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Background: The 5-year survival associated with oral cancer (OSCC) is relatively low. Recent
investigations have implicated the presence of tumor infiltrating lymphocytes (TILs) as independent
prognostic markers in several malignancies, including oral cancer. However, the studies of oral cancer
evaluated only a limited number of immune cell types as prognostic markers. CIBERSORT, a
computational software for in silico analysis of tumor microenvironment, provides an opportunity to
measure 22 cell types of TILs in two previously-assembled cohorts of OSCC patients.

Methods: We used CIBERSORT to evaluate Gene Expression Profiles (GEPs) of OSCC tumor samples
using data from The Cancer Genomic Atlas (TCGA) and Fred Hutchinson Cancer Research Center’'s
Oralchip study to infer the types of immune cells that are present in the tumor tissue. Tumor samples were
analyzed to evaluate a difference in immune cell composition of OSCC tumors by HPV status, location and
by tumor stage. We also assessed the independent prognostic value of individual immune cell types by
means of a multivariable Cox regression model which adjusted for patient’s age at diagnosis, HPV status,
tumor location, tumor stage, and smoking and alcohol consumption history. In addition, we did a subset
analysis on 50 HPV-positive oropharyngeal (OPC) cases where we assessed the independent prognostic
value of individual immune cell types through the same multivariable Cox regression model.

Results: The immune microenvironment of HPV-positive OSCC cases was significantly different
compared to HPV-negative OSCC cases. The proportion of TILs such as naive B cells, cytotoxic T cells,

activated memory T cells, follicular helper and regulatory T cells was higher among HPV-positive OSCC



cases and in HPV-positive OPC cases. Composition of some immune cell types differed by tumor stage.
No significant association was observed between higher composition of individual immune cell types and
overall survival in OSCC patients. Subset analysis showed that HPV-positive OPC cases with higher
concentration of cytotoxic CD8+ T cells and activated memory CD4+ T cells were associated with better
prognosis. On the other hand, higher concentrations of activated dendritic cells, mast cells and neutrophils
were associated with relatively poor overall survival.

Conclusion: Our study suggests immune system is predictive of survival in HPV-positive OPC patients,
and that the composition of immune cells in HPV-positive OPC is different from that of HPV-negative OPC.

These findings may help guide clinical management of these patients.



INTRODUCTION:

Oral and oropharyngeal squamous cell carcinomas (OSCC) are among the most common cancers
worldwide, and have a relatively high case-fatality. Oral cavity and pharynx cancer represent 2.9% of all
new cancer cases in the US [1]. In the US, the major risk factors for OSCC are tobacco use, excessive
alcohol intake and Human Papillomavirus (HPV) type 16 infection. Although there have been advances in
both surgical and adjuvant therapies, the overall 5-year survival for OSCC has remained low (64.5% in the
US [1]) for the past few decades. 5-year survival differs by tumor stage [1], but the established TNM clinical
cancer staging system, by itself, is an imperfect predictor of survival in OSCC patients. Recent
investigations show that HPV-positive oropharyngeal cancer patients have a much better survival
compared to HPV-negative oropharyngeal cancer patients, [53] but there is a need to search for additional
prognostic biomarkers to improve clinical management of patients with this cancer. While extensive
analyses of the phenotype of tumor cells by molecular approaches have been undertaken, few studies
have looked at the impact of immune infiltrate or tumor related immune genes on survival.

In some malignant tumors, levels of infiltrating immune cells are associated with tumor growth, cancer
progression, and patient outcome. [3,4] The presence of tumor Infiltrating leukocytes (TILs) is prognostic in
several malignancies, such as ovarian, breast, and colorectal carcinoma. [5,6]

Recently, gene expression profiles (GEP) were used to compute the relative fractions of leukocytes in
complex tissues, such as solid tumors. This computational method is known as Cell-type Identification By
Estimating Relative Subsets Of RNA Transcripts (CIBERSORT). Cell compositions characterized from
GEPS of solid tumors using CIBERSORT have strong agreement with flow cytometry assessment of
immune subsets in bulk tumors. This method is highly robust to noise or variation in gene expression data
due to stochastic fluctuation, which is commonly encountered when dealing with solid tumors. The
developers of CIBERSORT have designed and validated a leukocyte gene signature matrix, termed LM22
for leukocyte deconvolution from bulk tumors. It contains 547 genes that distinguish 22 human
hematopoietic cell phenotypes, including seven T cell types, naive and memory B cells, plasma cells and

myeloid subsets. [9]



Another paper by the same authors analyzed the association between clinical outcomes and abundance of
diverse tumor-infiltrating leukocyte (TIL) subsets elicited by CIBERSORT across 39 different malignancies,
including head and neck cancer. They observed that the prognostic value of some TILs on survival in
patients was independent of patient’s general immune response. [7] Such large-scale analysis of collection
of human tumors has allowed the identification of components of the immune contexture that predict
relatively favorable and unfavorable outcomes. However, tumor infiltrates are heterogeneous between
tumor types, and it is possible their impact on overall survival may differ by cancer type. [15] Thus, the
presence of immune cell infiltration and its clinical implications needs to be assessed separately in OSCC.
Most research that has studied the immune microenvironment of OSCC tumors addressed but one or two
types of the immune cell population. [8, 11-13] Also, these studies typically had a small sample size and
used traditional methods to quantify immune cells, such as examining H&E stained FFPE tumor samples,
immunohistochemistry (IHC), and flow cytometry, which can be subjective, labor-intensive and somewhat
qualitative in nature [14]. Only a few among these have examined the impact of TIL on survival in OSCC
patients [16-20]. Cytotoxic T cells (CD8+); Helper T Cells (CD4+ etc.); Suppressor T cells (Tregs) and
antigen presenting Dendritic Cells (DC) are the most commonly studied immune cell population in oral
cancer. CIBERSORT provides us with an opportunity to evaluate OSCC tumor samples for 22 different
type of immune cell types at once.

Our objective is to evaluate both the detailed immune microenvironment of OSCC and its association with
survival. We also aim to assess whether this ‘immunome’ differs by given clinical stage of the tumor and
HPV positivity status.

METHODS:

Genomic and clinical data acquisition:

The Cancer Genome Atlas (TCGA) contains publically available raw microarray and gene expression data
from patient-derived tumor samples of OSCC. These samples are collected from different clinical sites,
from all over the US. At present, gene expression data for 500 U.S. patients with primary head and neck
squamous cell cancer (HNSC), diagnosed between the years 1992 to 2014, can be found in the Genomic

Data Commons data portal (https://portal.gdc.cancer.gov). Whole transcriptome RNA-sequencing (RNA-

seq) data were available for 546 tumor samples in total (including secondary tumors and metastatic



tumors) and we used the open access, normalized Fragments per Kilobase of transcript per Million
mapped reads (FPKM) count files. Clinical data for these cases — such as patient demographics, medical
and lifestyle history, vital status, time to death/time to last follow-up, and tumor characteristics (such as
site, stage and HPV status) - are also openly accessible and were downloaded through TCGA. The GEPs
of the 546 tumor samples were merged to produce a mixture file required for running CIBERSORT.
TCGA'’s sequencing data is annotated using GENCODE v22, and the given Ensembl ids were substituted
with corresponding HUGO Gene Nomenclature Committee (HGNC) symbols for the mixture file.
Additionally, Fred Hutchinson Cancer Research Center’'s (FHCRC) OralChip dataset [51] comprising 166
OSCC tumors’ gene expressions and associated clinicopathological data was used as supplementary and
validation data for the two-different analysis. The 166 gene expression profiles from FHCRC were obtained
using the Affymetrix HG-U133 2.0 platform instead of RNA-seq like TCGA. They were derived from OSCC
patients treated at University of Washington Medical Center (Seattle, WA), the Harborview Medical Center
(Seattle, WA), or the Veterans Affairs Puget Sound Health Care System during 2003 to 2007.
Normalization of the CEL files was done to match the normalization of the TCGA samples. Approval of the
FHCRC's Institutional Review Board was acquired to access and analyze this dataset.

Identification of immune cells and their estimated fractions

The CIBERSORT website (http://cibersort.stanford.edu ) includes tutorials for the use of the computational

tool and preparation of input data. The input file (also known as mixture file) containing gene expression
data was formatted according to the instructions in the manual and uploaded on the website. For leukocyte
deconvolution, the mixture file was used with their extensively benchmarked LM22 gene signature. The
absolute and relative modes of CIBERSORT were selected to run together; the no. of statistical
permutations was set to 1000 (>100 recommended) and quantile normalization was disabled. Given the
data and the selected parameters, fractional representation of 22 different cell types was generated as a
readily downloadable heat map tables.

We had two different outputs for absolute and relative modes. The relative output was such that for each
tumor sample, the sum of all estimated immune cell-type fractions equals 1. The absolute estimates of
immune cells were derived from their respective relative fractions. Absolute mode, in CIBERSORT, scales

estimated relative cellular fractions into a score that reflects the absolute proportion of each cell type in the



tumor. The absolute immune score is estimated by the median expression level of all genes in the
signature matrix (LM22) divided by the median expression level of all genes in the tumor sample. Although
it is not expressed as a fraction, the absolute score can be directly compared across cell types (i.e., relative
differences between cell types are maintained).

The output provides relative fractions and absolute scores for the following cells: B cells (naive and
memory), Plasma cells, T cells CD4 (naive, memory resting, memory activated), T cells CD8, T cells
follicular helper, T cells regulatory, T cells gamma delta, NK cells (resting and activated), Monocytes,
Macrophages (MO, M1, M2), Dendritic cells (resting and activated), Mast cells (resting and activated),
Eosinophils, Neutrophils. Additionally, it also provides a p-value (reflecting the statistical significance of the
deconvolution result); Pearson's correlation coefficient (R), generated from comparing the leukocyte gene
signature (original mixture) with the estimated immune fractions (imputed mixture) and root mean squared
error between the original mixture and the imputed mixture.

In TCGA, GEPs were available for 386 oral cavity or oropharyngeal cancers. In the FHCRC dataset, 6 of
the 166 samples overlapped between TCGA and FHCRC datasets. Therefore, 386 tumor samples from
TCGA and 160 tumors from the Oralchip study were included in the analysis.

Estimation of HPV positivity through CDKN2a expression

The TCGA Network had estimated HPV status for only 204 of 386 included cases. [21] Studies have found
that p16 protein coded by gene CDKNZ2a (cyclin-dependent kinase Inhibitor 2A) is overexpressed in HPV
positive oral cancer tumors. [22, 23] We graphed the CDKN2a counts for known HPV positive and negative
samples. (Fig A) We could see this in our sample as well. Thus, we used logistic regression to predict HPV
status for the remaining 182 cases with CDKN2a and tumor location (oral/ oropharyngeal) as the
predictors, and the HPV status of 204 cases as outcome variable. We graphed the sensitivity and
specificity of our logistic model (Fig B) and selected 0.25 as our cutoff (highest sensitivity and specificity).
All samples with probability value equal to or greater than 0.25 were assumed to be HPV positive. Such
estimation was not required for the Oralchip data, which had HPV status information based on results of

PCR and a Roche HPV Linear Array testing for all 160 included samples.
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Fig A: Box plots of CDKN2a expression by HPV
positivity status.

Fig B: Sensitivity and specificity plot of the logistic
model fit to estimate HPV positivity for 182 samples

Statistical analysis

Both absolute and relative estimates of the 22 immune cell types (exposure variable) were used to

evaluate our study aims.

Both the TCGA and Oralchip samples, with a combined total of 546 samples, were initially divided into four

categories: HPV+ Oral cavity tumors (OCC) (n=67), HPV- OCC tumors (n=376), HPV+ Oropharyngeal

tumors (OPC) (n=69) and HPV- OPC tumors (n=34). Kaplan Meier survival curves were plotted to observe

the difference in survival by tumor’s HPV status and location in OSCC patients. To assess the difference

between the immunome of HPV-positive OPC patients and other OSCC patients, we used non-parametric

Wilcoxon rank sum test.

The Kruskal Wallis nonparametric test was used to compare cell distributions by tumor stage for samples in

which this information was available (n=493).

Median relative fractions and absolute scores were reported for all 22 cell types.

Independent prognostic value of estimated immune cells fractions and scores of TCGA samples was

assessed by a multivariable Cox regression analysis with time to death as outcome variable and age at

diagnosis, HPV status, tumor stage and location, smoking and alcohol history as covariates. We used

listwise deletion method for handling of missing data. With this method, an entire sample is excluded from



analysis if any single value is missing for the variables used in the multivariable Cox regression. Hazard
ratios for all 22 immune cell populations were estimated. In our analysis, we multiplied the relative fractions
or absolute scores of each cell type by 10 so that each unit change of these quantities is equivalent to a
change of 0.1. This facilitates the interpretation of regression coefficient. For example, a regression
coefficient of 0.5 for relative fraction of B cell means when the relative fraction of B cell increases 0.1, the
hazard increases exp(0.5) = 1.65. The OralChip study samples was used to validate this prognostic model.
We also performed subset analysis of 50 HPV-positive oropharyngeal tumors in which we evaluated
through Cox regression analysis if any of the 22 immune cells are associated with survival independent of
stage, age at diagnosis, smoking and alcohol history.

Benjamin-Hochberg (BH) step up procedure was used to control the false discovery rate at 5%. The overall
corrected p values were reported for each statistical test performed. They were very similar for the same
tests but different exposure (relative or absolute scale). However, they were quite different for the same test
but different subpopulation comparison (comparison between HPV+ and HPV- cases will have different
corrected p-value than the comparison test between HPV+ OPC and HPV- OPC- cases).

All statistical tests were two-sided. All analyses were run using STATA 14.

RESULTS:

The characteristics of the TGCA and Oralchip study populations are shown in Tables 1a and 1b,
respectively. In general, the OSCC cases tended to be in the oral cavity. Most persons with these tumors
were white, older than 50 years at diagnosis, male, and current smokers, and most had advanced disease.
Composition of tumor infiltrating immune cells:

The most frequently encountered immune cell populations in the TCGA tumors are illustrated in Figure 1a.
According to the bar plot, Macrophages (MO, M1, and M2) were present in almost all samples. Plasma
cells, cytotoxic T cells (CD8+) and T CD4 memory cells were also found in most samples. T gamma delta
cells, on the other hand, were absent from all but 10% of the sample. Memory B cells and naive CD4 T

cells along with monocytes and eosinophils were more often absent in these tumors.
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Table 1a: Baseline patient and primary tumor characteristics of TCGA samples.

Variable
Age at diagnosis (years)
<=50
>50
Missing
Gender
Male
Female
Tumor location

Oral cavity

Oropharyngeal region

Tumor stage
Stage |
Stage Il
Stage Il
Stage IV
Missing

HPV status (Oral Cavity)
Positive
Negative
Missing

HPV status (Oropharyngeal)
Positive
Negative
Missing

Variable

Race
White
African American
Asian
American Indian
Missing
Ethnicity
Hispanic
Non-Hispanic
Missing
Smoking history
Yes
No
Missing
Alcohol history
Yes
No
Missing

History of prior/other
malignancy

Yes

No

No. of samples (386)

65
320

273
113

330
56

23
61
64
186
54

19
163
148

16
6
34

No. of samples (386)

337
28

19
341
26

276
103

260
117

22
364

%

16.8
82.9
0.3

70.7
29.3

85.5
14.5

15.8
16.6
48.2
13.5

5.8
49.4
45

28.6
10.7
60.7

%

87.3
7.3
2.3
0.3
2.9

88.3
8.7

71.5
26.7

1.8

67.4
30.3
2.3

5.7
94.3

Valid %

16.9
83.1

70.7
29.3

85.5
14.5

6.9

18.3
19.2
55.7

10.4
89.6

72.7
27.3

Valid 2%

89.9
7.5
2.4
0.2

5.3
4.7

72.8
27.2

69
31

5.7
94.3
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Table 1b: Baseline patient and tumor characteristics of Oralchip

Variable No. of samples (166) % Variable No. of samples (386) %
Age at diagnosis (years) Race
<=50 38 22.9 White 151 91
Non-white 15 9
>50 128 77.1
Smoking history
Gender Yes 130 78.3
Male 119 71.7 No 36 21.7
Female 47 28.3 Alcohol history
Tumor location Yes 147 9.8
Oral cavity 115 69.3 No 16 90.2
Oropharyngeal 51 30.7 Missing 3
region
Tumor stage
Stage | 36 21.8
Stage Il 16 9.7
Stage Il 22 13.3
Stage IV 91 55.2
HPV status (Oral Cavity)
Positive 19 16.5
Negative 96 83.5
HPV status
(Oropharyngeal)
Positive 34 66.7
Negative 17 33.3

Fig 1b is a similar plot corresponding to the Oralchip data. Table 2 and Table 3 provide details about the
median fractions and scores of 22 immune cell subpopulations. The column “A” presents the absolute

score while column “R” displays the relative fractions.



Figure 1a on the left shows a stacked bar graph of percentage of tumor samples by 22 different immune
cell types. The dark grey bar depicts the no. of samples in which an immune cell was present and the
light grey bar shows the no. of samples in which it was absent. For example, naive B-cell were elicited
in only 70% of sample whereas Macrophages MO0 were present in 99.5% tumor samples. 1b is a similar
graph of Oralchip data.

TCGA tumor sample %
0% 50%

Oralchip tumor sample %
100%

0% 50% 100%
B cell naive ) B cell naive N )
B cell memory [ y B cell memory S )
Plasma cell ) Plasma cell [N
T cell CD8+ A T cell CD8+ A )
T cell CD4 Naive ) T cell CD4 Naive )
T cell CD4 Memory (resting) A T cell CD4 Memory...—_l
T cell CD4 Memow..._ T cell CD4 Memory...t
T follicular helper () T follicular helper M)
T regulatory cells [ D T regulatory cells [ D
T gamma delta - ‘ T gamma delta L ’
NK resting S ) NK resting A )
NK activated () NK activated N )
Monocytes L ‘ Monocytes A )
Macrophage Mo (N Macrophage Mo ()
Macrophage M1 (A Macrophage M1 A
Macrophage M2 LI Macrophage M2 A
Dendritic cells (resting) A Dendritic cells (resting) S )
Dendritic cells (activated) AT Dendritic cells (activated) [
Mast cells (resting) () Mast cells (resting) )
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Neutrophils [ D Neutrophils A )

EPresent = Absent = Present ©Absent

Figure 2a on the top left shows a stacked bar plot of percentage of HPV+ tumor samples by
22 different immune cell types in TCGA data while the figure 2b on top right shows HPV- tumor
samples. Figure 2c (bottom left) and 2d (bottom right) are similar plots of HPV positive and
negative samples from the Oralchip data.
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Table 2: Difference in the immune cell absolute scores (A) and relative fractions (R) by HPV status
and location. P values calculated from nonparametric Wilcoxon ranksum test which compared HPV+
tumor samples to HPV- tumors; HPV+ OPC vs. HPV- OPC cases; and HPV+ OCC vs HPV- OCC cases.
These results pertain to the combined tumor samples of TCGA and Oralchip data (n=546).

Median proportions B cells naive B cells Plasma cells T cells CD8 Tcells CD4 memory
memory CD4 naive (resting)
A R A R A R A R A R A R
OPC HPV-positive cases 0.1 0.01 0 0 1 0.1 2.7 0.12 0 0 024 0.05
OPC HPV-negative cases 0 0 0 0 0.5 0.13 0.78 0.05 0 0 0.27  0.06
0OCC HPV-positive cases 0.07 0.01 0 0 0.16 0.03 1.01 0.08 0 0 0.3 0.05
0CC HPV-negative cases 0.008 0.001 0 0 0.15 0.02 0.65 0.06 0 0 037 0.07
Total 0.02 0.003 0 0 0.25 0.03 0.83 0.07 0 0 0.34 0.06
P-value (HPV+ vs HPV-) 0.0006 0.0021  0.09 0.2 0.00001 0.002 0.00001  0.00001 06 06 0.02 0.001
P-value (OPC+ vs OPC-) 0.007 0.003 0.9 05 008 0.8 0.00001  0.00001 08 08 07 0.3
P-value (OCC+ vs OCC-) 0.2 0.2 0.7 07 08 0.9 0.01 0.017 07 07 005 0.019
Median proportions CD4 memory T cells follicular T cells regulatory T cells NK cells NK cells
(activated) helper gamma resting activated
delta
A R A R A R A R A R A R
OPC HPV-positive cases 032 005 024 0.04 0.06 0.01 0 0 008 001 O 0
OPC HPV-negative cases 012 002 041 0.02 0 0 0 0 009 002 O 0
OCC HPV-positive cases 028 006 0.18 0.03 0.02 0.002 0 0 0.1 0.02 0.004 0.0008
OCC HPV-negative cases 017 0.03 01 0.02 0.006 0.001 0 0 009 002 0.008 0.002
Total 019 003 012 0.02 0.02 0.002 0 0 009 002 O 0
P-value (HPV+ vs HPV-) 0.004 0.001 0.00001 0.00001 0.0006 0.0005 01 01 05 0.1 0.7 0.6
P-value (OPC+ vs OPC-) 0.004 0.01 0.0002  0.007 0.0021  0.004 08 08 07 0.3 0.9 0.8
P-value (OCC+ vs OCC-) 0.04 0.016 0.0015 0.0002 0.5 0.4 0.08 0.08 06 0.3 05 0.6
Median proportions Monocytes Macrophages =~ Macrophages Macrophages Dendritic cells Dendritic cells
Mo M1 M2 (resting) (activated)
A R A R A R A R A R A R
OPC HPV-positive cases 0 0 0.6 0.08 0.6 0.08 06 0.08 0.07  0.01 0.06 0.01
OPC HPV-negative cases 0 0 0.5 0.08 0.2 005 06 0.12 0.08 0.02 0.11 0.02
0OCC HPV-positive cases 0 0 0.8 0.1 052 01 0.6 0.1 0.2 0.03 0.16 0.02
0OCC HPV-negative cases 0 0 1.1 0.17 049 009 06 0.1 014  0.02 0.10 0.02
Total 0 0 1 0.15 0.5 0.09 06 0.1 014  0.02 0.1 0.02
P-value (HPV+ vs HPV-) 0.02 0.03 0.0034 0.0001 005 0.5 0.3 0.002 047 0.04 0.9 0.5
P-value (OPC+ vs OPC-) 0.8 0.8 0.32 0.8 0.001 0.01 0.8 0.002 0.9 0.35 0.08 0.01
P-value (OCC+ vs OCC-) 0.09 0.1 0.05 0.01 0.4 0.3 0.4 0.5 0.7 0.9 0.3 0.6
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Median proportions Monocytes Macrophages  Macrophages Macrophages Dendritic cells  Dendritic cells

Mo M1 M2 (resting) (activated)

A R A R A R A R A R A R
OPC HPV-positive cases 0 0 0.6 0.08 06 0.08 06 0.08 007 001 006 0.01
OPC HPV-negative cases 0 0 0.5 0.08 02 005 06 012 008 002 011 002
0CC HPV-positive cases 0 0 0.8 011 052 041 06 0.1 0.2 003 016 002
0CC HPV-negative cases 0 0 141 017 049 009 06 O0M 014 002 010 0.02
Total 0 0 1 015 05 009 06 0N 014 002 01 0.02
P-value (HPV+ vs HPV-) 0.02 003 0.0034 0.0001 0.05 0.5 03 0002 047 004 09 0.5
P-value (OPC+ vs OPC-) 0.8 0.8 0.32 0.8 0.001 0.01 08 0.002 09 035 008 0.01
P-value (OCC+ vs OCC-) 0.09 0.1 005 001 04 0.3 04 05 0.7 0.9 0.3 0.6

BH corrected critical p-value for comparing absolute scores (A) and relative fractions (R) of all HPV+ OSCC
with all HPV — OSCC cases and HPV+ OPC with HPV- OPC cases was 0.02. BH corrected p-value for
comparing absolute scores (A) and relative fractions (R) of comparison between HPV+ OCC with HPV-
OSCC was 0.002.

Composition of tumor infiltrating immune cells in OSCC tumors with different HPV status and

location:

All 546 samples from TCGA and Oralchip study were included in this analysis. Results from table 2 indicate
that the immune cell composition of HPV-positive tumors is distinct from HPV-negative tumors. On an
absolute scale, higher concentration of naive B cells, plasma cells, cytotoxic T cells, activated memory CD4+
T cells, follicular helper and regulatory T cells and a lower concentration of undifferentiated macrophages,
neutrophils is seen in HPV-positive cases. Results were similar on the relative scale with a few differences:
lower concentration of M2 phase macrophages in HPV-positive cases. When we further stratified by location
and compare HPV+ OPC with HPV- OPC, we observed a higher concentration of naive B cells, cytotoxic T
cells, activated memory CD4+ T cells, follicular helper and regulatory T cells, M1 macrophages was seen in
HPV+ OPC cases. A lower concentration of activated dendritic cells, M2 macrophages and neutrophils was

observed in HPV+ OPC cases.

16



Table 3: Difference in the immune cell absolute scores (A) and relative fractions (R) among cases by tumor
stage. P values calculated from nonparametric Kruskal-Wallis test. (TCGA and Oralchip data combined samples
(n=498)

Median B cells naive B cells memory  Plasma cells T cells CD8 T cells CD4 T cells CD4
proportions by: naive memory(resting)

A R A R A R A R A R A R
Stage | 0 0 0.08 0.016 0.5 0.12 1.44 0.06 0 0 0.24 0.06
Stage Il 0.065 0009 O 0 0.15 0.02 0.8 0.06 0 0 0.36 0.07
Stage lll 0.047 0.008 0 0 0.17 0.02 0.64 0.06 0 0 0.26 0.04
Stage IV 0.009  0.001 0 0 0.22 0.03 0.8 0.06 0 0 0.32 0.07
P value 0.006 0.004 0.002 0.001 0.006 0.001 0.02 0.7 0.001 0.001 04 0.6
Median T cells CD4 Tcells T cells regulatory T cells gamma NK cells resting  NK cells
proportions memory(activated) follicular delta activated

helper

A R A R A R A R A R A R
Stage | 0.09 0.02 0.11 0.3 0.03 0.008 0 0 0.9 0.02 0.003 0.0008
Stage Il 0.27 0.04 015 03 003 0.005 0 0 0.06 0.01 0.056  0.01
Stage lll 0.15 0.03 0.13 0.2 0.006 0.001 0 0 0.09 0.02 0.007 0.0004
Stage IV 0.16 0.03 0.09 0.2 0 0 0 0 0.1 0.02 0 0
P value 0.2 0.4 0.02 0.01 0.05 0.09 0.2 0.2 0.6 0.3 0.02 0.04
Median Monocytes Macrophages M0 Macrophages M1 Macrophages M2 Dendritic cells Dendritic cells
proportions (resting) (activated)

A R A R A R A R A R A R
Stage | 0 0 0.5 0.1 0.5 0.1 0.6 0.12 0.1 0.03 0.08 0.02
Stage Il 0 0 1.1 0.15 0.06 0.09 0.7 0.09 0.2 0.04 0.1 0.03
Stage Il 0 0 1.1 0.15 0.5 0.09 0.6 0.11 0.1 0.02 0.1 0.02
Stage IV 0 0 1 0.16 0.4 0.08 0.6 0.11 0.1 0.02 0.08 0.02
P value 0.3 0.2 0.002 0.0005 0.2 0.3 0.7 0.2 0.2 0.2 0.06 0.2
Median proportions Mast cells Mast cells Eosinophils Neutrophils

(resting) (activated)
A R A R A R A R

Stage | 0.18 0.03 0.03 0.007 0 0 0.08 0.02
Stage Il 0.16 0.03 0 0 0 0 0.04 0.004
Stage Il 0.08 0.02 0.03 0.005 0 0 0.03 0.005
Stage IV 0.08 0.01 0.006 0.001 0 0 0.03 0.005
P value 0.17 0.2 0.15 0.1 0.03 0.02 0.002 0.004

BH corrected p-value for comparing absolute scores (A) by tumor stage was 0.015. Thus, all tests with
p values less than 0.015 were considered significant. BH corrected p-value for comparing relative
fractions (R) by tumor stage was 0.02. Thus, all tests with p values less than 0.02 were considered
significant.
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Composition of tumor infiltrating immune cells in OSCC tumors by tumor stage:

493 cases that had tumor stage information were analyzed to assess difference in the concentration of
immune cells by cancer stage. The concentrations of memory B cells, plasma cells, cytotoxic T cells,
activated memory T cells, follicular helper and regulatory T cells were higher in earlier stage tumor sample,
whereas the levels of undifferentiated macrophages and neutrophils decreased with advancing tumor

stage. Similar results were obtained for the separate TCGA and Oralchip datasets.

Subpopulations of immune cells as predictors of survival in OSCC:
To assess the individual prognostic value of each immune phenotype we divided the samples into training

and validation sets. TCGA data were used as the training set. Of the 386 patient samples, 2 were excluded

Table 4: Prognostic value of each immune cell type for overall survival of OSCC patients adjusted for age at
diagnosis, HPV status, tumor location, tumor stage, smoking and alcohol history (TCGA data, Complete case
analysis, n = 319)

Immune cell type Absolute scores as exposure Relative fractions as exposure

Hazard ratio(95% ClI) P-value Hazard ratio (95% ClI) P-value
B cell naive 0.79 (0.54-1.18) 0.2 0.76 (0.49-1.20) 0.2
B cell memory 0.45 (0.03-6.60) 0.6 1.65 (0.44-6.14) 0.5
Plasma cell 0.60 (0.35-1.05) 0.08 0.72 (0.45-1.16) 0.183
T cell CD8+ 0.83 (0.69-0.99) 0.04 0.87 (0.70-1.06) 0.184
T cell CD4 Naive 9.96 (0.21-463.6) 0.2 3.63 (0.96-13.6) 0.053
T cell CD4 Memory (resting)  (0.93 (0.76-1.13) 0.5 1.02 (0.83-1.26) 0.8
T cell CD4 Memory (activated) (.72 (0.51-1.03) 0.07 0.86 (0.61-1.21) 0.4
T follicular helper 0.44(0.22-0.88) 0.02 0.61(0.31-1.18) 0.143
T regulatory cells 0.32(0.11-0.88) 0.03 0.38 (0.13-1.07) 0.07
T gamma delta 0.06 (0.0003-9.52) 0.3 1.07 (0.05-23.07) 0.9
NK resting 0.60 (0.32-1.13) 0.1 1.04 (0.60-1.83) 0.8
NK activated 1.65 (0.66-4.13) 0.3 2.07 (0.99-4.33) 0.05
Monocytes 0.86 (0.06-12.56) 0.9 1.29 (0.27-6.16) 0.75
Macrophage M0 0.85(0.73-0.99) 0.03 1.00 (0.90-1.11) 0.05
Macrophage M1 0.95(0.75-1.21) 0.7 1.14 (0.89-1.45) 0.3
Macrophage M2 0.92 (0.69-1.22) 0.6 1.19 (0.85-1.67) 0.3
Dendritic cells (resting) 0.98(0.64-1.52) 0.9 1.07 (0.78 -1.45) 0.7
Dendritic cells (activated) 0.86 (0.43-1.74) 0.7 1.5(0.74-1.78) 0.5
Mast cells (resting) 0.66 (0.37-1.19) 0.2 0.78 (0.44 -1.37) 0.4
Mast cells (activated) 1.61 (0.96-2.68) 0.07 1.42 (1.04-1.95) 0.03
Eosinophils 75.43 (0.29-19591.72) 0.1 22.68(1.21-425.5) 0.04
Neutrophils 0.60(0.14-2.44) 0.5 0.82 (0.31-2.20) 0.7

BH corrected critical n-value for both absolute scores and relative fractions is 0.0022

because of missing follow-up information. Age at diagnosis was unavailable for 1 case, tumor stage was

missing for 52 cases. Smoking history was missing for 7 patients and alcohol history was missing for 9
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patients. These subjects, too, were excluded from the analysis. Of the 319 included in the multivariable

Cox regression analysis, 140 died during follow up. The follow up period was measured in days and it

ranged from 2 to 5480 days with the mean being 845 days. Table 4 lists the hazard ratios estimated from

our multivariate model in the TCGA data set.

We found that after adjusting for age at diagnosis, tumor stage, tumor location, HPV status, smoking and

alcohol history on both absolute and relative scale, patients with 0.1 higher value of absolute score or relative

fractions of undifferentiated macrophages, cytotoxic T cells, follicular helper and regulatory T cells were

associated with better overall survival (p-value<0.05), though these associations were not statistically

significant using the BH corrected p-value of 0.002. Similarly, a 0.1 higher value of absolute score or relative

fractions of activated mast cells and eosinophils were associated with a poor prognosis among these

patients, but these associations also were not significant by the corrected p-value (p value < 0.002).

Validation of results:

156)

Table 5: Prognostic value of each immune cell type for overall survival among OSCC patients adjusted
for age at diagnosis, HPV status, tumor stage location, Smoking and alcohol history (Oralchip study, n =

Immune cell type

Absolute scores as exposure

Relative fractions as exposure

B cell naive

B cell memory
Plasma cell

T cell CD8+

T cell CD4 Naive

T cell CD4 Memory (resting)
T cell CD4 Memory (activated)

T follicular helper
T regulatory cells
T gamma delta
NK resting

NK activated
Monocytes
Macrophage M0
Macrophage M1
Macrophage M2

Dendritic cells (resting)
Dendritic cells (activated)

Mast cells (resting)

Mast cells (activated)

Eosinophils
Neutrophils

Hazard ratio(95% Cl)

0.03 (0.0004-1.94)

0.77 (0.29-2.04)
1.06 (0.70-1.62)
0.92 (0.83-1.01)
1.11 (0.24-4.98)
1.39 (0.42-4.56)
0.26 (0.05-1.42)

0.034 (0.002-0.59)
0.004 (1.656-06 - 15.14)

0.31 (0.02-3.46)
1.55(0.14-17.33)

2.77 (0.07-105.51)
14.06 (0.41-481.5)

1.69 (0.88-3.28
0.64 (0.25-1.68
0.52 (0.19-1.40
0.17 (0.02-1.28
0.86 (0.24-3.15
0.27 (0.07-0.97
2.1(0.99-4.45)

~— S S S

47.07(0.42-5273.8)

1.85 (0.54-6.39)

P-value

0.09
0.6
0.8
0.1
0.1
0.6
0.1
0.02
0.2
0.3
0.4
0.6
0.1
0.1
0.4
0.2
0.08
0.8
0.04
0.05
0.1
0.3

Hazard ratio (95% Cl)
0.21(0.03-1.37)
0.94 (0.63-1.41)
1.08 (0.91-1.28)
0.71(0.45-1.12)
1.13 (0.60-2.13)
1.17 (0.73-1.86)
0.54 (0.24-1.19)
0.21(0.06-0.74)
0.18 (0.008-3.84)
0.54 (0.17-1.7)
1.34 (0.51-3.51)
1.83(0.43-7.81)
2.9 (0.68-12.33)
1.23(0.95-1.60)
0.85 (0.55-1.30)
0.84 (0.57-1.25)
0.53 (0.24-1.14)
0.91 (0.53-1.55)
0.61 (0.36-1.03)
1.30 (0.97-1.74)
4.27 (0.60-30.18)
1.24 (0.75-2.08)

P-value

0.1
0.7
0.4
0.1
0.7
0.5
0.1
0.01
0.3
0.2
0.6
0.4
0.1
0.1
0.4
0.4
0.1
0.7
0.06
0.08
0.1
0.4

BH corrected critical p-value for both absolute scores and relative fractions is 0.0022
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For three patients in the FHCRC'’s Oralchip study there was no information regarding alcohol use, and on
another there was no information regarding tumor stage. After excluding these cases, 156 cases were
included in the Cox regression model used to validate the results. Of the 156, 104 patients died during
follow up. The follow up period in days ranged from 14 to 4434 days with the mean value being 1962 days.
The hazard ratio estimates and their 95% confidence intervals are presented in Table 5.

Analysis of the Oralchip data identified the same associations (except for regulatory T cells) seen in
training dataset (TCGA sample), and also failed to reject the hypothesis of no association between higher
concentration of immune cell phenotypes and overall survival.

Subset analysis:

Of the 69 persons with HPV-positive samples, 17 did not have information regarding tumor stage, and 2
had missing information about smoking and alcohol history. The remaining 50 were included in the
regression analysis. The follow up period ranged from 2 to 4391 days. 20 cases died during follow up.

Table 6 gives the hazard ratios estimates and their 95% confidence intervals.

Table 6: Prognostic value of each immune cell type, adjusted for age at diagnosis, tumor location,
tumor stage, smoking and alcohol history, in HPV-positive OPC samples from TCGA and Oralchip
data combined. (Complete case analysis, n = 50)

Immune cell type

Absolute scores as exposure

Relative fractions as exposure

Hazard ratio(95% Cl) P-value Hazard ratio (95% Cl) P-value
B cell naive 0.006 (0.00003-1.23) 0.06 0.017038 (0.0004 -0.78) 0.04
B cell memory 2.02 (0.44-9.17) 0.4 1.426359 ( 0.66-3.07) 0.4
Plasma cell 0.73 (0.28-1.89) 0.5 1.09678 (0.75-1.61) 0.6
T cell CD8+ 0.64 (0.49-0.83) 0.001 0.1088112 (0.034-0.35) <0.0001
T cell CD4 Naive 61.14 ( 1.08-3458.37) 0.04 8.992302 (1.85-43.6) 0.006
T cell CD4 Memory (resting) 1.38 (0.37-5.15) 0.6 1.897521 (0.91 -3.95) 0.09
T cell CD4 Memory (activated) 0.005 (0.0002-0.17) 0.003 0.0234634 (0.003-0.17) <0.0001
T follicular helper 0.06 (.003-1.70) 0.1 0.2793594 (0.03- 2.35) 0.2
T regulatory cells 0.0006 ( 1.02e-07-3.73) 0.09 0.0012 (4.80e-06-0.327) 0.02
T gamma delta 0.28 (0.005-15.59) 0.5 0.63 (0.07-5.308) 0.7
NK resting 0.24 (0.012-4.6) 0.3 1.874838 (0.38-9.19) 0.4
NK activated 0.98 (0.07-13.87) 0.9 1.132388 (0.12-10.12) 0.9
Monocytes 164.88 (.0002-1.63e+08) 0.5 235.4322 (0.43-126111.7) 0.08
Macrophage MO0 0.83 (0.31-2.201) 0.7 1.327616 (0.93-1.90) 0.1
Macrophage M1 0.12 (0.02-0.78) 0.03 0.3200701 (0.11-0.90) 0.032
Macrophage M2 0.07 (0.004-1.18) 0.07 0.8348502 (0.28-2.49) 0.746
Dendritic cells (resting) 1.80e-06 ( 1.78e-12-1.8) 0.06 0.0015661 (5.35¢-06-0.46) 0.026
Dendritic cells (activated) 95.78 (5.24-1749.48) 0.002 15.43 (3.7-63.6) <0.0001
Mast cells (resting) 0.23 (.01-4.80) 0.3 0.67 (0.09-4.90) 0.7
Mast cells (activated) 7.96 (1.7-35.89) 0.007 2.36 (1.36-4.10) 0.002
Eosinophils 1.08e-08 ( 1.93e-24-6.07e+07) 0.3 0.003 (7.37e-10-12833.31) 0.5
Neutrophils 1542.90 (9.17-259371.7) 0.005 35.62 (3.38-387.06) 0.003

BH corrected critical p-value for both absolute scores and relative fractions is 0.01
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We found statistically significant associations with overall survival in five immune cell populations in the
HPV-positive OPC tumors subset. Tumor sample groups that had higher concentration of tumor infiltrating
immune cells like cytotoxic T cells, activated CD4+ T cells had lower risk of dying. On the other hand,
higher concentrations of antigen presenting dendritic cells, activated mast cells and neutrophils were
predictive of poor prognosis.

We did a similar analysis for 30 HPV-negative OPC samples. Their follow up time ranged from 37 to 4409
days. 16 died during follow-up. We saw no significant association between higher concentration of immune
cell populations and survival in these patients (Supplementary Table 1).

DISCUSSION:

We described the immune microenvironment of a large set of oral squamous cell carcinomas through in
silico analysis using data from two independent prospective cohorts. We also assessed the independent
prognostic value of 22 immune phenotypes while controlling for important clinicopathological parameters.
We observed that the immune cell composition is different for HPV-positive and HPV-negative tumors.
When we further stratified HPV-positive and HPV-negative samples by location, we saw that the immune
cell composition of HPV+ OPC tumors was significantly different from HPV- OPC tumors. However, even
though certain immune cell fractions and scores differed between HPV+ OCC and HPV- OCC, these
differences were not statistically significant. We also observed that composition of certain immune cells
differed by stage. Although we did not identify a statistically significant association between higher
concentration of immune cell types and survival, we saw the potential predictive capacity of these immune
cells which can help future researchers investigate this question.

In our study, we considered both the relative and absolute proportion of immune cell phenotypes. Absolute
immune score scales linearly with tumor purity. On the other hand, relative fraction estimates the
percentage of a given cell population in the total tumor infiltrate. In our sample, macrophages, cytotoxic T
cells, plasma cells and activated CD4 memory cells were the most frequently observed immune
phenotypes. In our study, both relative and absolute measurements provided similar results with respect to
associations with HPV status, clinical stage, and survival.

When we stratified the tumor samples by HPV status and location, we found that oropharyngeal HPV-

positive tumors had a significantly different immune composition when compared to their HPV-negative
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counterparts and to oral cavity tumors. Krupar et al [27] observed a higher amount of lymphocytic infiltrate
in HPV-positive oropharyngeal samples compared to HPV-negative tumors. They found a higher
concentration of cytotoxic and activated helper T cells, which is similar to what was observed in our study.
In contrast to our finding, they found no difference in concentration of regulatory T cells between HPV-
positive and HPV-negative lesions. Other studies by Ward et al [28] and Badoual et al [29] also
corroborated our findings with respect to higher concentration of cytotoxic, activated helper and regulatory
T cells in OSCC tumors. No study (to our knowledge) has examined the concentrations of plasma cells,
follicular helper cells, naive B-cells, mast cells or macrophages with regards to HPV status.

Previous studies have observed a higher proportion TILs present in early stage tumors [15,30,32], which
might be expected given that immune suppression is a hallmark of advanced stage tumors. We saw a
similar pattern among cell populations such as naive B cells, plasma cells, cytotoxic T cells, regulatory T
cells. However, composition of undifferentiated macrophages was higher among late stage tumors. This
might be expected since tumor associated macrophages are often associated with neoplastic
transformation, tumor immune evasion and subsequent metastasis [52]. Further examination by others
with large data sets would be warranted.

Our survival analysis failed to identify a significant association between individual immune cell types and
overall survival in OSCC patients after controlling for important clinical parameters such as age at
diagnosis, tumor stage, tumor location, HPV status, and smoking and alcohol history. Previous studies
have reported that higher concentration of cytotoxic T cells, activated memory T cells to be associated with
longer survival in OSCC [15,16,29,31-37]. Though there was a suggestion of similar associations in our
study, we could not exclude chance as a plausible explanation. These earlier studies have also evaluated
the prognostic value of regulatory T cells, and have reported conflicting results. We observed a similar
conflict: higher concentrations of regulatory T cells were associated with better survival in the TCGA data
while no corresponding association was seen in the Oralchip data.

Some studies [28,29] evaluated the prognostic value of TILs exclusively in HPV-positive OPC patients.
They found that certain immune populations like cytotoxic T cells (CD8+) and activated memory (CD4+) T
cells are predictive of better prognosis after controlling for smoking status and stage in these patients. We

confirmed these findings in our analysis of 50 HPV-positive OPC cases.
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Additionally, we observed that an increased infiltration of activated mast cells was associated with poor
survival in HPV-positive OPC patients. Previous studies reported an increased infiltration of mast cells in
oral cancer. [38,40] Mast cells have been implicated in many studies to be a promoter of inflammatory
response and angiogenesis in tumors, including OSCC [25]. Angiogenesis promotes neovascularization
and metastases and is an important hallmark of cancer. [41-46] Mast cells have also been observed to be
an independent marker for poor prognosis in several other cancers. [47-50] Similarly, higher concentration
of neutrophils increase tumor inflammatory response. They have also been associated with poor prognosis
in the pan cancer analysis. [7]

Our results suggest that HPV-positive OPC patients with a higher concentration of activated dendritic cells
are at a higher risk of dying. Tumor-associated dendritic cells have been known to play a role in immune
suppression through development of T cell tolerance and reducing T cell infiltrate in tumor. [26] However,
Reichert et al, in a study of oral cavity tumors (which presumably were mostly HPV-negative) [17], found a
lower concentration of activated dendritic cells to be associated with reduced survival. We saw a similar
association in our analysis of 30 HPV negative OPC tumors but it was not statistically significant, perhaps
due to the small sample size. To understand why activated dendritic cells may act as a tumor promoter in
HPV positive tumors and tumor suppressor in HPV negative tumors, further research is needed.

There are a number of limitations of our study, and these call for a cautious interpretation of our results.
Both HPV status and tumor stage information was missing for a substantial number of patients in TCGA.
We dealt with the missing data by estimating HPV16 through CDKN2a expression which, though it is an
established method, is still prone to error. Also, our estimates could be subject to residual confounding. For
example, to the extent that HPV status has not been accurately categorized, we would not have fully taken
this variable into account. Then, our model analyzed the effect of each immune cell individually, ignoring
the possibility of an interaction between different immune cell populations. Lastly, there is the issue of
missing information regarding the cause of death in the TCGA patients, which prevents us from measuring
associations with disease-specific survival in OSCC patients, a more appropriate outcome measure.

The results of our study (and earlier ones) support the hypothesis that the immune microenvironment has a

bearing on disease progression in patients with HPV-positive oropharyngeal cancer. Potentially, this could
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have a bearing on the clinical management of these patients, considering the recent development of

immune-modulating therapies.
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APPENDIX:

Supplementary Table 1: Prognostic value of each immune cell type, adjusted for age at diagnosis,
tumor location, tumor stage, smoking and alcohol history, in HPV-negaive OPC samples from TCGA

and Oralchip data combined. (Complete case analysis, n = 30)

Immune cell type

Absolute scores as exposure

Relative fractions as exposure

B cell naive

B cell memory

Plasma cell

T cell CD8+

T cell CD4 Naive

T cell CD4 Memory (resting)
T cell CD4 Memory (activated)
T follicular helper

T regulatory cells

T gamma delta

NK resting

NK activated

Monocytes

Macrophage M0
Macrophage M1
Macrophage M2
Dendritic cells (resting)
Dendritic cells (activated)
Mast cells (resting)

Mast cells (activated)
Eosinophils

Neutrophils

Hazard ratio(95% Cl)
0.095 (0.002-4.39)

0.08 (0.002-3.46)

1.34 (0.57 - 3.18)

1.14 (0.79-1.65)

5538.9 (1.04-2.93e+07)
1.02 (0.26-4.04)

0.33 (0.1-9.34)
0.099(0.002-4.5)

0.010 (5.90e-06 - 18.58)
11077 (31.8 - 3853624)
0.0000169 (3.51e-10 - 0.81)
105.21 (1.6-6931.8)

0.97 (9.13e-06 -102358.8)
0.90 (0.57-1.41)

0.95 (0.23-3.86)

1.05 (0.27-4.12)

6.5 (0.63-67.2)

0.07 (0.002-2.44)

13.45 (0.39-469.8)

1.62 (0.44-5.96)

41.89 (1.37e-16 - 1.28e+19)
0.42 (0.02-8.1)

P-value
0.2
0.2
0.5
0.5
0.05
0.9
0.5
0.2
0.2
0.002
0.04
0.029
0.9
0.7
0.9
0.9
0.1
0.1
0.2
0.5
0.9
0.5

Hazard ratio (95% Cl)
0.19 (0.012-2.96)
0.44 (0.11-1.71)

1.1 (0.81-1.5)

2.07 (0.44-9.72)
36.02 (0.99-1305.8)
0.84 (0.28-2.53)

1.27 (0.15-11.036)
0.15 (0.01-1.95)
0.015 (0.0001-2.17)
85.94 (5.24-1413.34)
0.013 (0.0001-1.18)
41.9 (1.07-1640.6)
0.82 (0.004-157.09)
0.95 (0.64-1.42)
0.86 (0.26-2.79)

1.32 (0.42-4.15)
5.2(0.77-34.87)
0.29 (0.04-2.18)

1.83 (0.31-10.78)
1.15 (0.53-2.46)
0.32 (1.05e-08 - 9983100)
0.64 (0.17-2.34)

P-value
0.2
0.2
0.5
0.4
0.05
0.8
0.8
0.1
0.1
0.002
0.06
0.04
0.9
0.8
0.8
0.6
0.08
0.2
0.5
0.7
0.9
0.5

BH corrected critical p-value for both absolute scores and relative fractions is 0.0022
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Supplementary Fig 1a (above): Box plot depicting the estimated relative fractions of 22 immune cell types by HPV status and
location in TCGA data. The Y axis here show the relative proportion which can range from 0 to 1 in theory. Fig 1b (below): Box

plot depicting the estimated absolute scores of 22 immune cell types by HPV status and location. The Y axis here show the

absolute score which can range from 0 to 100 in theory. It is evident from both the box plots and the bar graph in Fig D that
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Supplemenntary Figure 5a (top): Kaplan-Meier survival function graph by HPV status and location of tumar samples from
TCGA data and Oralchip data combined (n=546). Supp. Fig. 5(b) (bottom): Kaplan-Meier survival function graph of HPV
positive and negative OPC tumor samples from TCGA data and Oralchip data combined (n=546).
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