)

Multi-modal models (radiology + pathology + genomics)

What can we get from just clinical tumor sequencing?



What is the best we can do with clinical-level tumor sequencing?

Weinhold

Valero

Chowell

Chan Chowell et al, Nature Biotechnology 2021



A random-forest approach to improve predictive value

MSK NGS-IO cohort
(n=1479)

Feature contribution
(RF16)



Performance of the RF model – predicting response

Training set

Test set



Performance of the RF model: predicting response

Non-melanoma/non-NSCLC cancer types



Performance of the RF model – predicting survival

Overall Survival Progression-free Survival

Chowell et al, Nature Biotechnology 2021



Do we need to take a Cybertruck to go grocery shopping?



Paper #2 – We need tools using commonplace data features

Eytan Ruppin

PI, NCI

Tiangen Chang

Chang et al, Nature Cancer 2024



Normal tissues are probably replete with mutations
 Especially as we age
      Oral epithelial cells 
      Skin cells

We can find evidence of immunoediting in patients
 Immune escape in tumors that do not respond to immunotherapy
 Immunoediting in tumors that do respond

Healthy persons probably have small microcancers under immune surveillance
 Some are in equilibrium and may not ever require treatment

Understanding these mechanisms is key to developing new strategies
 Active surveillance has great promise for indolent tumors
 We can predict immunotherapy response using related clinical & genomic data

Immune surveillance: relevant in early & late-stage cancers
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