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eTable 1. Detailed Clinical and Pathologic Assessments of All Study Patients 

ID Prior diagnosis 
of early-stage 
oral cavity 
SCC 

Pre-Treatment measurements / 
biopsies 

Total pre-
treatment 
composite 

score 

Post-nivolumab measurements / 
biopsies 

Total post-
treatment 
composite 

score 

% 
Change, 

Best 
Response 

Change in 
Lesion size 

(S) or 
histology (H)  

1 Yes 4.0 cm (L3), KUS (P0) 
1.8 cm (L1), mild dysplasia (P1) 

26.0 4.0 cm (L3), carcinoma 
1.3 cm (L1), no re-biopsy 

99.0* --, PD S, H 

2 No 2.6 cm (L2), mild dysplasia (P1) 14.0 3.0 cm (L2), mild dysplasia (P1) 14.0 0, SD -- 
3 No 3.5 cm (L3), mild dysplasia (P1) 

2.0 cm (L2), KUS (P0) 
5.0 cm (L3), KUS (P0) 

58.0 3.5 cm (L3), mild dysplasia (P1) 
1.1 cm (L1), mild dysplasia (P1) 
4.5 cm (L3), KUS (P0) 

52.0 -10.3, SD S, H 

4 No 4.6 cm (L3), mild dysplasia (P1) 24.0 4.0 cm (L3), mild dysplasia (P1) 24.0 0, SD S 
5 No 5.5 cm (L3), mild dysplasia (P1) 24.0 5.5 cm (L3), KUS (P0) 24.0 -8.3, SD H 
6 No 3.3 cm (L3), mild dysplasia (P1) 24.0 3.3 cm (L3), mild dysplasia (P1) 24.0 0, SD -- 
7 No 2.0 cm (L2), moderate dysplasia (P2) 16.0 1.1 cm (L1), mild dysplasia (P1) 4.0 -75.0, PR S, H 
8 Yes 1.5 cm (L1), mild dysplasia (P1) 4.0 0.4 cm (L1), mild dysplasia (P1) 4.0 0, SD S 
9 No 1.9 cm (L1), mild dysplasia (P1) 

1.1 cm (L1), KUS (P0) 
6.0 1.2 cm (L1), KUS (P0) 

1.8 cm (L1), KUS (P0) 
6.0 0, SD S, H 

10 No 1.7 cm (L1), KUS (P0) 
1.5 cm (L1), KUS (P0) 
0.5 cm (L1), moderate dysplasia (P2) 

10.0 1.6 cm (L1), moderate dysplasia (P2) 
0.9 cm (L1), KUS (P0) 
0.8 cm (L1), mild dysplasia (P1) 

12.0 +20.0, PD S, H 

11 No 2.0 cm (L2), KUS (P0) 
2.1 cm (L2), mild dysplasia (P1) 
4.0 cm (L3), mild dysplasia (P1) 

50.0 1.0 cm (L1), mild dysplasia (P1) 
2.3 cm (L2), KUS (P0) 
2.0 cm (L2), KUS (P0) 

28.0 -44.0, PR S, H 

12 No 1.5 cm (L1), mild dysplasia (P1) 4.0 0.4 cm (L1), mild dysplasia (P1) 4.0 0, SD S 
13 No 2.1 cm (L2), mild dysplasia (P1) 14.0 1.2 cm (L1), KUS (P0) 2.0 -85.7, PR S, H 
14 Yes 3.6 cm (L3), mild dysplasia (P1) 24.0 4.2 cm (L3), carcinoma 99.0 --, PD S, H 
15 No 2.5 cm (L2), mild dysplasia (P1) 

0.4 cm (L1), mild dysplasia (P1) 
18.0 2.5 cm (L2), mild dysplasia (P1) 

0 cm (L0) 
14.0 -22.2, SD S 

16 No 3.0 cm (L2), moderate dysplasia (P2) 16.0 1.2 cm (L2), mild dysplasia (P1) 4.0 -75.0, PR S, H 
17 No 2.5 cm (L2), mild dysplasia (P1) 14.0 2.5 cm (L2), mild dysplasia (P1) 14.0 0, SD -- 
18 No 2.3 cm (L2), mild dysplasia (P1) 14.0 1.5 cm (L1), mild dysplasia (P1) 4.0 -71.4, PR S 
19 No 3.0 cm (L2), moderate dysplasia (P2) 16.0 0.4 cm (L1), mild dysplasia (P1) 4.0 -75.0, PR S, H 
20 Yes 0.5 cm (L1), mild dysplasia (P1) 

4.0 cm (L3), moderate dysplasia (P2) 
30.0 1.4 cm (L1), KUS (P0) 

1.8 cm (L1), mild dysplasia (P1) 
4.0 -86.7, CR S, H 

21 Yes 1.5 cm (L1), moderate dysplasia (P2) 
1.0 cm (L1), moderate dysplasia (P2) 

26.0 4.0 cm (L3), carcinoma 
1.0 cm (L1), no re-biopsy 

99.0 --, PD S, H 

22 No 1.5 cm (L1), mild dysplasia (P1) 4.0 0.3 cm (L1), KUS (P0) 2.0 -50.0, PR S, H 
23 Yes 4.5 cm (L3), moderate dysplasia (P2) 26.0 Patient refused re-biopsy -- -- -- 
24 No 1.7 cm (L1), mild dysplasia (P1) 

4.5 cm (L3), mild dysplasia (P1) 
28.0 0 cm (L0) 

0.2 cm (L1), moderate dysplasia (P2) 
6.0 -78.6, PR S, H 

25 No 2.3 cm (L2), moderate dysplasia (P2) 16.0 2.0 cm (L2), moderate dysplasia (P2) 16.0 0, SD S 
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26 Yes 4.5 cm (L3), mild dysplasia (P1) 
3.2 cm (L3), mild dysplasia (P1) 

24.0 4.5 cm (L3), mild dysplasia (P1) 
3.5 cm (L3), mild dysplasia (P1) 

24.0 0, SD S 

27 No 1.5 cm (L1), mild dysplasia (P1) 4.0 1.5 cm (L1), mild dysplasia (P1) 4.0 0, SD -- 
28 No 2.3 cm (L2), mild dysplasia (P1) 14.0 0.1 cm (L1), KUS (P0) 2.0 -85.7, CR S, H 
29 No 3.4 cm (L3), mild dysplasia (P1) 24.0 2.0 cm (L2), mild dysplasia (P1) 14.0 -41.7, PR S 
30 Yes 2.3 cm (L2), severe dysplasia (P3) 18.0 2.5 cm (L2), severe dysplasia (P3) 18.0 0, SD S 
31 No 1.6 cm (L1), mild dysplasia (P1) 4.0 0.1 cm (L1), KUS (P0) 2.0 -50.0, PR S, H 
32 No 1.7 cm (L1), mild dysplasia (P1) 4.0 1.5 cm (L1), mild dysplasia (P1) 4.0 0, SD S 
33 No 2.0 cm (L2), mild dysplasia (P1) 14.0 2.0 cm (L2), KUS (P0) 12.0 -14.3, SD H 

SCC=squamous cell carcinoma, KUS=keratosis of undetermined significance without dysplasia, also referred to hyperkeratosis, not reactive; CR=complete response, PR=partial 
response, SD=stable disease, PD=progressive disease or carcinoma; (*) scores of 99 implies development of carcinoma at re-biopsy.  
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eTable 2. Association Between Clinical and Pathologic Parameters and Cancer-Free Survival 

Variable Total (N=33)A 

HR [95% CI] 
Gender (male vs. female) 1.34 0.36-5.06 
Age at registration (continuous)B 1.08 0.99-1.18 
Smoking history (yes vs. no) 0.55 0.15-2.05 
Primary leukoplakia subsite (tongue vs. other sites) 3.64 0.76-17.54 
TMB per megabase (continuous)B 1.15 0.73-1.79 
PD-L1 CPS (continuous)B 1.01 0.98-1.03 
PD-L1 CPS (≥20 vs. <20) 1.92 0.46-8.04 
History of prior oral squamous cell carcinoma (yes vs. no) 13.53 3.30-55.52 
Pre-treatment or (baseline) composite score (continuous)B 1.04 1.00-1.08 

A except TMB where N=20; B for every increase in age at registration the risk of CFS event increases by 8%; for every increase 
in TMB per megabase, the risk of CFS event increases by 15%; for every increase in CPS, the risk of CFS event increases by 1% 
and for every increase in pre-treatment composite score, the risk of CFS event increases by 4%; HR=hazard ratio (univariate 
estimates shown), CI=confidence interval, CPS=combined positive score. Univariate Cox proportional hazard modeling (HR>1: 
higher risk of CFS event). 
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eTable 3. Adverse Events Potentially Attributable to Nivolumab (N=33) 
 

Toxicity Number of 
patients (%) 

Grade 1 or 2 Grade 3 Grade 4 

Fatigue 18 (55) 17 1 0 
Oral pain 11 (33) 11 0 0 
Diarrhea 9 (27) 8 1 0 
Itching 7 (21) 7 0 0 
Dyspnea 7 (21) 7 0 0 
Headache 7 (21) 7 0 0 
Skin rash 6 (18) 5 1 0 
Hypothyroidism 6 (18) 6 0 0 
Elevated AST 6 (18) 5 0 1 
Elevated ALT 6 (18) 5 1 0 
Hypophosphatemia 4 (12) 4 0 0 
GI disorder other 4 (12) 4 0 0 
Cough 4 (12) 4 0 0 
Abdominal pain 4 (12) 4 0 0 
Arthralgia 4 (12) 4 0 0 
Hyperthyroidism 3 (9) 3 0 0 
Chest pain 2 (6) 1 1 0 
Troponin elevation 1 (3) 0 1 0 
Hyponatremia 1 (3) 0 0 1 
Hyperglycemia 1 (3) 0 1 0 
Gastritis 1 (3) 0 1 0 
Endocrine disorder other 1 (3) 0 1 0 
Elevated total bilirubin 1 (3) 0 1 0 
Atrial fibrillation 1 (3) 0 1 0 
Worst degreeA -- 25 6 1 

A this row adds to N=32 because one patient had no post-baseline adverse events. Frequencies are shown above (%). Note: no 
grade 5 AEs were reported. Only grade 1-2 events reported in >10% of patients are listed, and all grade 3-4 events are listed. 
Abbreviations: AST=Aspartate aminotransferase, ALT=Alanine aminotransferase, GI=gastrointestinal. 
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eTable 4. Clinical and Pathologic Predictors of Response* 

Covariate Total (N = 33)A 

OR [95% CI] 
Gender (male vs. female) 0.45 0.10-1.92 
Age at registration (continuous)B 0.99 0.92-1.06 
Smoking history (yes vs. no) 1.10 0.26-4.64 
Primary leukoplakia subsite (tongue vs. other sites) 1.10 0.26-4.64 
TMB per megabase (continuous)B 0.83 0.44-1.41 
PD-L1 CPS (continuous)B 1.03 1.00-1.06 
PD-L1 CPS (≥20 vs. <20) 4.29 0.83-25.94 

A except for TMB where N=20; B for every increase in age at registration the odds of being CR/PR decreased by 1%, for every 
increase in TMB per megabase; the odds of being in CR/PR decrease by 17.1%, and for every increase in CPS; the odds of being 
in CR/PR increase by 2.8%; OR=odds ratio (univariate estimates shown), CI=confidence interval, CPS=combined positive score; 
Univariate logistic regression analysis (OR>1: higher probability of response). 

*Categorizing response with an already small sample size reduces power. Linear regression (with post-treatment composite score 
as the outcome) was used to assess for variability in the pre-treatment (baseline) composite score. First, with pre-treatment PD-L1 
CPS alone as primary predictor in the linear regression model: for every 1 unit increase in PD-L1 CPS, post-treatment composite 
score decreases by 0.06 [post treatment composite score = 13.12-0.06*pre-treatment PD-L1 CPS]; when PD-L1 CPS as the 
primary clinical predictor adjusted for pre-treatment composite score (all variables are continuous), results are similar: for every 1 
unit increase in pre-treatment PD-L1 CPS, post-treatment composite score decreases by 0.11 [post-treatment composite score = 
1.05+0.73* pre-treatment composite score-0.11*pre-treatment PD-L1 CPS]. 
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eFigure 1. Measurement of Effect and Response Assessment 

STEP 1
Score each individual target lesion (1-3 per 
patient) by size and histologic degree

L1, lesion <2 cm in largest diameter 
L2, lesion 2-3 cm in largest diameter
L3, lesion >3 cm in largest diameter

P0, keratosis of unknown significance with or
without mild atypia (non-reactive hyperkeratosis)
P1, mild dysplasia
P2, moderate dysplasia
P3, severe dysplasia

L lesion size

P pathology

STEP 2
Score the patients individual target lesion sites (1-3 per patient) using
the composite score grid

L1P0 = 2
L1P1 = 4
L1P2 = 6
L1P3 = 8

L2P0 = 12
L2P1 = 14
L2P2 = 16
L2P3 = 18

Composite score

L3P0 = 22
L3P1 = 24
L3P2 = 26
L3P3 = 28

Sum the composite scores for all target sites (1-3 per patient) for
the total composite score

STEP 3

Following immunotherapy repeat the scoring in Steps 1 and 2 for all 
target lesions to generate a post-treatment total composite score. 
Then calculate the change in the total composite score as a (%) to 
the first decimal place before and after treatment.
STEP 4

Use the difference in the composite score for each patient to 
evaluate best overall response

MR, decrease of >80% or more in the total composite score
PR, decrease of 40-80%
SD, neither MR/PR or PD
PD, an increase of 10% or more, or a new CIS or OSCC event

Best overall response

Example:

Baseline: 2 sites
Target 1: 1 cm/mild dysplasia = L1P1, 4
Target 2: 2 cm/severe dysplasia = L2P3, 18
Total composite score: 22

Post-treatment: 2 sites
Target 1: 1 cm/mild dysplasia = L1P1, 4
Target 2: 1 cm/mild dysplasia = L1P1, 4
Total composite score: 8

22-8 points = Δ14, 14/22 = 63.6%
Response: PR
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eFigure 2. Immunologic Correlates of Response and Survival
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eMethods 

 

PD-L1 IHC 

Immunohistochemical quantitative analysis for PD-L1 on baseline epithelial dysplasia tissue 

samples was obtained using in-house staining (E1L3N clone, Cell Signaling Technology) and 

reported as a combined positive score (CPS) (range: 0-100) as scored by an expert head and neck 

pathologist [VJ, KW] blinded to outcome data. CPS reflected scoring on intralesional epithelial 

cells of leukoplakia and associated inflammatory cells. 

 

Tissue and peripheral blood immunoprofiling 

Fresh tissues were enzymatically disaggregated in RPMI (Life Technologies) +10% FBS 

(HyClone), 100 U/ml collagenase type IV (Life Technologies), and 50 μg/ml DNase I (Roche) at 

37°C for 45 minutes and strained through a 40μm filter. The PBMC layers from blood samples 

were isolated after centrifugation for 10min at 1000g. Red blood cells were removed from 

samples using red blood cell lysis buffer (Biolegend). Cells were incubated with the Live/Dead 

Zombie NIR (Biolegend) for 5 min in the dark at room temperature. Fc receptors were blocked 

prior to surface antibody staining using mouse FcR Blocking Reagent (Biolegend). Cells were 

stained for 15min on ice in the dark and washed 2x with PBS + 2% FBS.  Cells were analyzed on 

a BD LSRFortessa with FACSDiva software (BD Biosciences). Data were analyzed using 

FlowJo software version 10.7.2. Antibodies were specific for the following human markers: 

CD69 (FN50), CD38 (HIT2), LAG-3 (11C3C65), TIM-3 (F38-2E2), CD3 (UCHT1), PD-1 

(EH12.1), CD45RA (HI100), CTLA-4 (BNI3), CD45 (HI30), CD4 (RPA-T4), CD16 (3G8), 

CD33 (WM53), PD-L2 (24F.10C12), CD56 (B159), PD-L1 (29E.2A3), CD15 (W6D3), CD31 
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(WM59), CD19 (HIB19), CD14 (M5E2) from Biolegend; CCR7 (150503), HLA-DR (G46-6) 

and CD8 (RPA-T8) from Thermo Fisher Scientific. 

 

Tissue and peripheral blood whole-exome sequencing (WES) 

Initial processing of pre-treatment epithelial dysplastic tissue samples was performed at the 

UCSD Biorepository & Tissue Technology Shared Resource Center.  Briefly, paraffin was 

removed from formalin-fixed, paraffin-embedded (FFPE) tissue sections and cores using 

CitriSolv (Fisher Scientific) followed by ethanol washes, and then tissue was lysed overnight at 

56°C. Samples were then incubated at 90°C to remove DNA crosslinks, and extraction was 

performed using Qiagen's QIAamp DNA FFPE Tissue Kit. DNA from matching patient 

peripheral blood mononuclear cells (PBMCs) were extracted using the ALLPREP DNA/RNA 

Mini Kit. Both FFPE tissue and PBMC DNA were sent to Novogene (Sacramento, CA). DNA 

whole-exome sequencing library preparation was performed using the IDT xGen Exome Panel 

v2 kit following the manufacturer's recommendations. Qualified libraries were sequenced on an 

Illumina platform according to effective concentration and data volume. For FFPE tissue 

samples, the effective coverage of sequencing was 200X and for PBMC match-normal samples 

the effective coverage was 100X. 

 

WES DNA assembly and quality control 

Post-sequencing analysis was performed within Triton Shared Compute Cluster (TSCC) at the 

University of California, San Diego. Briefly, quality assurance of the raw FASTQ files were 

evaluated using FastQC and Mosdepth [1, 2]. Raw sequence reads were aligned to the human 

reference genome GRCh38. The aligned reads were marked duplicated using MarkDuplicates 
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(Picard) – GATK [3]. Concordance between tumor and matched normal samples were evaluated 

using Conpair [4] and only samples with >99.5% concordance were taken forward for 

subsequent analysis. 

 

WES somatic alteration identification and annotation 

EnsembleVariantCallingPipeline (EVC) was used to call single nucleotide variants (SNV) and 

short INDELS. EVC implements the SNV and INDEL variant calling from four variant callers 

(Mutect2, Strelka2, Varscan2, MuSE) and only passed mutations called with any two variant 

callers were considered true mutations [3, 5-7]. Following annotation of each variant with 

Ensembl Variant Effect Predictor (VEP, version 106), somatic mutations were taken forward for 

amino acid change detection [8]. Oncoplot was generated using Maftools [9]. Possible 

involvement of driver gene mutations was identified with IntOGen [10]. Copy number alteration 

detection was performed with ASCAT (v3.1) [11] and focal somatic copy number alterations 

were detected with GISTIC2.0 [12]. Fisher exact tests were performed within R statistical 

language [13]. Mutational profile and signature analysis were performed with SigProfiler 

bioinformatic tools developed within the Alexandrov lab [14, 15] at UC San Diego. Plotting of 

figures was performed with Adobe Illustrator and Prism. 
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