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Introduction: Second primary tumor (SPT) is a major factor that affects the survival of

head and neck squamous cell carcinoma (HNSCC) patients, and the esophagus is a common

site. Detection of SPT is essential for optimal HNSCC treatment planning and follow-up.

Mutation of the NOTCH1 gene is common in head and neck cancer. However, details

relating to Notch signaling and clinical outcomes among different primary tumors are still

inconclusive. This study aimed to identify the role of the Notch signaling pathway in

HNSCC, and to compare NOTCH1 expression in HNSCC compared between those with

and without SPT at esophagus while focusing on the Notch intracellular domain (NICD).

Methods: Twenty-three cases of esophageal SPT and 47 non-SPT controls that were treated

at Siriraj Hospital during 2006–2017 were included. Patient information and clinical out-

comes were analyzed. NICD expression demonstrated by immunohistochemistry technique

in formalin-fixed paraffin-embedded specimens was studied.

Results: Mean age of SPT and non-SPT was 55.13 and 62.09 years, respectively, and 94.3%

of patients were male. Regarding SPT detection, 82.6% were synchronous and 17.4% were

metachronous. There was significantly more active smoking among SPT than among non-

SPT (87.0% vs 51.1%, p=0.01). Active alcohol use was also significantly greater among SPT

than among non-SPT (87.0% vs 61.7%; p=0.04). Hypopharynx was the most common

primary tumor site among SPT. Three-year and 5-year survival among SPT patients was

38.0% and 25.3%, respectively. NICD expression was absent in 52.2% of SPT, and in 53.3%

of non-SPT. NICD expression intensity was mostly weak or moderate.

Conclusion: Active smoking and alcohol use were found to be significantly associated with

SPT development. A high percentage of NICD inactivation was noted in HNSCC with no

significant difference between groups. The Notch signaling pathway is involved in HNSCC

tumorigenesis, but may not be a suitable molecular marker for SPT development.

Keywords: NOTCH, second primary tumor, esophagus, head and neck cancer, synchronous

cancer

Introduction
Second primary tumor (SPT) is prevalent in patients with head and neck squamous

cell carcinoma (HNSCC). From a 10-year post-treatment study of index cancer,

Leon et al reported that the second primary tumor originated at other sites within

the field of the head and neck (35%–73%), followed by lung (15%–32%), and

esophagus (9%).1 Nonetheless, esophagus is one of the most common sites of SPT
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in HNSCC, especially when hypopharynx is the primary

site.2 Despite the improved survival rate among certain

groups of patients following recent advances in HNSCC

treatment, SPT remains a major factor that influences long-

term survival in this patient population.3 To improve treat-

ment outcomes, the detection of second primary cancer is

essential. Optimized pretreatment screening would facili-

tate the simultaneous detection of both the primary tumor

and the second primary tumor.

Oncogenesis in HNSCC is multifactorial, with both

environmental and genomic factors playing a contributory

role. The most common molecular disorder that causes

HNSCC is TP53;4 however, the mechanisms of carcinogen-

esis remain unclear. Lee et al reported NOTCH1 to be

a commonly mutated gene in patients with head and neck

cancer with a prevalence of 12%–15%.4,5 However, the role

of Notch1 signaling in cancer development is tissue-specific.

The Notch signaling pathway has dual biological roles, with

either pro-carcinogenic or anti-carcinogenic effect.6

Abnormal expression of Notch receptors has been differently

reported in various types of epithelial malignant lesions.

The Notch signaling pathway plays an important role

in cell-cell communication, and in modulating epithelial-

mesenchymal transition, which controls multiple cell dif-

ferentiation processes during embryonic and adult life.7

Activation of the Notch1 receptor subsequently translo-

cates the Notch intracellular domain (NICD) into the

nucleus to regulate the expression of target genes.

Dysregulation of the Notch signaling pathway was

reported to be associated with adverse clinical character-

istics, such as lymph node metastasis, vascular invasion,

and chemo-resistance.8 Non-physiologic expression of

NICD, which is an active form of Notch1 in the primary

tumor, may indicate SPT development in HNSCC patients.

Enhanced understanding of Notch signaling in HNSCC

may improve treatment planning and patient outcomes.

Accordingly, the aims of this study were to identify the

role of the Notch signaling pathway in HNSCC, and to

compare NOTCH1 expression in HNSCC compared

between those with and without SPT at the esophagus

while focusing on the Notch intracellular domain (NICD).

Patients and Methods
Patients
A total of 1427 HNSCC cases were treated at the

Department of Otorhinolaryngology, Faculty of Medicine

Siriraj Hospital, Mahidol University, Bangkok, Thailand

during the 2006–2017 study period. Twenty-three SPTs at

the esophagus and forty-seven non-SPTs were matched by

the index primary cancer. The primary sites included oral

cavity, oropharynx, hypopharynx, and larynx (nasophar-

ynx excluded). Using the criteria proposed by Warren and

Gates,9 second primary tumor was defined as two tumors

diagnosed as malignant by histologic examination that are

separated by normal non-neoplastic mucosa. In the present

series, the lower limit was set at 2 cm. In this

study, second primary tumor also included the develop-

ment of a tumor after 5 years of treatment.

Demographic and clinical data, including age, gender,

TNM staging, primary site of lesion, histopathologic differ-

entiation, and total follow-up time were recorded. Lifestyle

risk factors, such as cigarette smoking and alcohol con-

sumption, were further classified according to Hosokawa

et al.10 Cigarette smoking status was defined as “never

smoked”, “active smoker” (defined as current cigarette

smoker or stop smoking for less than 10 years), or “stopped

smoking” (defined as stopped smoking for ≥10 years).

Alcohol consumption was defined as “never drank alcohol”,

“occasional drinker”, or “daily drinker”. A person who

consumes alcohol daily was categorized as a “daily drin-

ker”, whereas a person who consumes alcohol less often

than daily was categorized as an “occasional drinker”.

Patients aged 18 years and over at the time of diagnosis

were included. Those with HNSCC diagnosed without SPT

received follow-up for a period of at least 3 years after the

primary tumor diagnosis. The pathologic specimens of

HNSCC were verified by an experienced head and neck

pathologist. Exclusion criteria were subjects with non-squa-

mous cell carcinoma, post-radiation treatment, and/or low-

quality formalin-fixed paraffin-embedded (FFPE) tissues.

This retrospective study was conducted in accordance

with the ethical principles of the Declaration of Helsinki.

All personally identifiable information was removed and

confidentially recorded as anonymous data. Since the level

of research did not exceed the minimum risk to subjects,

the requirement to obtain written informed consent was

waived. The protocol for this study was approved by the

Siriraj Institutional Review Board (SIRB) of the Faculty of

Medicine Siriraj Hospital, Mahidol University, Bangkok,

Thailand (protocol number 110/2559 [EC1]).

Immunohistochemistry
FFPE samples from 23 HNSCCs with SPT and 47 HNSCCs

without SPT were obtained from the Department of

Pathology, Faculty of Medicine Siriraj Hospital, Mahidol
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University. Sections (5 µm) of FFPE specimens were

mounted on poly-L-lysine coated slides and processed for

conventional histologic assessment by immunohistochemis-

try (IHC). Activated Notch signaling pathway was deter-

mined by intranuclear staining of NICD. For antigen

retrieval, tissue sections were deparaffinized in target retrie-

val solution (10x, pH 6.0) at 95°C for 40 mins. Sections were

incubated with 3% hydrogen peroxide (H2O2) for 10 mins,

2% bovine serum albumin (BSA) for 20 mins, and at room

temperature with primary polyclonal anti-human antibody of

Notch1 (ab 8925; Abcam, Cambridge, United Kingdom) for

1 hr. The appropriate secondary antibodies were then applied

and counterstained with hematoxylin. A single-blinded ana-

lysis of stained tissue slides was performed via microscopic

evaluation by a single pathologist (TA).

Scoring of Immunohistochemical Staining
IHC results for Notch1 proteins were in accordance with the

scoring criterion proposed by Tripathi et al.11 Briefly, protein

expression was semi-quantified using a 0–3 scoring system

to indicate the intensity of cell staining (0 for no staining, 1

for weak staining, 2 for moderate staining, and 3 for intense

staining) (Figure 1). A scoring system of 1–4 was used to

rate the percentage (range: 0–100%) of positively stained

cells of any intensity (0–10% = 0; 11–30% = 1; 31–50% = 2;

51–70% = 3, and 71–100% = 4). Overexpression was

defined for tumors that show both an intensity score of ≥2
and a positive staining score of ≥3.

Statistical Analysis
Factors affecting survival rate, including age, gender,

tumor stage, smoking status, alcohol consumption status,

and site of primary tumor, were analyzed by unpaired

t-test, chi-square test, or Fisher’s exact test. Categorical

data are presented as frequency and percentage, and con-

tinuous data are presented as mean ± standard deviation.

A p-value of ≤0.05 was considered statistically significant.

Survival time of HNSCC with SPT, which was defined as

the interval from the date of initial presentation at our

center to the date of the last follow-up or death, was

calculated using Kaplan–Meier method. All data were

analyzed using PASW Statistics for Windows, version

18.0 (SPSS, Inc., Chicago, IL, USA).

Results
The demographic and clinical characteristics of the SPT and

non-SPT groups are shown in Table 1. The mean age was

significantly lower in the SPT group than in the non-SPT

Figure 1 Intensity grading of NICD staining: Absence (A), Weak (B), Moderate (C), and Intense (D).
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group (55.13 vs 62.09 years, respectively; p=0.02).

Regarding SPT detection, 82.6% were synchronous and

17.4% were metachronous. The average duration until

detection of the secondary tumor was 37 months. The 3-

and 5-year survival rates were 38.0% and 25.3%, respec-

tively, with a median survival time of 2 years (Figure 2).

Regarding lifestyle risk factors, the percentage of patients

that were active smokers in the SPT group and the non-SPT

group was 87.0% and 51.1%, respectively (p=0.01). The

proportion of those who had stopped smoking in the SPT

group and the non-STP group was 8.7% and 29.8%, respec-

tively (p=0.013). Regarding active alcohol use, 87.0% of

patients in the SPT group and 61.7% of patients in the non-

SPT group were daily alcohol drinkers (p=0.041).

NICD expression in HNSCC was noted in 11 cases

with SPT (47.8%), and in 21 cases without SPT (44.7%).

The intensity and percentage of expression between

groups is shown in Table 2.

Discussion
The development of secondary tumor in HNSCC, particu-

larly esophageal carcinoma, is common. Regarding the

location of SPT in head and neck carcinoma, it is more

likely that a patient with oropharyngeal or hypopharyngeal

carcinoma will develop esophageal cancer than oral cavity

or laryngeal carcinomas. The risk factors for developing

SPT include age, male gender, cigarette smoking, alcohol

use, and betel nut consumption.10,12,13 These carcinogens

cause multiple sites of mutation, resulting in “mutant

clone”. In addition, via intercellular signaling, the aberrant

“microenvironment” selectively promotes the mutant

lineages that lead to tumorigenesis. In this study, patients

with active cigarette smoking and alcohol consumption

were at significantly higher risk for having synchronous

and/or metachronous SPT.

Analysis of TCGA data relative to smoking and HPV

status has been performed.14 Different genomic portraits

were demonstrated between these two exposome compo-

nents. High-risk HPV infection is now considered

a leading cause of virus-associated HNSCC carcinogen-

esis. From our previous study, only 6 percent of HPV-

related cancer was detected in the oropharynx. No detect-

able high-risk HPV was demonstrated at other

subsites.15,16 Due to a very low prevalence of HPV-

related HNSCC in our population, no significant associa-

tion with SPT was established.

Despite modern treatment modalities, the survival rate

of patients with SPT remains unsatisfactory. HNSCC

develops via a prolonged multistage process that involves

an accumulation of genetic and epigenetic alterations.

Several investigations revealed several genes and path-

ways that play an important role in HNSCC tumorigenesis,

including TP53, CDKN2A, Cyclin D1, PIK3CA, HRAS,

and EGFR.17–20 However, these molecular alterations do

not fully explain the pathogenesis of HNSCC.

Agrawal et al and Stransky et al confirmed the genes

previously reported to play a role in HNSCC, and they also

reported novel mutations in NOTCH1.21,22 The inactivating

mutations of NOTCH1 were found in 10–15% of HNSCC

tumors in both of those studies, which suggests NOTCH1 as

the second most frequently mutated gene after TP53. Notch

signaling is an attractive target of investigation among

Table 1 Demographic and Clinical Characteristics of Study

Patients

Characteristics SPT

(n=23)

Non-SPT

(n=47)

p-value

Age (years), mean±SD 55.13±8.73 62.09±12.96 0.023

Smoking 0.013

Active smoker 20 (87.0%) 24 (51.1%)

Stopped smoking 2 (8.7%) 14 (29.8%)

Never smoked 1 (4.3%) 9 (19.1%)

Alcohol 0.041

Active alcohol drinker 20 (87.0%) 29 (61.7%)

Occasional alcohol drinker 3 (13%) 9 (19.1%)

Never drank alcohol 0 (0.0%) 9 (19.1%)

Primary tumor 0.231

Oral cavity 2 (8.7%) 12 (25.5%)

Oropharynx 4 (17.4%) 5 (10.6%)

Hypopharynx 15 (65.2%) 22 (46.8%)

Larynx 2 (8.7%) 8 (17.0%)

AJCC Stage (8th edition) 0.076

Stage 1 1 (4.3%) 7 (14.9%)

Stage 2 5 (21.7%) 16 (34.0%)

Stage 3 6 (26.1%) 15 (31.9%)

Stage 4 11 (47.8%) 9 (19.1%)

Differentiation 0.457

Unknown 2 (8.7%) 1 (2.1%)

Well-differentiated 2 (8.7%) 10 (21.3%)

Well- to moderately-

differentiated

1 (4.3%) 6 (12.8%)

Moderately-differentiated 15 (65.2%) 24 (51.1%)

Moderately- to poorly-

differentiated

1 (4.3%) 3 (6.4%)

Poorly-differentiated 2 (8.7%) 3 (6.4%)

Note: Bold data indicates a p-value<0.05 indicates statistical significance.

Abbreviations: SPT, second primary tumor; AJCC, American Joint Committee on

Cancer staging system.
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several molecular targets due to its involvement in a variety

of cellular physiological processes, such as proliferation,

differentiation, and cell survival. Notch proteins are

a family of heterodimeric transmembrane receptors that

are composed of an extracellular domain that is responsible

for ligand recognition, a transmembrane domain, and an

intracellular domain in signal transduction. To date, four

Notch receptors (Notch 1–4) and five ligands (Jagged-1,

Jagged-2, Delta-1, Delta-3, and Delta-4) have been

described in mammals. The pathway is initiated when one

cell expresses the appropriate ligand (Jagged or Delta) and

interacts with another cell expression of Notch receptors

(Notch 1–4). Upon ligand binding, the transmembrane

Notch receptor is subsequently cleaved by ADAM metallo-

protease and gamma-secretase complex. The cleaved pro-

duct (NICD) translocates into the nucleus where it interacts

with the nuclear DNA-binding factors. The most prominent

targets of the Notch pathway comprise a set of basic-helix-

loop factors of the Hes and Hey families.4

Notch signaling is tissue specific. Several studies sug-

gested thatNOTCH1mutation can have pleiotropic effects. It

was reported that gain-of-function NOTCH1 mutations are

observed in leukemia’s cluster of the negative regulatory

region and the C-terminal PEST domain.23 In contrast, loss-

of-function NOTCH1 mutations were observed in cutaneous

and lung squamous cell carcinoma.24 The cancer genome

atlas of HNSCC reveals loss-of-function mutations of

NOTCH1, and concludes that NOTCH1 acts as a tumor

suppressor.25

Regarding the frequency of transcriptional alterations

of Notch1 in HNSCC, we investigated NICD expression

using IHC technique to identify the intranuclear expres-

sion of activated domain of Notch1. Our findings

revealed an absence of NICD expression in HNSCC

with and without SPT in 52.2% and 53.3% of cases,

respectively. Despite the fact that no statistically signifi-

cant difference was observed between groups, the high

rate of NICD inactivation in this study supports its role

as a tumor suppressor gene. Since the NOTCH gene

would be unlikely to present in a significant proportion

of normal cells, negative IHC staining may not be solely

caused by loss of function due to mutation of NOTCH1.

In hematologic malignancy, the perturbation of Notch

signaling is mediated by aberration of Notch transcrip-

tional coactivators.26

Discrepancy between NOTCH inactivation and

NOTCH upregulation has been reported in HNSCC. Meta-

analysis of data collected from many Asian studies found

a high percentage of NOTCH activation.6 Gokulan et al

reported that the intensity of NICD expression gradually

progressed from dysplasia to carcinoma, and was signifi-

cantly overexpressed in locally advanced HNSCC.27

Moreover, the expression of Notch1 might be used as an

independent prognostic indicator of oral cancer. On the

contrary, our primary tumors in both groups had less

than 50% NICD expression. Furthermore, the percentage

and intensity of expression did not indicate the develop-

ment of SPT.

This study has some mentionable limitations. First, this

was a retrospective, single-center study. Second, we

decided not to calculate the survival rate in the non-SPT

Figure 2 The 3- and 5-year survival rates of SPT patients.

Table 2 Notch Intracellular Domain (NICD) Expression

SPT

(n=23)

Non-SPT

(n=47)

p-value

NICD expression, n (%) 11 (47.8%) 21 (44.7%) 1.00

Intensity grading 0.107

Absence 12 (52.2%) 26 (53.3%)

Weak 4 (17.4%) 16 (34.0%)

Moderate 6 (26.1%) 5 (10.6%)

Intense 1 (4.3%) 0 (0.0%)

Percentage of

expression, n (%)

0.442

≤10% 14 (60.9%) 30 (63.8%)

11%–30% 2 (8.7%) 5 (10.6%)

29%–50% 3 (13.0%) 5 (10.6%)

51%–70% 0 (0.0%) 4 (8.5%)

71%–100% 4 (17.4%) 3 (6.4%)

Note: A p-value<0.05 indicates statistical significance.

Abbreviations: SPT, second primary tumor; NICD, notch intracellular domain.
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group because these patients required at least 3 years of

disease-free follow-up. Additionally, more information

was required to affirm the relationship between Notch1

expression and SPT development. Further study of other

regulators, such as ligand binders and downstream activa-

tors, might provide more information about NOTCH1

mutation in HNSCC. In order to conclude the absence of

protein expression caused by the NOTCH1 mutation,

whole exome sequencing (WES) would be necessary.

Conclusion
Active smoking and alcohol use were found to be signifi-

cantly associated with SPT development. A high preva-

lence of NICD inactivation was noted in HNSCC with no

statistically significant difference between groups. The

Notch signaling pathway is involved in HNSCC tumori-

genesis, but may not be a suitable molecular marker for

SPT development.
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