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Abstract

Objectives: Tumor HPV status is an established independent prognostic marker for oropharynx 

cancer (OPC). Recent studies have reported that tumor estrogen receptor alpha (ERα) positivity 

is also associated with prognosis independent of HPV. Little is known about the biologic and 

behavioral predictors of ERα positivity in head and neck squamous cell cancer (HNSCC). We 

therefore explored this in a multicenter prospective cohort study.

Materials and Methods: Participants with HNSCC completed a survey and provided a blood 

sample. Tumor samples were tested for ERα using immunohistochemistry. ERα positivity was 

defined as ≥1%, standardized by the American Society of Clinical Oncology/College of American 
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Pathologists in breast cancer. Characteristics were compared with χ2 and Fisher’s exact test. Odds 

ratios (OR) were calculated using logistic regression.

Results: Of 318 patients with HNSCC, one third had ERα positive tumors (36.2%, n=115). Odds 

of ERα expression were significantly increased in those with HPV-positive tumors (OR=27.5, 

95% confidence interval[CI] 12.1–62), smaller tumors (≤T2, OR=3.6, 95% CI 1.9–7.1), male sex 

(OR=2.0, 95% CI 1.1–3.6), overweight/obesity (BMI ≥25, OR=1.9, 95% CI 1.1–3.3), and those 

married/living with a partner (OR=1.7, 95% CI 1.0–3.0). In a multivariate model, HPV-positivity 

(aOR=27.5, 95% CI 11.4–66) and small tumor size (≤T2, aOR=2.2, 95% CI 1.0–4.8) remained 

independently associated with ERα status. When restricted to OPC (n=180), tumor HPV status 

(aOR=17.1, 95% CI 2.1–137) and small tumor size (≤T2, aOR=4.0 95% CI 1.4–11.3) remained 

independently associated with ERα expression.

Conclusion: Tumor HPV status and small tumor size are independently associated with ERα 
expression in HNSCC.
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Introduction

Tumor HPV status is presently the only prognostic biomarker in oropharynx cancers 

included in the National Comprehensive Cancer Network (NCCN) guidelines which has 

been shown to be independent of other established risk factors including tobacco and age.1,2 

Given the improved survival of those with HPV-positive tumors and numerous trials focused 

on de-escalation of treatment,3,4,5 identification of another prognostic biomarker to further 

refine risk categories fit for de-escalation is needed.

Recent novel studies have reported that tumor estrogen receptor alpha (ERα) positivity is 

associated with better overall and recurrence-free survival in patients with OPC, independent 

of HPV tumor status.6,7 Outside of the prognostic benefit of ERα positivity, the clinical or 

demographic predictors of ERα positivity in head and neck squamous cell cancer (HNSCC) 

are not well described.

Therefore, we investigated biologic and behavioral predictors of ERα positivity using a 

prospective multi-institutional study in HNSCC. As the detection of ERα in the context of 

HNSCC is novel and not yet standard of practice, we also explored how to define ERα 
positivity using varying immunohistochemical staining percentage and intensity cutoffs in 

relation to disease prognosis.

Materials and Methods

Study Population

Between 2013 and 2018, participants were enrolled in a study of head and neck 

squamous cell carcinomas entitled Papillomavirus Role in Oral cancer Viral Etiology study 

(PROVE). This study took place at three NCCN-designated Comprehensive Cancer Centers 
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including the Sidney Kimmel Comprehensive Cancer Center at the Johns Hopkins Hospital 

(JHH, Baltimore, MD), the University of California, San Francisco Hellen Diller Family 

Comprehensive Cancer Center (UCSF, San Francisco, CA), and the Tisch Cancer Institute 

at the Mount Sinai Health System (MSHS, New York, NY). Cases with newly diagnosed, 

incident head and neck cancer with no prior history of malignancy (except skin cancer) were 

enrolled. The study was approved by the Institutional Review Board at each site and consent 

was obtained from all study participants.

Data Collection

Participants completed a survey upon enrollment. The survey was available in Mandarin, 

Spanish, and English, and was taken on a computer through computer assisted self

interview. The confidential survey included detailed questions on past medical history 

and past social history including substance use and specific sexual history questions such 

as total number of lifetime partners.8 Medical record abstraction (MRA) was performed 

at the time of diagnosis for tumor site, and tumor and nodal stage using the American 

Joint Committee on Cancer (AJCC) 7th Edition.9 Additional abstraction was completed 

to record primary treatment modality and for survival data. Patients who did not have 

updated oncologic surveillance documentation by an otolaryngologist, radiation oncologist, 

or medical oncologist within three months of MRA were contacted by phone to update 

survival and recurrence status.

To determine tumor HPV status, all tumors were centrally tested for p16 overexpression 

by immunohistochemistry (clone E6H4; Ventana Medical Systems, Tucson, AZ; prediluted) 

and HPV E6/E7 mRNA by RNA in situ hybridization (ISH; RNAscope®, Advanced Cell 

Diagnostics, Hayward, CA) using an HPV16 type-specific probe in all cases followed by 

a cocktail probe recognizing 18 high-risk HPV types (16, 18, 26, 31, 33, 35, 39, 45, 51, 

52, 53, 56, 58, 59, 66, 68, 73, and 82) in cases that were p16-positive but HPV16-negative 

as previously described.10 Immunostaining for ERα (clone SP-1; Ventana; prediluted) was 

also performed on all cases on Ventana BenchMark XT autostainers (Ventana). Briefly, 

whole-slide sections of tumor were cut at 4 microns from formalin-fixed, paraffin-embedded 

tissue blocks. Slides were deparaffinized and steamed for 64 minutes at 95°C in 1X sodium 

citrate buffer and cooled for 5 minutes. Endogenous peroxidase activity was blocked by 

hydrogen peroxide treatment, and slides were incubated with the primary antibody at 36°C 

for 24 minutes. Signals were visualized using the Ultra view polymer detection kit (Ventana) 

with counterstaining with hematoxylin for 4 minutes.

Interpretation of all stains was performed at Johns Hopkins Hospital by a single head and 

neck pathologist (L.M.R.). P16 overexpression was defined as nuclear and cytoplasmic 

staining in >70% of tumor cells, and RNA ISH positivity was defined as multiple punctate 

signals in the tumor cell cytoplasm and/or nuclei. For ERα staining, percentage of positive 

tumor cells, intensity of staining (weak, moderate, strong), and pattern of staining was noted 

(diffuse=staining most cells throughout tumor, patchy=staining subset of cells at same level 

throughout tumor, and block=staining only discrete areas of tumor).11

Participant serum was collected and tested for antibodies to oncogenic HPV types 16, 

18, 31, 33, 35, 45, 52, and 58 and antibodies to HPV E1, E2, E6, and E7 proteins at 
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the German Cancer Research Center (DKFZ, Heidelberg, Germany). Multiplex serology12 

was used to detect antibodies based on glutathione S-transferase (GST) capture ELISA 

in combination with fluorescent bead-based technology.13 Standardized cutoff values for 

median fluorescence intensity (MFI) were used to determine if each antibody of interest was 

positive or negative.14

Statistical Analysis

Analysis was restricted to patients diagnosed with biopsy-proven head and neck squamous 

cell carcinoma and who had tumor sections available for ERα staining. Patients of all 

treatment modalities and tumor sites were included. HPV-positive tumors were defined 

as both p16- and ISH-positive. Patient data were compared based on estrogen receptor 

positivity (≥1%) as recommended by the American Society of Clinical Oncology and 

College of American Pathologists in breast cancer.15,16 Additional percentage cut-offs for 

positivity (≥10%, ≥20%, ≥35%) chosen to fit data distribution were also considered in 

our analysis. Chi-squared and Fisher’s exact test were used to compare demographic data 

and ERα status. Odds ratios and 95% confidence intervals were calculated with logistic 

regression. The Kaplan-Meier method was used to analyze survival data, and log-rank tests 

were performed to compare survival curves.

Logistic regression was utilized for univariate and multivariate analysis. Variables included 

in univariate analyses were assessed as both continuous and categorical variables, and 

several alternative cutoffs were explored for key categorical variables to ensure consistency 

of finding regardless of category selected (results not shown). As there were several patients 

with a low, non-meaningful amount of tobacco smoking history (e.g. ever smoker who 

smoked 1–2 cigarettes per week for a few months), never smoking was defined as <1 pack

year of tobacco smoking. For analysis, the following variables were treated as binary: age 

(≤60 years, >60 years), sex (female, male), BMI (<25, ≥25), tumor HPV status (negative, 

positive), T stage (≥T3, ≤T2), pack years (<10, ≥10), ever marijuana (no, yes), ever oral 

sex (no, yes). Multivariate models were created using variables significant in unadjusted 

analysis and those known to be important in the literature. Variables with no association by 

p-value magnitude were removed one at a time without strict p-value cutoffs to achieve a 

final multivariate model. Variables used in the model are listed in the first column of Table 3. 

Statistical significance was determined using a two-sided p-value of <0.05. The analysis was 

performed using STATA version 15.1 (College Station, TX).

Results

Patient Characteristics

The study population consisted of 318 patients with HNSCC. The majority of participants 

were male (78.3%, n=249), under 60 years old (53.4%, n=170), and non-Hispanic white 

(81.8%, n=260). Oropharynx was the most common anatomic site of disease (n=180) 

followed by oral cavity (n=96). Among cases with OPC, the majority were male (84.4%, 

n=152), under 60 years old (60.5%, n=109), and Non-Hispanic white (85.5%, n=154). The 

median follow-up time for the entire cohort was 2.8 years (interquartile range, IQR 1.7–4.0) 

and 2.8 years (IQR 1.9–4.3) for OPC cases. Time to event (death) had a median of 1.4 years 
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(IQR 0.7–2.2) for the entire cohort and 1.6 years (IQR 0.6–2.6) for OPC. There were 42 

total deaths during the follow up period, including 13 in the OPC cohort.

Cohort Characteristics and Association with ERα

Demographic and behavioral characteristics of ERα positive and negative cases were 

compared in Table 1. Of the 318 patients with HNSCC 36.2% were ERα positive (n=115) 

and 63.8% were ERα negative (n=203). ERα positive cases were more likely to be male 

(85.2% vs. 74.4%, p=0.024), and overweight or obese (body mass index, BMI ≥25, 74.0% 

vs. 59.5%, p=0.015). While ERα positive cases were more likely to be married or living 

with a partner (p=0.048), ERα positive and negative cases had statistically similar alcohol 

use, history of smoking, and marijuana use. Those with ERα positive tumors were less likely 

to have a history of coronary artery disease (2.9% vs. 14.3%, p=0.002) and anemia (1.9% vs. 

16.4%, p<0.001), but more likely to have a history of sexually transmitted infection (26.9% 

vs. 17.6%, p=0.04).

There was a significant difference in anatomic site distribution by ERα status (p<0.001). 

The oropharynx was the predominant site (89.6%) for ERα positive patients, while oral 

cavity was the most common primary site among ERα negative cases (45.3%). ERα 
positivity was associated with HPV-positive tumor status (93.8% vs. 35.5%, p<0.001) and 

antibodies to HPV16 L1, E6, and E7 (p<0.001). When considering oropharynx only, HPV 

tumor status (p<0.001) and antibodies to HPV16 E6 and E7 oncoproteins were associated 

with ERα positivity (p=0.031, 0.048 respectively).

Univariate regression analysis was performed to identify factors associated with ERα status 

(Table 2). HPV-positivity (OR 27.5, 95% CI 12.1–62) and smaller tumor size (≤T2, OR 

3.6, 95% CI 1.9–7.1) were associated with ERα positivity. Additionally, male sex (OR 2.0, 

95% CI 1.1–3.6), obesity/overweight (BMI ≥25, OR 1.9, 95% CI 1.1–3.3), being married 

or living with a partner (OR 1.7, 95% CI 1.0–3.0), and ≥20 lifetime any sex partners (OR 

2.3, 95% CI 1.4–3.7), Having ≥20 lifetime oral sex partners (OR 2.0, 95% CI 1.2–3.2), ever 

oral sex (OR 8.4, OR 2.0–36), and ≥ 1 cup of daily coffee consumption (OR 1.8, 95% CI 

1.1–3.0) were each significantly associated with ERα expression, but associations were not 

significant when restricted to the OPC subgroup. There were no independent differences in 

oral hygiene factors, including gum disease (p=0.31) or use of mouthwash (p=0.91) by ERα 
status.

After adjusting for tumor HPV status, sex, BMI, marital status and sexual behavior 

were no longer associated with odds of ERα positivity. Both HPV-positive tumor status 

(aOR 27.5, 95% CI 11.4–66) and small tumor size (≤T2, aOR 2.2, 95% CI 1.0–4.8) 

remained independently associated with odds of ERα positivity. Results were the same 

when restricted to OPC (n=180; Table 2).

ERα IHC Positivity Cutoffs and Staining Intensity

ERα positivity (defined as ≥1%) was associated with improved overall survival (hazard 

ratio [HR]=0.39 95%=0.18–0.85) (Table 3). While ≥1% is the established definition for 

IHC ERα positivity in breast cancer literature,15 this has not been standardized in head and 

neck cancer literature. Therefore, we explored additional cutoffs of ≥10%, ≥20%, and ≥35%. 
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When using ERα cutoffs of ≥10% (HR 0.47, 95% CI 0.22–1.0) and ≥20% (HR 0.33, 95% 

CI 0.12–0.93) overall survival remained similarly improved. However, after adjusting for 

age, HPV status, and smoking, level of ERα staining was no longer associated with overall 

survival.

We also examined differences in ERα IHC staining intensity and its relationship to survival 

(Table 3). Any staining (≥1 vs. 0) and high level of staining intensity (≥2 vs 0–1) were 

each associated with improved overall survival, but similarly to ERα staining percentage, 

the associations were no longer significant after adjusting for age, HPV status, and smoking. 

Variance inflation factor (VIF) between ERα and HPV status was 1.46 which suggests that 

collinearity is not a major factor in our calculations.

As shown in Figure 1, in addition to staining percentage and intensity, the pattern of staining 

was another tumor IHC characteristic that was described. Of the 115 tumor samples that 

demonstrated ERα positivity, 38.2% (n=44) were noted to have a “block” pattern, 30.4% 

(n=35) had a “diffuse” pattern, and 33.4% (n=39) were described as a “patchy” pattern.

Discussion

While the biological and clinical profile of ERα positivity in HNSCC is not yet well

established, this study provides a comprehensive investigation of clinical and demographic 

factors associated with tumor ERα positivity. This study builds upon prior studies which 

have established a role for ERα in HNSCC. HPV is a cause of cervical and oropharyngeal 

oncogenesis, and the finding of ERα predominance in OPC supports the possibility that the 

two are co-factors in a potentially hormone-dependent process.6,7,17,18

The link between HPV and estrogen has been investigated in cervical cancer oncogenesis. 

Estrogen is essential for cervical metaplasia and dysplasia.2 Cervical cancer cells 

treated with estrogen demonstrate increased HPV-16 and 18 oncogene transcription and 

expression,20,21,22 suggesting that HPV and estrogen may be synergistic in cervical 

carcinogenesis. Therefore, it is possible that the interplay of estrogen and HPV is also 

relevant in the etiology of the predominant subtype of head and neck cancers.

In this study we found that tumor ERα positivity was common in oropharyngeal cancer and 

that ERα was strongly associated with tumor HPV status, consistent with prior studies.6,7 

Predictors of ERα positivity included tumor characteristics such as p16 positivity, smaller 

tumor, and presence of antibodies to the HPV16 oncoproteins E6 and E7, all of which are 

descriptors of HPV-OPC.25–30 The interaction between HPV and estrogen in oropharyngeal 

oncogenesis is still largely undefined, but recent studies have focused on characterizing their 

role in OPC. Kano et al. recently reported that in HPV-OPC, estrogen induces apolipoprotein 

B, a protein that promotes HPV integration into the genome,6,31 similar to what has 

been observed in the pathogenesis of cervical cancer. They found ERα expression to be 

upregulated in HPV-positive HNSCC. Additionally, treatment of HPV16-positive cell lines 

with estrogen resulted in growth attenuation and reduction of early RNA transcripts of E6 

and E7, an effect which was not seen in HPV-negative cell lines.18 The presence of HPV16 

in HNSCC cell lines resulted in estrogen sensitization and ERα upregulation.18 While it 

Drake et al. Page 6

Oral Oncol. Author manuscript; available in PMC 2022 October 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



is clear that there is an interplay between HPV and estrogen, further investigation into 

mechanisms of action and potential therapeutic targets for HPV-OPC are necessary.

In both HNSCC and OPC cohorts, small tumor size was independently associated with 

increased odds of tumor ERα expression. In breast cancer, the association between 

early tumor stage and ERα has been described.32,33,34 While there are many postulated 

mechanisms of estrogen in tumorigenesis, there is no evidence that ERα expression drives 

tumor size.35 Compared to HPV-negative oropharyngeal cancer, it is recognized that HPV

OPC tends to present with smaller tumor stage.36 This finding may further underscore the 

overlap of clinical characteristics between ERα tumor positivity and HPV-OPC.

Another explanation for this association may be differential timing of ERα expression and 

that ERα signaling predominates in early stages of tumor growth, although further studies 

are needed to evaluate this in OPC. It is worth noting that prior studies did not find an 

independent association between tumor size and ERα expression. Kano et al. found that 

ERα was more prevalent in higher tumor T stage (T3-T4 vs. T1-T2), although it was 

not statistically significant (p=0.075).6 Koenigs et al. also did not find this independent 

association between tumor size and ERα expression. In their HNSCC cohort however, there 

was an association with smaller tumor size and ERα (T0–2 vs T3–4, p=0.03) and their OPC 

cohort trended toward significance for association with smaller tumor classification, T0–2 

(p=0.09).

Male sex, sexual behavior, and marital status were all found to be associated with ERα 
expression in univariate analysis, although these associations were no longer statistically 

significant after adjustment for HPV. This is not surprising, as they are all variables known 

to be related HPV-associated oropharyngeal cancer, suggesting that this association is likely 

via the known relationship between male sex6 and marital status37 and HPV status rather 

than an independent association with ERα expression itself.

In addition to clinical and biologic predictors of tumor estrogen receptor status, intensity 

of ERα staining and pattern of cell expression was examined. While ERα staining pattern 

is well-characterized and a mandatory practice in breast cancer pathology,15,38,39 it is not 

yet standard of practice in HNSCC. In breast cancer ERα staining is described as “diffuse” 

92% of the time, and “focal” staining is only seen in 8% of samples, with minimal intensity 

differences.40 We found that ERα staining pattern in HNSCC tumor samples was widely 

heterogenous, which may indicate etiologic differences in receptor expression compared to 

breast cancer and requires further study. While the homogenous staining observed in breast 

cancer suggests a potentially monoclonal origin, the heterogeneity observed in HNSCC 

illustrates the complex carcinogenic patterns that may be at hand.40 As pattern of staining in 

HNSCC differs greatly from breast cancer, we propose that other classifications may need to 

be considered when defining ERα positivity in HNSCC or that descriptive quantification of 

ERα staining may allow for subtype categorization. We explored effects of applying other 

percentage cutoffs for ERα positivity and classification of staining intensity which may be 

worth addressing in future studies, as the cellular expression and patterns in HNSCC seem to 

differ from that of breast cancer.
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This study has strengths and limitations. While previous studies on ERα in HNSCC reported 

on a patient population who had only received chemoradiation,7 the treatment regimens 

of our participants represent the full spectrum of therapeutic options for HNSCC patients. 

Using detailed survey and demographic data we expand the understanding of novel clinical 

predictors of ERα status and identify possible associations that merit further study. While 

we explored many variables, only small tumor size and HPV status remained statistically 

significant in multivariate analysis. We recognize that with all self-reported behavioral data, 

recall bias may present.

Several studies have shown that ER portends better prognosis in OPC.6,7 While our data 

trended in the same direction, ERα was no longer a statistically significant predictor of 

survival after adjusting for HPV. However, we had a limited number of deaths among OPC 

(n=13) which may have limited our power to observe this difference. Additionally, patients 

were treated with heterogeneous modalities (surgery, radiation, and/or chemotherapy) which 

may have influenced the inability to identify an association between ERα and survival after 

adjustment for other predictors.

Conclusions

Here we report detailed clinical predictors of estrogen receptor status in HNSCC. Tumor 

HPV status and small tumor size were independently associated with ERα tumor expression. 

These results suggest a potential role in HNSCC tumor biology and warrant further 

investigation of ERα as a clinically significant prognostic biomarker.
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Abbreviations:

OPC oropharynx cancer

HPV human papilloma virus

HPV-OPC HPV-related oropharyngeal cancer

HNSCC head and neck squamous cell carcinoma

ERα Estrogen receptor alpha

OR odds ratio

CI confidence interval

BMI body mass index

HR hazard ratio
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Highlights:

• Predictors of estrogen receptor alpha status in head and neck squamous cell 

carcinoma are explored.

• Tumor HPV status and small tumor size were independently associated with 

ERα tumor expression.

• ERα may have a potential role in HNSCC tumor biology. Further 

investigation of ERα as a clinically significant prognostic biomarker is 

warranted.
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Figure 1: 
Tumors were scored for ERα based on the percentage of positive tumor cells, intensity of 

staining, and pattern of staining. Tumors were considered diffusely positive if most cells 

were uniformly positive throughout the tumor (A, 200x), to have block-like staining if 

discrete positive areas alternated with negative areas (B, 200x), and patchy if a subset of 

cells were stained at a similar level throughout the tumor (C, 200x). Based on the thresholds 

developed in breast carcinoma, staining was considered negative if <1% of cells showed 

reactivity (D, 200x).
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Table 1:

Demographic and Clinical Characteristics Comparing Tumor ERα Positivity

Characteristic

HNSCC (n=318) OPC (n=180)

ERα negative 
(<1%) n=203, 
63.8%

ERα positive 
(>=1%) n=115, 
36.2% p

ERα negative 
(<1%) n=77, 
42.8%

ERα positive
(>=1%) n=103, 
57.2% p

Study site

 JHU/GBMC 139 (68.5) 77 (67.0) 0.59 57 (74.0) 69 (67.0) 0.40

 UCSF 40 (19.7) 20 (17.4) 8 (10.4) 18 (17.5)

 MSSM 24 (11.8) 19 (15.7) 12 (15.6) 16 (15.5)

Race

 Non-Hispanic white 164 (80.8) 96 (83.5) 0.74 67 (87.0) 87 (84.5) 0.77

 Non-Hispanic black 21 (10.3) 13 (11.3) 6 (7.8) 10 (9.7)

 Hispanic 8 (3.9) 4 (3.5) 1 (1.3) 4 (3.9)

 Asian/Pacific Islander 7 (3.5) 1 (0.9) 1 (1.3) 1 (1.0)

 Other/multiracial 3 (1.5) 1 (0.9) 2 (2.6) 1 (1.0)

Age

 <= 60 years 110 (54.2) 60 (52.2) 0.73 50 (65.0) 59 (57.3) 0.30

 >60 years 93 (45.8) 55 (47.8) 27 (35.1) 44 (42.7)

Sex

 Female 52 (25.6) 17 (14.8) 0.024 15 (19.5) 13 (12.6) 0.21

 Male 151 (74.4) 98 (85.2) 62 (80.5) 90 (87.4)

Sexual orientation

 Heterosexual 168 (82.8) 95 (82.6) 0.40 68 (88.3) 87 (84.5) 0.48

 Homosexual/Bisexual/Other 8 (3.9) 8 (7.0) 2 (2.6) 7 (6.8)

BMI

 Normal/Underweight (<25) 70 (40.5) 27 (26.0) 0.01 27 (39.1) 24 (25.5) 0.07

 Overweight/Obese (>=25) 103 (59.5) 77 (74.0) 42 (60.9) 70 (74.5)

Marital Status

 Married/living with partner 63 (35.4) 25 (24.0) 0.05 55 (78.6) 72 (75.8) 0.68

 Widowed/Divorced/Other 115 (64.6) 79 (76.0) 15 (21.4) 23 (24.2)

Highest Degree

  Less than high school 12 (6.7) 6 (5.8) 0.99 4 (5.7) 5 (5.3) 0.94

  HS or GED 39 (21.9) 21 (20.2) 11 (15.7) 20 (21.1)

  Some college 32 (18.0) 18 (17.3) 12 (17.1) 15 (15.8)

  College grad 55 (30.9) 35 (33.7) 26 (37.1) 32 (33.7)

  Graduate degree 40 (22.5) 24 (23.1) 17 (24.3) 23 (24.2)

>5 years in named “risky job”

  No 167 (82.3) 97 (84.4) 0.64 64 (83.1) 85 (82.5) 0.92

  Yes 36 (17.7) 18 (15.7) 13 (16.9) 18 (17.5)

Drinking status

 Never 2 (1.4) 5 (5.9) 0.10 0 (0) 4 (5) 0.22

 Current 63 (44.7) 42 (50.6) 34 (56.7) 40 (50.6)
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Characteristic

HNSCC (n=318) OPC (n=180)

ERα negative 
(<1%) n=203, 
63.8%

ERα positive 
(>=1%) n=115, 
36.2% p

ERα negative 
(<1%) n=77, 
42.8%

ERα positive
(>=1%) n=103, 
57.2% p

 Former 76 (53.9) 37 (43.5) 26 (43.4) 35 (44.3)

Ever smoke

 No 59 (33.7) 30 (28.9) 0.40 24 (34.3) 29 (30.9) 0.64

 Yes 116 (66.3) 74 (71.2) 46 (65.7) 65 (69.2)

Ever use drugs

 No 66 (37.5) 27 (26.0) 0.05 18 (25.7) 23 (24.5) 0.85

 Yes 110 (62.5) 77 (74.0) 52 (74.3) 71 (75.5)

Ever used marijuana

 No 67 (38.1) 29 (27.6) 0.074 19 (27.1) 25 (26.3) 0.90

 Yes 109 (61.9) 76 (72.4) 51 (72.9) 70 (73.7)

Comorbidities

  Asthma

   No 157 (89.2) 91 (85.6) 0.73 66 (95.7) 82 (87.2) 0.16

   Yes 16 (9.1) 12 (11.5) 3 (4.4) 11 (11.7)

  Diabetes

   No 149 (84.7) 94 (90.4) 0.17 67 (97.1) 86 (91.5) 0.19

   Yes 27 (15.3) 10 (9.6) 2 (2.9) 8 (8.5)

  Coronary heart disease

   No 150 (85.2) 100 (96.2) 0.002 62 (89.9) 90 (95.7) 0.098

   Yes 25 (14.2) 3 (2.9) 7 (10.1) 3 (3.2)

  Stroke

   No 167 (94.4) 101 (97.1) 0.21 68 (97.1) 92 (97.9) 0.76

   Yes 8 (4.5) 1 (1.0) 2 (2.9) 1 (1.1)

  Anemia

   No 146 (82.5) 102 (98.1) <0.001 61 (87.1) 92 (97.9) 0.01

   Yes 29 (16.4) 2 (1.9) 9 (12.9) 2 (2.1)

  HIV

   No 171 (97.1) 102 (99.0) 0.42 67 (97.1) 92 (98.9) 0.58

   Yes 5 (2.8) 1 (1.0) 2 (2.9) 1 (1.1)

  STI

   No 145 (82.4) 75 (72.1) 0.04 56 (81.2) 67 (71.3) 0.28

   Yes 31 (17.6) 28 (26.9) 13 (18.8) 26 (27.7)

  Autoimmune disease

   no 161 (91.1) 96 (92.3) 0.94 67 (95.7) 88 (93.6) 0.87

   yes 12 (6.8) 6 (5.8) 2 (2.9) 4 (4.3)

  Genital warts

   No 158 (90.0) 90 (87.4) 0.46 57 (81.4) 80 (86.0) 0.43

   Yes 18 (10.2) 12 (11.7) 13 (18.6) 12 (12.9)

  History of any cancer

   No 138 (78.0) 78 (74.3) 0.48 56 (80) 71 (74.7) 0.43
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Characteristic

HNSCC (n=318) OPC (n=180)

ERα negative 
(<1%) n=203, 
63.8%

ERα positive 
(>=1%) n=115, 
36.2% p

ERα negative 
(<1%) n=77, 
42.8%

ERα positive
(>=1%) n=103, 
57.2% p

   Yes 39 (22.0) 27 (25.7) 14 (20) 24 (25.3)

Oncologic Characteristics

 Tumor site

  Oropharynx 77 (37.9) 103 (89.6) <0.001

  Oral Cavity 92 (45.3) 4 (3.5)

  Nasopharynx 1 (0.5) 1 (0.9)

  Larynx 27 (13.3) 1 (0.9)

  Other site 6 (3.0) 6 (5.2)

 Tumor site

  Non-Oropharynx 126 (62.1) 12 (10.4) <0.001

  Oropharynx 77 (37.9) 103 (89.6)

 HPV-related

  Negative 129 (64.5) 7 (6.2) <0.001 14 (18.7) 1 (1.0) <0.001

  Positive 71 (35.5) 106 (93.8) 61 (81.3) 100 (99.0)

 p16 status

  Negative 123 (61.5) 6 (5.3) 15 (20) 1 (1.0) <0.001

  Positive 77 (38.5) 107 (94.7) <0.001 60 (80.0) 100 (99.0)

 Treatment Modality

  Surgery Only 64 (31.5) 19 (16.5) 0.003 15 (19.5) 17 (16.5) 0.61

  Radiation Only 7 (3.4) 4 (3.4) >.99 3 (3.9) 4 (3.9) 1

  Chemotherapy &radiation 33 (16.3) 23 (20) 0.4 26 (33.8) 23 (22.3) 0.09

  Surgery & 
Chemoradiation

39 (19.2) 27 (23.4) 0.37 14 (18.2) 22 (21.4) 0.71

 Serology Data (% positive)

 HPV16 L1 62 (50) 62 (50) <0.001 47 (64.4) 58 (62.4) 0.79

 HPV16 E6 56 (28.9) 88 (84.6) <0.001 55 (75.3) 82 (88.2) 0.031

 HPV16 E7 46 (23.7) 70 (67.3) <0.001 41 (56.2) 66 (71.0) 0.048

 HPV16 E6 or E7 positive 61 (31.4) 90 (86.5) <0.001 56 (76.7) 84 (90.3) 0.017

Abbreviations: HNSCC, Head & Neck Squamous Cell Carcinoma; OPC: Oropharynx cancer; JHU, Johns Hopkins University; UCSF, University 
of California; MSHS, Mount Sinai Health System; GED, General Educational Development; HIV human immunodeficiency virus; ISH, in-situ 
hybridization

Bolding indicates statistical significance.
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Table 2 :

Univariate and Multivariate Regression Analysis Associated with ERα Positivity

HNSCC (n=318) OPC (n=180)

Univariate OR 
(95% CI) p

Multivariate 
OR (95% CI) p

Univariate OR 
(95% CI) p

Multivariate 
OR (95% CI) p

Tumor HPV Status

 Negative Ref Ref Ref Ref

 Positive 27.5 (12.1–62) <0.001 27.5 (11.4–66) <0.001 23.0 (2.9–179) 0.003 17.1 (2.1–137) 0.007

T Stage

 ≥T3 Ref Ref Ref Ref

 ≤T2 3.6 (1.9–7.1) <0.001 2.2 (1.0–4.8) 0.05 5.7 (2.1–14.9) <0.001 4.0 (1.4–11.3) 0.008

Sex

 Female Ref Ref

 Male 2.0 (1.1–3.6) 0.03 1.7 (0.74–3.8) 0.21

Age

 ≤60 Ref Ref

 >60 1.1 (0.7–1.7) 0.73 1.4 (0.8–2.5) 0.30

BMI

 <25 Ref Ref

 ≥25 1.9 (1.1–3.3) 0.015 1.9 (1.0–3.7) 0.066

Pack-Years

 <10 Ref Ref

 ≥10 1.4 (0.9–2.4) 0.16 1.6 (0.8–3.0) 0.19

Ever marijuana

 No Ref Ref

 Yes 1.6 (1.0–2.7) 0.075 1.0 (0.5–2.1) 0.12

Married/living with 
partner

 No Ref Ref

 Yes 1.7 (1.0–3.0) 0.048 0.9 (0.4–1.8) 0.68

# Any Sex Partners

 <20 Ref Ref

 ≥20 2.3 (1.4–3.7) 0.003 1.2 (0.6–2.2) 0.58

# Oral Sex Partners

 <20 Ref 0.005 Ref

 ≥20 2.0 (1.2–3.2) 1.77 (0.9–3.3) 0.064

Ever Oral Sex

 No Ref 0.004 Ref

 Yes 8.4 (2.0–36) 4.1 (0.4–40) 0.23

Daily Coffee 
Consumption

 <1 cup Ref 0.03 Ref

 ≥ 1 cup 1.8 (1.1–3.0) 1.8 (0.9–3.4) 0.08

Abbreviations: HNSCC, head and neck squamous cell cancer; OPC, oropharynx cancer; OR, odds ratio; BMI, body mass index
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Bolding indicates statistical significance.
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Table 3:

Examining ERα IHC Staining Percentage and Intensity Categories In Relation to Overall Survival

HNSCC (n=318)

ERα Staining Cutoffs n HR (95% CI) aHR (95%CI)*

Percentage Positivity

<1% 203 Ref Ref

≥1% 115 0.39 (0.18–0.85) 0.81 (0.26–2.51)

<10% 213 Ref Ref

≥10% 105 0.47 (0.22–1.0) 1.1 (0.37–3.54)

<20% 241 Ref Ref

≥20% 77 0.33 (0.12–0.93) 0.53 (0.11–2.50)

<35% 266 Ref Ref

≥35% 52 0.40 (0.12–1.30) 0.59 (0.07–4.90)

Staining Intensity

0 203 Ref Ref

1–3 115 0.39 (0.18–0.85) 0.81 (0.26–2.51)

0–1 226 Ref Ref

2–3 92 0.40 (0.17–0.95) 0.77 (0.24–2.54)

0–2 271 Ref Ref

3 47 0.55 (0.19–1.53) 1.07 (0.30–3.82)

*
Adjusted for age, HPV tumor status and smoking

Abbreviations: HNSCC, head and neck squamous cell cancer; HR, hazard ratio; CI, confidence interval; Ref, reference group.

Bolding indicates statistical significance.
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