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Two distinct genomic alterations in cancer
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Point Mutations: Single Nucleotide Substitutions

neoantigens

mutations

Somatic Copy Number Alterations (SCNAs) or Aneuploidy
Losses Gains



Alexandrov, Nature2013

Two distinct genomic alterations in cancer, IO effects
Point Mutations: Single Nucleotide Substitutions

neoantigens

mutations

FDA tissue-agnostic 
cut-off

LUAD
2e-10

LUSC BRCASKCM

L /H
Immune
Score

Prognos tic
non ICI

Predictive
SCNA--Ipi

HNSC

Davoli et al., Science2017 

LUSCLUADLGGHNSC

Overall SCNA Level     Immune Cold: 
Stronges t for HNSC (and PAAD)

Ben-David & Amon, 2019, Knouse, Davoli et al., Annu. Rev. 2017

Losses

Somatic Copy Number Alterations  (SCNAs) or Aneuploidy



The challenge of Immune Oncology: Head and Neck Cancer

* Lung, liver, cervical, bladder, esophageal, gastric, ovarian, TNBC, 
ST sarcoma, salivary, endometrial, cancer

HEAD AND NECK CANCER

HPV+ rapidly increasing in the U.S.

HPV– most common, lethal U.S., globally

Striking differences in etiology, biology, 
genetics, staging – ICI outcomes similar

ICI monotherapy ‘cure’, recurrent/metastatic: 
~15%*

6th worldwide; 900K/300K, case/death/yr
Hypothes is :

As  with TKI/ targeted, genetic 
les ions  could provide predictive 
information.

Identifying 85% Primary ICI res is tance:

Huge financial and QOL cos ts
10% severe immune-related AEs
Limited survival time

Most PD-L1+ unrespons ive (not CDX); 
TMB not predictive

Precision therapy, predictive biomarkers



Genomic Analyses on Head and Neck Cancer Patient Datasets

► 592 Gene Panel
► WTS

Oral/HPV—HNSC
343 (TCGA), 108 (CPTAC),

1746 (WES)

Oral Precancer
188 Samples 

William et al., PNAS2021
Zhao et al., PNAS, in pres s

HPV—, 2nd line ICI
196 (NGS), 894 (WTS)

32 Cell Lines

Computational Analys es

▸ SCNA Level: Total # arms  gain/ los t; GISTIC2 arm/ focal events

▸ Purity correction: Pathology & ABSOLUTE

▸ CD Thresholds : 35%, 50%, 65%; binary/ continuous ; CIBERSORT

▸ Linear Mixed Effect, logis tic regress ion: s tage, TP53, 5- & 10-fold  
cross -validation, s ize effect; binary, continuous ; multivariate, FDRs

▸ Immune Marker/metrics  (e.g., IS), RNAseq

▸ Chr9p IO gene dis section s tudies

► 3p14, 9p21.3, 17p13.1 (PCR)
► CD3, CD8, CD68 (mIF)
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Independent of SCNA, immune metrics

Immune evasion in HPV—head and neck 
precancer-cancer transition is driven by an 
aneuploid switch involving chromosome 
9p loss
William, Zhao, Bianchi, et al., 2021 (May)
(sent for review November 21, 2020)

► IFNG P=1.2E-10    IFNE P=5.1e-10   J AK2 9E-16

► NKG7 5E-11 CD4 P=.0001 ; DC (LILRA4, ITGAE) 

► SASP, TNFA via NF-κB   P<0.0001:

9p21 CN Loss  Drives  Immune-Cold in HPV—HNSC
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Independent of SCNA, immune metrics

Immune evasion in HPV—head and neck 
precancer-cancer transition is driven by an 
aneuploid switch involving chromosome 
9p loss
William, Zhao, Bianchi, et al., 2021 (May)
(sent for review November 21, 2020)

► IFNG P=1.2E-10    IFNE P=5.1e-10   J AK2 9E-16

► NKG7 5E-11 CD4 P=.0001 ; DC (LILRA4, ITGAE) 

► SASP, TNFA via NF-κB   P<0.0001 

► 9p21 LOH, TP53 epis tatic (Stage I-II)

9p21 CN Loss  Drives  Immune-Cold in HPV—HNSC



Immune pathways/genes

9p21
los s
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Prediction of CD8+ (Pathology)

Independent of SCNA, immune metrics

Immune evasion in HPV—head and neck 
precancer-cancer transition is driven by an 
aneuploid switch involving chromosome 
9p loss
William, Zhao, Bianchi, et al., 2021 (May)
(sent for review November 21, 2020)

2021 (September)

▸ 9p21.3 HD≈LOH(≈arm event)>WT

► IFNG P=1.2E-10    IFNE P=5.1e-10   J AK2 9E-16

► NKG7 5E-11 CD4 P=.0001 ; DC (LILRA4, ITGAE) 

► SASP, TNFA via NF-κB   P<0.0001

► CD8/ 9p21 deep los s :

HPV +–

9p21 CN Loss  Drives  Immune-Cold in HPV—HNSC

(received: 23 November 2020)

CD8+ T-cell 

Pan-cancer:   /    immune activation/ suppres s ion  



PD-L1 IHC (TPS)
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Independent of SCNA, immune metrics

Immune evasion in HPV—head and neck 
precancer-cancer transition is driven by an 
aneuploid switch involving chromosome 
9p loss
William, Zhao, Bianchi, et al., 2021 (May)
(sent for review November 21, 2020)

2021 (September)

► IFNG P=1.2E-10    IFNE P=5.1e-10   J AK2 9E-16

► NKG7 5E-11 CD4 P=.0001 ; DC (LILRA4, ITGAE) 

► SASP, TNFA via NF-κB   P<0.0001

► 9p21/ 9p24: P=1.8E-57 (arm, LOH); P=2E-07 (LOH)

HPV +–

9p21 CN Loss  Drives  Immune-Cold in HPV—HNSC

(received: 23 November 2020)

HNSC_HPV–
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CD8+ T-cell 

Pan-cancer:   /    immune activation/ suppres s ion  
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Independent of SCNA, immune metrics

Immune evasion in HPV—head and neck 
precancer-cancer transition is driven by an 
aneuploid switch involving chromosome 
9p loss
William, Zhao, Bianchi, et al., 2021 (May)
(sent for review November 21, 2020)

2021 (September)

Litchfield et al., Cell,Feb. 2021 

CXCL9/10 (4q21.1): rho=1.0 (DNA),=0.86 (RNA)

► CXCL9/10:  FDR=1.46E-15/1.44E-20 

William et al., PNAS, May 2021 (Zhao et al., in pres s  & unpublished) 

Han et al., Nat. Commun., Sept. 2021

CXCL9/10 (2021)

HPV +–

Cohort: HNSC
ICT predictive biomarkers  

CXCL9

9p21 Loss        CXCL9/10 depletion

9p21 CN Loss  Drives  Immune-Cold in HPV—HNSC: CXCL9/ 10

(received: 23 November 2020)

CD8+ T-cell 

Pan-cancer:   /    immune activation/ suppres s ion  



IFNs orchestrate immune activation in the tumor microenvironment

CXCR3

CXCR3

Courtesy of B. Liu, S. Dubinett



CXCR3

CXCR3

The potential mechanism of 9p loss-mediated immunosuppres s ion via cytokines

Courtesy of B. Liu, S. Dubinett

IFNε*

* William 2021, Zhao 2022, Barriga 2022, unpublished



9p copy number loss/immune cold association: > overall SCNA level 
& all other arm events ; immune gene hotbed 

‘COLD’IMMUNE ‘HOT’

Two types  of solid tumors  re: immunotherapy

SCNA level    
(p=0.002*)

CD8+ T Cells

Pathology (p=0.0004),
ABSOLUTE (7.6E– 7)

*c/w Davoli et al., Science, 2017

William et al. PNAS 2021; Zhao et al. in pres s

Non-ICT

anti-PD1 ICT

ICT Predictive Biomarker

Months

HPV– HNSC



5/2021

Hanna et al., 
2022 in prep

9/ 2021 6/ 2022

Han, et al.William et al.

11/20221/2022

9p21 deletion drives anti-PD-1 ICT resistance

Immune Checkpoint Therapy (ICT) in HPV– HNSC: recurrent, precancer disease

Spiliopoulou, et al. 
Ebot, et al;
Barriga, et. al* Zhao, et al.

4/2022

Alhalabi, et al.

9/ 2022

7 9p21/ IO publications  
s ince May 2021

Mixed tumor types LUAD Mixed NSCLC HPV– HNSC HPV– aggress ive oral 
pre-cancer (PVL)

* Experimental, Nat. Cancer, 11/22
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9p copy number loss/immune cold association: > overall SCNA level 
& all other arm events ; immune gene hotbed 

‘COLD’IMMUNE ‘HOT’

Two types  of solid tumors  re: immunotherapy

SCNA level    
(p=0.002*)

CD8+ T Cells

Pathology (p=0.0004),
ABSOLUTE (7.6E– 7)

*c/w Davoli et al., Science, 2017

William et al. PNAS 2021; Zhao et al. in pres s

** ABSOLUTE (focal /  arm); P= 0.051 /= 0.00004

Pathology**



9p24.1 Loss (or gain) predicts bad (or good) survival after immunotherapy

Zhao et al., in revis ion

Months Months

9p24.1 SCNA; NON-ICT9p24.1 SCNA; ICT



9p24.1 Loss (or gain) predicts bad (or good) survival after immunotherapy

Zhao et al., in revis ion

9p24.1 los s  level
Gain
Neutral
Loss

9p24.1 SCNA; ICT

9p24.1 SCNA
Gain
Neutral
Loss

Months

9p24.1 SCNA; NON-ICT

9p24.1 SCNA
Gain
Neutral
Loss

Months



Zhao et al., in revision

Frequency Immune Score

Immune Evasion and 9p across 11 tumor types: Tissue Specificity

Frequency Immune Score
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