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Summary
Background There is significant interest in treatment de-escalation for human papillomavirus-associated (HPV+)
oropharyngeal squamous cell carcinoma (OPSCC) patients given the generally favourable prognosis. However,
15–30% of patients recur after primary treatment, reflecting a need for improved risk-stratification tools. We
sought to develop a molecular test to risk stratify HPV+ OPSCC patients.
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Methods We created an immune score (UWO3) associated with survival outcomes in six independent cohorts
comprising 906 patients, including blinded retrospective and prospective external validations. Two aggressive radi-
ation de-escalation cohorts were used to assess the ability of UWO3 to identify patients who recur. Multivariate Cox
models were used to assess the associations between the UWO3 immune class and outcomes.

Findings A three-gene immune score classified patients into three immune classes (immune rich, mixed, or immune
desert) and was strongly associated with disease-free survival in six datasets, including large retrospective and
prospective datasets. Pooled analysis demonstrated that the immune rich group had superior disease-free survival
compared to the immune desert (HR = 9.0, 95% CI: 3.2–25.5, P = 3.6 × 10−5) and mixed (HR = 6.4, 95% CI:
2.2–18.7, P = 0.006) groups after adjusting for age, sex, smoking status, and AJCC8 clinical stage. Finally, UWO3
was able to identify patients from two small treatment de-escalation cohorts who remain disease-free after
aggressive de-escalation to 30 Gy radiation.

Interpretation With additional prospective validation, the UWO3 score could enable biomarker-driven clinical
decision-making for patients with HPV+ OPSCC based on robust outcome prediction across six independent
cohorts. Prospective de-escalation and intensification clinical trials are currently being planned.

Funding CIHR, European Union, and the NIH.

Copyright © 2022 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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De-escalation
Research in context

Evidence before this study
HPV-associated oropharyngeal cancer (OPSCC) is one of the
fastest rising cancers in North America. While cure rates can
be high, up to 30% of patients recur after primary treatment.
Current multimodal treatment regimens are historically
derived from clinical trials for the more aggressive HPV-
negative OPSCC and may be more intensive than necessary
for most HPV+ OPSCC patients. Thus, there is significant
interest in treatment de-intensification for HPV+ OPSCC.

Added value of this study
We defined three clinically-translatable and biologically-
plausible immune classes in HPV-associated OPSCC using a

three-gene expression score. Our three gene-expression score
was associated with distinct disease-free survival and overall
survival in five independent cohorts which included 863
patients. More importantly, the three-gene expression score
was associated with recurrence status following aggressive
radiation de-escalation.

Implications of all the available evidence
The UWO3 immune score may identify patients with
improved prognosis. Further studies in the context of a
randomized trial will be needed to confirm these
results.
Introduction
The incidence of human papillomavirus-associated
(HPV+) oropharyngeal squamous cell carcinoma
(OPSCC) is increasing worldwide.1 HPV+ OPSCC is
biologically and clinically distinct from non-HPV
driven (HPV−) HNSCC, which is typically associated
with tobacco and alcohol consumption.2–9 Although
HPV+ OPSCC patients are usually younger and
exhibit markedly improved outcomes compared to
HPV− OPSCC patients,3 current treatment guidelines
from both the American Society of Clinical Oncology
(ASCO) and the National Comprehensive Cancer
Network recommend identical treatment regimens of
high-dose cisplatin and 70Gy radiation (CRT) inde-
pendent of HPV status.10,11 The rising incidence of
HPV+ OPSCC is leading to an increasing number of
young survivors, making post-treatment quality of life
and treatment-related morbidities a major concern.
There is significant interest in treatment de-
intensification for HPV+ OPSCC patients to reduce
morbidity rates, while maintaining excellent cure
rates.12–17
www.thelancet.com Vol 86 December, 2022
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Treatment de-intensification efforts have been
complicated by the ∼15–30% recurrence or metastasis
rate of HPV+ OPSCC patients treated with the current
standard of care therapy.18 Early efforts at de-
intensification demonstrated that modification of
current standard of care CRT can result in harm for
patients. Both the De-ESCALaTE HPV and RTOG1016
phase III randomized trials found that substitution of
cetuxmiab for cisplatin led to inferior survival out-
comes.19,20 Reflecting these unsuccessful attempts that
led to poorer outcomes for patients on the experimental
arm, recent treatment de-intensification guidelines from
ASCO21 and the Head and Neck Cancer International
Group22 have called for de-intensification to only be
attempted in the context of a clinical trial for patients
with favorable risk profiles. Thus, the ideal treatment de-
intensification method and patient population remain
highly controversial.10,21–26

Molecular biomarkers reflecting the biology of the
tumour may better risk-identify patients who are ideal
candidates for treatment de-intensification. HPV+ head
and neck cancer treatment failure has been linked to
TP53 mutations,27 tumour hypoxia,28 keratinocyte differ-
entiation,29 metabolism,30 chromosome 3p arm loss,31–33

and HPV-related transcriptional programs.34 These find-
ings have not yet been thoroughly validated, require
complex assays only available at select institutions, or
generally exhibit modest effect-sizes that explain only a
fraction of HPV+ head and neck cancer treatment fail-
ures. There remains an urgent need for improved risk-
stratification to guide therapeutic decision-making in
balancing treatment toxicity and therapeutic efficacy.

We created a clinically translatable immune classifi-
cation tool strongly associated with survival outcomes in
HPV+ OPSCC based upon the abundance of three
transcripts. We validated it in five HPV+ OPSCC cohorts
comprising 863 patients, including two blinded cohorts
and a tissue microarray (TMA) cohort using immuno-
histochemistry. Finally, we show this immune classifi-
cation can identify patients who responded to aggressive
treatment de-escalation. Taken together, our results may
enable biomarker-guided personalized treatment de-
intensification and intensification in HPV+ OPSCC
low and high-risk groups respectively.
Methods
Ethics
The study was approved by the Research Ethics Boards
at Western University (REB 7182) and informed consent
was obtained from each patient.
Patient cohort
Primary site fresh tumour samples were prospectively
collected from patients with HPV+ OPSCC at Victoria
Hospital, London Health Science Centre, London,
www.thelancet.com Vol 86 December, 2022
Ontario, Canada between 2010 and 2016. Patient de-
mographics and survival outcomes were prospectively
collected. Frozen section analysis was carried out to
confirm tumour cellularity greater than 70%. HPV status
was confirmed via p16 immunohistochemistry, as well as
polymerase–chain reaction and Sanger sequencing.
Detailed clinical information in the LHSC cohort is pro-
vided in Supplementary Table S1. There were no other
exclusion criteria. Disease free survival was defined as
time from diagnosis to recurrence at any site or death.
Recurrence was defined as the presence of local, regional,
or distant disease after completion of treatment. The
Cancer Genome Atlas (TCGA, n = 71),35 Johns Hopkins
University (JHU; n = 47), BD2Decide (n = 286), and
Washington University (WashU) and Vanderbilt Uni-
versity (n = 262) cohorts are public HPV+ OPSCC tran-
scriptomic cohorts and have been described
elsewhere.36–40 Detailed descriptions of all other cohorts
have been provided elsewhere.36–40 Treatments received
for each cohort are described in Supplementary Table S2.
All cohorts except for the TCGA cohort are
HPV+ tumours solely from the oropharynx region. The
only cohort that contained tumours from the non-
oropharynx region is that of the TCGA, which is 75%
oropharynx. The reporting of the study followed guide-
lines from Reporting Recommendations for Tumour
Marker Prognostic Studies (REMARK)41 and STROBE.42
RNA processing and sequencing
Total RNA and DNA was isolated using Qiagen AllPrep
DNA/RNA kits. HPV status was confirmed by real time
PCR as we have previously described.43,44 One micro-
gram of total RNA was shipped to The Center for
Applied Genomics (Hospital for Sick Children, Toronto,
ON) for quality control, library preparation, and
sequencing. RNA quality was confirmed with a Bio-
analyzer and libraries were prepared using a NEB Ultra
II Directional mRNA library kit. Samples were then
processed using random primers and paired end
sequencing using an Illumina HiSeq 2500 yielded
50–90 million reads/sample (median: 66 million reads,
Supplementary Table S1).

FASTQ files were pre-processed with trim_galore
(v0.6.4) and then quality controlled using FastQC (v0.11.9).
Each sample was mapped to the human reference genome
GRCh38 (v97) using STAR aligner (v2.7.2b) in two-pass
mode,45 and quantified using HTSeq-count (v0.12.3)
intersection-strict mode.46 Read normalization and differ-
entially expressed gene testing were conducted using
DESeq2 (v1.26.0).47 Differentially abundant transcripts be-
tween the disease-free and recurrent patients were defined
as transcripts having at least an average of normalized
reads of 10, an absolute log2 fold change (log2FC) greater
than 2, and a Benjamini-Hochberg adjusted P-value of less
than 0.05. Generation and processing of external cohorts
have been described elsewhere.36–40
3
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HPV genotyping via HPV transcript quantification
HPV genotyping was performed on raw RNA-seq reads
using HPViewer (branch c62f29e, available at https://
github.com/yuhanH/HPViewer), on a database of 182
repeat masked HPV strains. HPV reads were then
quantified using HTSeq-count intersection-strict mode
to the subtype with the highest read-number.48
Tumour microenvironent estimation
The tumour microenvironment (TME) composition of
each sample was estimated using the MCP-counter
score (v1.1.0).49 The score was based on previously
analyzed transcriptomic markers that were found to be
characteristic of the specific immune population and
were proportional to the abundance of each cell popu-
lation within the tumour. Comparisons with other im-
mune deconvolution methods have found the method to
be highly accurate and capable of inter-sample com-
parisons.50 The MCP-counter signatures composition
are as follows: T cells: CD28, CD3D, CD3G, CD5, CD6,
CHRM3-AS2, CTLA4, FLT3LG, ICOS, MAL, PBX4,
SIRPG, THEMIS, TNFRSF25 and TRAT1; B lineage:
BANK1, CD19, CD22, CD79A, CR2, FCRL2, IGKC,
MS4A1 and PAX5; natural killer cells: CD160,
KIR2DL1, KIR2DL3, KIR2DL4, KIR3DL1, KIR3DS1,
NCR1, PTGDR and SH2D1B; monocytic lineage:
ADAP2, CSF1R, FPR3, KYNU, PLA2G7, RASSF4 and
TFEC; myeloid dendritic cells: CD1A, CD1B, CD1E,
CLEC10A, CLIC2 and WFDC21P; neutrophils: CA4,
CEACAM3, CXCR1, CXCR2, CYP4F3, FCGR3B, HAL,
KCNJ15, MEGF9, SLC25A37, STEAP4, TECPR2, TLE3,
TNFRSF10C and VNN3; endothelial cells: ACVRL1,
APLN, BCL6B, BMP6, BMX, CDH5, CLEC14A,
CXorf36 (also known as DIPK2B), EDN1, ELTD1,
EMCN, ESAM, ESM1, FAM124B, HECW2, HHIP,
KDR, MMRN1, MMRN2, MYCT1, PALMD, PEAR1,
PGF, PLXNA2, PTPRB, ROBO4, SDPR, SHANK3,
SHE, TEK, TIE1, VEPH1 and VWF.
Clustering
K-means clustering was performed on Z-scores of the
immune cell abundance estimation (Supplementary
Figure S1a) using the kmeans wrapper of Complex-
Heatmap package (v2.1.0) when generating heatmaps.51

Kmeans was run 1000 times to generate consensus k-
means clustering. The number of K clusters was selected
using the silhouette method through the fviz_nbclust
function of the factoextra R package (v1.0.6).
Immune gene signatures
Immune gene signatures were derived from other
studies.52 Briefly, each signature was computed as the
geometric mean of the abundance of its included genes:
immunosuppression (TGFB1, TGFB3, LGALS1 and
CXCL12), regulatory T cells (FOXP3 and TNFRSF18),
T cell survival score (CD70 and CD27), T cell activation
(CXCL9, CXCL10, CXCL16, IL15, and IFNG), myeloid
chemotaxis(CCL2), MHC I (HLA-A, HLA-B, HLA-C,
HLA-E, HLA-F, HLA-G and B2M), and tertiary
lymphoid structures (CXCL13).
UWO3 score development and prediction
Statistically significant transcripts between disease-free
and recurrent tumours were filtered to only include
transcripts whose abundance was independently asso-
ciated with prognosis. The cohort was dichotomized
into high and low abundance groups for each transcript
and tested for association with prognosis in a Cox
proportional hazard multivariate model including
important clinical variables (age at diagnosis, sex, T
stage, N stage, smoking status, alcohol abuse status).
The abundance of transcripts with an FDR <0.25 were
normalized using DESeq2, log-10 transformed, and
Z-score standarized for score development. To facilitate
the development of protein diagnostic tools for pathol-
ogy, the gene lists were further filtered to contain genes
for which the RNA abundance was highly correlated
with its protein abundance (FDR <0.05 & rho >0.6,
Spearman Correlation) using the HPV-negative HNSCC
CPTAC cohort.53

For the development of the UWO3 score to differ-
entiate between the 3 TME immune classes (immune
rich, mixed, and immune desert), we used a regularized
linear regression technique based on the LASSO algo-
rithm, as implemented in the glmnet (v3.0-2) R package
using 5-fold cross-validation. The score was trained with
a “Gaussian” family model to minimize mean squared
error (MSE). A minimal subset of 3 genes (CD3E, IRF4
and ZAP70) was outputted by LASSO, that we labeled
the UWO3 score. The UWO3 score can be calculated
with the following equation: UWO3 = 2.232 +
ZAP70 × −0.224 + IRF4 × −0.137 + CD3E × −0.273. Cut-
offs were determined by maximizing the correct num-
ber of tumours assigned to the same immune subtype
through clustering using the cutpointr package (v1.1.0)
to find all acceptable cutpoints within a range of 0.01 by
setting the tol_metric = 0.01. Using UWO3, tumours
were then assigned to an immune class as follow:
UWO3 ≤ 2 were predicted be “immune rich”, 2 <
UWO3 ≤ 2.5 were predicted to be “mixed”, and UWO3
> 2.5 were predicted to be “immune desert”. An online
UWO3 calculator is available (https://www.nicholslab.
com/uwo3calculator).
Tissue microarray and immunohistochemistry
All samples were obtained with informed consent after
approval of the Institutional Review Board at Western
University, the University of Calgary, and the University
of British Columbia. The TMAs from University of
Calgary and University of British Columbia have been
www.thelancet.com Vol 86 December, 2022
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described previously.39,54 The TMA from Western Uni-
versity were processed as following: The formalin-fixed
paraffin-embedded (FFPE) blocks for each tumour
were sectioned and stained with hematoxylin & eosin
(H&E) to confirm the presence of tumour tissue. A
Manual Tissue Arrayer (MTA-1; Beecher Instruments
Inc.) was used to punch out 3–4 cylindrical cores of
0.6 mm diameter from each tumour sample. Cores were
arrayed into recipient paraffin blocks. Control tissues
were also included on each block. Cores were sealed into
recipient blocks by heating at 40 ◦C for ∼40mins. Blocks
were sectioned into 1.5 μM sections and affixed to glass
slides. Every ninth slide was stained with H&E to pro-
vide a reference. Additional details are available in the
MTA-1 Instruction Manual (www.beecherinstruments.
com). IHC staining was completed at the Department
of Pathology & Laboratory Medicine and the Molecular
Pathology Core Facility (Western University). Tissues
were examined using an Aperio ScanScope® slide
scanner and staining quantification was performed us-
ing QuPath (v0.2.3).

To translate the UWO3 score for use in TMAs, we
stained the TMA with anti-CD3 (IR503, Agilent Dako),
anti-ZAP70 (clone 2F3.2, IR653, Agilent Dako), and
anti-IRF4 (clone MUM1p, IR644, Agilent Dako) anti-
bodies on an Omnis staining platform (Agilent Dako).
The tumour was contoured by a subspecialist pathol-
ogist and the number of cells within the tumour
positive for each marker was quantified using the
positive cell detection function in QuPath.55 The per-
centage of positive cells within each tumour was then
used to create Z-scores and to calculate the UWO3
score using the same equation as RNA-based assays.
Using UWO3, tumours were then assigned to an im-
mune class as follow: UWO3 ≤ 2 were predicted to be
“immune rich”, 2 < UWO3 ≤ 2.5 were predicted to be
“mixed”, and UWO3 > 2.5 were predicted to be “im-
mune desert”.
Statistics
All statistical analyses were performed with R software
(v4.0.5) using the following packages: survival
(v3.2.10), ggpubr (v0.4.0), stats (v4.0.5), and rms (v6.2-
0). Wilcoxon rank sum test (2 categories) and Kruskal–
Wallis test (>2 categories) were used to examine all
relationships between categorical variables and quan-
titative variables. P-values were corrected for multiple
testing using the Benjamini-Hochberg method. The
Fisher’s Exact test was used to analyze contingency
tables. Survival was analyzed with the log-rank test and
Cox proportional hazards model with the survival (v3.1-
12) package. The proportional hazards assumption was
assessed using Schoenfeld residuals. Hazard ratio in
the JHU cohort was estimated using Cox Regression
with Firth’s penalized likelihood,56 implemented using
the coxphf package (v1.13.1), as monotone likelihood is
www.thelancet.com Vol 86 December, 2022
observed due to no events in the immune rich
group. Meta-analysis of the association between
UWO3 immune class and disease-free survival was
performred using the inverse variance method
through the R package meta (v5.1-1) using log10HR
and SEM in a fixed-effect model. The significance
of any discrepancies in the estimates of the treat-
ment effects from the different cohorts was
assessed using Cochrane’s test for heterogeneity
and the I2 statistic as described previously.57 Het-
erogeneity was considered statistically significant if
the P value was less than 0.10 for the χ2 test.
Brier’s error analysis of Cox models was calculated
using the package pec (v2021.10.11). The predictive
accuracy of UWO3 score was evaluated by the
c-index with 1000 × bootstrap resampling, as
described previously.58 The relative importance of
each parameter to survival risk was assessed using
the χ2 from R package rms (v6.2-0). All tests were
2-sided.
Role of funders
The funding sources had no roles in the design of the
study, the collection, analysis, and interpretation of the
data, the writing of the manuscript, or the decision to
submit the manuscript for publication.
Results
Development and validation of the UWO3 immune
classification
To reveal transcriptomic features predictive of treatment
response, we performed RNA-seq on 43 HPV+ OPSCC
tumours, 16 of which experienced local, regional, or
distant recurrence. As specific TME alterations are
associated with recurrence in HPV+ OPSCC,52,59–61 we
characterized the TME by the abundance of distinct cell
populations.49 Through unsupervised clustering of these
estimated immune cell abundances (see Methods), we
classified samples into three categories: “immune rich”,
“immune desert”, and “mixed” (Supplementary
Figure S1a). These three TME subtypes exhibited
distinct patterns of overall (OS; P = 0.003, log rank test;
Supplementary Figure S1b) and disease-free survival
(DFS; P < 10−3, log rank test; Supplementary
Figure S1c). To facilitate translation of these results
into the clinic, we developed a minimal classifier based
on using the Least Absolute Shrinkage and Selection
Operator (LASSO; see Methods, Supplementary
Figure S2) to stratify patients into one of three im-
mune classes. The resulting classifier, which we call
University of Western Ontario 3 (UWO3), is based on
the abundance of three transcripts (CD3E, IRF4 and
ZAP70) and assigns immune classes strongly associated
with DFS in our discovery cohort, as expected (P < 10−3,
log rank test, Supplementary Figure S3a).
5
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We next tested five independent cohorts to validate
the association between UWO3 immune class and
survival outcomes in HPV+ OPSCC. We first used The
Cancer Genome Atlas (TCGA, n = 71)35 and Johns
Hopkins University (JHU; n = 47) HPV+ OPSCC
RNA-seq cohorts.40 In both, the immune rich patients
had improved DFS and OS (TCGA: P = 0.01, JHU:
P = 0.02, log rank test, Fig. 1a, c, Supplementary
Figure S3b, c).

Next, we employed clinically-validated antibodies for
the proteins corresponding to the transcripts within the
UWO3 score (CD3E, ZAP70 and IRF4) that are used
routinely in clinical pathology labs for hematologic
malignancies. As immunohistochemistry (IHC) is cost-
effective and broadly available, we applied the UWO3
score to a TMA consisting of 197 independent HPV+

OPSCC patients treated uniformly with radiation
(70 Gy) with concurrent cisplatin (Supplementary
Figure S4a). Immune desert patients experienced infe-
rior DFS (HR = 3.1, 95% CI 1.1–9.7, P = 0.038, uni-
variate Cox model; Fig. 1A, Supplementary Figure S4b)
compared to the immune rich patients, highlighting the
potential of the UWO3 immune classification to be
implemented as an IHC assay.

Finally, to validate the association between UWO3
score and survival outcomes, we performed blinded
validations in a retrospective cohort and a prospective
cohort. Patients were assigned to immune classes using
UWO3 before unmasking of clinical outcomes. In a
retrospective cohort of HPV+ OPSCC patients (n = 262)
profiled using RNA-seq of FFPE samples treated pri-
marily with surgery at WashU at St. Louis and Van-
derbilt University,37 the immune classes exhibited
distinct DFS (P = 0.01, log rank test; immune desert vs.
immune rich: HR = 2.5, 95% CI 1.3–4.7, P = 0.004,
univariate Cox model; Fig. 1a, c, Supplementary
Figure S5a) and OS (P = 0.01, log rank test; immune
desert vs. immune rich: HR = 3.44, 95% CI 1.59–7.44,
P = 0.002, univariate Cox model; Fig. 1b, d,
Supplementary Figure S5a). In the prospective Big Data
and Models for Personalized Head and Neck Cancer
Decision Support (BD2Decide) study (n = 286,
NCT02832102) of 286 locoregionally-advanced p16-
positive patients profiled using RNA-microarray and
treated with radiation with or without chemotherapy at
seven European institutions,38 the immune classes
exhibited distinct DFS (P = 0.03, log rank test; immune
desert vs. immune rich: HR = 2.6, 95% CI 1.1–5.7,
P = 0.02, univariate Cox model; Fig. 1a, c,
Supplementary Figure S5c) and OS (P = 0.004, log rank
test; immune desert vs. immune rich: HR = 5.0, 95% CI
1.6–15, P = 0.004, univariate Cox model; Fig. 1b, d,
Supplementary Figure S5d). Taken together, we have
shown that the UWO3 immune class is robustly asso-
ciated with survival outcomes in six independent co-
horts across different profiling platforms and
geographic jurisdictions.
Pooled analysis of all cohorts demonstrates that
UWO3 immune class is a strong independent
predictor of survival
As the association between immune groups and sur-
vival outcomes for each cohort were homogeneous
between cohorts (I2 < 50%, P > 0.10; Fig. 1a–d), we
performed a pooled analysis of all five validation co-
horts (TCGA, JHU, TMA, WashU, and Vanderbilt, and
BD2Decide; total n = 863), excluding the LHSC dis-
covery cohort. The immune class defined by UWO3
was strongly associated with DFS (P = 3 × 10−6, log
rank test, Fig. 1e) and OS (P = 1 × 10−5, log rank test,
Fig. 1f) in this pooled cohort.

The 5-year DFS probabilities for the immune rich,
mixed, and immune deserts group were 87.8% (95% CI
83.5%–92.3%), 76.1% (95% CI 71.2%–81.4%), and
69.9% (95% CI 64.2%–76.1%), respectively. Immune
desert patients exhibited inferior DFS over the immune
rich (HR = 2.87, 95% CI 1.9–4.4, P = 1 × 10−6, univariate
Cox model; Fig. 1e). The mixed patients also exhibited
worse DFS over the immune rich patients (HR = 2.21,
95% CI 1.4–3.4, P = 3 × 10−4, univariate Cox model;
Fig. 1e). The 5-year OS probabilities for the immune
rich, mixed, and immune deserts group were 90.2%
(95% CI 86.2%–94.4%), 80.7% (95% CI 75.8%–85.9%),
and 72.8% (95% CI 67.1%–79.0%), respectively. Im-
mune desert patients exhibited inferior OS over the
immune rich (HR = 2.74, 95% CI 1.8–4.2, P = 4 × 10−6,
univariate Cox model; Fig. 1f) and mixed (HR = 1.46,
95% CI 1.0–2.1, P = 0.028, Fig. 1f) patients. The patients
with mixed tumours also exhibited worse OS than im-
mune rich patients (HR = 1.87, 95% CI 1.2–2.9,
P = 0.0060, univariate Cox model; Fig. 1f). The survival
differences by UWO3 immune group persisted for
patients undergoing both primary surgery (n = 324;
Immune rich vs. immune desert DFS: HR = 3.12, 95%
CI 1.7–5.9, P = 0.0004, univariate Cox model;
Supplementary Figure S6a, b) or primary radiation
(n = 293; immune rich vs. immune desert DFS:
HR = 4.81, 95% CI 2.0–11.4, P = 0.0003, univariate Cox
model; Supplementary Figure S6c, d).

In a multivariate Cox proportional hazards model
stratified for cohort, the association between the UWO3
immune class and DFS was independent of other clin-
ical factors (immune desert vs. immune rich: HR = 9.0,
95% CI 3.17–25.5, P = 3.6 × 10−5; mixed vs. immune
rich: HR = 6.4 (95% CI 2.2–18.7, P = 0.0006; Table 1).
Brier score analysis demonstrates that the UWO3 im-
mune group alone had a lower prediction error for
disease-free survival than a Cox model of clinical factors
(AJCC8 stage, sex, smoking status, and age) (P = 0.049,
χ2 test; Fig. 2a). Furthermore, integration of the UWO3
immune group with other clinical factors (UWO3 + Full
Clinical) further decreased prediction error
(P = 5 × 10−7, χ2 test; Fig. 2a). We analyzed the relative
contribution of each parameter to predict DFS and
identified the UWO3 immune group classification
www.thelancet.com Vol 86 December, 2022
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Fig. 1: UWO3 immune group is a strong predictor of survival outcomes across six independent cohorts. Patients from the immune desert
and mixed group show inferior disease free survival and overall survival compared to the immune rich patients (A–D). Hazard ratio (HR) are
based on the univariate Cox model and were combined using a Mantel-Haenszel fixed-effect model. Heterogeneity between studies was
analyzed with χ2 and I2 statistics. *Hazard ratio for overall survival in the JHU cohort excluded from the analysis due to only one event in the
cohort. Pooled Kaplan–Meier analyses of disease-free survival (E) and overall survival (F) of HPV+ HNSCC patients show that UWO3 immune
groups are associated with distinct survival outcomes. LHSC samples are not included in the meta-analysis or pooled analysis. P values from
two-sided log rank tests and Cox proportional regression model.
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(50.9%, Fig. 2b) as the strongest parameter, compared to
other clinical factors. Finally, the UWO3 score was also
superior at predicting DFS compared to levels of
tumour infiltrating lymphocytes (as determined by
www.thelancet.com Vol 86 December, 2022
CD3E abundance) (Supplementary Figure S7). Thus,
UWO3 immune class is a strong independent prog-
nostic factor that can improve the risk-stratification of
HPV+ OPSCC.
7
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Disease free survival

HR (95% CI) P value

UWO3 Immune Class

Mixed vs. Immune Rich 6.4 (2.21–18.7) 0.0006

Immune Desert vs. Immune Rich 9.0 (3.17–25.5) 3.6 × 10−5

Sex

Female vs. Male 1.29 (0.63–2.63) 0.47

Age 1.04 (1.01–1.07) 0.0035

AJCC 8th edition stage

Stage II vs. Stage I 2.04 (1.11–3.75) 0.022

Stage III vs. Stage I 2.28 (1.26–4.09) 0.006

Stage IV vs. Stage I 5.41 × 10−7 (0–Inf) 1.00

Smoking

Yes vs. No 1.43 (0.79–2.57) 0.24

AJCC: American joint committee on cancer. HR: hazard ratio. CI: confidence interval.

Table 1: Multivariate analysis of the UWO3 immune class.
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UWO3 immune classification has implications for
treatment de-intensification
As the immune rich patients exhibited excellent survival
outcomes, we hypothesized that the UWO3 score could
identify patients who respond favourably to de-
intensified treatment. We used RNA-seq data from the
phase II MC1273 (NCT01932697) trial,25 which tested an
aggressive de-escalation regimen of 30 Gy radiation with
concurrent docetaxel post-surgery and the 30ROC trial
(NCT00606294),62 in which patients received 30 Gy ra-
diation and cisplatin. The UWO3 score was associated
with higher odds of recurrence following aggressive
treatment de-escalation (Odds ratio: 24.9, P = 0.0147,
logistic regression with UWO3 as continuous variable
stratified for cohort; Fig. 3). Strikingly, 7 out of 9
Fig. 2: UWO3 immune class outperforms clinical factors in predicting
error rate, thus higher prediction accuracy of disease-free survival for th
stage, age, sex, smoking status). Integration of UWO3 immune group
(B) Relative importance of each risk parameter to survival risk using the Pe
that immune group is the most important factor. AJCC: American Joint
patients (77.8%, Fig. 3) in the immune desert group
developed recurrence, while only 4 out of the 24 patients
(16.6%) in the immune rich and mixed groups recurred.
While limited by the sample size, these results support
the potential ability of the UWO3 score to identify pa-
tients who will maximally benefit from aggressive
treatment de-escalation.
Discussion
Although HPV+ OPSCC patients have improved prog-
nosis over their HPV-negative counterparts, a signifi-
cant portion of patients still recur after initial treatment
and are at risk of death. Molecular biomarkers that
reflect the unique biology of HPV+ OPSCC such as
tumour hypoxia, mutation status, or immune activation
may refine patient prognosis and selection for de-
escalation clinical trials.63 In the current study, we
demonstrate that the pre-treatment TME has dramatic
effects in determining the prognosis of HPV+ OPSCC
patients. Further, we describe a clinically translatable,
extensively validated UWO3 immune classification tool
that may allow biomarker-driven individualized treat-
ment in HPV+ OPSCC (Fig. 4).

The proposed immune classification reflects HPV+

OPSCC biology. CD3E is part of the T-cell receptor
complex and its down-regulation on T-cells has been
linked to worse prognosis in OPSCC.64 ZAP70 plays an
important role in T-cell receptor signaling but is also
highly expressed on NK-cells.65 IRF4 directs the devel-
opment, affinity maturation, and terminal differentia-
tion of B cells, but also plays important roles in
monocyte differentiation.66–70 Accumulating evidence
suggests that rich immune infiltration distinguishes
disease-free survival. (A) Brier prediction score analysis shows lower
e UWO3 immune class than major clinical factors combined (AJCC8
with other clinical factors further decreased prediction error rate.
arson χ2 test for clinical parameters plus UWO3 immune group shows
Committee on Cancer.
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Fig. 3: UWO3 immune classification has implications with respect to aggressive radiation de-intensification. The UWO3 score prefer-
entially identifies patients who recur following aggressive radiation de-escalation from 70 Gy to 30 Gy in the Mayo Clinic MC1273 trial
(NCT01932697) and the Memorial Sloan Kettering (MSK, NCT00606294) 30ROC trial. Recurrence is defined as patients who have developed
locoregional or metastatic disease as of last follow-up. Odds ratio and P-value are from logistic regression with UWO3 as a continuous variable
and stratified for cohort.
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HPV+ OPSCC from both HPV-negative OPSCC and
cervical cancer, a cancer type with similar HPV-viral
etiology.71–73 There could be several reasons underlying
the difference in the TME specifically in HPV+ OPSCC.
The oropharynx region includes the Waldeyer’s tonsillar
ring of lymphoid organs that are densely infiltrated with
immune cells. Furthermore, HPV+ OPSCC is virally-
driven and thus expresses unique viral antigens. The
presence of viral-host fusion proteins following HPV
integration in some tumours may be strongly immu-
nogenic and stimulate anti-tumour immunity.74 Recent
work using single-cell RNA-sequencing has identified
high proportions of HPV antigen-specific tumour infil-
trating lymphocytes in HPV+ OPSCC,75,76 including a
subset of PD1+ TIM3+ (the protein encoded by the gene
HAVCR2) terminally differentiated CD8 T-cells within
HPV+ OPSCC tumours that fail to proliferate following
antigen stimulation. Multiple studies are ongoing to
assess the relevance of TIM3 inhibition in a variety of
tumour types.77,78 Further work will be needed to
investigate whether the addition of immunotherapy
(such as anti-PD1 and/or anti-TIM3) to CRT can stim-
ulate anti-tumour immunity and improve survival out-
comes for HPV+ OPSCC patients with an immune
desert TME.

Patients with immune rich pre-treatment tumours
have improved prognosis compared to the mixed and
immune desert groups consistently across six different
cohorts regardless of treatment. Thus, patients who are
immune rich and have favorable clinical factors may be
ideal candidates for aggressive treatment de-
intensification. The inflammatory TME of the immune
rich group and dense infiltration of PD1+ CD8 T cells
www.thelancet.com Vol 86 December, 2022
pre-treatment supports further exploration of substitu-
tion of chemotherapy with immunotherapy in
de-escalation settings. The three-arm phase III ran-
domized controlled trial NRG-HN005 (NCT03952585) is
currently evaluating such a regimen (60 Gy plus nivo-
lumab) against the standard treatment of 70 Gy with
cisplatin and a de-intensified regimen of 60 Gy plus
cisplatin. Furthermore, the association between patients
who have immune desert pre-treatment tumours and
poor survival outcomes supports the investigation of
neoadjuvant immunotherapy approaches, which have
been found to increase T-cell density within OPSCC
tumours.79

The key limitation of our study is that the treatment
protocols delivered in each cohort were not uniform.
However, the strong association of UWO3 with DFS in
six cohorts, which span different geographic jurisdic-
tions, treatment methods, and patient populations
suggests that the immune classes can treatment-
agnostically predict survival outcomes. Another limita-
tion of the current study is that the TCGA cohort con-
tains 25% of tumours from outside of the oropharynx.
Given that over 98% of the tumours used in this
study (888/906) are from the oropharynx, and the
HPV+ oropharyngeal patients have similar survival
patterns as the TCGA cohort including both HPV+ non-
oropharynx and oropharynx tumours, we believe the
inclusion of data from the very small number of tu-
mours from other subsites present within the TCGA
cohort will be very unlikely to influence the interpreta-
tion of this classification system for HPV-associated
OPSCC. Finally, another limitation of the current
study is that cohorts were profiled using different
9
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Fig. 4: UWO3 immune classification of HPV+ HNSCC has implications for treatment de-intensification and immunotherapy. CI: confidence
interval; DFS: disease-free survival; OS: overall survival.
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technologies such as RNA-seq, RNA microarray, and
immunohistochemistry. However, the strong associa-
tion between the UWO3 and survival outcomes despite
these differences highlights the independence of the
UWO3 score with respect to profiling technology and
may facilitate clinical implementation. Development of
a College of American Pathologists (CAP) and Clinical
Laboratory Improvement Amendments (CLIA)
approved assay is underway to further assess its
analytical and clinical validity. Ultimately, validation of
the UWO3 score using a CLIA-CAP approved assay
within the context of a randomized controlled trial
population will be required before clinical adoption.

In summary, the ideal patient population for treat-
ment de-intensification and intensification in
HPV+ OPSCC remains controversial.21 Upon further
analytical validation, our retrospectively and
prospectively-validated immune classification may pro-
vide a readily implemented means to identify patients
with improved prognosis. Further prospective studies in
the context of a randomized controlled trial will be
needed.
www.thelancet.com Vol 86 December, 2022
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