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Abstract

Background Our prospective study of patients with early T-stage head and neck cancer indicated a high incidence of newly
diagnosed secondary malignancies during the follow-up period. We aimed to determine the incidence rate and risk factors
of secondary malignancies in early-stage head and neck cancer patients.

Methods We sub-analyzed the patient data of a previous study focusing on secondary cancer incidence. The endpoints were
statistical analyses of risk factors and survival and incidence rates.

Results The incidence rate of secondary cancer was 37%, the crude incidence of second primary cancers was 10.6 per 100
person-years, and the 5 year secondary cancer-free survival rate was 63%. The hypopharynx as the primary site was an
independent significant predictive factor (odds ratio 3.96, 95% confidence interval 1.07-14.6, p=0.039).

Conclusions Early stages of laryngeal, oropharyngeal, and hypopharyngeal cancer had a risk of secondary cancer, especially
hypopharyngeal cancer. Attention to the secondary cancer has to be paid during the follow-up period after controlling the
early-stage disease. These findings highlight the need for awareness of the incidence of secondary cancer in cases of early-

stage primary head and neck cancer.
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Introduction

The incidence of head and neck cancer is about 5% among
all malignancies in Japan [1]. About 60% of head and neck
cancer patients are at an advanced stage at the first visit
because of poor symptoms, except for glottis and oral can-
cers, and lack of awareness for head and neck cancers. These
advanced-stage patients have a high risk of local recurrence
or regional lymph node metastasis. Between 60 and 70% of
these cases have unsuccessful treatments within the first year
since the diagnosis, and 90-100% within 2 years. Moreover,
the percentage of the presence of second primary cancers
exceeded that of primary head and neck cancer treatment
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failures, which began at 4 years after the diagnosis of the
primary cancer [2—4].

Recently, the number of early-stage patients has been
increasing following the emergence of advanced diagnostic
techniques, such as positron emission tomography-computed
tomography (PET-CT) [5] and narrow-band imaging (NBI)
endoscopy [6] as well as increased awareness of head and
neck cancer among physicians in other fields of practice [7].
We proposed a prospective study to evaluate the efficacy
of transoral surgery for early T-stage laryngeal, oropharyn-
geal and hypopharyngeal cancer patients and uncovered the
risk factors of secondary malignancies [8, 9]. In that study,
we found that 32% of patients had newly diagnosed sec-
ondary cancers during the follow-up period. A few reports
describe the incidence rates in early-stage head and neck
cancer patients after treatment. The incidence rates are
seven to 26% for the observation period ranging from 1.0
to 25.5 years [10-12].

It is difficult to precisely describe the incidence rates
of newly diagnosed secondary cancers in a retrospective
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setting because of the variable follow-up procedures among
clinicians.

Here, we performed a sub-analysis of the prospective
study data concerning the incidence of a secondary can-
cer in patients with early-stage head and neck cancer and
tried to reveal the risk factors for developing a secondary
malignancy.

Patients and methods
Study setting

Subset analysis of the previous study, entitled “a prospec-
tive clinical trial of the second-look procedure for transoral
surgery in patients with T1 and T2 laryngeal, oropharyngeal
and hypopharyngeal cancer (UMIN000012485)” [8, 9], was
performed.

Endpoints

Statistical analysis between the incidence of secondary can-
cer and clinical characteristics was one of the primary end-
points. The other primary endpoint was incidence of newly
diagnosed secondary cancer (ISC) free survival that was the
presence of new malignant disease.

The secondary endpoints were survivals. The event for
overall survival (OS) was death. Primary head and neck
cancer-specific survival (PHNCSS) had the event of death
due to primary cancer. Synchronous double cancer-specific
survival (SDCSS) had the event of death due to synchronous
double cancer diagnosed with primary head and neck cancer.
The new secondary cancer-specific survival (NSCSS) had
the event of death due to the new malignant disease during
the follow-up period.

Eligibility criteria

Head and neck cancer was classified according to the 7th
edition of the Tumor, Node, and Metastasis staging clas-
sification [13]. The enrolled patients had clinical T1- and
T2-stage laryngeal, oropharyngeal, and hypopharyngeal
carcinoma.

Inclusion criteria

Eligibility criteria for enrollment in the trial included a path-
ologically proven carcinoma and a primary tumor located
in the larynx, oropharynx, or hypopharynx. Staging cT1
and c¢T2 tumor on visual and endoscopic examinations and
imaging, such as computerized tomography (CT) or mag-
netic resonance imaging (MRI). The cN stage was evaluated
by ultrasonic echo (US echo) or PET-CT. The primary site
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was assessed as resectable by transoral surgery and regional
lymph node by neck dissection on CT, MRI, or US echo.
There was no distant metastasis on PET-CT, no prior treat-
ment for any head and neck cancer and patients over 20 years
of age (legally adult in Japan). The performance status of
0-2 in compliance with the Eastern Cooperative Oncol-
ogy Group criteria. The patients had no contraindications
for surgery under general anesthesia and provided written
informed consent.

Exclusion criteria

Exclusion criteria included clinically cervical lymph node-
positive diagnosis, incurable synchronous malignancies [all
patients were screened by PET-CT and magnifying upper
gastrointestinal endoscope (UGIE) with NBI], and a history
of prior systemic illness. Patients with previous malignan-
cies were included in case these diseases were successfully
cured or well-controlled (maintaining a complete response).

Treatment methods

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

Follow-up

Visual and endoscopic observations of the primary site were
performed every month for the first and second years, and
every 2—-3 months from the third to the fifth year. Enhanced
cervical CT or US of the primary site and regional lymph
nodes was performed every 3—6 months for the first and
second years and every 6—12 months from the third to fifth
years. Finally, a PET-CT was performed every year for the
first and second years, and enhanced whole-body CT was
performed every year from the third to fifth years for the
evaluation of distant metastasis. In case of the presence of
new second primary cancer, the patient was referred to the
appropriate department.
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Statistical analysis

Patient characteristics were analyzed using the Mann—Whit-
ney U test for the range of age, while Fisher’s exact test was
performed for other factors between the new second cancer
present and not present. Fisher’s exact test and the Cox pro-
portional hazards model were used for the univariate and
multivariate comparisons, respectively. The outcome vari-
able was the incidence of newly diagnosed secondary cancer.
The predictive variables were clinical characteristics, such
as age, sex, smoking history, alcohol consumption, primary
site, human papilloma virus (HPV) status in oropharyngeal
cancer, T stage, tumor shape, enhanced CT observation.
The pathological characteristics included histological type,
differentiation, margin study, lymphatic invasion, vascular
invasion, and nerve invasion. The Kaplan—Meier method
was used to evaluate survival endpoints. The log-rank test
analyzed the statistical differences.

Results

Patient characteristics, univariate and multivariate
analyses

The patients’ clinical courses are shown diagrammatically
in Fig. 1. One patient was excluded because of a short-
term observation period after surgery due to drop out of
the follow-up. Seven patients were excluded because of
lymph node-positive status. A total of 43 patients were
analyzed as stage I and II laryngeal, oropharyngeal, and
hypopharyngeal cancer. All patients had squamous cell

carcinoma on pathological examination. HPV was positive
in three patients, negative in four patients and unknown in
five patients of oropharyngeal cancer. Secondary cancer-
positive and -negative groups included 16 and 27 patients,
respectively. An enhanced CT examination was performed
before surgery in 11 and 23 patients in secondary cancer-
positive and -negative groups, respectively. For CT examina-
tion analysis, the cut-off values were defined by the receiver
operating characteristic (ROC) curve between the presence
of secondary cancer and tumor size (length and depth).
The cut-off value of the length was 5 mm, and 3 mm in the
depth. The clinical characteristics of patients and the results
of the univariate analysis are summarized in table. There
were no significant differences between these groups by the
Mann—Whitney U test for the range of age and Fisher’s exact
test for other factors. There was no statistically significant
predictive factor for the presence of new secondary cancer
by the univariate analysis.

Multivariate logistic regression analysis was performed to
examine relationships between the clinical response and the
results of univariate analysis for those factors with p value
less than 0.15, i.e., range of age, primary site, tumor shape,
pathological differentiation. Result revealed that primary
head and neck cancer of hypopharynx was an independent
significant predictive factor for the newly detected presence
of secondary cancer (odds ratio 3.96, 95% CI 1.07-14.6,
p=0.039) (Table 1).

Primary endpoints

The 5 year ISC-free survival rate was 63% (Fig. 2). The inci-
dence rate of secondary cancer was 37% (16/43), and the

Fig.1 Diagram of the patient’s
clinical course. Fifty-one
patients were enrolled in the

Clinical T1-2 laryngeal, oropharyngeal, hypopharyngeal cancer patients (n=51)

Entry

study. Eight patients were
excluded, and 43 patients were
analyzed. Abbreviations: H&N:
head and neck

Exclude
I Drop out at 2 months after surgery (n=1)
Lymph node positive (n=7)

Clinical Stage I-1l laryngeal, oropharyngeal, hypopharyngeal cancer patients (n=43)

Analyzed

|

No incidence of secondary cancer (n=27) ‘

Newly diagnosed secondary cancer (n=16)

H&N (n=3)

Lung (n=3)
Esophagus (n=2)
Bladder (n=2)
Duodenum (n=1)

Colon (n=1)

Prostate (n=1)
Sarcoma (n=1)
Malignant lymphoma (n=1)
Myelodysplastic syndrome (n=1)
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Table 1 Patient characteristics and the results of univariate analysis
for each predictive factor

Predictive factors Secondary Cancer

Positive (n=16)  Negative (n=27) p value

Age (median: 69yo)

Range 48-84 55-85 0.0824
<69 5 15 0.206
>69 11 12

Sex
Male 14 24 1
Female 2 3

Smoking history
Positive 14 26 0.545
Negative 2 1

Alcohol consumption
Positive 15 25 1
Negative 1 2

Primary
Larynx 4 9 0.735
Oropharynx 2 10 0.158
Hypopharynx 10 8 0.0554

HPV status in OPC
Positive 0 3 1
Negative 1 3 1
Unknown 1 4 1

Clinical T stage
T1 9 12 0.537
T2 7 15

Synchronous cancer
Positive 1 7 0.223
Negative 15 20

Tumor shape
Bulky 5 16 0.116
Flat 11 11

Tumor length>5 mm in CT
Positive 6 11 1
Negative 5 12

Tumor length >3 mm in CT
Positive 4 8 1
Negative 7 15

Submucosal invasion in CT
Positive 4 7 1
Negative 7 16

Differentiation
Carcinoma in situ 5 3 0.125
Poorly 2 1
Moderately 3 13 0.101
Well 5 6 0.719
Unclassified 1 1

Lynphatic invasion
Positive 0 3 0.282
Negative 16 24
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Table 1 (continued)

Predictive factors Secondary Cancer

Positive (n=16) Negative (n=27) p value

Vascular invasion

Positive 0 4 0.279
Negative 16 23

Nerver invasion
Positive 0 0 1
Negative 16 27

Surgical margin
Positive or suspi- 6 10 1

cious

Negative 10 17

The patients were divided into secondary cancer-positive and -neg-
ative groups. There were no statistically significant differences
between the groups by the Mann—Whitney U test for the range of age
and Fisher’s exact test for other factors. Statistical significance deter-
mined at a p value <0.05.

100 A

50

0 T T T T 1
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Fig.2 Incidence of secondary cancer (ISC) was determined by the
Kaplan-Meier method. The 5-year ISC free survival rate was 63%

crude incidence of second primary cancers in this population
was 10.6 per 100 person-years during the observation period,
and there were three patients with head and neck cancer,
two hypopharyngeal malignancies occurred at 13 (primary
oropharyngeal cancer, secondary hypopharyngeal cancer)
and 62 (both primary and secondary cancers were occurred
in left pyriform sinus of the hypopharynx, but the different
part) months after the first surgery, and one laryngeal can-
cer at 63 months (both primary and secondary cancers were
occurred in left vocal cord of the larynx, but the different
part). Three patients had lung cancers, two squamous cell car-
cinomas at eight and 25 months, and one adenocarcinoma at
25 months. Two patients developed esophageal cancers at 15
and 36 months, while two patients developed bladder cancers
at 17 and 45 months. One patients developed duodenal cancer
at 15 months; one developed colon cancer at 18 months, and
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Fig.3 Overall survival (OS) was determined by the Kaplan—Meier
method. The 5-year OS was 82%
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Fig.4 Primary head and neck cancer-specific survival (PHNCSS),
synchronous double cancer-specific survival (SDCSS), and new sec-
ondary cancer-specific survival (NSCSS) were determined by the
Kaplan—Meier method. The 5 year PHNCSS, the 5 year SDCSS, and
the 5 year NSCSS were 98%, 98% and 90%, respectively

one developed prostate cancer at 53 months. Similarly, one
patients developed sarcoma at 13 months, one had a malignant
mantle cell lymphoma at 36 months, and one had myelod-
ysplastic syndrome (human T-lymphotropic virus-related) at
38 months.

Secondary endpoints

The 5 year OS rate was 82% (Fig. 3). The 5 year PHNCSS,
SDCSS, and NSCSS were 98%, 98%, and 90%, respec-
tively (Fig. 4). There were no statistically significant differ-
ences between these survivals (PHNCSS vs. SDCSS, p=1;
PHNCSS vs. NSCSS, p=0.7114; and SDCSS vs. NSCSS,
p=0.7123) by log-rank test.

Discussion

At the time of diagnosis of head and neck cancer, about
60% of the patients are at an advanced stage. They have
a high risk both of recurrence of the primary cancer and
appearance of newly diagnosed secondary cancers after
the definitive treatment. Cooper et al. [14] reported that
the site of the primary head and neck cancer (except for
nasopharynx) had no significant impact on the develop-
ment of secondary cancers in all stages of head and neck
cancer patients treated with radiotherapy during the 8-year
observation period. McDonald et al. [15] reported that
about 60% of the secondary cancers occurred in the aer-
odigestive tract, including 30% in the lungs, 20% of head
and neck, and 8% in the esophagus, in all stages laryngeal
cancer patients with a median follow-up of 10 years.

The acceptable mechanisms of secondary cancer inci-
dence in advanced head and neck cancer patients are com-
mon risk factors, such as smoking and alcohol consump-
tion, in head and neck, esophageal, and lung cancers, or
field cancerization theory. However, Cooper et al. and
McDonald et al. emphasized that although the per-year
risk of developing secondary cancers might not be affected
by the primary head and neck cancer stage, the cumula-
tive incidence and survival impact was most significant
in early-stage patients. Cooper et al. stated that this phe-
nomenon was due to shorter survival and higher incidence
of death from advanced primary head and neck cancers.
Licciardello et al. [16] illustrated a lower incidence of sec-
ondary cancers in hypopharyngeal primary cancer, prob-
ably because it has a more aggressive clinical course and
shorter survival than other primary head and neck cancers.

Although the diagnosis and treatment improvement
[5-7], the fact that the high incidence of secondary
cancer in advanced head and neck cancer patients has
been accepted for head and neck oncologists until now.
Lee et al. [17] retrospectively reported that the cumula-
tive incidence of secondary malignancies was 17.9% at
5 years, and 23.1% at 10 years after the diagnosis of first
head and neck cancer, which were all stage laryngeal,
oral cavity, oropharyngeal, and hypopharyngeal can-
cers. They also indicated the risk factors were old age,
hypopharyngeal cancer, and heavy drinker in multivariate
analysis, and hypopharyngeal cancer was the independ-
ent variable for secondary cancer-specific survival. Xiang
et al. [18] reported the crude incidence of second cancer
per 100 patients-years was 1.55 in all stage nine tumor
types, including head and neck cancer, treated with three-
dimensional conformal, intensity-modulated, or proton
beam radiotherapy.

There are a limited number of reports about the second
primary cancers in the early-stage head and neck cancer
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[10-12, 18]. These reports are mainly described in oral
and glottic malignancies, in which cancers are compara-
tively easy to diagnose at an early stage, because the symp-
toms, such as pain and hoarseness, tend to appear in the
early phase and the accessibility of visual examination
tends to be easy. The diagnosis of head and neck cancer
in the early stages has increased due to the recent devel-
opment of diagnostic tools, such as PET-CT [5] and NBI
endoscopy [6], as well as increased awareness of head and
neck cancers among physicians in other fields [7] with the
fact that magnifying UGIE with NBI was indicated to be
useful in detecting secondary primary head and neck can-
cers after endoscopic resection of esophageal squamous
cell carcinoma [19]. These primary site cancers have been
considered to have tended to appear at an advanced stage,
and we have limited knowledge about the follow-up course
of these primary early-stage cancers.

Bhatia et al. [10] reported that 45 out of 176 early-stage
oral cavity, oropharyngeal, hypopharyngeal, or laryngeal
cancer patients developed secondary cancers within a
1.0-25.5 year follow-up period. The secondary cancer pri-
mary sites included 11 head and neck, ten lung, six skin
cancer (not melanoma), three breast, colorectal, and prostate,
two bladder, and one esophageal, anal, brain, B-cell lym-
phoma, melanoma, endometrium, and gynecologic cancers.
Ord et al. [12] reported that seven out of 112 stage I tongue
cancer patients indicated secondary cancers at 32-91 month
follow-up periods (three gingival cancers, two oropharyn-
geal cancers, one buccal cancer, and one adenocarcinoma of
lung). Compared to advanced-stage patients, most of which
are secondary cancers occurring in the head and neck, lung,
or esophagus, the sites of secondary cancer in patients with
early-stage head and neck cancer vary that are consistent
to our result. In all stage analyses, the risk factors for the
presence of secondary cancer were not the primary site of
head and neck cancers, but the duration, type, and degree of
continued tobacco use (e.g., smokeless tobacco correlating
with secondary oral cancers). Another risk factor was the
co-abuse of alcohol and tobacco correlating with esophageal
or secondary head and neck cancers [14, 15]. Also, aldehyde
dehydrogenase-2 genotype, of which 44% Japanese indicated
mutation, and alcohol flushing were reported to be risk fac-
tors for hypopharyngeal and esophageal squamous cell car-
cinoma [20, 21]. However, many secondary cancer sites are
difficult to consider that tobacco and alcohol consumption
are the primary risk factors. The incidence of secondary
cancer development depends on the extent of the evaluation,
length of follow-up, and curability of the primary lesion,
in addition to the patterns of tobacco and alcohol use [22].
In this study, the presence of hypopharyngeal cancer is an
independent predictive factor for the development of sec-
ondary cancer, along with tobacco and alcohol use. These
are well-known risk factors for hypopharyngeal cancer, and
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considered to affect this result as common risk factor theory
or field cancerization theory.

The prognosis of early-stage head and neck cancers is
relatively good. In Japan, the 5 year relative survival rates
were 94.7% and 80.4% in stage I and stage II tongue can-
cer, respectively [1], 90% and 80% for oropharyngeal cancer
[23], and 69.9% and 62.1% for hypopharyngeal cancer at
each stage [1]. The 5 year PHNCSS of this study was 98%,
which seemed superior, but the sample size was limited, and
it was difficult to compare the survival rates. Eight patients
had synchronous double cancers at diagnosis, and the 5 year
SDCSS was 98%. The well-controlled survival rate was con-
sidered to be attributable to the exclusion criteria, which
excluded incurable synchronous malignancies. The inci-
dence of secondary cancer was 37% in the overall observa-
tion period, and the 5 year NSCSS was 90%. The incidence
rate was higher than on previous reports (seven to 26% dur-
ing six months to 25.5 year follow-up period [10-12]). One
of the presumable reason for this discrepancy was fact that
the patients in this study were older (median 69 years) than
those in previous studies (median 61 years [10] and 63 years
[11], and an average of 57.7 years [12]). It is reasonable that
the incidence rate of malignant disease increases with age.
The adequate management of early-stage primary head and
neck cancer contributes to more prolonged survival, which
may affect the secondary cancer onset in elderly cancer sur-
vivors explaining one possibility of high crude incidence
of second cancer per 100 patients-years. Although second
cancer has a high incidence, early detection of secondary
cancer contributes to high curability. Systemic examina-
tions, such as PET-CT and esophagoscopy, to detect, not
only locoregional recurrence and distant metastasis but also
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.
According to our results, even at an early stage, hypopharyn-
geal cancer patients have a high risk of secondary cancer,
possibly due to smoking habits, alcohol consumption, and
advanced age.

A limitation of the present study was at a single institu-
tion with limited sample size.

Conclusions

We sub-analyzed early-stage laryngeal, oropharyngeal, and
hypopharyngeal cancer patients and revealed the high inci-
dence rates of secondary cancers with prospective data. The
independent predictive factor was hypopharyngeal cancer.
One possible reason may be smoking and alcohol consump-
tion as common risk factors for aerodigestive tract cancers.
Additionally, for all types of malignancies, the advanced age
at the diagnosis of first head and neck cancers is another risk
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factor, which would be well controlled and longer survival
after the first treatment.
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