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Abstract

Background: Oropharyngeal squamous carcinoma (OPSC) continues to increase in incidence secondary to human
papillomavirus (HPV) infection. Despite the good overall prognosis for these patients, treatment with chemoradiation is
associated with morbidity and treatment failure. Better predictors for disease outcome are needed to guide de-intensification
regimens. We hypothesized that estrogen receptor a (ERa), a prognostic biomarker in oncology with therapeutic implications,
might have similar utility in OPSC.
Methods: To investigate associations among ERa and demographics, HPV status, and survival, we analyzed ERa mRNA
expression of head and neck squamous carcinomas (HNSC) from The Cancer Genome Atlas (TCGA) and
immunohistochemistry (IHC) of pretreatment biopsy specimens from an independent group of 215 OPSC patients
subsequently treated with primary chemoradiation (OPSC-CR). Associations among variables were evaluated with Fisher
exact tests and logistic regression; associations with survival were evaluated with log-rank tests and Cox proportional haz-
ards regression.
Results: Among 515 patients in TCGA, ERa mRNA expression was highest in HPV-positive OPSC. High ERa mRNA expression
was associated with improved survival among those receiving chemoradiation (hazard ratio adjusted for HPV status¼0.44,
95% confidence interval ¼ 0.21 to 0.92). In OPSC-CR, ERa was positive by IHC in 51.6% of tumors and was associated with im-
proved overall, disease-specific, progression-free, and relapse-free survival (log-rank tests: P< .001, P< .001, P¼ .002, P¼ .003,
respectively); statistically significant associations of ERa positivity with improved survival were maintained after adjusting
for clinical risk factors including HPV status.
Conclusion: In two independent cohorts, ERa is a potential biomarker for improved survival that also may represent a
therapeutic target in OPSC.

Unlike most types of head and neck squamous carcinoma
(HNSC), oropharyngeal squamous carcinoma (OPSC) has been
increasing in incidence worldwide (1–3) because of human pap-
illomavirus (HPV) infection. Although patients with HPV-

positive OPSC have an excellent prognosis with overall survival
rates greater than 80% (4,5), many patients still suffer disease
recurrence and treatment-related side effects (6). Therefore,
there has been a growing interest to try to identify low-risk
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patients who may be candidates for de-intensification of ther-
apy without compromising survival.

We investigated estrogen receptor a (ERa), one of the most
commonly used biomarkers in oncology, as a biomarker in HNSC
and OPSC. In breast cancer, ERa is used as both a prognostic
biomarker and a therapeutic target. As ERa has been described in
secondary lymphoid tissue (7) and has been implicated in carci-
nogenesis of HPV-positive cervical cancer (8–12), we hypothe-
sized that ERa might have utility as a biomarker in OPSC.

Methods

Study Population, The Cancer Genome Atlas (TCGA)
Cohort

Clinical data from TCGA HNSC project were downloaded in bio-
tab format from TCGA legacy archive (https://portal.gdc.cancer.
gov/legacy-archive/). Survival data in the patient file were
updated from the follow-up files; therapy annotations were
processed as described in Mroz et al. (13). HPV status was deter-
mined by mapping RNA-seq reads against the HPV genome as
described by The Cancer Genome Atlas Network (14).
Normalized RNA-seq by Expectation-Maximization (RSEM) data
for TCGA HNSC were downloaded from http://firebrowse.org.
The TCGA cohort included 515 patients with both clinical and
nucleic acid sequencing data. ERa expression in this cohort was
evaluated as ESR1 mRNA expression.

Study Population, OPSC Chemoradiation (OPSC-CR)
Cohort

With permission from the Massachusetts Eye and Ear Human
Studies Committee for retrospective chart review with waiver of
informed consent (protocol 11-024H), we identified patients
treated at Massachusetts Eye and Ear or Massachusetts General
Hospital with a diagnosis of OPSC or cancer of unknown pri-
mary from 1997 to 2011. Patients were included if they had a bi-
opsy-proven squamous cell carcinoma, an available
pretreatment biopsy specimen for analysis, no prior head and
neck irradiation or prior treatment, and definitive chemoradia-
tion as the primary treatment modality. Demographic data in-
cluding sex, age, race, tobacco use, alcohol use, site of primary
tumor, and TNM classification following the 7th edition of the
American Joint Committee on Cancer (AJCC) were collected.
Race was self-reported. Alcohol abuse was defined as a history
of more than five drinks per day or described clinically as alco-
holic and/or alcohol abuse.

Immunohistochemistry (IHC) for ERa and p16

Formalin-fixed paraffin-embedded pretreatment biopsy speci-
mens were sectioned at 5-mm thickness, deparaffinized, and
reconstituted for pathologic evaluation. For ERa IHC, antigen re-
trieval was performed in a Borg retrieval waterbath with Borg
Decloaker (Biocare Medical, Pacheco, CA) at 95�C–97�C for
45 minutes. Slides were blocked with BLOXALL HRP/AP solution
for 10 minutes (Vector Laboratories, Burlingame, CA), followed
by additional blocking with Horse Serum Rabbit HRP Immpress
(Vector Laboratories) for 20 minutes. The solution was decanted
and slides incubated with 1 to 100 anti-ERa (Abcam AB16660,
rabbit monoclonal, clone SP1, Cambridge, MA) in 1% bovine se-
rum albumin (BSA) in phosphate buffer saline (PBS) at 4�C

overnight. After rinsing, secondary staining was performed us-
ing Immpress polymer anti-rabbit HRP for 30 minutes at room
temperature (Vector Laboratories). Slides were then developed
in ImmPact (Vector Laboratories) and terminated with double-
distilled H2O. The slides were then counterstained in hematoxy-
lin, dehydrated, and prepared for microscopy.

We used p16, the accepted and clinically recommended sur-
rogate biomarker, to determine HPV status (15). Antigen retrieval
was performed with EDTA for 24 minutes followed by automated
staining with a mouse antibody against p16 (Ventana Discovery
Ultra, Ventana, Oro Valley, AZ). Slides were developed with the
Ventana OmniMap anti-mouse HRP system (Ventana).

A dedicated head and neck pathologist (WCF) and head and
neck surgeon (JWR), blinded to outcomes, reviewed slides to
evaluate ERa and p16. Slides were considered p16-positive if at
least 70% of the tumor cells had both nuclear and cytoplasmic
positivity (15). ERa presence was scored using a modified Allred
score (16–18), considered positive if greater than 1% of cancer
cells had nuclear staining following established guidelines for
breast cancer (19). A known ERa positive breast cancer specimen
and an endometrial specimen were used as positive controls.
An independent blinded review of 20% of slides selected to
include a range of positive and negative ERa scores by a
second pathologist (KG) demonstrated excellent agreement for
ERa (j¼ 0.85, P< .001) and perfect agreement for p16.

Statistical Analyses

Single-sample gene set expression analysis (ssGSEA), following
the approach of Barbie et al. (20), was performed with the
Bioconductor GSVA package (https://bioconductor.org/pack-
ages/release/bioc/html/GSVA.html) on TCGA HNSC RNA-seq
data (21) against the Protein Interaction Database’s curated
gene set for ERa nuclear receptor signaling (with ESR1 removed
from the gene set to avoid bias; Supplementary Table 1, avail-
able online) (22).

The relationship between demographic data and ERa status
was evaluated by the Fisher exact test, the v2 test, and logistic
regression. Survival analysis was performed using log-rank and
Cox proportional hazards regression. Study endpoints were
overall survival (OS), disease-specific survival (DSS),
progression-free survival (PFS), and relapse-free survival (RFS),
expressed relative to time of first diagnostic biopsy. DSS was de-
fined as time to death from OPSC, with patients dying from
other or unknown causes censored at time of death. PFS was de-
fined as the time to first documented relapse or progression.
RFS was defined as the time until biopsy-proven recurrence. For
RFS and PFS, we excluded patients with baseline metastatic dis-
ease. Analysis was performed with R v3.4 (https://cran.r-project.
org) or SPSS v24 (IBM Corp., Armonk, NY) software. All statistical
tests were two-sided and a P value of less than 0.05 was consid-
ered statistically significant. The cox.zph function in the R sur-
vival package was used to test the proportional hazards
assumption. Survival models were validated and calibrated
with the rms package in R.

Results

ERa Expression in the TCGA HNSC Cohort and Its
Relationship to ERa Signaling and to Outcome

ERa expression was highest in HPV-positive tumors (Figure 1A),
with a strong indication of two subpopulations, particularly in
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HPV-positive tumors. Multiple linear regression on several clini-
cal variables indicated that HPV status was the major factor as-
sociated with ERa expression (Table 1).

To evaluate whether higher ERa expression was associated
with activated ERa pathway signaling, we examined RNA-seq
data on 63 genes in the curated Protein Interaction Database nu-
clear ERa-signaling gene set (22). ssGSEA showed that higher
ERa expression was associated with higher expression of that
gene set (P< .001), supporting functional relevance of ERa ex-
pression in these tumors. HPV-positive OPSC were enriched
among the HNSC patients having both high ERa expression and
greater than median activation of the nuclear ERa-signaling
gene set (Fisher test, odds ratio¼ 10.43, 95% confidence interval
[CI] ¼ 5.40 to 20.54, P< .001; Figure 1B).

As a continuous predictor, log-transformed ERa mRNA ex-
pression was statistically significantly related to longer overall
survival among TCGA HNSC patients who received chemoradia-
tion as primary therapy or adjuvant to surgery; the hazard ratio
(HR) per doubling of ERa mRNA was 0.75 (95% CI ¼ 0.64 to 0.87,
Wald test, P< .001). Spline fitting indicated no nonlinearity in
the relationship between log-transformed ERa mRNA expres-
sion and survival (not shown). Clinical variables and single-
variable associations with ERa expression for TCGA HNSC

patients receiving chemoradiation are shown in Table 2. The re-
lationship of ERa mRNA expression with survival is illustrated
in Figure 1C, with expression stratified by the cutoff displayed
in Figure 1A.

A statistically significant association to survival was main-
tained when HPV status was taken into account in a Cox two-
variable regression (HR per doubling of ERa mRNA, 0.82, 95% CI ¼
0.69 to 0.97, P¼ .02). Results of Cox two-variable regression based
on the high vs low distinction of ERa mRNA expression are illus-
trated in Figure 1D; high ERa mRNA expression was associated
with improved survival among those receiving chemoradiation
(HR adjusted for HPV status ¼ 0.44, 95% CI ¼ 0.21 to 0.92).
Proportional hazards assumptions were met (two-sided v2 test
for association of residuals with time, P> .6 for all coefficients).

ERa Expression and Outcomes in an OPSC-CR Cohort

We assessed the relationships among ERa expression, HPV sta-
tus, and outcomes in an independent cohort of OPSC patients
who had been treated with primary chemoradiation. We used
antibodies validated for clinical use to assess HPV status
(marked by expression of p16 (15) and ERa (23)).

A B

C D

Figure 1. Estrogen receptor alpha (ERa) expression in The Cancer Genome Atlas (TCGA) head and neck squamous carcinoma (HNSC) cohort and its associations with

human papillomavirus (HPV) status, ERa signaling, and outcome. A) Density plot of ERa mRNA expression stratified by HPV status; circles indicate individual values.

Blue ¼ HPV-positive tumors; red ¼ HPV-negative tumors. The dashed vertical line at the dip in the distribution of expression values among HPV-positive HNSC indi-

cates the value of 6.5 on the log2 scale used to distinguish low from high ERa expression. B) ERa network expression enrichment versus ERa expression. Blue symbols

represent HPV-positive tumors; anatomic sites distinguished by shape (triangles ¼ larynx; squares ¼ oral cavity; circles ¼ oropharynx). Dashed line represents linear

regression relationship. C) Kaplan-Meier plot of relationship between ERa expression and overall survival of TCGA HNSC patients who received chemoradiation. Solid

line ¼ ERa-high; dashed line ¼ ERa-low; hazard ratio ¼ 0.29 (95% confidence interval ¼ 0.14 to 0.59, P¼ .001. D) Hazard ratios determined by Cox regression incorporating

HPV status and high ERa expression as predictors for TCGA HNSC patients who received chemoradiation. P values based on two-sided Wald tests. HR ¼ hazard ratio.
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Cohort Characteristics
Of 234 individuals in the OPSC-CR cohort who met inclusion cri-
teria, 215 had adequate tumor specimen for p16 and ERa IHC.
Clinical data for those patients are shown in Table 2. Specific
chemotherapeutic regimen data were available for 183 patients
(85.1%); the most common treatment regimens were carbopla-
tin with paclitaxel, cetuximab, or cisplatin alone
(Supplementary Table 2, available online). Radiation therapy
dose information was available for 160 patients (74.4%), with a
median 70 grays (Gy) total radiation (interquartile range [IQR] ¼
68–72). Therapy was in compliance with the National
Comprehensive Cancer Network (NCCN) guidelines in place at
the time of treatment.

The median follow-up of surviving patients was 7.0 years
(IQR ¼ 5.0–9.5 years). There were 51 deaths (23.7%) during the
study period with a median time to death of 2.1 years (IQR ¼
1.3–3.7 years). Forty-one patients died from OPSC and two
patients had progressive, unresectable disease before they pro-
ceeded with outside follow-up, totaling forty-three patients
whose deaths were attributed to OPSC. There were 208 patients
without metastatic disease at baseline of which 14 had progres-
sion of their disease with treatment (6.7%) and 31 had disease
relapse (14.9%). Distributions of event and censoring times for
OS, DSS, PFS, and RFS are shown in Supplementary Figure 1

(available online); censoring times were typically much later
than most event times.

ERa Staining and Its Association With Outcome
Over half of the OPSC-CR tumors (111/215, 51.6%) were ERa-posi-
tive based on accepted criteria for ERa IHC in breast cancer (19).
Examples of ERa immunostaining are shown in Figure 2; con-
trols and examples of p16 staining are shown in Supplementary
Figure 2 (available online). A small subset (n¼ 14) had strong dif-
fuse nuclear staining within the entire tumor (Figure 2G). More
commonly, samples had either patchy regions with strong
staining or diffuse regions with less intense staining (Figure 2F).
In addition, the squamous epithelial component of the non-
neoplastic lymphoepithelial crypt lining also tended to show a
low level of nuclear staining (Figure 2H). We observed no ERa

staining in the surrounding stromal tissue.
ERa expression was independent of sex, patient age, tumor

size, nodal status, or baseline metastatic disease as single pre-
dictors (Table 2). ERa expression did not differ between patients
receiving cetuximab compared to those receiving other thera-
pies (P¼ .33). Complete smoking history with pack-years was
available for 83.7% of the cohort. When stratified by pack-year
history (0–10, 11–20, and �21), there was no statistically
significant relationship between ERa expression and smoking

Table 1. Multiple regression analysis of relationships between ERa expression and clinical characteristics*

Clinical characteristic

All TCGA HNSC OPSC-CR

Ratio of ERa mRNA (95% CI) P* OR for ERa-positive/negative (95% CI) P*

HPV status
Negative 1.00 (Referent) 1.00 (Referent)
Positive 3.71 (2.57 to 5.36) <.001 4.04 (1.26 to 13.01) .02

N classification
<N2b 1.00 (Referent) 1.00 (Referent)
�N2b 0.75 (0.57 to 0.98) .04 1.85 (0.97 to 3.54) .06

Sex
Male 1.00 (Referent) 1.00 (Referent)
Female 1.17 (0.91 to 1.50) .22 2.00 (0.87 to 4.60) .1

Primary site tonsil
No 1.00 (Referent) 1.00 (Referent)
Yes 0.90 (0.57 to 1.43) .66 1.44 (0.75 to 2.75) .27

Smoker
Never 1.00 (Referent) 1.00 (Referent)
Ever 0.76 (0.59 to 0.98) .03 0.73 (0.37 to 1.44) .36

Age, y
�60 1.00 (Referent) 1.00 (Referent)
>60 1.04 (0.84 to 1.29) .70 1.21 (0.60 to 2.44) .59

Metastasis at presentation
No 1.00 (Referent) 1.00 (Referent)
Yes 0.80 (0.31 to 2.07) .65 0.88 (0.26 to 2.91) .83

T classification
T�2 1.00 (Referent) 1.00 (Referent)
T >2 1.17 (0.90 to 1.52) .25 0.92 (0.45 to 1.87) .82

Alcohol abuse
No — — 1.00 (Referent)
Yes 0.83 (0.34 to 2.04) .69

Keratinizing tumor
No — — 1.00 (Referent)
Yes 0.45 (0.20 to 0.99) .048

*P values were calculated using two-sided Wald tests. For The Cancer Genome Atlas (TCGA) head and neck squamous carcinoma (HNSC) cohort, multiple linear regres-

sion of log-transformed mRNA levels against the indicated variables; relationships with clinical variables are expressed as mRNA expression ratios on the nontrans-

formed scale. For oropharyngeal squamous carcinoma chemoradiation (OPSC-CR) cohort, multiple logistic regression of positive/negative immunohistochemical

staining against the indicated variables. CI ¼ confidence interval; ERa ¼ estrogen receptor a; OR ¼ odds ratio.A
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(v2, P¼ .14). ERa expression was infrequent in patients with a
primary tumor site other than tongue base or tonsil (P¼ .003).
ERa was expressed more commonly in HPV-positive tumors
(P< .001) and in nonkeratinizing tumors (P¼ .005). A logistic
regression model accounting for 10 clinical factors showed
only HPV positivity and absence of tumor keratinization to be
statistically significantly related to ERa positivity by IHC
(Table 1).

The relationship of ERa status with HPV status was statisti-
cally indistinguishable between the TCGA and OPSC-CR cohorts,
despite the difference in ERa measures. Among HPV-positive
tumors, 62.5% of TCGA (45/72) and 58.2% of OPSC-CR (103/177)
were ERa-positive (Fisher test, P¼ .57), whereas among HPV-
negative tumors, corresponding values for ERa-positivity were
22.3% (99/443, TCGA) and 21.1% (8/38, OPSC-CR) (Fisher test,
P¼ 1.0). The similar prevalence between the two cohorts of high

Table 2. Clinical characteristics and their individual relationships with ERa status*

Clinical characteristic

TCGA-chemoradiation subset
No. (%)

OPSC-CR
No. (%)

Total (n¼168)
ERa-low†
(n¼ 110)

ERa-high†
(n¼ 56) P‡

Total
(n¼ 215)

ERa-
(n¼ 104)

ERaþ
(n¼ 111) P‡

Sex
Male 137 (81.5) 88 (80.0) 49 (87.5) .28 174 (80.9) 87 (83.7) 87 (78.4) .38
Female 31 (18.5) 22 (20.0) 7 (12.5) 41 (19.1) 17 (16.3) 24 (21.6)

Age, y
�60 111 (66.1) 68 (61.8) 42 (75.0) .12 141 (65.6) 67 (64.4) 74 (66.7) .78
>60 57 (33.9) 42 (38.2) 14 (25.0) 74 (34.4) 37 (35.6) 37 (33.3)

Race
Caucasian 141 (83.9) 88 (82.2) 51 (91.1) .17 195 (90.7) 91 (94.8) 104 (97.2) .48
Non-Caucasian 24 (14.3) 19 (17.8) 5 (8.9) 8 (3.7) 5 (5.2) 3 (2.8)
Unknown 3 (1.8) — — 12 (5.6) — —

Primary site
Tonsil 27 (16.1) 11 (10.0) 15 (26.8) .03 95 (44.2) 40 (38.8) 55 (49.6) .003
Base of tongue 16 (9.5) 10 (9.1) 6 (10.7) 103 (47.9) 49 (47.6) 54 (48.6)
Other OP 6 (3.6) 4 (3.6) 2 (3.6) 16 (7.4) 14 (13.6) 2 (1.8)
Non-OP 119 (79.8) 85 (77.2) 33 (58.9) — — —
Unknown 0 — — 1 (0.5) — —

Smoke Ever
Never (<1 PY) 43 (25.6) 25 (22.7) 17 (30.4) .35 72 (33.5) 29 (28.7) 43 (39.4) .11
Ever (�1 PY) 125 (74.4) 85 (77.3) 39 (69.6) 138 (64.2) 72 (71.3) 66 (60.6)
Unknown 0 — — 5 (2.3) — —

Alcohol abuse
No 64 (38.1) 38 (69.1) 25 (92.6) .02 160 (74.4) 75 (76.5) 85 (85.0) .15
Yes 19 (11.3) 17 (30.9) 2 (7.4) 38 (17.7) 23 (23.5) 15 (15.0)
Unknown 85 (50.6) — — 17 (7.9) — —

Tumor classification
T0–2 53 (31.5) 28 (25.5) 24 (42.9) .03 146 (67.9) 64 (65.3) 82 (75.9) .09
T3–T4 115 (68.5) 82 (74.5) 32 (57.1) 60 (27.9) 34 (34.7) 26 (24.1)
Unknown 0 — — 9 (4.2) — —

Nodal Classification
N1–N2a 63 (37.5) 42 (38.2) 21 (37.5) 1 89 (41.4) 48 (48.5) 41 (38.0) .16
N2b–N3 105 (62.5) 68 (61.8) 35 (62.5) 118 (54.9) 51 (51.5) 67 (62.0)
Unknown 0 — — 8 (3.7) — —

Metastasis at presentation
No 165 (98.2) 107 (98.2) 56 (100) .55 197 (91.6) 94 (94.9) 103 (98.1) .27
Yes 2 (1.2) 2 (1.8) 0 (0) 7 (3.3) 5 (5.1) 2 (1.9)
Unknown 1 (0.6) — 11 (5.1) — —

Keratinizing
No — — — — 165 (76.8) 70 (68.6) 95 (85.6) .005
Yes 48 (22.3) 32 (31.4) 16 (14.4)
Unknown 2 (0.9) — —

HPV status
Negative 123 (73.2) 95 (86.4) 28 (50.0) <.001 38 (17.7) 30 (28.8) 8 (7.2) <.001
Positive 43 (25.6) 15 (13.6) 28 (50.0) 177 (82.3) 74 (71.2) 103 (92.8)
Unknown 2 (1.2) — — — — —

*“Unknown” omitted from analyses. ERa ¼ estrogen receptor a; HPV ¼ human papillomavirus; OP ¼ oropharyngeal; OPSC-CR ¼ oropharyngeal squamous carcinoma

chemoradiation cohort; PY ¼ pack-years; TCGA ¼ The Cancer Genome Atlas

†High versus low ERa based on mRNA expression cutoff shown in Figure 1A.

‡P values were calculated using a two-sided Fisher test.
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Figure 2. Estrogen receptor alpha (ERa) staining in oropharyngeal tumor specimens and in normal tonsillar epithelium. Three oropharyngeal squamous carcinoma

(OPSC) tumor specimens and one normal tonsillar tissue specimen were stained with hematoxylin and eosin (H&E) or underwent ERa immunohistochemistry.

Specimen 1 is an example of an OPSC tumor that was scored negative for ERa; specimens 2 and 3, which are OPSC, scored positive for ERa. On the far right, normal ton-

sillar lymphoepithelial crypt specimen with ERa-positive cells. Bars represent 200 mm.

A B

C D

Figure 3. Survival in the oropharyngeal squamous carcinoma chemoradiation (OPSC-CR) cohort stratified by estrogen receptor alpha (ERa) status. Kaplan-Meier plots stratified by

ERa status for the OPSC-CR cohort are shown for (A) overall survival (OS, n¼215), (B) disease-specific survival (DSS, n¼215), (C) progression-free survival (PFS, n¼208), and (D) re-

lapse-free survival (RFS, n¼194). Dashed lines represent ERa-negative patients, and solid lines represent ERa-positive patients. Hashes represent censoring times.
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ERa expression within each HPV status suggested that high ERa

based on mRNA values (Figure 1A) and ERa-positivity by IHC
(Figure 2) captured the same underlying biologic processes.

Patients with ERa-positive tumors had improved OS (log-
rank, P< .001; Figure 3A), DSS (log-rank, P< .001; Figure 3B), PFS
(log-rank, P¼ .002; Figure 3C), and RFS (log-rank, P¼ .003;
Figure 3D) compared with those with ERa-negative tumors.
Kaplan-Meier estimates of five-year survival for the ERa-positive
and ERa-negative groups were OS, 90.0% (95% CI ¼ 84.1 to 95.9)
versus 64.0% (95% CI ¼ 54.2 to 73.8); DSS, 91.0% (95% CI ¼ 85.1 to
96.9) versus 66.5% (95% CI¼ 56.7 to 76.3); PFS, 86.2% (95% CI¼ 80.3
to 92.1) versus 69.5% (95% CI ¼ 59.7 to 79.3); RFS, 90.4% (95% CI ¼
84.5 to 96.3) versus 76.7% (95% CI ¼ 66.9 to 86.5) (Supplementary
Table 3, available online). Among the 29 patients with informa-
tion available on relapse site (95% of all recurrences), there was
no statistically significant difference associated with ERa status
for locoregional recurrence (73.6% [14/19] in ERa-negative versus
60.0% [6/10] ERa-positive, Fisher test P¼ .70) or distant recurrence

(31.6% [6/19] in ERa-negative versus 40.0% [4/10] ERa-positive
Fisher test, P¼ .68) associated with ERa status.

This relationship between ERa and survival in the OPSC-CR
cohort went beyond its association with HPV positivity. Notably,
the relationship between ERa expression and survival following
chemoradiation was maintained within the subset of patients
whose tumors were HPV-positive. Demographics of this subset
of patients were similar to those of the entire cohort
(Supplementary Table 4, available online). Among patients with
HPV-positive OPSC, those whose tumors were ERa-positive had
improved OS (log-rank, P¼ .001; Figure 4A), DSS (log-rank,
P¼ .003; Figure 4B), PFS (log-rank, P¼ .03; Figure 4C), and RFS
(log-rank, P¼ .04; Figure 4D) compared with those with HPV-
positive, ERa-negative tumors.

Furthermore, ERa expression was associated with improved
outcome following chemoradiation for the entire OPSC-CR co-
hort when other clinical variables were taken into account. In
two-predictor Cox proportional hazard analysis, both HPV and

A B

C D

Figure 4. Survival in the human papillomavirus (HPV)-positive subset of the oropharyngeal squamous carcinoma chemoradiation (OPSC-CR) cohort stratified by estro-

gen receptor alpha (ERa) status. Kaplan-Meier plots stratified by ERa status for the HPV-positive subset of the OPSC-CR cohort are shown for (A) overall survival (OS,

n¼177), (B) disease-specific survival (DSS, n¼177), (C) progression-free survival (PFS, n¼173), and (D) recurrence-free survival (RFS, n¼163). Dotted lines represent

ERa-negative; solid lines represent ERa-positive. Hashes represent censoring times.
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ERa status were statistically significantly related to outcome
(OS, Figure 5A; DSS, Figure 5B; PFS, Figure 6A; RFS, Figure 6B).
After accounting additionally for T classification, smoking his-
tory, age, and sex (4,24,25), ERa positivity remained associated
with improved OS (HR ¼ 0.30, 95% CI ¼ 0.15 to 0.62, P¼ .001;
Figure 5C), DSS (HR ¼ 0.30, 95% CI ¼ 0.14 to 0.67, P¼ .003;
Figure 5D), PFS (HR ¼ 0.50, 95% CI ¼ 0.26 to 0.99, P¼ .045;
Figure 6C), and RFS (HR ¼ 0.41, 95% CI ¼ 0.18 to 0.94, P¼ .04;
Figure 6D). Concordance, bootstrap validation, and calibration
of these models are shown in Supplementary Table 5 (available
online).

Discussion

OPSC patients with ERa-positive tumors treated with chemora-
diation therapy had improved overall, disease-free, progres-
sion-free, and relapse-free survival over those with ERa-
negative tumors, with hazard ratios similar to the relationship
between HPV status and survival in OPSC (26). ERa positivity
was strongly associated with improved survival even after ac-
counting for HPV status and known clinical risk factors. This

novel and somewhat surprising result has potential implica-
tions both for patient stratification in trials and for therapeutic
approaches in OPSC.

As patients with ERa-positive OPSC have improved out-
comes following standard-of-care chemoradiation therapy,
ERa staining may help determine candidacy for de-
intensification of therapy. To date, there have been no well-
documented biomarkers to help guide selection for de-
intensification among the typically younger and healthier pop-
ulation with HPV-positive OPSC. ERa may provide such a
biomarker.

ERa is also a potential therapeutic target. In breast cancer,
ERa positivity is associated with response to endocrine therapy,
lower mortality, and decreased disease recurrence (27). The
anti-estrogen tamoxifen has been shown to increase apoptosis
in HNSC cell lines (28,29), despite reported increased baseline
invasiveness of ERa positive tumors (30). If ERa plays a critical
role in tumorigenesis and tumor maintenance, endocrine-
related therapy may enhance cytotoxic therapy in HNSC. The
addition of endocrine therapy may allow for safe dose-
reduction of cytotoxic treatment or as an alternative systemic
treatment that could address metastatic disease.

A B

C D

Figure 5. Cox multiple regression analysis of overall survival and disease-specific survival in the oropharyngeal squamous carcinoma chemoradiation (OPSC-CR) co-

hort. Hazard ratios (HR), 95% confidence intervals (CI), and Wald-test P values for overall survival (n¼215) (panels A, C) and disease-specific survival (n¼ 215) (panels B,

D) for a two-variable model including estrogen receptor alpha (ERa) and human papillomavirus (HPV) status as predictors (panels A, B) and for a model adjusted for ad-

ditional clinical variables (panels C, D). HPV ¼ human papillomavirus; ERa ¼ estrogen receptor alpha.

A B

C D

Figure 6. Cox multiple regression analysis of progression-free survival and relapse-free survival in the oropharyngeal squamous carcinoma chemoradiation (OPSC-CR)

cohort. Hazard ratios (HR), 95% confidence intervals (CI), and Wald test P values for progression-free survival (n¼208) (A, C) and relapse-free survival (n¼194), (B, D) for

a two-variable model including estrogen receptor alpha (ERa) and human papillomavirus (HPV) status as predictors (A, B), and for a model adjusted for additional clini-

cal variables (C, D).
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In HPV-associated cervical cancer, estrogen signaling has
been described as central to both development and mainte-
nance of cancer progression (9,31,32). In K14-E6/E7 transgenic
mice, an HPV model, development of carcinoma only occurred
after sustained exposure to estradiol (8,9). Although the exact
mechanisms by which HPV and estrogen signaling interact are
incompletely understood, there may be a synergistic effect with
HPV activating ERa response elements and ERa in turn inducing
transcription of the HPV genome (10,33,34). If similar mecha-
nisms are at work in HPV-positive OPSC, then anti-estrogen
therapies could be considered as preventative measures for
high-risk individuals.

Our findings that non-neoplastic tonsil crypt epithelium
exhibits ERa staining and that ERa staining is enriched in HPV-
positive tumors are consistent with an interplay of ERa and HPV
in OPSC. The reticulated crypt epithelium has been previously
implicated in carcinogenesis as a potential HPV reservoir that
might favor tumor invasion (35–37). We found that the epithe-
lium did not have uniform expression of ERa (Figure 2H), a mosai-
cism that could tend to favor ERa–positive normal epithelial cells
for HPV infection and genomic integration, leading to OPSC.

To our knowledge, this is the first report of ERa expression
being associated with improved outcomes in a head and neck
cancer population. Despite extensive study in cervical and
breast cancer (9,27,31,32,38–41), ERa has received little attention
in head and neck cancer (30,42–48). Early studies failed to iden-
tify clinically significant quantities of estrogen receptor in
HNSC (42), perhaps because those studies predated the in-
creased incidence of HPV-positive disease, which we have
shown is highly related to ERa expression. Although ERa has
been identified previously in HNSC specimens with a wide
range of reported incidence [10%–76% in laryngeal cancer (44–
46); 11%–50% in oral cavity cancer (43,47,48)], it has not been de-
scribed as a biomarker for HNSC outcomes (30,43).

Our study is not without limitations. Our observation of ERa

in the epithelial crypt cells of adult tonsils differs from a previ-
ous study, which found no ERa expression within the epithelial
cells of children’s tonsils (7). Our findings of patchy staining in
normal regions of tonsil epithelium may represent a change
during normal maturation or specifically in the development of
carcinoma. With normal tonsil cells expressing ERa, careful path-
ologic analysis is needed to distinguish positivity within the tu-
mor versus normal surrounding tissue. Second, this work,
although based on two large cohorts, is retrospective and needs
further validation within prospective clinical trials that have uni-
form chemotherapeutic regimens. Additionally, mRNA expres-
sion and ERa IHC expression need to be directly compared to
determine the best assessment of ERa positivity. Finally, in
other malignancies it is becoming more apparent that, beyond
the role of ERa in cell cycle and proliferation, its interactions
with estrogen receptor beta, progesterone receptor, and the tu-
mor microenvironment may be important in tumorigenesis
(11,49). Although outside the scope of this initial investigation,
future work on responses of oropharyngeal cancer to cytotoxic
treatment should re-investigate such roles of estrogen
signaling.

In summary, we have shown in two independent HNSC
cohorts that ERa is a biomarker for better survival following che-
moradiation and may merit investigation as a therapeutic tar-
get. With the growing emphasis on de-intensification of
treatment for HPV-related OPSC, with multiple ongoing clinical
trials (50), identifying this clinical and potential therapeutic bio-
marker may improve patient selection for such trials and help
develop novel de-intensification regimens.
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