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Abstract

Oral squamous cell carcinoma (OSCC) comprises most of head and neck neoplasms and is
one of the highest-ranking and lethal cancers in Pakistan due to prevailing mouth habits.
Several types of receptors act as prognostic markers and targets for therapy in some can-
cers, but their application in OSCC is largely unexplored. This study aimed to evaluate the
expression of hormonal receptors and Her-2 in OSCC patients and correlate it with 10-year,
overall and disease-free survival. To achieve this objective, immunohistochemistry for Her-
2, AR, ER and PR was performed on 100 formalin-fixed paraffin-embedded primary OSCC
specimens. Receptor expression was correlated with mouth habits and clinicopathological
features and patient survival was analyzed using Kaplan-Meier method and Cox regression
univariate analysis. We observed that in 100 patients, there were 57 males and 43 females.
Immunopositive Her-2 expression was observed in 21% of patients, AR in 13%, ER in 3%
and 0% for PR. Patients with betel quid/areca nut mouth habits had significantly absent Her-
2 expression (P = 0.035). Also, Her-2 negative patients were also negative for AR expres-
sion (P=0.002). Her-2 positive patients had poor 10-year survival (P = 0.041). A trend of
low survival and high recurrence rate was observed in AR positive patients, but this was not
significant (P = 0.072). No statistically relevant correlations were seen in the case of ER and
PR. In conclusion, Her-2 may be a valuable marker for predicting long-term prognosis of
OSCC patients.
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Introduction

Oral cancer is a global health issue due to its severe morbidity and high mortality. More than
one-third of the worldwide incidence of oral cancer is found in South-Central Asia and Paki-
stan suffers from the second-highest rate of oral cancers worldwide [1]. Etiologic factors for
oral cancer include mouth habits such as smoking, chewing tobacco, naswar, betel quid and
areca nut (paan) and alcohol [2]. About 90% of oral cancers originate from the squamous epi-
thelium of the oral cavity and are called oral squamous cell carcinomas (OSCC).

Several types of receptors have long held importance for the early detection and treatment
of different cancers [3]. Their utility in targeted therapy is highlighted in the case of breast and
prostate cancers, where anti-hormone agents Tamoxifen, Trastuzumab and Fulvestrant are
now clinically incorporated [4, 5]. However, in the case of OSCC there is disparity in the
research results regarding Her-2 and hormone receptors expression and their effect on
prognosis.

Her-2 (human epidermal growth factor receptor 2) is a proto-oncogene with intrinsic tyro-
sine kinase activity. Her-2 regulates cell growth and differentiation in normal conditions [6].
Deregulated Her-2 can lead to uncontrolled cell division, evasion from apoptotic signals, che-
moresistance, invasiveness and angiogenesis [7]. Overexpression of Her-2 leads to poor out-
comes in breast, ovarian, gastric, salivary, endometrial and osteosarcoma cancers [8-10].
Concerning OSCC, some studies have suggested Her-2 as a potential target for treatment
while other have contradicted any such role of Her-2 [11-13]. The efficacy of Trastuzumab, a
Her-2 targeted monoclonal antibody, has been well-documented in gastric, breast and lung
carcinomas, but not in OSCC [7].

On the other hand, androgen receptor (AR) is a male sex-related hormone receptor. In
addition to normal prostate and mammary glands [14], it is also expressed in oral mucosa
[15]. AR is thought to promote cell migration and invasiveness in cancer development [16].
AR is considered a favorable prognostic marker in head and neck squamous cell carcinoma
(HNSCC) [17], while other authors have reported adverse survival in salivary gland tumors
[18].

Moreover, estrogen receptor (ER) is a DNA-binding transcription factor, expressed in nor-
mal oral mucosa and salivary glands [19]. ER is divided into two subtypes: ERoc and Erf. ER
dysregulation has been associated with breast, prostate, pleural mesothelioma, renal cell carci-
noma, colorectal and lung cancer [20]. Increased ERo. expression has been suggested to pro-
mote formation of oral tumors as well [21].

Furthermore, progesterone receptor (PR) is a nuclear transcription factor that modulates
multiple organs of the reproductive system [22]. Overexpression of PR has been reported in
breast, rectal and prostate cancer patients and is also believed to predispose patients to devel-
oping OSCC [23, 24]. Contrarily, increased PR expression has been noted to improve survival
of HNSCC patients [25].

Thus, the objective of this study was to examine the expression of hormonal receptors, AR,
PR and ER, and growth factor receptor Her-2, in OSCC and to determine their effect on
patient clinicopathologic parameters,10-year survival and recurrence.

Materials and methods
Study site and participants

This study was conducted at Aga Khan University Hospital, Karachi which is the largest
JCIA and CAP accredited tertiary-care academic medical center in Pakistan. Since it serves
as the preferred referral center for all cancer cases, the resulting patient pool is diverse and
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well-representative of the entire population. Surgical samples from 100 untreated OSCC
patients, diagnosed and treated between January 2001 and December 2010, were retrospec-
tively collected. The availability of written informed consent, complete follow-up data, medi-
cal records and adequate tumor tissue were determined. Overall survival (OS) (minimum
follow up 60 months) and 10-year survival (minimum follow up 120 months) was taken as
number of months from diagnosis until last follow-up (if alive) or date of death (if dead).
Disease-free survival (DFS) was calculated as the number of months starting from surgery
until date of recurrence or if no recurrence then until last follow-up (if alive) or date of
death. The study was approved by the institutional Ethical Review Committee (ERC#5104--
Sur-ERC-17).

Immunohistochemistry

Surgically resected primary OSCC tissue specimens in the form of formalin-fixed paraffin-
embedded (FFPE) blocks were used. Diagnosis of OSCC was confirmed on H&E slides and
the blocks with maximum tumor material were selected for immunohistochemistry. Sections
were sliced on a semi-automatic microtome (pfm Rotary 3005 E, pfm medical, Germany) at a
thickness of 4um and transferred to pre-coated glass slides (FLEX THC Microscope Slides,
K8020, Dako). Slides were deparaffinized by heating in an oven at 56°C for 30min and dipping
in xylene for 2mins. Rehydration of specimens was done using graded ethanol-water serial
dilutions starting from 100% to 90%, 70% and finally 50%, followed by rinsing in distilled
water.

For IHC, EnVision FLEX, High pH (Link) visualization system (K80002221, Dako) was
used according to the instructions. Heat-induced epitope retrieval at high pH was done for all
antibodies by immersing slides in high pH target retrieval solution (K8004, Dako) for 30 mins
and placed in a water bath heated to 90-95°C. Endogenous peroxidase activity was blocked by
applying peroxidase blocking reagent (52023, Dako). A Tris buffer saline + Tween 20 combi-
nation (Wash buffer, S3006 Dako) was used for washing slides in between all steps. All anti-
human primary antibodies were procured from Dako, Denmark. PR (mouse monoclonal,
clone PgR 636, RRID: AB_2890066) and ERa. (rabbit monoclonal, clone EP1, RRID:
AB_2617140) were ready-to-use, while AR (mouse monoclonal, clone AR441, RRID:
AB_2060174) was diluted 1:70 and Her-2 (rabbit polyclonal, clone A0485, RRID:
AB_2335701) was diluted 1:300. Incubation time was 30 mins for all primary antibodies after
which, slides were washed with wash buffer and secondary antibody EnVision/HRP (labelled-
polymer Rabbit/Mouse, Dako) was applied for another 30 mins. For visualization of the anti-
gen-antibody complex, the DAB+ Chromogen (Dako) was used for 4 mins. Slides were coun-
terstained by dipping in hematoxylin (CS70030, Dako) and then dehydrated in a reverse series
of ethanol-water dilutions starting from 50% to 70%, 90% and 100%. Toluene-free Mounting
Medium (Dako) was used for mounting slides. Controls were included in each experiment.
Known positive breast carcinoma was used as positive control for all antibodies, while saline in
place of primary antibody served as negative control.

Evaluation of slides

Two observers (SMAA and RI) independently reviewed the slides on a light microscope,
blinded to the patient information. In case of a discrepancy, a conference microscope was used
to come to a census. Approximately 200 cells each in 8-10 different fields were observed under
20x before assigning a score. The first field selected was subjective, while the remaining fields
were selected methodically to assess the specimen thoroughly. AR, ER and PR display nuclear
staining, while Her-2 expression is membranous. For AR and ER, positive cells were scored
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according to the intensity and percentage of cells stained: no cells stained = negative (0); <10%
of cells stained = mild (+1); >10% - 50% of cell stained = moderate (+2) and >50% of cells
stained = strong (+3) [26]. In the case of PR, no stained cells were negative and >1 weakly
staining cells were positive [27]. Her-2 scoring evaluation was performed according to the
American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) guide-
lines summarized as follows: 0 = no staining or membrane staining in <10% of tumor cells; +-
1 = faint staining in >10% of tumor cells and membrane partly stained; +2 weak to moderate
complete membrane staining in >10% of tumor cells; +3 strong complete membrane staining
in >30% of cells [28].

Statistical analysis

The SPSS version 19 (IBM, USA) was used for statistical analysis. Cross-tabulations were run
to correlate the expression of AR, PR, ER and Her-2 with patient parameters and significance
was checked using Chi-Square or Fisher’s Exact test. Kaplan-Meier survival curves were drawn
for 10-year and DFS using Log-rank statistic. Univariate cox regression analysis was also used
to evaluate the effect of markers expression and other parameters on 10-year, OS and DFS.
Hazard ratios (HR) were reported with 95% confidence interval and all P values were 2-sided
and considered statistically significant at <0.05.

Results
Patient characteristics

A total of 100 patients between the ages of 20 and 78 years with a median age of 50 years
(mean = 51.42, SD+ 13.33) were part of this study. Eighteen patients were <40 years old and
82 patients were > 40 years; while 57 patients were male and 43 were female, forming a male-
female ratio of 1.33:1. 79% of patients had habits of smoking, chewing tobacco or betel nut/
areca nut, while 21% of patients had no mouth habits.

The cheek was the primary site of lesion in 63 patients, whereas 37 patients presented with
primary lesion in the tongue, which was probably due to the regional risk factors such as
smokeless tobacco and betel quid and areca nut chewing habits. With disease progression, we
observed that patients developed lesions in other sites of the oral cavity such as floor of mouth,
mandible, palate, tonsils, and facial skin. Some patients presented with advanced disease and
already formed secondary lesions at their first clinic visit, while others developed these with
the passage of time observed during follow-up clinic visits. In cases where the patients had
multiple tumor sites at their first visit, while taking patient history, the patients were asked to
identify where the first lesion had developed, and this was considered the site of origin (pri-
mary tumor site). The site of origin and involvement of secondary tumor sites is specified in
Table 1.

On histological examination, it was found that 37% of participants had a well differentiated
tumor, 59% had moderately differentiated, and 4 patients had a poorly differentiated tumor.
According to the American Joint Committee on Cancer (AJCC) staging, 19% were classified as
Stage I, 32% were Stage II, 23% were Stage III, and 26% were at stage IV of the disease. TNM
classification revealed that 21% of participants presented with tumor size T1, 47% had T2, 15%
had T3, and 17% presented with T4. While 77% of patients had no lymph node involvement,
13% were classified as N1 and 10% were classified as N2. None of the 100 cases presented with
any distant metastases. All patients underwent surgical resection for their tumors, and 65%
underwent radiotherapy as well. Clear surgical margins were achieved in 62%, near margins in
27%, and involved margins in 11% of cases.
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Table 1. Clinicopathologic parameters correlated with Her-2, AR and ER expression.

Clinicopathologic Parameters Total HER-2 AR ER
-ve +ve P value -ve +ve P value -ve +ve P value
Age (Years)<40
>40 18 13 5 0.436 16 2 1 80 1 0.452
82 66 16 71 11 17 2
Gender
Male 57 44 13 0.609 50 7 0.805 55 2 1
Female 43 35 8 37 6 42 1
Habits
Yes 79 61 18 0.551 69 10 1 76 1
No 21 18 3 18 3 21
Betel Nut/Areca Nut
Yes 61 44 17 0.035* 53 8 0.966 58 0.279
No 39 35 4 34 5 39 0
Smoking/Tobacco Use
Yes 35 26 9 0.396 30 5 0.765 34 1 1
No 65 53 12 57 8 63 2
Primary Tumor Site
Cheek 63 49 14 0.695 52 11 0.124 61 2 1
Tongue 37 30 7 35 2 36 1
Palate
Yes 8 6 2 0.772 8 0 0.592 8 1
No 92 73 19 79 13 89
Mandible
Yes 26 19 7 0.389 23 3 1 25 1 1
No 74 60 14 64 10 72 2
Floor of the Mouth
Yes 7 6 1 1 6 1 1 7 1
No 93 73 20 81 12 90
Tonsil
Yes 2 1 1 0.378 2 0 1 2 0.802
No 98 78 20 85 13 95
Skin
Yes 3 2 1 0.511 3 0 1 3 1
No 97 77 20 84 13 94
Histology
Well Differentiated 37 31 6 0.574 31 0.543 36 1 0.982
Moderately Differentiated 59 15 0.292 53 0.387 57 0.851
Poorly Differentiated 4 44 0 0.999 3 1 0.661 4 0 0.999
4
Primary Margins
Clear 62 50 12 0.120 53 9 0.837 59 1
Near 27 4 0.609 24 3 0.666 49 0.998
Involved 11 23 0.069 10 1 0.633 22 0.999
6
T Classification
T1 21 18 3 0.587 18 0.996 21 1
T2 47 11 0.395 41 6 0.864 44 0.998
(Continued)
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Table 1. (Continued)

Clinicopathologic Parameters Total HER-2 AR ER
-ve +ve P value -ve +ve P value -ve +ve P value
T3 15 36 2 0.935 13 2 0.935 15 0 1
T4 17 5 0.264 15 2 0.819 17 0 1
13
12
N Classification
NO 77 62 15 0.306 65 12 0.765 75 2 0.666
N1 13 2 0.728 12 1 0.464 12 1 0.367
N2 10 11 4 0.152 10 0 0.999 10 0 0.999
6
AJCC Clinical Stage
1 19 16 3 0.262 16 3 0.816 19 0 0.993
1I 32 6 0.789 27 5 0.988 30 2 0.998
11 23 26 3 0.800 20 3 0.800 22 1 0.998
v 26 20 9 0.168 24 2 0.402 26 0 1
17
Radiotherapy
Yes 65 50 15 0.487 56 1 64 1 0.280
No 25 29 6 31 33 2
HER-2
Positive 21 - - - 14 7 0.002* 20 1 0.511
Negative 79 - - 73 6 77 2
AR
Positive 13 6 7 0.002* - - - 12 1 0.344
Negative 87 73 14 - - 85 2
ER
Positive 3 2 1 0.511 2 1 0.344 - - -
Negative 97 77 20 85 12 - -
Recurrence
Yes 74 62 12 0.048* 68 6 0.036* 72 2 1
No 26 17 9 19 7 25 1
Survival Status
Alive 44 33 11 0.384 35 0.049* 42 2 0.581
Dead 56 46 10 52 55 1

* P value significant at <0.05

https://doi.org/10.1371/journal.pone.0267300.t001

Her-2 and hormonal markers expression and correlation with patient
characteristics

Her-2 expression presented as partial or complete membranous staining of tumor cells (Fig
1A) and was positive in 21% and negative in 79% of patients. Out of the 21 positive samples, 6
stained strongly, 7 stained moderately, and 8 stained mildly. It was seen that, 72% of patients
with betel quid/areca nut chewing habits were markedly negative for Her-2 expression

(P =0.035). Another significant finding was that 84% of AR negative samples were also nega-
tive for Her-2 (P = 0.002), suggesting a directly proportional relationship between the two
markers expression. Furthermore, 84% of patients that had recurrence were also Her-2 nega-

tive (P = 0.048), see Table 1 for details.
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Fig 1. Photomicrograph of (A) Her-2 showing strong membranous positivity (B) AR showing nuclear positivity (C) ER showing nuclear positivity and (D) PR
negative staining in OSCC specimens [Magnification x 10].

https://doi.org/10.1371/journal.pone.0267300.9001

AR was positively expressed in the tumor cell nuclei (Fig 1B) of 13 patients and negative in
87. Out of the 13 positive samples, 5 were mild, 7 were moderate and 1 was strongly positive.
Moreover, 92% of patients that suffered recurrence were AR negative (P = 0.036) and 93% of
patients that had died in the follow-up duration were also AR negative (P = 0.049). As stated
above, AR negative expression was also correlated with Her-2 negative expression status
(P =0.002). Table 1 lists complete correlations.

Nuclear ER expression (Fig 1C) was observed in 3 patients while it was absent in 97. All 3
specimens had mild positivity as defined by the staining criteria. ER was not found signifi-
cantly associated with any patient parameter or markers expression, detailed in Table 1.

In the case of PR, no positive expression was seen in any of the tested specimens (Fig 1D).
A noteworthy observation was that cytoplasmic positivity was present in several cases for PR
and ER both. But this was disregarded as non-specific and only clear nuclear signals were
taken as positive, according to the staining criteria.

Overall survival (OS)

The OS rate for our cohort was 44%, and the median survival months were 64 on the Kaplan-
Meier analysis. Several factors decreased the overall survival of patients (Table 2). The involve-
ment of tonsils, as a secondary tumor site, severely reduced OS (P<0.001) so did metastatic
lymph nodes (P = 0.001), higher N stage (P<0.001), involved surgical margins (P = 0.004) and
advanced AJCC stage (P = 0.002). Receiving radiotherapy helped improve the odds of survival
(P =0.026). Secondary tumor sites such as palate, skin, mandible, and floor of mouth did not
affect OS.
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Table 2. Association of clinicopathologic variables and Her-2, AR and ER with overall and disease-free survival.

VARIABLE Total Overall Survival P Value 95% CI Disease—free Survival | P Value 95% CI
months months
Median Lower |Upper |Median Lower | Upper

GENDER
MALE 57 100 0.597 37.7 162.3 |51 0.629 28.1 73.9
FEMALE 43 85 30.1 139.4 |58 354 80.6
AGE DIVISION
<40 YEARS 18 155 0.93 T T 31 0.376 0 80.9
>40 YEARS 82 100 60.2 139.8 |52 35.1 69
PRIMARY TUMOUR SITE
CHEEK 63 85 0.287 46.6 123.4 | 44 0.045* | 21.6 66.4
TONGUE 37 155 T T 58 20.1 95.8
TONSIL
YES 2 9 <0.001* | T T 5 0.001*
NO 98 100 53.1 146.9 |53 40.8 65.2
SKIN
YES 3 25 0.082 4.2 45.8 7 0.031* | 2.2 11.9
NO 97 104 54.6 153.5 |53 37.1 68.9
NECK PATHOLOGY
POSITIVE 27 31 0.001* 0 102.2 | 69 0.018* | 51.8 86.2
NEGATIVE 51 155 T 22 0 52.5
ND 22 64 13 115 27 4 50
PATHOLOGICALLY INVOLVED LYMPH
NODES
SINGLE 16 59 0.001" 2.2 1158 |29 0.078 0 85.8
MULTIPLE 11 12 6.6 17.4 6 2.8 9.2
NA 73 149 85.4 212.6 |58 40.9 75.1
PRIMARY MARGINS
CLEAR 62 149 0.004" 88.5 209.5 |62 0.008* | 49 75
NEAR 27 62 23.2 100.8 |24 76.6
INVOLVED 11 13 9.8 16.2 7 15.6
N CLASSIFICATION
NO 77 149 <0.001" | 79.2 218.8 |58 0.024* | 48.6 67.4
N1 13 31 11.6 50.4 27 5.9 48.1
N2 10 12 9 15 6 2.9 9.1
AJCC STAGE
I 19 249 0.002* 34.7 463.3 | 69 0.03* 51.8 86.3
I 32 149 82.5 2155 |58 39.7 76.3
111 23 68 47.5 88.5 51 22.8 79.2
v 26 14 0 30.2 9 2 16
RADIOTHERAPY
YES 65 68 0.026" | 43.5 92.5 44 0.242 18.3 69.7
NO 35 t T t 62 35 89

35 69
AR
POSITIVE 13 T 0.174 T t 122 0.072
NEGATIVE 87 85 44.1 126 45 15.6 74.5
ER
POSITIVE 3 T 0.55 T t 122 0.611

(Continued)
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Table 2. (Continued)

VARIABLE

NEGATIVE
HER2
POSITIVE
NEGATIVE

* P value significant at <0.05

} statistics could not be computed

https://doi.org/10.1371/journal.pone.0267300.t002

Total Overall Survival P Value 95% CI Disease—free Survival | P Value 95% CI
months months
Median Lower |Upper | Median Lower | Upper
97 100 61.1 139 52 354 68.6
21 68 0.753 T T 77 0.489 26.4 127.6
79 100 52.3 147.7 |52 28 76

Although there was a difference in the survival months of Her-2 positive and negative
patients (68 months vs 100 months respectively), this difference was not statistically valid. Sim-
ilarly, AR and ER expression did not significantly differentiate between patient survival.

In the univariate OS analysis by cox regression, conventional prognostic factors were signif-
icant hazards for OS: involvement of tonsils (P = 0.004) involved primary margins (P = 0.003),
T4 stage (P = 0.027), higher N stage (P<0.001), advanced AJCC stage (P = 0.002) and not
receiving radiotherapy (P = 0.029). Her-2, AR, PR, and ER did not present a significant hazard
for survival in our dataset. Table 3 presents cox regression univariate OS analysis.

Disease free survival (DFS)

A total of 74 study participants had disease recurrence within 60 months of surgery and
median DFS months were 52.5 on the Kaplan-Meier analysis. According to the primary tumor
site, cheek patients suffered recurrence at median 44 months which was significantly earlier
than tongue patients who recurred at 58 months (P = 0.045). Several other parameters pre-
dicted early recurrence, including tonsil involvement, as a secondary tumor site, (P = 0.001),
N2 stage (P = 0.024), metastatic lymph nodes (P = 0.018), skin involvement, as a secondary
tumor site, (P = 0.031), AJCC stage IV (P = 0.03) and involved surgical margins. (P = 0.008).
Other secondary tumor sites such as palate, mandible and floor of mouth were insignificant
factors for determining DFS.

Based on biomarker expression, AR positive patients had DFS of 122 months while negative
patients had shorter DFS of 45 months, but this was borderline significant (P = 0.072). More-
over, no significant differences in DFS based on Her-2 and ER expression were seen. For
details see Table 2.

In the univariate cox regression DFS analysis the following factors were predictors for
higher odds of recurrence: cheek as primary tumor site (P = 0.049), involved primary margins
(P = 0.004) tonsils involvement (P = 0.007), higher N stage (P = 0.025), higher T stage
(P =0.027), advanced AJCC stage (P = 0.009) and skin involvement (P = 0.045). Her-2, AR,
PR and ER did not significantly increase the risk of recurrence in our patients (Table 3).

10-year survival

Of the 100 participants, 75 had minimum 120 months follow-up data and were selected for
10-year Kaplan-Meier survival analysis. There were only 8 patients who had survived 10 years
without recurrence, while 67 had recurrence and 50 of these patients died within the follow-up
duration.

Important classic predictors of outcome were significantly associated with 10-year survival.
Involved tonsils (P = 0.004), positive neck pathology (P = 0.002), multiple metastatic lymph
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Table 3. Cox regression univariate survival analysis.

Characteristic Overall survival Disease free survial
P value Hazard ratio 95% CI P value Hazard ratio 95% CI
HR lower upper HR lower upper
GENDER 100 100
MALE 1.0(ref) 1.0(ref)
FEMALE 0.598 1.154 0.678 1.962 0.632 0.893 0.562 1.419
AGE DIVISION 100 100
< 40 YEARS 1.0(ref) 1.0(ref)
> 40 YEARS 0.931 0.969 0.472 1.987 0.381 0.769 0.427 1.385
PRIMARY TUMOUR SITE 100 100
TONGUE 1.0(ref) 1.0(ref)
CHEEK 0.291 0.738 0.419 1.297 0.049*¢ 1.655 1.002 2.734
TONSIL 100 100
NO 1.0(ref) 1.0(ref)
YES 0.004* 8.999 2.016 40.167 0.007* 7.691 1.731 34.18
SKIN 100 100
NO 1.0(ref) 1.0(ref)
YES 0.097 2.699 0.836 8.718 0.045* 3.316 1.029 10.69
PRIMARY MARGINS 100 100
CLEAR 0.007* 1.0(ref) 0.11 1.0(ref)
NEAR 0.045* 1.856 1.014 3.396 0.109 1.535 0.909 2.594
INVOLVED 0.003* 3.091 1.454 6.572 0.004* 2.756 1.372 5.537
T CLASSIFICATION 100 100
T1 0.135 1.0(ref) 0.156 1.0(ref)
T2 0.215 1.655 0.746 3.675 0.39 1.324 0.698 2.512
T3 0.085 2.23 0.896 5.548 0.162 1.732 0.802 3.743
T4 0.027* 2.803 1.124 6.991 0.034* 2.28 1.066 4.874
N CLASSIFICATION 100 100
NO <0.001* 1.0(ref) 0.031* 1.0(ref)
N1 0.004* 2.888 1.415 5.89 0.082 1.833 0.925 3.635
N2 <0.001* 4.148 1.89 9.103 0.025* 2.364 1.114 5.018
AJCC STAGE 100 100
I 0.004* 1.0(ref) 0.038* 1.0(ref)
11 0.345 1.579 0.612 4.075 0.436 1.329 0.65 2.717
111 0.033* 2.789 1.088 7.129 0.143 1.755 0.827 3.726
v 0.002* 4.259 1.681 10.792 0.009¢ 2.644 1.269 5.512
RADIOTHERAPY 100 100
YES 1.0(ref) 1.0(ref)
NO 0.029* 1.950 1.071 3.552 0.247 0.749 0.459 1.222
AR 100 100
NEGATIVE 1.0(ref) 1.0(ref)
POSITIVE 0.184 0.5 0.179 1.392 0.082 0.475 0.205 1.099
ER 100 100
NEGATIVE 1.0(ref) 1.0(ref)
POSITIVE 0.557 0.553 0.076 4.001 0.615 0.697 0.171 2.848
HER2 100 100
NEGATIVE 1.0(ref) 1.0(ref)
POSITIVE 0.754 1.117 0.559 2.233 0.494 0.805 0.432 1.499
(Continued)
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Table 3. (Continued)

Characteristic
P value
RECURRENCE
NO
YES 0.003*

* P value significant at <0.05

https://doi.org/10.1371/journal.pone.0267300.t003

Overall survival Disease free survial
Hazard ratio 95% CI P value Hazard ratio 95% CI
HR lower upper HR lower upper
100
1.0(ref)
38.261 3.546 412.78 - - - -

nodes (P<0.001), involved primary tumor margins (P = 0.014) absence of radiotherapy
(P =0.245), advanced T4 stage (P = 0.065), N2 stage (P<0.001) and AJCC stage IV (P<0.001)
all were predictors of poor 10-year survival.

Among the biomarkers tested, Her-2 positive patients had a significantly shorter 10-year
median survival (12 months) as compared to Her-2 negative patients (62 months, P = 0.041),
see Fig 2. AR and ER status had no significant effect on 10-year survival in this cohort
(P =0.913 and P = 0.615 respectively).

Clinical correlations of Her-2 strong positive cases. Since strong membranous Her-2
positivity has several clinical implications, such as predicting response to therapy, the staining
score of Her-2 cases (negative, mild, moderate, or strong) was correlated with patient clinico-
pathologic characteristics and survival to delineate the impact of strong Her-2 positivity.
Among the Her-2 positive patients, 6 stained strongly, out of which 3 were male and female
each. Most of the Her-2 strong positive patients were >40 years of age (5/6) and had chewing
habits (5/6) with betel quid/areca nut as the most popular substance (5/6).

The cheek was the predominant primary tumor site for Her-2 strong positive cases (5/6)
which may be explained by the prevalent chewing habits with moderately differentiated
tumors in 4/6 and well-differentiated tumors in 2/6. Interestingly, none of the patients had
tonsils, facial skin, or floor of the mouth as secondary tumor sites. The AJCC stage was IV in 3
cases, Il in 2 cases and Il in 1 case. Recurrence was observed in 4/6 patients and 3/6 patients
had expired in the follow-up duration.

As determined by Kaplan-Meier analysis, the OS of strong Her-2 positive patients was sig-
nificantly lower at median 40 months vs. 100 months for Her-2 negative patients (P = 0.022).
Additionally, the 10-year survival of Her-2 strong positive patients was reduced to a median of
10 months, as compared to 62 months of survival of Her-2 negative patients (P = 0.003). While
the DFS was also lower for Her-2 strong positive cases at median 21 months as compared to 52
months for Her-2 negative patients, this did not reach statistical significance (P = 0.092).

Discussion

OSCC has one of the lowest 5-year survival rates, remaining below 50% for the last three
decades [29]. While emphasis has been placed on 5-year survival, there are very few studies
reporting the 10-year survival of OSCC patients. Long-term survival analysis allows the assess-
ment of several clinicopathologic parameters over the period of time, and to evaluate their
changing influence on patient mortality. A single-centre study of China has reported a decrease
in survival rate from 71% at 3-year, to 64% at 5-year and 54% at 10-years for OSCC [30].

This study reports reduced 10-year survival for OSCC that are Her-2 positive. Existing liter-
ature has emphasized more on the expression of Her-2 in HNSCC, as compared to OSCC
alone. The immunopositivity of Her-2 has ranged from 0% - 40% in HNSCC [31, 32], and
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Fig 2. Kaplan-Meier curve analysis for 10-year survival showing Her-2 positive (P = 0.041) and higher AJCC stage (P<0.001) patients with markedly
lower survival. There were no significant differences in survival on the basis of AR (P = 0.913) and ER (P = 0.615) expression.

https://doi.org/10.1371/journal.pone.0267300.9002

from 2.5% upto 90% in OSCC [33]. The disparities in Her-2 positivity may be due to differ-
ences in staining and scoring protocols. Some authors have considered cytoplasmic Her-2
expression, while others argue that cytoplasmic staining is non-specific and consider only
membranous signals [33]. Likewise, we followed the ASCO/CAP established criteria for scor-
ing Her-2 expression and only considered membranous signals as positive.

Many studies have reported no Her-2 expression, while others have found no worthy corre-
lations in OSCC [32, 34-36]. In other works, however, overexpression of Her-2 has been asso-
ciated with significantly shorter overall survival, higher clinical and nodal stage, and metastasis
of OSCC patients [37-40]. Similarly, we found shorter overall survival in Her-2 positive vs
negative patients. Also, the rate of recurrence was lower in Her-2 positive patients. This may
be due to the large number of Her-2 negative patients who might have suffered recurrence due
to other factors such as expression of other oncogenic proteins, continued use of risk factors,
not receiving, or completing radiotherapy etc. Usually, the effect of Her-2 on recurrence has
been observed solely on Her-2 positive cohorts to provide a better understanding [41].
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Interestingly, Her-2 was significantly negative in patients who had betel quid/areca nut
chewing habits as 72% of chewers were Her-2 negative (P = 0.035). Chewing areca nut (either
alone or in combination with betel quid) is the 4™ most common mouth habit in the world.
The main alkaloid in areca nut is arecoline, known to cause oral potentially malignant disor-
ders and promote cancer. An in-vitro study on endometrial cells also found that arecoline
downregulated the expression of Her-2 protein [42]. This may be the case in our patients, as
well as continuous areca nut use might have encouraged the development of Her-2 negative
tumors. Further case-control studies may elucidate the action of Her-2 in chewers and non-
chewers and the effects on patient outcomes.

Trastuzumab is a monoclonal antibody that binds to and blocks Her-2 functioning and
encourages the immune system attack against the tumor. Her-2 positive breast cancer patients
traditionally respond well to Trastuzumab and face improved OS, decreased risk of recurrence
and metastasis after treatment [43]. Promising anti-tumor effects of Trastuzumab have been
observed in-vitro in combination with gefitinib or cetuximab in HNSCC patients [44]. Hence,
as part of an OSCC clinical trial, Her-2 overexpression can be used to identify a sub-set of
OSCC patients who may respond well to anti-Her-2 therapy and potentially improve their
survival.

In the case of AR, the immunohistochemical expression has ranged from 36% in HNSCC
[17] to 67% in OSCC [45]. AR has also been considered as a reliable predictor for metastasis
risk in OSCC patients [46], and deemed critical for maintaining oral malignancy and contin-
ued cell growth [45]. However, Mohamed et al. [26] found AR ineffectual for survival predic-
tion in oropharyngeal cancers. In our cohort of OSCC patients, there was a trend of shorter
survival and higher recurrence rate for AR negative patients, but this was borderline significant
on Kaplan-Meier analysis (P = 0.072). Further molecular investigations into the mechanism by
which AR is downregulated may help understand the effects on disease progression.

Limited studies have evaluated the role of ER in OSCC. ER exists as ERo. and ERP and
expression varies according to the subtype and tissue under study. Previous studies suggest
that tongue and oropharyngeal cancers express ERB and not Era [26, 47]. But, even in the case
of absent ERa protein expression, ERo. mRNA has been detected in cervical carcinoma and
this suggests a post-transcriptional regulation of ERc,, which may be true in the case of OSCC
as well [48].

A study by Vaalima et al. [19] tested oral mucosa and salivary gland tissues for the presence
of both ER subtypes and found high expression of ERp in both tissues, and no ERo. expression.
Though we found only 3 positive cases for ERo,, a previous study on OSCC found 11% immu-
nopositivity [24]. Furthermore, ER positive laryngeal and hypolaryngeal patients have been
found to have reduced OS but this has not been true for oral cavity cancers [49]. Although the
median disease-free survival months for our patients were greater for ER positive vs ER nega-
tive, these differences were not significant, plausibly due to the low number of positive cases.
Even so, the subset of ER positive OSCC patients may benefit from tamoxifen therapy, which
is a known ER modulator used in the treatment of breast cancer. Treatment with Tamoxifen
has shown inhibition of cell proliferation and invasion in in-vitro studies on OSCC cell lines
[24].

Although there are very few comparative studies available, in this study group, all samples
were negative for PR nuclear expression. This is consistent with an earlier study reporting no
PR expression in normal oral mucosa, oral hyperplasia, squamous intraepithelial neoplasia
and OSCC [24]. Contrarily, other investigations have found up to 40% PR positivity in oropha-
ryngeal cancers which is considered a distinct site to oral cavity cancers [26]. However, the
authors also considered the cytoplasmic expression of PR as positive, as opposed to only
nuclear expression. We noted cytoplasmic PR expression in approximately 30% of cases and
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this was discussed in the Pathology Department Consultant Conference. The consensus was
that since PR was a nuclear receptor, cytoplasmic staining didn’t represent functional PR pro-
tein expression. This is in concordance with other studies validating several PR antibodies
(including the PgR636 clone used in this study), and only considering nuclear positivity[27,
50]. Consequently, PR overexpression does not seem to play a role in OSCC.

Future clinical trials may be designed to explore the treatment options for patients that are
hormone-receptor or Her-2 positive as demonstrated here, can benefit from targeted therapy.
The present study adds unique insights to our current understanding of oral cancer and hor-
monal receptors and Her-2 using a well-characterized cohort from a high-risk population.

Conclusion

Her-2 positivity significantly predicts poor long-term prognosis in OSCC patients. Her-2 posi-
tive OSCC patients may be good candidates for treatment with Trastuzumab. Similarly, AR

+ patients may be treated with androgen-deprivation therapy to improve survival and decrease
chances of recurrence. No role of ER or PR expression in OSCC could be determined in this
study. Important classic predictors of survival such as AJCC and TNM staging were consis-
tently associated with poor patient survival.
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