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Abstract

Background We previously identified hypopharyngeal cancer as an independent risk factor for the incidence of newly diag-
nosed secondary cancers after the treatment of early-stage laryngeal, oropharyngeal, and hypopharyngeal cancers. We sub-
sequently used a different patient cohort to validate the usefulness of this factor during the follow-up period in these patients.
Methods Patients who underwent transoral surgery (TOS) as a definitive treatment between April 1, 2016, and September
30, 2020, were included. The incidence of secondary cancer was evaluated in hypopharyngeal and other cancers. Overall
survival (OS), recurrence-free survival (RFS), and disease-free survival (DFS) outcomes were evaluated. Statistical analyses
based on the risk factors were also performed.

Results Incidence of new secondary cancer was 30% in hypopharyngeal cancer patients as compared to 11% in other cancer
patients, and the risk was 3.60-fold (95% confidence interval 1.07-12.10) higher after definitive treatment for initial head
and neck cancers. The 3-year OS, RFS, and DFS rates were 98%, 86%, and 67%, respectively.

Conclusions Among patients with early-stage laryngeal, oropharyngeal, and hypopharyngeal squamous cell carcinoma, who
were initially treated with TOS, hypopharyngeal cancer patients had a higher risk of newly diagnosed secondary cancers as

observed during the follow-up period.
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Introduction

The number of early-stage head and neck cancer patients has
been increasing due to the advent of advanced diagnostic
techniques such as positron emission tomography-computed
tomography (PET-CT) [1] and narrow-band imaging (NBI)
endoscopy [2], as well as increased awareness of head and
neck cancer among doctors in other fields [3]. Most patients
with head and neck cancer were diagnosed at an advanced
stage, and the majority of the available prognosis data
describe these advanced cases. Meanwhile, our previous
study reported high curability [4-6] and a high incidence
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rate of newly diagnosed secondary cancers [7], in which
the crude incidence was 10.6 per 100 person-years in early-
stage laryngeal, oropharyngeal, and hypopharyngeal cancer
patients treated with transoral surgery (TOS). We revealed
that hypopharyngeal cancer was an independent risk factor
for newly diagnosed secondary cancers during the follow-up
period of these patients. Sub-analysis of the patients showed
that the odds ratio was 3.96, 95% confidence interval (CI)
was 1.07-14.6, and p value was 0.039. To validate the reli-
ability of this risk factor, we prospectively continued the
observation study for subsequent TOS performed in new
patients.
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Patients and methods
Enrollment

Patients who underwent TOS as a definitive treatment
between April 1, 2016, and September 30, 2020, were
enrolled.

Study setting

This is a single institute (academic hospital), parallel two-
arm open-label, non-randomized observational study.

Endpoints

According to our previous study [7], hypopharyngeal cancer
was a risk factor for newly diagnosed malignancies during
the observation period after definitive treatment for primary
head and neck cancer. The primary endpoint was the sta-
tistical difference in the incidence rate of newly diagnosed
malignancy between hypopharyngeal cancer patients and
other cancer patients. The secondary new cancer was defined
as follow; pathologically diagnosed as malignant disease; the
disease was appeared in other organs (e.g., the first cancer
was hypopharyngeal cancer and the second was esophageal
cancer), in other subsite of the same region of the head and
neck (e.g., the first cancer was piriform sinus type and the
second was postcricoid type of the hypopharynx), or the
disease was found in the same subsite but the disease was
separated from the first cancer mediating normal mucosa
(e.g., both first and second cancers were appeared in the
same side of the piriform sinus of the hypopharynx).

The secondary endpoint was the survival analysis
between the risk factor-positive and -negative patients. The
survival rates used were overall survival (OS): the event of
survival and death; recurrence-free survival (RFS): events
were locoregional recurrence, distant metastasis, and death;
and disease-free survival (DFS): events were the uncontrol-
lability of existing cancer characterized by locoregional
remnant, locoregional recurrence, and/or distant metastasis,
appearance of new primary cancer, and death.

Eligibility criteria

Head and neck cancer was classified according to the 7th
edition (from 2016 to 2018) and 8th edition (since 2018) of
the Tumor, Node, and Metastasis staging classification [8,
9]. The enrolled patients had clinical TINO- and T2NO-stage
laryngeal, oropharyngeal, and/or hypopharyngeal cancers.

Inclusion criteria

The eligibility criteria for enrollment in the trial included a
pathologically proven squamous cell carcinoma and a pri-
mary tumor located in the larynx, oropharynx, or hypophar-
ynx. Staging cT1 and c¢T2 tumors were based on visual and
endoscopic examinations and imaging, such as computed
tomography (CT) or magnetic resonance imaging. The pri-
mary site was assessed to determine whether it was resect-
able by TOS. The cNOMO stage was evaluated using ultra-
sonic echo (US echo) or PET-CT. Synchronous malignant
diseases were evaluated with PET-CT, and magnifying
upper gastrointestinal endoscopy (UGIE) with NBI, espe-
cially to detect early-stage esophageal and gastric cancers.
Performance status of 0-2 was determined in compliance
with the Eastern Cooperative Oncology Group criteria. The
patients had no contraindications for surgery under general
anesthesia, were over 20 years of age (legally adult in Japan),
and provided written informed consent.

Exclusion criteria

Exclusion criteria included incurable synchronous malig-
nancies and a history of prior systemic illness. However,
patients with previous malignancies were included if the
malignancies were successfully cured or well-controlled
(maintaining a complete response).

Treatment methods

Primary resection was performed using TOS. The mucosal
lesion was confirmed by NBI endoscopy and stained with
Lugol’s solution. The horizontal safety margin was set at
a distance of 1-3 mm from the border of the lesion. Verti-
cal resection was performed in the submucosal layer. After
resection, a rapid pathological examination was performed
on the margins of the horizontal and vertical sections. In
cases with positive margins in the rapid pathological exami-
nation, additional resection was performed until a negative
margin was confirmed. The resected specimen was stretched
on a cork board to clarify the direction and was subsequently
fixed with formalin for permanent pathological diagnosis.
The wound in oropharyngeal and hypopharyngeal cancer
patients was covered with a polyglycolic acid sheet.

Follow-up

Visual and laryngo-pharyngeal endoscopic (both normal
light and NBI examination) observations of the primary site
were performed every month for the first 2 years, and every
2-3 months from the third to the fifth year. Enhanced cervi-
cal CT or US of the primary site and regional lymph nodes
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was performed every 3—6 months for the first 2 years and
every 6—12 months from the third to the fifth year. PET-CT
was performed every year for the first 2 years, and enhanced
whole-body CT was performed every year from the third to
the fifth year for the evaluation of distant metastasis. Rou-
tine magnifying UGIE was performed by the decision of the
gastroenterologist who performed the synchronous disease
screening at the first head and neck cancer evaluation. The
patient was referred to the appropriate department if a sec-
ond primary cancer was diagnosed.

Statistical analyses

Patients’ age was analyzed and compared using the
Mann—Whitney U test, while Fisher’s exact test was per-
formed for other factors between hypopharyngeal cancer
patients and other patients. Fisher’s exact test was used
for the statistical analysis of the incidence rates between
hypopharyngeal cancer patients and other patients. The
Kaplan—-Meier method was used to evaluate survival end-
points, and the log-rank test was used to analyze its statisti-
cal differences.

Results
Patient characteristics and examination results

The patient characteristics are shown in Table 1, and the
clinical courses are shown diagrammatically in Fig. 1. Sev-
enty-seven patients were enrolled, and all patients were ana-
lyzed. Thirty patients were diagnosed with hypopharyngeal
cancer, and 47 patients were diagnosed with other cancers
(27 laryngeal cancer and 20 oropharyngeal cancer). Among
the hypopharyngeal cancer patients, 21 patients indicated
no secondary cancers, and nine patients had newly diag-
nosed secondary cancers during the follow-up period. The
incidence rate of secondary cancer was 30% (9/21; Table 2),
and the crude incidence of second primary cancer was 22.8
per 100 person-years. The primary sites of secondary cancer
were head and neck (nine patients: six hypopharynx, three
larynx), esophagus (four patients), prostate (two patients),
and lung (one patient). Three patients developed new dou-
ble cancers (larynx and hypopharynx, hypopharynx and
esophagus, lung and prostate) and two patients developed
new triple cancers (hypopharynx, hypopharynx, and lar-
ynx; hypopharynx, hypopharynx, and esophagus). On the
other hand, among other cancer patients, 42 patients had no
secondary cancers and five patients had newly diagnosed
secondary cancers. The incidence rate of the secondary
cancer was 11% (5/47), and the crude incidence of second
primary cancers was 5.2 per 100 person-years. The pri-
mary sites of secondary cancer were head and neck (two
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Table 1 Patient characteristics

Hypopharynx Other (n=47) p value
(n=30)
Age (median) 51-84 (72.5) 51-88 (74) 0.233
Sex
Male 23 44 0.0412
Female 7 3
Smoking history
Positive 27 36 0.225
Negative 3 11
Alcohol consump-
tion
Positive 27 39 0.225
Negative 3 8
Primary
Larynx 0 27 N/A
Oropharynx 0 20
Hypopharynx 30 0
Clinical T stage
T1 19 30 1
T2 11 17

The patients are divided into hypopharyngeal cancer patients and
other cancer patients. There were no statistically significant differ-
ences in age between the groups using the Mann—Whitney U test.
Fisher’s exact test shows that the proportion of female patients is
higher among hypopharyngeal cancer patients than among other
cancer patients. Other characteristics are not significantly different
between these groups by Fisher’s exact test. Statistical significance is
determined at a p value <0.05

oropharynx and one hypopharynx), lung, esophagus, and
colon. One patient developed new double cancers, the pri-
mary sites of which were lung and colon. The difference in
the incidence rate was statistically analyzed using Fisher’s
exact test (p=0.0391) and odds ratio (3.60 with a 95% CI
of 1.07-12.10). Both tests indicate significant differences
between these two groups. The time course of the secondary
cancer incidence is shown in Fig. 2.

Survival

The 3-year OS, RFS and DFS rates were similar between the
hypopharyngeal cancer patients and other patients. The OS
rates were 100% in hypopharyngeal cancer patients (obser-
vation period was 1-57 months, median 34.5) and 97% in
other patients (observation period was 8—59 months, median
27 months) (p=0.8502) (Fig. 3a). The RFS rates were
92% in hypopharyngeal cancer patients and 82% in other
patients (p=0.3718) (Fig. 3b). The DFS rates were 52% in
hypopharyngeal cancer patients and 75% in other patients
(p=0.2091) (Fig. 3c). Moreover, log-rank test showed no
significant difference in survival.
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Fig. 1 Diagram of a patient’s
clinical course. Seventy-seven

Clinical Stage I-Il laryngeal, oropharyngeal, hypopharyngeal cancer patients (n=77)

Entry

patients are enrolled, and all
patients are analyzed in the

study. H&N head and neck

‘ Hypopharyngeal cancer (n=30) ‘

l

Other cancers (n=47)

l

No incidence of
secondary cancer

Newly diagnosed secondary cancer (n=9)

(n=21) H&N (n=9* **) (n=42)
Esophagus (n=4* **)
Prostate (n=2%)
Lung(n=1%)

* 3 patients, double; ** 2 patients, triple

No incidence of
secondary cancer

Newly diagnosed secondary cancer (n=>5)

H&N (n=3)
Lung (n=1%)
Esophagus (n=1)
Colon (n=1%)

* 1 patient, double

Table 2 The patient number and the incident rate of secondary cancer

Primary site Hypopharynx Other
Second cancer Positive (n) 9 5
Negative (n) 21 42
Incidence rate (%) 30 11
Odds ratio 3.60
95% C1 1.07-12.10
p value 0.0391

The odds ratio, 95% CI and p value are calculated by Fisher’s exact
test. Statistical significance determined at a p value <0.05

CI confidence interval

=—s— HPC (n=30)
——  Other (n=47)

100

50

Fig.2 The time course of secondary cancer incidence determined by
the Kaplan—-Meier method. The p value is 0.0846, and there is no sig-
nificant difference between two groups by log-rank test

Discussion

At the time of diagnosis of head and neck cancers, approx-
imately 60% of patients were classified as advanced-stage
cancer patients. Thus, most of the data on the course of
head and neck cancers have been collected from advanced-
stage patients. These advanced-stage head and neck cancer
patients have a high risk of treatment failure during the
observation period after definitive treatment. Among these

patients, 60-70% of the cases showed locoregional recur-
rences within 1 year after diagnosis, and 90-100% of the
cases showed recurrences within 2 years. Furthermore,
although these patients have a poor prognosis, the inci-
dence of newly diagnosed secondary cancers in survivors
exceeds the incidence of primary cancer treatment failures
since four years after the diagnosis of initial head and neck
cancers [10-12]. McDonald et al. [13] reported that among
patients with laryngeal cancer of all stages with a median
follow-up of 10 years, approximately 60% of the second-
ary cancers occurred in the aerodigestive tract, including
30% in the lungs, 20% in the head and neck, and 8% in
the esophagus. The potential mechanisms of secondary
carcinogenesis in advanced head and neck cancer patients
include risk factors like smoking and alcohol consump-
tion, in head and neck, esophageal, and lung cancers, or
field cancerization theory. The incidence of secondary
cancer development depends on the extent of evaluation,
length of follow-up, and curability of the primary lesion.
In addition, it depends on the patterns of tobacco and alco-
hol use [13, 14]. The authors emphasize that although the
per-year risk of developing secondary cancers might not
be affected by the primary head and neck cancer stage, the
cumulative incidence and survival impact are most signifi-
cant in early-stage patients [13, 14].

The advent of advanced diagnostic techniques such as
PET-CT [1] and NBI endoscopy [2] as well as the increased
awareness of head and neck cancers among doctors in other
fields [3] has resulted in an increase in the number of early-
stage head and neck cancer patients. However, there are a
limited number of reports about second primary cancers
in early-stage head and neck cancer, and we have limited
knowledge about the follow-up course of these second pri-
mary early-stage cancers [15—18]. These reports mainly
describe oral and glottic cancers, which are comparatively
easy to diagnose at an early stage because the symptoms,
such as pain and hoarseness, tend to appear in the early
phase and the visual examination is relatively easy. Bhatia
et al. [15] reported that 45 out of 176 early-stage oral cavity,
oropharyngeal, hypopharyngeal, or laryngeal cancer patients
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Fig.3 a Overall survival (OS), b recurrence-free survival (RFS), and ¢ disease-free survival (DFS) determined by the Kaplan—-Meier method.
The 3-year OS, RFS and DFS rates are 98%, 86% and 67%, respectively, in all patients

developed secondary cancers within a 1.0-25.5 year follow-
up period. The secondary cancer primary sites included 11
head and neck, 10 lung, six skin (not melanoma), three
breast, colorectal, and prostate, two bladder, and one of each
esophageal, anal, brain, B cell lymphoma, melanoma, endo-
metrium, and gynecologic cancers. Ord et al. [17] reported
that seven out of 112 stage I tongue cancer patients indi-
cated secondary cancers during the 32-91 month follow-
up period. Here, the breakdown of the secondary cancers
were three gingival cancers, two oropharyngeal cancers,
one buccal cancer, and one adenocarcinoma of lung. Thus,
compared to advanced-stage patients with secondary can-
cers occurring in the head and neck, lung, or esophagus,
early-stage head and neck cancer patients have varied sites
of secondary cancer.

Smoking increases the risk of at least 17 classes of can-
cer, such as lung (small cell carcinoma, squamous cell
carcinoma, and adenocarcinoma), larynx, pharynx, oral
cavity, esophagus (squamous cell carcinoma and adeno-
carcinoma), bladder, liver, stomach, acute myeloid leuke-
mia, ovary, cervix, kidney, pancreas, and colorectal cancers
[19]. Smoking induces DNA damage, which causes car-
cinogenesis. Tobacco carcinogens directly and indirectly
induce DNA mutations in lung squamous cell carcinoma,
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lung adenocarcinoma, larynx, and liver cancers. Moreover,
these carcinogens also indirectly induce DNA damage in
bladder, cervix, kidney, pancreas, stomach, colorectal, and
ovarian cancers and acute myeloid leukemia. In Japan,
smoking is defined as a risk factor for nasal and paranasal
sinuses, oral cavity, pharynx, larynx, esophagus, lung, liver,
stomach, pancreas, uterine cervix, and bladder cancers. A
study showed that 30% of male and 5% of female cancer
patients suffer from smoking [20]. Alcohol is another risk
factor for oral cavity, pharynx, esophagus, stomach, colon,
liver, larynx, breast, cervix, and prostate cancers. The risk
increases with the amount of alcohol consumed. Even if the
amount is light to moderate, the incidence risk for esopha-
gus, larynx, oral cavity, pharynx, colorectal, liver, stomach,
breast, prostate and bladder cancers [21] increases. One of
the mechanisms of alcohol-induced carcinogenesis is chemi-
cal mucositis by ethanol directly in the upper aerodigestive
tract, which includes the oral cavity, pharynx, esophagus,
and larynx. Another mechanism of carcinogenesis is by
acetaldehyde, a degradation product of ethanol by acetal-
dehyde dehydrogenase (ALDH) 2, which indirectly affects
the whole body. Forty-four percent of Japanese have the
heterozygous genotype of normal and inactive ones (ND
type) or the homozygous genotype of an inactive one (DD
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type) of ALDH2, and these people can be exposed to acet-
aldehyde whenever they drink. Furthermore, the incidence
of all types of cancer was found to be increased with smok-
ing in habitual alcohol drinkers [22]. In the non-smoking
group, the incidence did not increase in accordance with an
increase in alcohol consumption. Meanwhile, in the smok-
ing group, the incidence increased in accordance with an
increase in alcohol consumption, and people who had been
drinking more than 81 g of alcohol every day with custom-
ary smoking indicated 2.3 times higher incidence of all can-
cers. Aging is another factor that is believed to increase the
incidence of all cancers, and one mechanism of how aging
affects the incidence has been reported [23]. Six-hundred
and eighty-two micro-scale esophageal samples from physi-
ologically normal esophageal epithelia were sequenced,
and the progressive age-related expansion of clones car-
rying mutations in driver genes (predominantly NOTCHI)
was observed. Driver-mutated clones emerged multifocally
from early childhood and increased in number and size with
aging, and ultimately replaced almost the entire esophageal
epithelium in the extremely elderly. Compared with muta-
tions in esophageal cancer, there was a marked overrepre-
sentation of NOTCH1 and PPM 1D mutations in physiologi-
cally normal esophageal epithelia. These mutations could be
acquired before late adolescence and significantly increased
in number with heavy smoking and drinking. Also, with
regard to aging, the patients in this study were older (median
73 years old) than those in previous studies (median 61 years
old [15] and 63 years old [16], and an average of 57.7 years
old [17]). Smoking, alcohol consumption, and aging can be
synergistic risk factors for all types of cancer.

We summed and analyzed 120 patients who were
included in both the previous study and this study (Table 3),
based on the eligibility criteria to undergo TOS. Considering
the results, the odds ratio is almost the same in both analy-
ses, the interval of 95% CI becomes narrower in the larger
number analysis in the same treatment series, and the p value
is smaller in the larger number analysis. Together, our result

Table3 The number of patients in this study and in the previous
study are summed, and the incident rate of secondary cancer is cal-
culated

Primary site Hypopharynx Other
Second cancer Positive (n) 19 11
Negative (n) 29 61
Incidence rate (%) 40 15
Odds ratio 3.63
95% CI 1.53-8.62
p value 0.0046

The odds ratio, 95% CI, and p value are calculated by Fisher’s exact
test. Statistical significance is determined at a p value <0.05

CI confidence interval

demonstrates that hypopharyngeal cancer is a risk factor
for newly diagnosed secondary cancer incidence in early-
stage laryngeal, oropharyngeal, and hypopharyngeal cancer
patients during the follow-up period after definitive therapy.
The early detection of secondary cancers contributes to high
curability. Systemic examinations, such as PET-CT and
esophagoscopy, to detect locoregional recurrence and dis-
tant metastasis, as well as secondary cancer, are necessary
during the follow-up period. We also found that a preventive
intervention to decrease the incidence of secondary cancer
is an unmet medical need. Adequate management of early-
stage primary head and neck cancer contributes to prolonged
survival, which may impact the secondary cancer onset in
elderly cancer survivors. This can explain a higher rate of
the crude incidence of second cancer per 100 patients-years
observed in our study (10.6 in our previous study, 11.9 in
this study, and 11.3 in a total of 120 patients) than in the
previous report, where the crude incidence of second can-
cer per 100 patients-years was 1.55 in all nine tumor types
[18]. According to our results, even at an early stage, head
and neck cancer patients, especially hypopharyngeal cancer
patients have a high risk of secondary cancer, possibly due
to smoking habits, alcohol consumption, and advanced age.

Furthermore, the patient composition may change in the
future, as the number of human papilloma virus (HPV)-
positive oropharyngeal cancer patients has been increasing.
The HPV-positive rate of oropharyngeal cancer is 30-50%
in Japan [24, 25], similar to the results of this study (35%,
7/20). It is predicted that the incidence rate of HPV-pos-
itive oropharyngeal cancer will increase, and the number
of older HPV-negative oropharyngeal cancer patients with
smoking and drinking history will decrease. HPV-positive
oropharyngeal cancer tends to occur in younger patients;
the incidence rate increases from the age of 40 and a good
prognosis is expected. In these long-term survivors, we have
to pay attention to HPV-related secondary cancers, such as
cervical, vaginal, vulvar, anal, and penile cancers, until the
HPYV vaccine is effective in preventing these cancers.

A limitation of the present study is that it was conducted
at a single institution with a limited sample size.

Conclusions

We analyzed patients with early-stage laryngeal, oropharyn-
geal, and hypopharyngeal cancers. The independent pre-
dictive factor in newly diagnosed secondary cancers was
hypopharyngeal cancer. One possible reason may be com-
mon risk factors such as smoking and alcohol consumption,
especially for aerodigestive tract cancers. Additionally, for
all types of malignancies, advanced age at the time of diag-
nosis of the first head and neck cancer is another risk factor.
These risk factors may synergistically affect each other.
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