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Simple Summary: Although the survival rate has improved over the past decades, the prognosis
of oral squamous cell carcinoma (OSCC) is still poor, and new treatment strategies are required.
The aim of this study was to evaluate estrogen receptor alpha (ERα) expression in OSCC in a large
patient cohort as a potential prognostic marker and therapeutic target. The findings indicated a rare
expression of ERα that, however, was associated with a dramatic decrease of overall survival in male
patients. In ERα-positive OSCC patients, an ER-based therapeutic (adjuvant) approach in the future
might be conceivable based on the findings of this study.

Abstract: Introduction: Several studies suggest an estrogen receptor alpha (ERα)-mediated influence
on the pathogenesis of oral squamous cell carcinoma (OSCC), as described for other malignancies
that are not considered to be primarily hormone-dependent. Recently, an association between ERα
expression and improved survival in oropharyngeal squamous cell carcinoma (OPSCC) has been
found. However, the prognostic relevance of ERα in OSCC has not been proven to date. Therefore,
the aim of this study was to evaluate ERα expression in OSCC in a large patient cohort and analyze
its influence on survival and recurrence. Material and Methods: A total of 316 patients with primary
OSCC who received initial surgical therapy were included in this analysis. The expression of
ERα was evaluated on tissue microarrays by immunohistochemistry in the primary tumor and/or
primary lymph node metastases. The expression level was quantified by light microscopy using
the immunoreactive score (IRS) for estrogen receptor detection. An IRS equal to or greater than
2 was considered positive. The 5-year overall survival (OS) and relapse-free survival (RFS) were
examined by the Kaplan–Meier method and log-rank test. Results: A total of 316 patients (111 females;
205 males) with a mean age of 61.3 years (range 27–96 years) were included in this study. In
16 patients (5.1%; 6 females and 10 males), positive ERα expression was found in the primary tumor
(n = 11; 11/302) or lymph node metastases (n = 5; 5/52). Patients with positive ERα expression in
primary tumors/primary lymph node metastases had a significantly lower OS and RFS (p = 0.012;
p = 0.0053) compared to ERα-negative patients. Sub-group analysis in relation to gender revealed
a highly significant influence of ERα expression on OS and RFS in males but not in females, both
for the ERα-positive primary tumor cohort (males: p = 0.0013; p < 0.0001; females: p = 0.56; p = 0.89)
and the ERα-positive primary tumor/primary lymph node metastasis cohort (males: p < 0.0001;
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p < 0.0001; females: p = 0.95; p = 0.96). In multivariate cox regression analysis, the ERα IRS of primary
tumors (dichotomized; ERα+ vs. ERα−) was an independent risk factor for OS (HR = 4.230; 95%CI
1.616–11.076; p = 0.003) and RFS (HR = 12.390; 95%CI 4.073–37.693; p < 0.001) in the male cohort. There
was a significant difference (p = 0.006) of ERα positivity with regard to the localization of the primary
tumor. ERα positivity in the primary tumor was significantly associated (p = 0.026) with UICC stage,
with most of the cases being diagnosed in stage IV. Furthermore, there was a significantly (p = 0.049)
higher rate of bone infiltration in ERα-positive patients. Conclusion: Expression of ERα is rare in
OSCC; however, it is associated with a dramatic decrease in OS in male patients. Further studies are
necessary to confirm our results and to evaluate the exact mechanism underlying this observation.
Hence, ERα-positive OSCC patients might benefit from an ER-based therapeutic (adjuvant) approach
in the future.

Keywords: oral squamous cell carcinoma; estrogen receptor alpha; survival; prognosis; hormone
receptor

1. Introduction

Oral squamous cell carcinoma (OSCC) is the most frequent malignancy affecting
the oral cavity, with an annual incidence of more than 300,000 new cases worldwide [1].
The successful treatment of OSCC often requires a multimodal approach, and surgery is
the therapeutic basis for most patients. Although survival has improved over the past
decades [2], prognosis is still poor, and new treatment strategies are required.

Regular smoking and alcohol abuse are known to be typical risk factors for OSCC, also
in young patients [3]. Despite these well-documented risk factors, the human papilloma
virus (HPV) has been discussed as a potential cause, although it appears to play a minor
role compared to that it performs in oropharyngeal squamous cell carcinoma (OPSCC) [4],
which is another entity of the heterogenous group of head and neck squamous cell car-
cinoma. However, patients may develop OSCC without exposure to those common risk
factors, which led to the conclusion that there is a pathological impact of other factors,
which are not yet understood.

Estrogen receptors (ER) are involved in the regulation of many complex physiological
processes in humans. Pathological ER signaling leads to the development of a variety of
diseases, such as metabolic and cardiovascular disease, neurodegeneration, inflammation,
osteoporosis, and cancer [5]. There are two different sub-types of estrogen receptors, which
are widely distributed in different tissues, i.e., ER alpha (ERα) and ER beta (ERβ). Pertur-
bation of the expression of these receptors has been found in many different cancers and
provides a possible therapeutic target [6]. This has been successfully established in breast
carcinoma [7]. However, ER-mediated treatment strategies are being investigated in many
different tissues which are not all considered to be primarily hormone-dependent [5,8–10].

Various clinical observations suggest a hormone-dependent influence in the patho-
genesis of OSCC. The highest incidence among female patients is seen after menopause.
This might lead to the conclusion that a decrease of the estrogen level could play a role in
cancer initiation [11,12]. Further observations such as an increasing incidence of OSCC in
young non-smoking women within the last decades [13–16] or an increasing incidence of
women with OSCC after hysterectomy also suggest that there is a hormonal influence on
carcinogenesis [12]. Since the exposure to tobacco and/or alcohol can modify the level of
testosterone and estrogen, a co-dependent hormonal impact on OSCC pathogenesis might
be possible [11].

Several studies have discussed the influence of estrogen receptor (ER) on the patho-
genesis of OSCC [17–24]. In OPSCC, which is another entity of the heterogenous group
of head and neck cancers, an association between ERα expression and improved survival
has recently been found [25]. A study published by Egloff et al. revealed an ERα-positivity
of 95% in 56 evaluated head and neck tumors (including 23 OSCC); however, a concrete
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allocation only for OSCC was not mentioned [20]. This study shows a significantly reduced
progression-free survival in patients with high (nuclear) ERα (and EGFR) tumor levels.
However, a prognostic relevance of ER expression for OSCC alone has not been proven
to date.

In general, information about the immunohistochemical expression of ERα in OSCC
primary tissues is rare and remains controversial. The prevalence of ERα when evaluating
(paraffin-embedded) OSCC tissue ranges from 0 to 13% [19,21,24,26–28].

To date, only small patient cohorts have been analyzed for ERα expression in OSCC,
and no prognostic relevance has been found. Therefore, the aim of this study was to
evaluate ERα expression in OSCC in a large patient cohort and analyze its influence on
survival and recurrence.

2. Material and Methods
2.1. Ethics Statement

The Ethics Committee of the Faculty of Medicine Charité Berlin approved this study
(EA2/028/15).

2.2. Patients

In this study, 316 patients with primary OSCC treated at Charité–Universitätsmedizin
Berlin between 2005 and 2011 were included. Tumor staging was performed using the
7th edition of the American Joint Committee on Cancer (AJCC) Staging Manual [29], and
treatment as well as follow-up were performed according to the current national guidelines
at the time of presentation. Only patients who received initial surgical therapy were
included in this study. The medical records of all patients were reviewed retrospectively.

Follow-up time for overall survival (OS) was defined as the time from the date of the
first diagnosis until death. Patients without an event were censored at last contact or at
the end of the observation period if the patient was still alive. In cases in which a date of
primary diagnosis was not available (e.g., external diagnosis), the date of the first diagnosis
was set to the date of the surgical therapy. Recurrence-free survival (RFS) was defined as
the time from primary treatment to recurrence (within 5 years) or the date of death. The
follow-up time for RFS was the time until diagnosis of relapse or until death or last contact
in the respective treating departments. Patients were not considered for the recurrence
analysis and classified as residual tumors when diagnosis was made within 6 months after
primary surgery (± adjuvant therapy) with R1/Rx resection margins.

2.3. Immunohistochemistry

The detection of ERα expression was performed using immunohistochemistry (IHC)
on tissue microarrays (TMA). In preparation, formalin-fixed paraffin-embedded (FFPE)
tissue and the corresponding slides from patients with primary OSCC were collected from
the archive of the Institute of Pathology, Charité–Universitätsmedizin Berlin, Germany.
The tumor diagnoses were reviewed based on the current criteria of the WHO (WHO
classification of head and neck tumors Lyon 2017). Hematoxylin–Eosin (HE) staining of all
tumor blocks was performed, and representative areas were marked on these slides and
the corresponding 2 µm-thick FFPE sections for IHC. New blocks were designed with one
(or more) punches of the tumor, with a diameter of 1.0 mm.

The immunohistological staining was performed with the anti-ERα-antibody (clone
SP1) from Ventana Medical Systems (Tucson, AZ, USA) as a ready-to-use antibody. The ex-
pression of ERα was quantified by light microscopy using the semiquantitative immunore-
active score (IRS) for estrogen receptor detection described by Remmele and Stegner [30].
However, in contrast to the original description, an IRS equal to or greater than 2 was
considered positive, as described by other authors [31,32]. In the case of more than one
stained tumor tissue per patient, arithmetic means were calculated.
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2.4. Statistical Analysis

The data were collected in Microsoft Excel (Microsoft Corporation, WA, USA). Sta-
tistical analysis was performed using R Version 4.0.3 [33] and IBM SPSS Statistics Version
27 (IBM Corporation, NY, USA). Variables are shown as a frequency and percentage or
mean value with standard deviation (SD). The 5-year OS and RFS were examined by the
Kaplan–Meier method and log-rank test. Chi-square test was used to assess differences in
categorical variables between ERα-positive and ERα-negative patients. To identify prog-
nostic factors for OS and RFS, multiple cox regression with stepwise backward elimination
was used. The initial model contained the variables ERα+ vs. ERα−, gender, age, pT stage,
UICC stage, tumor localization, pN0 vs. pN1/pN2, G stage, and bony infiltration. At each
step, the variable with the largest p-value was eliminated until all p-values were smaller
than 0.1. The IRS of ERα remained in the model at all steps. The final model contained age,
pT stage, and UICC stage, beside ERα+ vs. ERα− as independent variables. Hazard ratios
for OS and RFS of ERα+ vs. ERα− are therefore adjusted with respect to age, pT stage, and
UICC stage. All p-values are exploratory and are reported without adjustment for multiple
testing. The level of statistical significance was set to p < 0.05.

3. Results

A total of 316 patients (111 females; 205 males) with a mean age of 61.3 years
(range 27–96 years) diagnosed with primary OSCC were included in this study. Of these,
302 primary tumors and 52 primary lymph node metastases were analyzed for the expres-
sion of ERα. The cumulative 5-year overall survival (OS) was 61.9%, and recurrence-free
survival (RFS) was 52.8%. The mean follow-up for survival was 63.0 months (SD ± 38.6).
A total of 90 patients received adjuvant radio(chemo)therapy.

The mean immunoreactive score for ERα expression was 0.12 for all primary tumors
(range 0–6) and 0.52 for all primary lymph node metastases (range 0–10). In 16 patients
(5.1%; 6 females; 10 males), positive ERα expression (with an ERα equal to or greater than
two) was found in the primary tumor (n = 11;11/302; 3.6%) or lymph node metastases
(n = 5;5/52; 9.6%). Typical pictures of ERα IHC staining of primary tumors are shown in
Figure 1.
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Figure 1. Immunohistochemical staining images of ERα in OSCC. (A) (40×): ERα-positive nuclear staining with weak 

intensity (Table 2; patient no. 3); (B) (20×): ERα-positive case with different intensities of nuclear staining (Table 2; patient 

no. 6; one out of three stained tumor tissue of this patient). 

  

Figure 1. Immunohistochemical staining images of ERα in OSCC. (A) (40×): ERα-positive nuclear staining with weak
intensity (Table 2; patient no. 3); (B) (20×): ERα-positive case with different intensities of nuclear staining (Table 2; patient
no. 6; one out of three stained tumor tissue of this patient).

The clinicopathological characteristics of the cohort are summarized in Table 1.
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Table 1. Clinicopathological characteristics of the patient cohort in relation to the analysis of ERα expression in the primary
tumor and lymph node metastases.

Variable
Primary Tumor

(n = 302)
Primary Lymph Node Metastasis

(n = 52)

ERα−
(n = 291)

ERα+
(n = 11) p ERα−

(n = 47)
ERα+
(n = 5) p

Sex
Female 107 (97.3%) 3 (2.7%) 0.521 10 (76.9%) 3 (23.1%) 0.057
Male 184 (95.8%) 8 (4.2%) 37 (94.9%) 2 (5.1%)

Age group 0.504 0.121
≤49 45 (93.8%) 3 (6.3%) 10 (100%) 0 (0%)

50–59 79 (98.8%) 1 (1.3%) 13 (81.3%) 3 (18.8%)
60–69 100 (96.2%) 4 (3.8%) 18 (94.7%) 1 (5.3%)
70–79 52 (94.5%) 3 (5.5%) 5 (100%) 0 (0%)
80+ 15 (100%) 0 (0%) 1 (50%) 1 (50%)

Tumor localization 0.006 0.336
Floor of mouth 65 (98.5%) 1 (1.5%) 14 (82.4%) 3 (17.6%)

Maxilla 13 (100%) 0 (0%) - -
Mandible 27 (84.4%) 5 (15.6%) 4 (80%) 1 (20%)

Cheek 13 (100%) 0 (0%) - -
Tongue 80 (98.8%) 1 (1.2%) 8 (100%) 0 (0%)

Multiple localizations 93 (95.9%) 4 (4.1%) 21 (95.5%) 1 (4.5%)
History of Smoking 0.216 0.459

Yes 195 (95.1%) 10 (4.9%) 39 (90.7%) 4 (9.3%)
No 67 (98.5%) 1 (1.5%) 4 (80.0%) 1 (20.0%)

History of Alcohol 0.681 0.851
Yes 202 (96.2%) 8 (3.8%) 35 (89.7%) 4 (10.3%)
No 57 (95.0%) 3 (5.0%) 7 (87.5%) 1 (12.5%)

G-Stage 0.950 0.891
1 19 (95.0%) 1 (5.0%) 2 (100%) 0 (0%)
2 215 (96.4%) 8 (3.6%) 28 (90.3%) 3 (9.7%)
3 53 (96.4%) 2 (3.6%) 17 (89.5%) 2 (10.5%)

pT 0.619 0.362
1 124 (97.6%) 3 (2.4%) 12 (80.0%) 3 (20.0%)
2 109 (95.6%) 5 (4.4%) 16 (94.1%) 1 (5.9%)
3 33 (97.1%) 1 (2.9%) 10 (100%) 0 (0%)
4a 21 (91.3%) 2 (8.7%) 9 (90%) 1 (10%)
x 4 (100%) 0 (0%)

pN 0.092 -
N0 187 (97.4%) 5 (2.6%) - -

N1/N2 82 (93.2%) 6 (6.8%) 47 (90.4%) 5 (9.6%)
UICC 0.026 0.198

I 97 (100%) 0 (0%) - -
II 75 (96.2%) 3 (3.8%) - -
III 49 (96.1%) 2 (3.9%) 12 (100%) 0 (0%)
IV 58 (90.6%) 6 (9.4%) 35 (87.5%) 5 (12.5%)

Extracapsular spread
(ECS) 0.204 0.704

N− 187 (97.4%) 5 (2.6%) - -
N+ ECS− 47 (92.2%) 4 (7.8%) 23 (92.0%) 2 (8.0%)
N+ ECS+ 35 (94.6%) 2 (5.4%) 24 (88.9%) 3 (11.1%)

Bony infiltration 0.049 0.913
no 231 (97.5%) 6 (2.5%) 27 (90.0%) 3 (10.0%)
yes 60 (92.3%) 5 (7.7%) 20 (90.9%) 2 (9.1%)

There was a significant difference (p = 0.006) in ERα positivity with regard to the
localization of the primary tumor. The most frequent single localization was the lower
jaw. ERα positivity in the primary tumor was significantly associated (p = 0.026) with
UICC stage, with most of the cases being diagnosed in stage IV. Furthermore, there was a
significantly (p = 0.049) higher rate of bone infiltration in ERα-positive patients in contrast
to ERα-negative patients.

Table 2 summarizes the clinicopathological characteristics of all patients with an
ERα-positive primary tumor.
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Table 2. Clinicopathological characteristics of all patients with an ERα-positive primary tumor.

No Gender Age Localization TNM Grading R-Status ERα IRS Smoking Alcohol Adjuvant
Therapy

Survival
(Months)

Time to
Recurrence
(Months)

Comment

1 male 66 Lower jaw pT1pN1 cM0 G2 R0 2.00 + + − 75 None

2 male 64 Floor of mouth pT2pN1 cM0 G2 R0
cm * 2.00 + − + 8

(alive) None Lost to follow-up after 8 months.

3 male 49 Floor of mouth,
tongue pT2pN0 cM0 G2 R0 2.00 + + − 83

(alive)

Patient lost to
clinical

follow-up

Micrometastasis in one lymph node. The
patient did not show up for regular clinical
follow-up. However, the patient was still

alive after 83 months.

4 male 39 Lower jaw pT1pN2b cM0 G3 R0 * 6.00 + + (+) 8 3
Patient initially refused recommendation for

adj. therapy. It was carried out 3 months
after surgical therapy due to recurrence.

5 male 42 Tongue, floor of
mouth pT2pN2b cM0 G2 R0 2.00 + + + 9 4

6 female 63 Lower jaw pT4apN0 cM0 G2 R0;
cm (3 mm) 3.33 − − + 68

(alive) 40

7 male 57 Tongue pT2pN0 cM0 G2 R0 2.00 + − − 16 4

8 male 75 Lower jaw pT1pN2b cM0 G2 R0 * 3.00 + + (+) 38 4

Adjuvant therapy was carried out after
nodal recurrence about 4 months after

surgical therapy. Initially, it could not be
performed due to a strongly reduced

general condition.

9 female 67 Lower jaw, floor of
mouth

pT3pN2c cM0 G2 R0;
cm * 3.00 + + + 127

(alive) None ERα IRS of corresponding lymph node
metastasis: 0.5

10 female 71 Lower jaw pT2pN0 cM0 G1 R0 * 2.00 + + − 48 47

11 male 70 Lower jaw, floor of
mouth pT4apN0 cM1 G3 R0;

cm (4 mm) 2.00 + + − 2 None
Patient died within the inpatient stay after

surgical therapy 2 months after first
diagnosis.

* no information on exact safety margin; cm: close margin.
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Only for one of the patients with an ERα-positive primary tumor, the corresponding
primary lymph node metastasis could be evaluated for ERα expression (patient no. 9; ERα
IRS: 0.5).

Regarding the whole cohort, patients with ERα-positive primary tumors had a sig-
nificant lower RFS (p = 0.011) compared to ERα-negative patients (Figure 2). For OS, a
tendency was seen (p = 0.071).
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Figure 2. Kaplan–Meier curves showing overall survival (A) and recurrence-free-survival (B) for patients with ERα-positive
primary tumors compared to patients with ERα-negative tumors.

In multivariate cox regression analysis, the ERα IRS of the primary tumors (di-
chotomized; ERα+ vs. ERα−) was not an independent risk factor for OS (HR = 1.039;
95%CI 0.455–2.371; p = 0.928) or RFS (HR = 1.352; 95%CI 0.617–2.962; p = 0.452). However,
it was an independent risk factor for OS (HR = 4.230; 95%CI 1.616–11.076; p = 0.003) and
RFS (HR = 12.390; 95%CI 4.073–37.693; p < 0.001) in the male cohort.

Table 3 summarizes the clinicopathological characteristics of all patients with an Erα-
positive primary lymph node metastasis. ERα expression in four corresponding primary
tumors was available. These were all negative.

When combining patients with an ERα-positive lymph node metastasis and/or pri-
mary tumor, we found significant lower OS (p = 0.012) and RFS (p = 0.0053) in the case of
ERα positivity compared to ERα-negative patients (Figure 3).
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Table 3. Clinicopathological characteristics of all patients with an ERα-positive lymph node metastasis.

No Gender Age
ERα IRS

Localization Grading R-Status pTNM Smoking Alcohol
Adjuvant
Therapy

Survival
(Months)

Time to
Recurrence
(Months)

CommentLymph Node
Metastasis

Primary
Tumor

1 female 53 5.00 1.00 Floor of
mouth G2 R0;

cm (4 mm)
pT1 pN2b

cM0 + + + 69
(alive) none

2 male 51 3.00 0 Floor of
mouth G2 R0;

cm**
pT1 pN2c

cM0 + + + 30 none

3 male 51 3.75 * Lower jaw G3 R0 ** pT2 pN2b
cM0 + + + 13 none

Adj. therapy was delayed
due to a strongly reduced
general condition. It was

carried out 2.5 months
after surgical approach.

4 female 62 10.00 1.33

Floor of
mouth,

lower jaw,
tongue

G2 R1 pT4a pN2c
cM0 + + + 16 10

5 female 80 5.00 0 Floor of
mouth G3 R0;

cm (4 mm)
pT1 pN2b

cM0 − − − 76
Patient lost
to clinical
follow-up

Patient refused
recommendation for adj.
therapy. The patient did
not show up for regular

clinical follow-up.
However, the patient died

76 months after
first diagnosis.

* Not available; ** no information on exact safety margin; cm: close margin.
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Sub-group analysis in relation to gender revealed a highly significant influence on
OS and RFS in males but not in females, for both the ERα-positive primary tumor cohort
(males: p = 0.0013; p < 0.0001; females: p = 0.56; p = 0.89) and the ERα-positive primary
tumor/primary lymph node metastasis cohort (males: p < 0.0001; p < 0.0001; females:
p = 0.95; p = 0.96) (Figure 4).
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small number of positive female patients, a significant difference (p = 0.013) was observed.
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4. Discussion

The present study shows a prognostic significance of ERα in OSCC for a surgical
cohort. Although the expression of ERα is rare, it is associated with a worse prognosis in
comparison to ERα-negative patients. This effect was mainly observed in the male cohort,
in whom a dramatic decrease in OS was observed. As successfully established in breast
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cancer, ERα-positive OSCC (male) patients might benefit from an ER-based therapeutic
(adjuvant) approach in the future.

The estrogen receptors α and β are widely distributed in different cells and tissues of
the human body [34]. In normal oral mucosa, immunohistochemical analyses showed ERβ
but not ERα expression in males and females [26,35–37]. However, the nuclear expression
of estrogen has been described in precursor lesions in the oral cavity [26]. Steroid receptor
activation depends on the hormone binding to its cognate receptor, leading to dimerization
and nuclear translocation. In the next step, this complex can interact with specific DNA
sequences. Nevertheless, membrane ERα can also mediate some estrogen effects, like
endothelial/vascular effects [38]. The cases investigated in the present study showed
a nuclear expression pattern with variable intensity. Membrane staining could not be
observed.

Information about the immunohistochemical expression of ERα and ERβ in OSCC
primary tissue is rare and remains controversial. In most studies, including a study
from our study group, ERβ was found to be the predominant sub-type in OSCC primary
tissues [19,21,24,28].

The prevalence for ERα when evaluating (paraffin-embedded) OSCC tissue ranges
from 0 to 13% [19,21,24,26–28]. A study published by Egloff et al. revealed an ERα positivity
of 95% in 56 head and neck tumors that were evaluated (including 23 OSCC); however,
detailed information only for the OSCC cohort was not reported [20]; therefore, a direct
comparison is not possible. In the present study, the prevalence of ERα positivity in the
primary tumor was 3.6%, which is comparably low than the findings of other studies.
In this publication, we used a cut-off ≥2 for IRS, as described by other authors [31,32].
However, authors evaluating ERα in OSCC used different cut-off scores, which makes
comparison difficult. Egloff et al. defined positivity as the (at least) weak expression of
more than 10% of cells [20]. Marrocchio et al. considered neoplastic cells to be positive
“when they showed nuclear reactivity” [24]. Positivity was defined as nuclear staining in
≥1% of tumor cells in a study published by Grimm et al. [26]. Kwon et al. established ERα
positivity if more than 1% of the cancer cells showed nuclear staining [25]. Other studies
lack any definition of positivity.

The estrogen receptors are involved in the regulation of many complex physiological
processes in humans.

As mentioned, there are two different sub-types of estrogen receptors, which are
widely distributed in different tissues. Perturbation of the expression of these receptors
has been found in many different cancers and provides a possible target approach [6],
as successfully established in breast carcinoma [7]. However, ER-mediated treatment
strategies are being investigated in many different tissues that are not all considered to be
primarily hormone-dependent [5,8–10]. Recently, an association between ERα expression
and improved survival in OPSCC, which is another entity of the heterogenous group of
head and neck cancers, has been found [25]. Kwon et al. analyzed the expression of ERα
in 113 OPSCC patients. The authors observed that the expression of ERα was associated
with better overall survival in both HPV+ (p16+/HPV+ OPSCC) and p16+ (p16+ OPSCC
irrespective of HPV status) models.

To the best of our knowledge, Egloff et al. are the only group who demonstrated
a prognostic influence of ERα in OSCC [20]. This study showed a significantly reduced
progression-free survival in patients with high (nuclear) ERα (and EGFR) tumor levels.
However, the study evaluated 56 head and neck tumors, with only 23 of these being OSCC.
Due to the fact that distinct information only for OSCC has not been reported, it remains
unclear whether ERα has a prognostic influence on OSCC. The present study showed a
prognostic significance of ERα in OSCC. So far, the pathomechanism for the decrease in OS
of ERα-positive patients remains unknown. The production of estrogens by inflammatory
cells during chronic infection as a response to carcinogens might be an important hormonal
source, as shown by Siegfried et. al. within lung cancer tissues [39].
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The results of the present study clearly show that there is a significant association
between ERα expression and prognosis in OSCC, especially in the male cohort. This
might lead to the conclusion that ERα-positive OSCC patients might benefit from an ER-
based therapeutic (adjuvant) approach. Various studies exist that prove the influence of ER
agonists and antagonists on OSCC cell lines. Chang et al. observed a stimulated cell growth
by incubation with estradiol, in contrast to tamoxifen or knockdown of ERα expression,
which led to a reduced cell growth [17]. Ishida et al. showed that the treatment with
tamoxifen, but not estradiol, caused apoptotic death in OSCC cell lines [21]. This was also
observed by Nelson et al., whereas tamoxifen induced a significant growth inhibition in
OSCC cell lines [22,23].

In contrast to other studies [19,21,24,26–28], one strength of this study is the analysis
of ERα in a comparatively high number of patients in a homogenous cohort of OSCC. The
main points of criticism are the retrospective data collection and the evaluation of ERα on
tissue microarrays. The latter might lead to a problem whereby the evaluated tumor tissue
does not reflect the expression of ERα within the entire tumor. Although the results of our
exploratory study are very promising, the power of our statistical analyses is limited due
to the low number of ERα-positive cases, especially in the female cohort. Further studies
are necessary to confirm our results. An ER-based therapeutic (neo)adjuvant approach
could be evaluated in a patient-derived xenograft mouse model.

5. Conclusions

The expression of ERα is rare in OSCC; however, it was associated with a dramatic
decrease in OS in OSCC male patients. ERα expression was associated with an advanced
tumor stage at initial diagnosis in our cohort. Further studies are necessary to confirm
our results and evaluate the exact mechanism leading to this association. Hence, ERα-
positive OSCC patients might benefit from an ER-based therapeutic (adjuvant) approach in
the future.

Author Contributions: Conceptualization, J.-D.R. and K.J.; Formal analysis, C.D., K.N. and A.P.;
Investigation, C.D., C.B., I.T., S.K. and K.J.; Project administration, J.-D.R. and K.J.; Resources,
M.H., J.-D.R. and K.J.; Supervision, M.H., J.-D.R. and K.J.; Writing—original draft, C.D.; Writing—
review & editing, C.B., K.K. and S.D. All authors have read and agreed to the published version of
the manuscript.

Funding: No funding was provided in regard with this study.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Ethics Committee of the Faculty of Medicine, Charité
Berlin (EA2/028/15).

Informed Consent Statement: Informed consent was waived due to the retrospective design of
this study.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author.

Acknowledgments: This study is part of the doctoral thesis of I.T. We thank Birgit Milluks for the
great support.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Bray, F.; Ferlay, J.; Soerjomataram, I.; Siegel, R.L.; Torre, L.A.; Jemal, A. Global cancer statistics 2018: GLOBOCAN estimates of

incidence and mortality worldwide for 36 cancers in 185 countries. CA Cancer J. Clin. 2018, 68, 394–424. [CrossRef]
2. Amit, M.; Yen, T.C.; Liao, C.T.; Chaturvedi, P.; Agarwal, J.P.; Kowalski, L.P.; Ebrahimi, A.; Clark, J.R.; Kreppel, M.; Zöller, J.; et al.

Improvement in survival of patients with oral cavity squamous cell carcinoma: An international collaborative study. Cancer 2013,
119, 4242–4248. [CrossRef]

http://doi.org/10.3322/caac.21492
http://doi.org/10.1002/cncr.28357


Cancers 2021, 13, 5763 12 of 13

3. Neckel, N.; Michael, M.; Troeltzsch, D.; Wüster, J.; Koerdt, S.; Doll, C.; Jöhrens, K.; Neumann, K.; Heiland, M.; Raguse, J.-D.
Rediscussing the Role of Traditional Risk Factors in Young Adults With Oral Squamous Cell Carcinoma. Anticancer Res. 2020, 40,
6987–6995. [CrossRef]

4. Gotz, C.; Drecoll, E.; Straub, M.; Bissinger, O.; Wolff, K.D.; Kolk, A. Impact of HPV infection on oral squamous cell carcinoma.
Oncotarget 2016, 7, 76704–76712. [CrossRef] [PubMed]

5. Jia, M.; Dahlman-Wright, K.; Gustafsson, J.A. Estrogen receptor alpha and beta in health and disease. Best Pract. Res. Clin.
Endocrinol. Metab. 2015, 29, 557–568. [CrossRef] [PubMed]

6. Thomas, C.; Gustafsson, J.A. The different roles of ER subtypes in cancer biology and therapy. Nat. Rev. Cancer 2011, 11, 597–608.
[CrossRef] [PubMed]

7. Lumachi, F.; Brunello, A.; Maruzzo, M.; Basso, U.; Basso, S.M. Treatment of estrogen receptor-positive breast cancer. Curr. Med.
Chem. 2013, 20, 596–604. [CrossRef]

8. Hsu, L.H.; Chu, N.M.; Kao, S.H. Estrogen, Estrogen Receptor and Lung Cancer. Int. J. Mol. Sci. 2017, 18, 1713. [CrossRef]
9. Caiazza, F.; Ryan, E.J.; Doherty, G.; Winter, D.C.; Sheahan, K. Estrogen receptors and their implications in colorectal carcinogenesis.

Front. Oncol. 2015, 5, 19. [CrossRef]
10. Lan, Y.L.; Zou, S.; Wang, X.; Lou, J.C.; Xing, J.S.; Yu, M.; Zhang, B. Update on the therapeutic significance of estrogen receptor

beta in malignant gliomas. Oncotarget 2017, 8, 81686–81696. [CrossRef]
11. Vucicevic Boras, V.; Fucic, A.; Virag, M.; Gabric, D.; Blivajs, I.; Tomasovic-Loncaric, C.; Rakusic, Z.; Bisof, V.; Novere, N.L.; Velimir

Vrdoljak, D. Significance of stroma in biology of oral squamous cell carcinoma. Tumori 2018, 104, 9–14. [CrossRef] [PubMed]
12. Suba, Z. Gender-related hormonal risk factors for oral cancer. Pathol. Oncol. Res. 2007, 13, 195–202. [CrossRef]
13. Satgunaseelan, L.; Allanson, B.M.; Asher, R.; Reddy, R.; Low, H.T.H.; Veness, M.; Gopal Iyer, N.; Smee, R.I.; Palme, C.E.; Gupta, R.;

et al. The incidence of squamous cell carcinoma of the oral tongue is rising in young non-smoking women: An international
multi-institutional analysis. Oral. Oncol. 2020, 110, 104875. [CrossRef] [PubMed]

14. Howell, R.E.; Wright, B.A.; Dewar, R. Trends in the incidence of oral cancer in Nova Scotia from 1983 to 1997. Oral Surg. Oral Med.
Oral Pathol. Oral Radiol. Endod. 2003, 95, 205–212. [CrossRef]

15. Ng, J.H.; Iyer, N.G.; Tan, M.H.; Edgren, G. Changing epidemiology of oral squamous cell carcinoma of the tongue: A global study.
Head Neck 2017, 39, 297–304. [CrossRef] [PubMed]

16. Muscat, J.E.; Richie, J.P., Jr.; Thompson, S.; Wynder, E.L. Gender differences in smoking and risk for oral cancer. Cancer Res. 1996,
56, 5192–5197.

17. Chang, Y.L.; Hsu, Y.K.; Wu, T.F.; Huang, C.M.; Liou, L.Y.; Chiu, Y.W.; Hsiao, Y.H.; Luo, F.J.; Yuan, T.C. Regulation of estrogen
receptor alpha function in oral squamous cell carcinoma cells by FAK signaling. Endocr. Relat. Cancer 2014, 21, 555–565. [CrossRef]

18. Colella, G.; Izzo, G.; Carinci, F.; Campisi, G.; Lo Muzio, L.; D’Amato, S.; Mazzotta, M.; Cannavale, R.; Ferrara, D.; Minucci, S.
Expression of sexual hormones receptors in oral squamous cell carcinoma. Int. J. Immunopathol. Pharm. 2011, 24, 129–132.
[CrossRef]

19. Doll, C.; Arsenic, R.; Lage, H.; Johrens, K.; Hartwig, S.; Nelson, K.; Raguse, J.D. Expression of Estrogen Receptors in OSCC in
Relation to Histopathological Grade. Anticancer. Res. 2015, 35, 5867–5872.

20. Egloff, A.M.; Rothstein, M.E.; Seethala, R.; Siegfried, J.M.; Grandis, J.R.; Stabile, L.P. Cross-talk between estrogen receptor and
epidermal growth factor receptor in head and neck squamous cell carcinoma. Clin. Cancer Res. Off. J. Am. Assoc. Cancer Res. 2009,
15, 6529–6540. [CrossRef]

21. Ishida, H.; Wada, K.; Masuda, T.; Okura, M.; Kohama, K.; Sano, Y.; Nakajima, A.; Kogo, M.; Kamisaki, Y. Critical role of estrogen
receptor on anoikis and invasion of squamous cell carcinoma. Cancer Sci. 2007, 98, 636–643. [CrossRef]

22. Nelson, K.; Helmstaedter, V.; Lage, H. The influence of tamoxifen on growth behavior and cell-cell adhesion in OSCC in vitro.
Oral Oncol. 2007, 43, 720–727. [CrossRef]

23. Nelson, K.; Helmstaedter, V.; Moreau, C.; Lage, H. Estradiol, tamoxifen and ICI 182,780 alter alpha3 and beta1 integrin expression
and laminin-1 adhesion in oral squamous cell carcinoma cell cultures. Oral Oncol. 2008, 44, 94–99. [CrossRef]

24. Marocchio, L.S.; Giudice, F.; Correa, L.; Pinto Junior Ddos, S.; de Sousa, S.O. Oestrogens and androgen receptors in oral squamous
cell carcinoma. Acta Odontol. Scand. 2013, 71, 1513–1519. [CrossRef]

25. Kwon, S.; Ahn, S.H.; Jeong, W.J.; Jung, Y.H.; Bae, Y.J.; Paik, J.H.; Chung, J.H.; Kim, H. Estrogen receptor alpha as a predictive
biomarker for survival in human papillomavirus-positive oropharyngeal squamous cell carcinoma. J. Transl. Med. 2020, 18, 240.
[CrossRef]

26. Grimm, M.; Biegner, T.; Teriete, P.; Hoefert, S.; Krimmel, M.; Munz, A.; Reinert, S. Estrogen and Progesterone hormone receptor
expression in oral cavity cancer. Med. Oral Patol. Oral Y Cir. Bucal. 2016, 21, e554–e558. [CrossRef]

27. Lukits, J.; Remenar, E.; Raso, E.; Ladanyi, A.; Kasler, M.; Timar, J. Molecular identification, expression and prognostic role of
estrogen- and progesterone receptors in head and neck cancer. Int. J. Oncol. 2007, 30, 155–160. [CrossRef]

28. Akyu, R.; Tomihara, K.; Yamazaki, M.; Moniruzzaman, R.; Heshiki, W.; Sekido, K.; Tachinami, H.; Sakurai, K.; Yonesi, A.;
Imaue, S.; et al. Protumor role of estrogen receptor expression in oral squamous cell carcinoma cells. Oral Surg. Oral Med. Oral
Pathol. Oral Radiol. 2021, 132, 549–565. [CrossRef] [PubMed]

29. Edge, S.B. AJCC Cancer Staging Manual, 7th ed.; Stephen, B.E., Ed.; Springer: New York, NY, USA; London, UK, 2010.
30. Remmele, W.; Stegner, H.E. Recommendation for uniform definition of an immunoreactive score (IRS) for immunohistochemical

estrogen receptor detection (ER-ICA) in breast cancer tissue. Der. Pathol. 1987, 8, 138–140.

http://doi.org/10.21873/anticanres.14723
http://doi.org/10.18632/oncotarget.12501
http://www.ncbi.nlm.nih.gov/pubmed/27732948
http://doi.org/10.1016/j.beem.2015.04.008
http://www.ncbi.nlm.nih.gov/pubmed/26303083
http://doi.org/10.1038/nrc3093
http://www.ncbi.nlm.nih.gov/pubmed/21779010
http://doi.org/10.2174/092986713804999303
http://doi.org/10.3390/ijms18081713
http://doi.org/10.3389/fonc.2015.00019
http://doi.org/10.18632/oncotarget.20970
http://doi.org/10.5301/tj.5000673
http://www.ncbi.nlm.nih.gov/pubmed/28885677
http://doi.org/10.1007/BF02893499
http://doi.org/10.1016/j.oraloncology.2020.104875
http://www.ncbi.nlm.nih.gov/pubmed/32622292
http://doi.org/10.1067/moe.2003.49
http://doi.org/10.1002/hed.24589
http://www.ncbi.nlm.nih.gov/pubmed/27696557
http://doi.org/10.1530/ERC-14-0102
http://doi.org/10.1177/03946320110240S222
http://doi.org/10.1158/1078-0432.CCR-09-0862
http://doi.org/10.1111/j.1349-7006.2007.00437.x
http://doi.org/10.1016/j.oraloncology.2006.09.005
http://doi.org/10.1016/j.oraloncology.2007.01.007
http://doi.org/10.3109/00016357.2013.775335
http://doi.org/10.1186/s12967-020-02396-8
http://doi.org/10.4317/medoral.21182
http://doi.org/10.3892/ijo.30.1.155
http://doi.org/10.1016/j.oooo.2021.04.006
http://www.ncbi.nlm.nih.gov/pubmed/34518137


Cancers 2021, 13, 5763 13 of 13

31. Kaemmerer, D.; Peter, L.; Lupp, A.; Schulz, S.; Sanger, J.; Baum, R.P.; Prasad, V.; Hommann, M. Comparing of IRS and Her2
as immunohistochemical scoring schemes in gastroenteropancreatic neuroendocrine tumors. Int. J. Clin. Exp. Pathol. 2012, 5,
187–194. [PubMed]

32. Naipal, K.A.; Raams, A.; Bruens, S.T.; Brandsma, I.; Verkaik, N.S.; Jaspers, N.G.; Hoeijmakers, J.H.; van Leenders, G.J.; Pothof, J.;
Kanaar, R.; et al. Attenuated XPC expression is not associated with impaired DNA repair in bladder cancer. PLoS ONE 2015, 10,
e0126029. [CrossRef]

33. R Core Team. R: A Language and Environment for Statistical Computing; R Foundation for Statistical Computing: Vienna, Austria,
2020; Available online: https://www.R-project.org/ (accessed on 13 April 2021).

34. Paterni, I.; Granchi, C.; Katzenellenbogen, J.A.; Minutolo, F. Estrogen receptors alpha (ERalpha) and beta (ERbeta): Subtype-
selective ligands and clinical potential. Steroids 2014, 90, 13–29. [CrossRef] [PubMed]

35. Leimola-Virtanen, R.; Salo, T.; Toikkanen, S.; Pulkkinen, J.; Syrjanen, S. Expression of estrogen receptor (ER) in oral mucosa and
salivary glands. Maturitas 2000, 36, 131–137. [CrossRef]

36. Valimaa, H.; Savolainen, S.; Soukka, T.; Silvoniemi, P.; Makela, S.; Kujari, H.; Gustafsson, J.A.; Laine, M. Estrogen receptor-beta
is the predominant estrogen receptor subtype in human oral epithelium and salivary glands. J. Endocrinol. 2004, 180, 55–62.
[CrossRef]

37. Nebel, D.; Bratthall, G.; Ekblad, E.; Norderyd, O.; Nilsson, B.O. Estrogen regulates DNA synthesis in human gingival epithelial
cells displaying strong estrogen receptor beta immunoreactivity. J. Periodontal Res. 2011, 46, 622–628. [CrossRef]

38. Gourdy, P.; Guillaume, M.; Fontaine, C.; Adlanmerini, M.; Montagner, A.; Laurell, H.; Lenfant, F.; Arnal, J.F. Estrogen receptor
subcellular localization and cardiometabolism. Mol. Metab. 2018, 15, 56–69. [CrossRef] [PubMed]

39. Siegfried, J.M.; Stabile, L.P. Estrongenic steroid hormones in lung cancer. Semin. Oncol. 2014, 41, 5–16. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/22558472
http://doi.org/10.1371/journal.pone.0126029
https://www.R-project.org/
http://doi.org/10.1016/j.steroids.2014.06.012
http://www.ncbi.nlm.nih.gov/pubmed/24971815
http://doi.org/10.1016/S0378-5122(00)00138-9
http://doi.org/10.1677/joe.0.1800055
http://doi.org/10.1111/j.1600-0765.2011.01382.x
http://doi.org/10.1016/j.molmet.2018.05.009
http://www.ncbi.nlm.nih.gov/pubmed/29807870
http://doi.org/10.1053/j.seminoncol.2013.12.009

	Introduction 
	Material and Methods 
	Ethics Statement 
	Patients 
	Immunohistochemistry 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References

