infusion of 5-FU. To our knowledge, however, combination
therapy with docetaxel, cisplatin, and S-1 (TPS) in the
treatment of HNC has not been investigated.

Here, we conducted a phase I study of a combination therapy
with TPS in patients with locally advanced or recurrent/
metastatic HNC.

patients and methods

eligibility criteria

All patients had a histologically or cytologically confirmed diagnosis of
HNC with recurrent/metastatic or unresectable locally advanced disease.
Eligibility also required an Eastern Cooperative Oncology Group
performance status of zero or one, age 20-75 years, and adequate organ
function. Written informed consent was required from all patients before
the start of study therapy.

Patients were excluded for any of the following conditions: history of
prior chemotherapy; concurrent active malignancy except excised
intramucosal gastric or esophageal cancer, which could be removed by
endoscopic mucosal resection; pharyngeal fistula; active bleeding from the
GI tract; active infection; serious medical problem that might interfere with
the achievement of study objectives; pregnancy or lactation; or expected
survival of <3 months.

The study was approved by the Institutional Review Board at the
National Cancer Center.

study design

The study was conducted as an open-label, single arm, phase [, single-
institution dose-escalation study aimed at testing the safety of combination
therapy with TPS in patients with locally advanced or recurrent/metastatic
HNC. A total of six dose combinations were planned (Table 1).

Toxic effects were evaluated according to National Cancer
Institute—Common Toxicity Criteria for Adverse Events version 2.0. A
minimum of three assessable patients was treated at each dose level. If one
of the three patients at a given dose level experienced a dose-limiting
toxicity (DLT), three additional patients were accrued at the same dose
level. The maximum tolerated dose (MTD) was defined as the dose at which
two or more patients of six experienced a DLT. After the MTD was
determined, three more patients were treated at the next Jower dose level. If
no or only one of the six patients experienced a DLT, an additional six
patients were accrued at the same dose level to determine the recommended
dose (RD). No intra-patient dose escalation was allowed.

DLT was defined as any of the following adverse events occurring within
30 days after completion of the first cycle of TPS: (i) febrile neutropenia
lasting >4 days; (ii) grade 4 thrombocytopenia (<10 000/mm?®); (iii) grade 4
vomiting; (iv) grade 3 or 4 nonhematological toxic effects except grade 3

Table 1. Dose escalation schema and DLTs
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anorexia, nausea, vomiting, stomatitis, esophagitis, and infection due to
stomatitis; (v) cessation of treatment due to an adverse event; or (vi)
treatment-related death.

treatment

Chemotherapy consisted of a 1-h infusion of docetaxel at escalating doses of
50, 60, and 70 mg/m? a 2-h infusion of cisplatin at 70 mg-m?/day on day 1;
and S-1 twice daily on days 1-14 at escalating doses of 40, 60, and 80
mg-m?/day. This regimen was repeated every 3 or 4 weeks. Prophylactic use
of granulocyte colony-stimulating factor was not allowed but ciprofloxacin
was administered on days 5 through 15.

The dose escalation schema is depicted in Table 1. At dose levels 14,
treatment was repeated every 4 weeks, with a maximum of six cycles
allowed until unacceptable toxicity, patient refusal or disease progression
was observed. At dose levels 5 and 6, the subject had to have locally
advanced HNC and to have received TPS every 3 weeks with a maximum of
three cycles allowed. Patients with locally advanced HNC who recorded
a response after completion of three cycles of TPS were able to receive
definitive treatment, including concurrent chemoradiotherapy.

treatment evaluation and dose modifications

Baseline evaluation consisted of history, physical examination, radiographic
imaging, routine laboratory studies, and electrocardiogram. Safety
assessments were repeated weekly after the start of chemotherapy.

Doses were modified in case of severe hematological or
nonhematological toxic effects. Since patients received three
chemotherapeutic agents, dose adjustment was carried out for each
individual agent based on its estimated causal relationship to the toxicity; if
multiple agents were felt to be causing the toxicity, dose reduction was
carried for multiple agents according to the RD reduction schedule below.
If multiple toxic effects occurred during a treatment cycle, the toxicity with
the highest grade was used as the parameter for dose adjustment.

Grade 4 hematological toxic effects or grade 3 infection required a dose
reduction of all three drugs. Grade 3 diarrhea, mucositis, or skin reaction
required a reduction in S-1 dose. Grade 2 neurotoxicity required
a reduction in cisplatin dose. Grade 3 neurotoxicity required the
discontinuation of cisplatin. Creatinine clearance (CCr) was calculated at
the beginning of each cycle according to the Cockcroft~Gault formula. CCr
values >60 ml/min required no dose modification; those from 50 to <60 ml/
min required a reduction in both S-1 and cisplatin by one dose level; those
from 40 to <50 ml/min required a reduction of both S-1 and cisplatin by
two dose levels; and those <40 ml/min required the cessation of both S-1
and cisplatin. Patients were removed from treatment if more than two dose
reductions were required or if there was a treatment delay of >21 days due
to toxicity.

Tumors responses were evaluated according to RECIST.

50 oo 70 " 40

1

2 60 S 70 : 40
3 60 70 60
4 60 70 80
5 70 : 70 80
6 70 70 60

WO B B R

R/M and LA . 0/4
R/M and LA 03
R/M and LA 0/3

R/Mand LA  1/12 Grade 3 infection

LA 2/6 Grade 3 infection, grade 3
hyperbilirubinemia

LA 2/12 Grade 3 diarrhea, grade 3
ALT/AST?

ALT, alanine aminotransferase; AST, aspartate aminotransferase; DLT, dose-limiting toxicity; LA, locally advanced disease; R/M, recurrent/metastatic disease.
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end poinis and siatistical methods

The primary end point in this study was the MTD and RD of this regimen.
Secondary end points included the safety and tolerability of this
combination and relative dose intensity and efficacy, including response
rate, progression-free survival (PFS), and overall survival (OS).

Relative dose intensity was calculated as the ratio of the actual to planned
dose intensity in milligrams per square meter per week. The survival curve
was estimated using the Kaplan—Meier method. Safety and efficacy analyses
were both conducted on an intention-to-treat (ITT) population, defined as
all patients enrolled in the study who received at least one dose of
chemotherapy. A subject’s PFS was defined as the time from the date of the
first administration of chemotherapy to the first documentation of disease
progression, subsequent therapy, or death. OS was determined from the
date of the first administration of chemotherapy to the date of death or the
last confirmation of survival. Statistical data were obtained using the SPSS
software package (SPSS 11.0 Inc., Chicago, IL).

results

patient and disease characteristics

From November 2004 to September 2008, a total of 40 patients
were enrolled, consisting of 33 males and 7 females with

a median age of 50 years (range 22—74 years). Patient
characteristics in the ITT population are listed in Table 2.

Table 2. Patient characteristics

Age, years
Median g : 50
Range Co 22-74
Sex
Male S ' 33
Female i ‘ 7
Eastern Cooperative Oncology Group performance score
0 ‘ : : 35
Site of primary tumor S
Hypopharynx - nLe 9
" Oral cavity: - : 1
Oropharynx 10
Salivary gland- : 3
Nasopharynx 13
Nasal cavity ) 3
Histology
Squamous cell carcinoma 23
Adenoid cystic carcinoma 3
Undifferentiated carcinoma
Others : 5
Disease status
Recurrent/metastatic disease : 11
Locally advanced disease 29
Prior treatment ' :
None R : - 31
Surgeryalone. ... . : 4
Surgery with ‘adjuvant : 1
radiotherapy g
Radiotherapy alone : 4

Twenty-nine cases were locally advanced cancer and 11 were
recurrent/metastatic cancer.

treatment administration

A total of 116 cycles was administered (median = 3, range 1-6)
over six dose levels. Twenty cycles required dose reduction,
while six required a delay of >7 days due to toxicity. Six patients
discontinued treatment due to disease progression and two due
to treatment-related toxicity, while two other patients refused
further treatment due to fatigue. Three of 11 patients with-
recurrent/metastatic disease completed six cycles of TPS as

a palliative chemotherapy, whereas 27 of 29 patients with
locally advanced disease completed three cycles of TPS as
induction chemotherapy. Twenty-four patients received
subsequent chemoradiotherapy concurrently with cisplatin
(cisplatin 20 mg/m?, i.v., days 1—4, days 22-25, days 43—46)
after completion of TPS. One patient received
chemoradiotherapy with 5-FU plus cisplatin (5-FU 400 mg/m?,
i.v., days 1-5, days 29-33, cisplatin 20 mg/m?, i.v., days 14,
days 29-32). Four patients received proton beam therapy
concurrently with cisplatin at the same schedule as
chemoradiotherapy. One patient for whom no response was
documented after two cycles of TPS received palliative
chemoradiotherapy. Median total dose of photon therapy and
proton beam therapy was 70 Gy (range 66-70) and 70 Gy
(range 65-70), respectively.

dose escalation and DLT

DLTs are listed in Table 1. No DLTs were observed until dose
level 3. At dose level 4, one patient experienced grade 3 infection,
leading cohort expansion, but no further DLTs were observed at
this dose level. Although MTD was not reached by this level,
further escalation was not initially planned. An additional six
patients were accrued at this level to determine the RD. Since
MTD was not reached by dose level 4 and the dose intensities of
docetaxel and cisplatin at this level (docetaxel 15 mg-m?/week,
cisplatin 17.5 mg-m?/week) were markedly lower than that of
previous studies of induction TPF for locally advanced HNC
(docetaxel 25 mg-m*/week, cisplatin 25 mg-m?*/week), we
amended the protocol to include a dose escalation of docetaxel
and shortening of treatment cycle and limited the subjects to
patients with locally advanced disease. In other words, MTD was
evaluated at dose level 5 or 6 to determine the RD of TPS as
induction chemotherapy for locally advanced HNC.

At dose level 5, two DLT's were observed, namely one grade 3
infection and one grade 3 hyperbilirubinemia, establishing this
as the MTD. The relative dose intensity at this dose level was
0.67 (range 0.40-0.85). In the 12 patients at dose level 6, two
DLTs were observed, namely one grade 3 elevation of alanine
aminotransferase/aspartate aminotransferase and one grade 3
diarrhea. The relative dose intensity at this dose level was 0.92
(range 0.41-1.0). Based on the results, the RD of this
combination was determined as docetaxel 70 mg/m?, cisplatin
70 mg/m?, and S-1 60 mg/m* for 14 days, every 3 weeks.

toxicity

Overall toxic effects during TPS administration are listed in
Table 3. Grade 3 or 4 hematological toxic effects are listed by
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dose level in Table 4. At dose level 5, all patients experienced
grade 4 neutropenia. Grade 2 or 3 nonhematological toxic effects
are listed by dose level in Table 5. No grade 4 nonhematological
toxic effects were observed during any course.

Major common grade 3 or 4 toxic effects in patients with
locally advanced disease during chemoradiotherapy or proton

Table 3. Overall toxicity during TPS administration (n = 40)

Hematological toxicity S ‘ Sl
: 20 12 0. .30

Leucopenia - 6

Neutropenia 6 . 9 12 12 0 60
Febrile neutropenia 0 0. 5 013
Anemia ’ e Y 14 s L0 8
Thrombocytopenia 15 2 0 0

Nonhematological toxicity s ‘

Nausea : ’ 16 i 14 1 0 3
Vomiting 23 S0 0 0
Anorexia 1514 6 015
Fatigue = - S8 7 0 0 0
Mucositis 5 3 1 o3
Diarrhea " ; 6 3 Sl 0 3
Elevated bilirubin 5 12 1 S0 3
Elevated AST 4 3 1 0 3
Elevated ALT - = .- 10~ 6 1 0 3
Elevated creatinine . 6 1 1 0 0

ALT, alanine aminotransferase, AST, aspartate aminotransferase.
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beam therapy were mucositis (48%), dysphagia (34%),
leucopenia (28%), anemia (17%), dermatitis (17%), and
neutropenia (14%). Toxicity was as expected and manageable.

treatment ocutcomes

Efficacy data are listed in Table 6. All patients enrolled in this
study were assessable for response to TPS. There were 6
complete and 22 partial responses, giving an overall response
rate of 70% [95% confidence interval (CI) 59.1-80.8], broken
down as 4 complete and 18 partial responses in the 29 patients
with locally advanced disease, and 2 complete and 4 partial
responses in the 11 with recurrent/metastatic disease. One of
these latter two complete responders, who had residual disease
after completion of radiotherapy for poorly differentiated
squamous cell carcinoma of the nasopharynx, achieved
a complete response after receiving three cycles of TPS without
further treatment and remains alive without evidence of
recurrence as of ~5 years later. Another patient, who had
previous radiotherapy for undifferentiated carcinoma of the
nasopharynx and multiple mediastinal lymph node metastases
4 months after receiving lobectomy for lung metastasis,
achieved a complete response after completion of six cycles of
TPS followed by S-1 alone for 2 years and is alive without
evidence of disease progression as of >4 years after treatment.
Although no objective response was observed in patients with
adenoid cystic carcinoma, eight of nine patients with
undifferentiated carcinoma achieved an objective response.
Of the 29 patients with locally advanced disease, 23 (79%;
95% CI, 64% to 93%) experienced complete remission after
completion of definitive chemoradiotherapy or proton beam

Table 4. Grade 3 or 4 hematological toxicity during TPS administration by dose level

Leucopenia 1 0 0 0 0
Neutropenia 0 1 0 0 0
Febrile neutropenia 0 - 0 0 0 0
Anemia b 0 0 0 0 0
Thrombocytopenia 0 0 0 0 0

c o oo o

o oo v w
oo o oo
= o»—-‘o’u{
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Table 5. Grade 2 or 3 nonhematological toxicity during TPS administration by dose level

Anorexia 0 0 2 0 0 1
Nausea 1 0 0 0 1 0
Mucositis 0 0 0 0 2 0
Diarrhea 0 0 0 0 0 0
Infection 0 - 2 0 0 0 0

S e s NN
HOH’»——*N
ONON‘W'
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oo o w W
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Table 6. Efficacy (n = 40)

All (n = 40) 6 2 101 1 70 59.1-80.8

Disease status i
LA (n=29) 4 18 6 176 62.2-89.8
RIM (n=11) 2 4 40 1 55 38.7-71.2

Histology i ‘
SCC(n=123) 3 15 4 1 0 78, 56.3-92.5
ACC (n =3) 0 0 3.0 0 0 0-708
Undiff (n=9) " 2 61 0 0 89 51.8-99.7
Others (n=5) 1 12 0 1 40 5.3-85.3

ACC, adenoid cystic carcinoma; CI, confidence interval; CR, complete
response; LA, locally advanced disease; NE, not evaluated; PD, progressive
disease; PR, partial response; RR, response rate; R/M, recurrent/metastatic
disease; SCC, squamous cell carcinoma; SD, stable disease; Undiff,
undifferentiated carcinoma.

therapy. Three patients achieved a partial response and the
remaining three patients showed progressive disease, including
bone metastasis (n = 2). With a median follow-up time of 19
months (range 6-52 months), locoregional recurrence and
distant metastasis were observed in nine and four patients,
respectively. A total of six patients died due to disease
progression. Although the patient population was
heterogeneous, the estimated 1-year PFS and OS in all patients
were 64% and 85%, respectively. The estimated 1-year PFS in
patients with recurrent/metastatic and locally advanced disease
were 33% and 74%, respectively.

discussion

The past 5-10 years has seen an increasing trend for the
substitution of conventional 5-FU with oral prodrugs of 5-FU,
including S-1 and capecitabine, in chemotherapy regimens.
Two randomized trials for advanced gastric cancer evaluated
the safety and efficacy of S-1 compared with that of 5-FU: in
one trial, S-1 showed statistically significant noninferiority to 5-
FU (P < 0.001) [12], while in another trial [13], S-1 plus
cisplatin was statistically noninferior to 5-FU plus cisplatin and
had a significantly superior safety profile. These randomized
trials have identified S-1 as a valuable substitute for bolus or
infusional 5-FU in the treatment of gastric cancer.

Three trials of TPS in the treatment of advanced gastric
cancer have been reported [14—16]. Given recognition in Japan
that S-1 is a key drug in the treatment of gastric cancer, S-1
dose was fixed (S-1 80 mg-m?*/day on days 1-14) in all three
trials, whereas dose intensities of docetaxel and cisplatin were
markedly lower (docetaxel 10 or 20 mg-m*/week, cisplatin 17.5
or 20 mg-m”/week) than those of the standard TPF regimen
(docetaxel 25 mg~m2/week, cisplatin 25 mg-mzlweek) for
SCCHN [2, 3]. Given the outcomes of the TAX 323 and
TAX324 studies [2, 3], which demonstrated that, in addition to
cisplatin, docetaxel is a key drug in the treatment of SCCHN,
these TPS regimens would therefore not be appropriate
substitutes for TPF in the treatment of SCCHN.

In contrast to the situation for gastric cancer, no randomized
trial has compared S-1 with 5-FU for HNC and no previous

studies have investigated TPS in the treatment of HNC. The
present study is thus the first trial of TPS in the treatment of
HNC. Results showed that the incidence of hematological toxic
effects was comparable to that in TAX 323 and TAX324,
whereas no grade 4 nonhematological toxic effects or
treatment-related deaths were seen. At dose level 5 (docetaxel
70 mg/m?, cisplatin 70 mg/m? and S-1 80 mg/m? every 3
weeks), two DLTs were observed, establishing this as the MTD.
All patients at this level experienced grade 4 neutropenia and
the relative dose intensity was 0.67, suggesting that this dose
would not be feasible. At dose level 6 (docetaxel 70 mg/m?,
cisplatin 70 mg/m?, and S-1 60 mg/m?, every 3 weeks), 2 of 12
patients developed DLTs and the relative dose intensity at this
dose level was 0.92, suggesting the feasibility of this dose as the
RD of a phase II trial.

The rate of treatment-related death with the most widely
accepted standard TPF regimen is 2.3% [2]. This is of concern,
given that the goal of treatment for patients with locally
advanced SCCHN is cure. Although the docetaxel and cisplatin
doses at dose level 6 (docetaxel 70 mg/m?, cisplatin 70 mg/m?,
and S-1 60 mg/m?, every 3 weeks) were slightly lower than
those with standard TPF, the incidence of febrile neutropenia
(33%) was higher than that with standard TPF (5.2%),
suggesting that further dose escalation may increase the risk of
the treatment-related death. Hence, no further dose escalation
was undertaken.

Many patients with locally advanced HNC experience
dysphagia due to the primary tumor, and difficulty in
swallowing capsules containing S-1 may be problematic.
Nutritional support via feeding tube replacement in these
patients is indispensable. Our previous pharmacokinetic
findings showed that administration of S-1 as a suspension via
a feeding tube was interchangeable with oral administration of
whole capsules [17]. S-1 can therefore be administered to all
HNC patients regardless of difficulty in swallowing capsules.

Although efficacy was not a primary end point of this study,
antitumor activity (overall response rate 70%) was highly
promising. Moreover, both patients with recurrent/metastatic
nasopharyngeal cancer achieved a complete response after
treatment, and remain alive and without recurrence at >4 years
post-treatment. Although the number of patients was small and
nasopharyngeal cancer is more sensitive to chemotherapy than
other primary sites of HNC, antitumor activity was noteworthy.
Furthermore, toxic effects during definitive therapy were
relatively mild compared with those in previous studies of
concurrent chemoradiotherapy for locally advanced SCCHN,
suggesting that three cycles of TPS would not compromise the
delivery of subsequent chemoradiotherapy.

During dose levels 1—4, this study included patients with
recurrent/metastatic disease. If TPS had shown feasible and
promising efficacy in these patients, this would have been
encouraged further investigation to establish a new standard of
care in the treatment of recurrent/metastatic SCCHN. Of 11
patients with recurrent/metastatic disease, however, 2 refused
further treatment due to fatigue, even though they had achieved
a clinical response and experienced no severe toxic effects, and
almost all had limited treatment options if they had proved
refractory to this combination. We therefore excluded patients
with recurrent/metastatic disease from receiving dose levels 5
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and 6. Recently, the addition of cetuximab to platinum-based
chemotherapy was shown to significantly prolong OS without
exacerbating chemotherapy-associated toxicity or quality of life
in patients with recurrent/metastatic SCCHN {18]. The
addition of molecular-targeted drugs such as cetuximab to
platinum-based chemotherapy would therefore be more
feasible and appropriate than that of docetaxel to platinum-
based chemotherapy in the treatment of recurrent/metastatic
SCCHN.

Concern has been expressed over the considerable ethnic
differences in the tolerated doses of S-1. These relate to the
varying efficiency rates of conversion of tegafur to 5-FU by
CYP2A6 of the CYP450 enzyme system, now identified as the
principal enzyme responsible for this conversion process [19—
22]. A phase I study of S-1 plus cisplatin in Western patients
with advanced gastric carcinoma showed that the S-1 dose
tolerated by Western patients is lower than that by Japanese
patients but that the area under the curve of 5-FU appears
higher in white than Japanese patients in a comparable dose
range of S-1 [23]. This is mostly attributed to different
polymorphisms in the CYP2A6 gene among Asians and whites.
The RD of the present study is likely unsuitable for Western
patients, and further study to determine the RD of TPS for
these patients is required. Moreover, further study of the
present TPS should be done in Asian patients to clarify whether
TPS is superior to TPF.

In conclusion, we found that treatment with TPS was well
tolerated and feasible in patients with locally advanced HNC.
This regimen demonstrated sufficient activity to warrant phase
II testing and may be an optimal substitute for TPF in the
treatment of locally advanced SCCHN. A randomized trial
comparing TPS with TPF in patients with locally advanced
SCCHN is warranted.
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Long-term outcome of transoral organ-preserving pharyngeal
endoscopic resection for superficial pharyngeal cancer
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Ryo Asato, MD, PhD, Ichiro Tateya, MD, PhD, Akihiko Yoshizawa, MD, PhD, Tsutomu Chiba, MD, PhD

Kyoto, Japan

Background: Early detection of pharyngeal cancer has been difficult. We reported that narrow-band imaging
(NBD endoscopy can detect superficial pharyngeal cancer, and these lesions can be treated endoscopically.

Objective: To assess the‘safety and long-term efficacy of transoral organ-preserving pharyngeal endoscopic
resection (TOPER) for superficial pharyngeal cancer.

Design and Setting: Retrospective 2-center cohort study.

Patients: The study included 104 consecutive patients with superficial pharyngeal cancer.
Intervention: TOPER with the patients under general anesthesia.

Main Outcome Measurements: Safety of the procedure, long-term survival, clinical outcome.

Results: A total of 148 consecutive lesions were resected in 104 patients. There was no severe adverse event.
Temporary tracheostomy was required in 17 patients (16%) to prevent airway obstruction. The median fasting
period and hospital stay after TOPER were 2 days (range 1-20 days) and 8 days (range 3-58 days), respectively.
Ninety-six patients (92%) had no local recurrence or distant metastases. Local recurrence at the primary site
developed in 6 patients, but all were resolved by repeat TOPER. With a median follow-up period of 43 months
(range 3-96 months), the overall survival rate at 5 years was 71% (95% CI, 59-82). Cause-specific survival rate at
5 years was 97% (95% CI, 93-100). The cumulative development rate of multiple cancers in pharyngeal mucosal
sites at 5 years was 22% (95% CI, 12-33). The pharynx was preserved in all patients, and they experienced no loss
of function.

Limitation: Retrospective design.

Conclusions: Peroral endoscopic resection of superficial pharyngeal cancer is a feasible and effective treatment
with curative intent. (Gastrointest Endosc 2011;74:477-84.)

cancers.? Furthermore, acetaldehyde-associated alco-
holic beverages were reclassified as a class I carcinogen
in 2009 by the International Agency for Research on
Cancer.?

Pharyngeal cancer other than nasopharyngeal cancer
(130,000 new cases and 83,000 deaths worldwide in
2002) is predominantly a cancer of men.! Smoking and
alcoholic beverages are the class I carcinogens for these
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Although the definite risk factors are well known, it has
been quite difficult to detect pharyngeal cancer at an early
stage. Thus, most of the cases are diagnosed at an ad-
vanced stage and have a poor prognosis. In addition, the
standard treatments of surgical resection and/or chemora-
diotherapy worsen the patients’ quality of life, resulting in
speech defects, swallowing disorders, salivary disorders,
and cosmetic deformities of the neck.

We previously reported that a new image-enhanced en-
doscopic technology,? narrow-band imaging (NBD, was very
useful for detecting these cancers at an early stage and that
these superficial cancers could be treated with peroral endo-
scopic resection with minimal invasiveness.*® Shimizu et al”
and Tizuka et al® also reported the usefulness of endoscopic
resection for oropharyngeal and hypopharyngeal cancer.
However, these reports included small numbers of pa-
tients, and their long-term outcome has not been reported.
In addition, it seems to be premature to conduct a pro-
spective study of peroral endoscopic resection for super-
ficial pharyngeal cancer because its feasibility and safety
have not been fully evaluated. In this study, we assess a
large number of patients with a longer follow-up time to
address the feasibility and usefulness of peroral organ-
preserving endoscopic resection for superficial pharyngeal
cancers.

PATIENTS AND METHODS

During the period from June 2002 to April 2008, 148
consecutive superficial oropharyngeal and hypopharyn-
geal cancers in 104 patients were treated by transoral
organ-preserving pharyngeal endoscopic resection
(TOPER) while under general anesthesia at National
Cancer Center Hospital East and Kyoto University Hos-
pital. Written informed consent for the treatment was
obtained from all patients, and this study was approved
by the local ethics committee.

Histological diagnosis of the lesions was made accord-
ing to the World Health Organization classification of the
tumor (head and neck tumors).? Evaluation of the invasion
of the tumor was also made according to the general rules
for clinical studies of head and neck cancer by the Japa-
nese Society for Head and Neck Cancer and the Japanese
classification of esophageal cancer by Japan Esophageal
Society.!" According to these guidelines, carcinoma in situ
and subepithelial cancers are defined as a superficial can-
cer regardless of lymph node or distant organ metastasis.
To date, there is no generally accepted definition of su-
perficial cancer in this field. Thus, a cancer limited to the
subepithelial layer of the pharynx is defined as superficial
cancer in this study.

If the lesion was evaluated as carcinoma in situ or
carcinoma with invasion to the subepithelial layer (not
to the muscular layer), TOPER was indicated as a min-
imally invasive treatment (Fig. 1). Patients who received
radiotherapy to the head and neck region previously

i,ﬁ'Ta'kl'{“ey-yth:"r;n‘:étMessage

'f- Peroral endoscopic laryngopharyngeal mucosal resectlon

were not indicated. All patients refused radical surgical
resection or chemotherapy or chemoradiotherapy. All
lesions were detected by NBI with a magnifying endo-
scope and histologically confirmed by biopsy specimen
as severe dysplasia/carcinoma in situ or squamous cell
carcinoma.

TOPER was based on the methods of EMR using a cap
(EMR-O" or endoscopic submucosal dissection (ESD),'?
and the procedures were performed as previously re-
ported!12 by using a high-definition endoscope (Q240Z,
Q260], or H260Z; Olympus Medical Systems, Tokyo, Ja-
pan). For EMR-C, a soft food attachment (D-206-06; Olym-
pus Medical Systems) to the tip of the endoscope was
used. For ESD, an insulated-tip electrosurgical knife (IT
knife; Olympus Medical Systems) was used. In both meth-
ods, the lesion was removed after inserting a needle be-
side the lesion and injecting an adequate volume of saline
solution or glycerol containing diluted epinephrine (0.02
mg/mL) beneath the epithelium to lift it above the sur-
rounding mucosa. We used a rigid laryngoscope (Na-
gashima, Tokyo, Japan) to obtain a sufficient working
space by lifting the larynx. Iodine staining was used
both to delineate the exact margin of the cancer lesion
before resection and to detect residual lesion after re-
section. If a small residual lesion was endoscopically
identified after EMR or ESD, argon plasma coagulation
was done to prevent local recurrence. To check whether
the larynx was swollen after resection, an endoscopic
examination was performed on the day after resection
with the patient under conscious sedation by periodic
intravenous administration of pethidine hydrochloride
(in total 0.5 mg/body weight). If the movement of the
pharynx and larynx was unimpaired, the patient was
encouraged to start eating semisolid food. If the larynx
was swollen, the patient continued fasting until the
swelling disappeared.

All resected specimens were cut into longitudinal slices
measuring 2 mm in width. The slices were embedded in
paraffin and stained with hematoxylin-eosin. All speci-
mens were microscopically evaluated by 3 pathologists
(S.F., AY., A. Ochiai) according to the World Health Or-
ganization classification.”

Follow-up endoscopy was performed after 1 to 3
months to check the healing of the mucosal defect and
local residue after TOPER, and thereafter every 6
months to detect metachronous superficial cancer in
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Figure 1. TOPER for superficial pharyngeal cancer. A, Endoscopic photograph showing the right piriform sinus with superficial pharyngeal cancer. The
slight reddish-color mucosa is the neoplastic lesion (arrows). B, Narrow-band imaging corresponding with A showing well-demarcated brownish area
(arrows). In the brownish area, tiny brown dots can be seen, which are irregular morphological changes in superficial microvessels in the neoplastic
lesion. C, lodine chromoendoscopy showing well-demarcated iodine voiding lesion (arrows). D, Marking around the lesion with a needle-knife with
coagulation mode. E, Mucosal incision outside the marking after submucosal injection. F, The mucosal defect immediately after resection. G, Resected
specimen with the neoplastic lesion in en bloc fashion. H, Histologically, this lesion was diagnosed as carcinoma in situ.

these regions. Local recurrence was defined as when the
cancer was detected at the site of the TOPER scar.
Patients underwent a CT scan of the neck, chest, and
abdomen annually to detect lymph node and distant
metastases.

StatView version 5.0 (SAS Institute Inc, Cary, NC) was
used for statistical analysis. The results are expressed as
median (range). The Fisher exact test was used to analyze

categorical data to compare proportions. Cause-specific
and overall survival rates were estimated by using the
Kaplan—Meier method.

RESULTS

Patient characteristics are shown in Table 1. They were
predominantly male (97%), and the median age was 63
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Figure 1. (continued)

years old (range 42-88 years). Of the 104 patients, 89 (86%)
and 25 (24%), respectively, had esophageal cancer and/or
head and neck cancer synchronously or previously. All of
the cancers in the esophagus and the head and neck
region were primarily treated with methods such as endo-
scopic resection, (chemo)radiotherapy, and surgery with
curative intent. Most of the patients were identified as
having cancer by follow-up examination for esophageal
cancer or head and neck cancer. Of the 104 patients, 6
initially had unknown primary lymph node metastasis.
Among them, the superficial lesion in the pharynx was
finally found after radical dissection of the lymph node,
and it was then treated by TOPER as a minimally invasive
treatment.

Among the 104 patients, EMR-C method was indicated
for 85 cases and the remaining 19 cases were indicated for
ESD method. The selection was depended on the skill of
the investigator. Before March 2006, all procedures of
TOPER were performed by EMR-C method. After that, we
turned to the treatment used by the ESD method for
TOPER.

Lesion characteristics are shown in Table 2. Multifocal
superficial cancer was found in 26 patients (25%). Nine
lesions (6%) were finally diagnosed as severe dysplasia.
Ninety-seven lesions (66%) were histologically confirmed
to be carcinoma in situ, and the remaining 42 lesions
(28%) showed slight invasion beneath the epithelium. The
piriform sinus was the most frequent primary region (71%,
105/148).

The overall complication rate was 4.8% (5/104). Al-
though subcutaneous emphysema developed in 2 pa-
tients immediately after the procedure, they improved

with conservative medical management within 1 week.
Aspiration pneumonia developed after 1 patient started
eating. This patient improved after intravenous admin-
istration of antibiotics. Delayed bleeding developed the
day after resection in 2 patients. These patients were
treated with endoscopic hemostasis. Temporary trache-
ostomy was indicated for 17 patients because their lar-
ynx was swollen and they were considered at risk of
airway obstruction after extubation. All of the tracheos-
tomies were closed within 2 weeks. No procedure-
related deaths occurred.

The median fasting period after TOPER was 2 days
(range 1-20 days). The median hospital stay after TOPER
was 8 days (range 3-58 days).

The median follow-up period was 43 months (range
3-96 months). The overall survival rates at 3 and 5 years
were 84% (95% CI, 77-92) and 71% (95% CI, 59-82), re-
spectively (Fig. 1). Cause-specific survival rates at 3 and 5
years were 99% (95% CI, 97-100) and 97% (95% CI, 93-
100), respectively (Fig. 2). Cumulative development of
multiple cancers in the pharyngeal mucosal site at 3 and 5
years were 20% (95% CI, 10-29) and 22% (95% CI, 12-33),
respectively (Fig. 3).

Patterns of recurrence and the clinical course are sum-
marized in Figure 4. Of 104 patients, 96 (92%) had no
recurrence in either the primary site or lymph node or
distant metastasis. Although local recurrence developed in
6 patients at the primary site, 5 of them were cured by
repeat TOPER. Although the remaining patient died of the
disease, this patient had a history of surgical resection of
large oropharyngeal cancer 3 months earlier. We then
considered the cause of death of this patient as previous
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Sex,no.

Male 101
SiFemalell o a3
Age, y (range) 63 (42-88)
“History of EC, no o 89 G

Treatment for EC, no.

- EMRincluding endoscopic treatment

CRT/RT 37
~ Surgery
History of HNC, no. 25
Treatmentfor HNC,no. =
RT 4

Initial reason for detection, no.

. Discomfortofpharynx 6
Pretreatment detailed examination for EC 12
- Follow-up after surgeryforC. .~ 10
Follow-up after CRT/RT for EC 27
" Follow-up after EMRforEC =~ 7~ 16
Follow-up after surgery for HNC 21
- Follow-up after RTfor HNC - - -4
Unknown primary lymph node metastasis 6
- Screening for upper Gl endoscopy - 2
Method
SEMRC D i e e
ESD 19

EC, Esophageal cancer; CRT, chemo/radiotherapy; R7, radiotherapy;
HNC, head and neck cancer; EMR-C, EMR with a cap; £SD, endoscopic
submucosal dissection.

oropharyngeal cancer. There was no difference in the
local recurrence rate between EMR-C and ESD methods.
Although lymph node metastasis in the neck developed in
2 patients, their superficial cancers were initially found
during surveillance of the primary site of a lymph node
metastasis of an unknown primary tumor. Thus, the pos-
sibility that the lymph node metastasis already existed
before TOPER could not be excluded. Ninety patients
(86.5%) had survived without disease at the time of this
analysis. Although it was difficult to determine the direct
cause of death in those who died, 10 patients were con-
sidered to have died of previous head and neck cancer or
esophageal cancer rather than superficial pharyngeal can-

128 (86.5)
50 (338)
Right pyriform sinus 56 (37.8)
~ Postaricoidares e
Posterior wall 13(8.8)

Histological depth of the lesions, no. (%)

Severe dysplasia 9 (6.1)
Carcinomainsitu . 97(655)
Carcinoma with subepithelial invasion 42 (28.3)

cer because the previous cancers were far advanced. Four
patients died of other diseases.

DISCUSSION

This study demonstrates that peroral organ-preserving
endoscopic resection for superficial pharyngeal cancer is a
feasible treatment option with no severe adverse events
and an extremely good prognosis. To our knowledge, this
is the largest series of the patients to show the long-term
effectiveness of endoscopic resection for superficial pha-
ryngeal cancer. A recent report by Suzuki et al'? with 37
superficial pharyngeal cancers in 31 patients also showed
the safety and effectiveness of endoscopic resection for
these lesions. Until now, many patients with pharyngeal
cancer were diagnosed at an advanced stage and thus
required invasive surgery including the resection of the
pharynx and larynx, resulting in speech defects and swal-
lowing disorders, a major challenge from the aspect of the
patients’ quality of life. Our results demonstrating a new
strategy of early detection and a minimally-invasive treat-
ment for pharyngeal cancer are expected to be of great
significance to these patients.
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Figure 2. Overall survival (A) and cause-specific survival (B) after TOPER for superficial pharyngeal cancer.
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Figure 3. Metachronous development of superficial pharyngeal cancer
after TOPER.

In the field of GI tract diseases, advances in the tech-
nology of endoscopic diagnosis have accelerated the de-
tection of early cancer, leading to improvements in the
technology of minimally-invasive endoscopic treatment
such as EMR and ESD.!*'% Thus, EMR and ESD are now
widely accepted as standard treatments for early cancer in
the GI tract. In contrast, in the region of the oropharynx
and hypopharynx, a reflection occurs at the time of endo-
scope insertion, causing pain and discomfort for patients.
Therefore, this area has not been fully examined by rou-
tine endoscopic examination, even in the field of GI en-
doscopy. Furthermore, the resolution of the otolaryngeal
endoscope was insufficient to identify a subtle change in
the structure of the mucosal surface and microvasculature,
which are important characteristics of superficial pharyn-
geal cancer. Thus, it has been almost impossible to detect
early cancer in this region.

However, we previously reported that NBI combined
with a magnifying endoscope enables early detection of
pharyngeal cancer.** Although this was a breakthrough in
the diagnosis of cancer in the pharyngeal region, the
treatment of superficial cancer has become a major issue
because the standard treatment for pharyngeal cancer is
surgery or chemoradiotherapy, which appears to be

overtreatment for these superficial cancers. Similar to
the case for early cancer in the GI tract, endoscopic
resection is the optimal treatment for superficial pha-
ryngeal cancer because it is minimally invasive and
curative. However, endoscopic resection for these le-
sions is not established as the first choice of treatment
because it is not clear whether this treatment is feasible
or improves the prognosis. Our results suggest that
endoscopic resection could be the first choice of treat-
ment for superficial pharyngeal cancer.

In carcinoma in situ, there is theoretically no risk of
lymph node metastasis, but in pharyngeal cancers with
subepithelial invasion, there is a risk of lymph node me-
tastasis. However, we could not estimate the risk because
we saw no cases of superficial cancer before NBI was
developed. In our current analysis, lymph node metastases
developed in 2 patients after TOPER. However, these
patients had lymph node metastasis from an unknown
primary tumor before endoscopic resection. Thus, the
possibility could not be excluded that the lymph node
metastasis existed before TOPER was recommended for
them. Except for these patients with unknown primary
lymph node metastasis, no lymph node metastasis devel-
oped in any patient in our series after TOPER. This result
indicates that the risk of lymph node metastasis is quite
low and thus prophylactic irradiation for cancers with
subepithelial invasion appears unnecessary at this time,
considering its disadvantages, including salivary disorders
and mucosal inflammation.

In this study, multiple metachronous cancers at a pha-
ryngeal mucosal site (22% at 5 years) developed in many
patients. Suzuki et al!? reported that metachronous super-
ficial pharyngeal cancer developed in 16% (5/31) of the
patients. This possibly results from the “field canceriza-
tion” phenomenon.!” All patients included in this study
were screened for the presence of multiple cancers by
iodine staining of the entire pharynx when they under-
went TOPER under general anesthesia. The fact that meta-
chronous cancer frequently develops despite this screen-
ing suggests that the mucosa itself in this area has a high
potential for cancer development. Therefore, close surveil-
lance may be required after less invasive therapy that

482 GASTROINTESTINAL ENDOSCOPY Volume 74, No. 3 : 2011

www.giejournal.org



Muto et al

Long-term outcome of TOPER for superficial pharyngeal cancer

Figure 4. Clinical outcomes after TOPER for superficial pharyngeal cancer.

preserves the mucosa. Alternatively, if an effective prophy-
laxis were discovered, development of metachronous
multiple cancers could be inhibited.

According to the TNM (tumor-node-metastasis) classi-
fication'8 of pharyngeal cancer, the depth of tumor is
unrelated to the staging, and the T number increases as the
tumor size increases in cases of widespread superficial
cancer. However, there is no risk of metastasis in intraepi-
thelial cancer compared with invasive cancer of the same
size, and, theoretically, the rate of lymph node metastasis
is anticipated to be low, even in the case of microinvasive
cancer. Thus, as many more superficial cancers are de-
tected, a discrepancy becomes apparent between the cur-
rent TNM classification system and actual clinical practice.
In the future, the relationship between the depth of su-
perficial cancer in the head and neck and the risk of lymph
node metastasis, as well as its prognosis after endoscopic
therapy, needs to be determined.

Generally, the survival of patients with multiple cancers
is reported to be poor.'® However, the overall and cause-
specific survival of the patients in this study could be
regarded as acceptable because 93% (97/104) of the pa-
tients had a history of esophageal cancer or head and neck
cancer and then would have poor prognosis. This result in
part means that if the primary treatment succeeds with its

curative intent, a second primary cancer should be de-.

tected at an earlier stage to obtain better survival. To date,
there is no guideline for the optimal surveillance interval
and the indication of TOPER. In addition, we have to
determine the effective surveillance schedule and the lim-
itations and indications for the TOPER method.

In conclusion, TOPER for superficial pharyngeal cancer
is a feasible and effective treatment with curative intent.
The strategies of evaluation of definitive risk (alcohol and
smoking), identifying the superficial cancer by image-
enhanced endoscopy, and minimally-invasive treatment
by TOPER can provide a chance of organ preservation and
survival for pharyngeal cancer patients.

REFERENCES

1. Parkin DM, Bray F, Ferlay J, et al. Global cancer statistics 2002. CA Cancer
J Clin 2005;55:74-108.

2. Beatrice S, Kunt S, Robert B, et al. A review of human carcinogens-part E:
tobacco, areca nut, alcohol, coal smoke, and salted fish. Lancet Oncol
2009;10:1033-4. .

3. Kaltenbach T, Sano Y, Friedland S, et al. American Gastroenterological
Association (AGA) Institute technology assessment on image-
enhanced endoscopy. Gastroenterology 2009;134:327-40.

4. Muto M, Katada C, Sano Y, et al. Narrowband imaging: A new diagnostic
approach to visualize angiogenesis in the superficial neoplasm. Clin
Gastroenterol Hepatol 2005;3:516-20.

5. Muto M, Nakane M, Katada C, et al. Squamous cell carcinoma in situ at
oropharyngeal and hypopharyngeal mucosal sites. Cancer 2004;101:
1375-81.

6. Muto M, Minashi K, Yano T, et al. Early detection of superficial squamous
cell carcinoma in the head and neck region and esophagus by narrow
band imaging: a multicenter randomized controlled trial. J Clin Oncol
2010;28:1566-72.

7. Shimizu Y, Yamamoto J, Kato M, et al. Endoscopic submucosal dissec-
tion for treatment of early stage hypopharyngeal carcinoma. Gastroin-
test Endosc 2006;64:255-9.

8. lizuka T, Kikuchi D, Hoteya S, et al. Endoscopic submucosal dissection for
treatment of mesopharyngeal and hypopharyngeal carcinomas. Endos-
copy 2009;41:113-7.

www.giejournal.org

Volume 74, No. 3 : 2011 GASTROINTESTINAL ENDOSCOPY 483



Long-term outcome of TOPER for superficial pharyngeal cancer

Muto et al

9. World Health Organization Classification of tumors. Pathology and ge-
netics, head and neck tumors. Barnes D, Eveson JW, Reichart P, et al,
editors. Lyon (France): IARC Press; 2005. p. 118-21.

10. Japanese classification of esophageal cancer, 10th ed. Tokyo (Japan):
Kenehara, 2008.

11. Inoue H,Endo M. A new simplified technique of endoscopic esophageal muco-
sal resection using a cap-fitted panendoscope. Surg Endosc 1992,6:264-5.

12. Fujishiro M, Yahagi N, Kakushima N, et al. Endoscopic submucosal dis-
section of esophageal squamous cell neoplasms. Clin Gastroenterol
Hepatol 2006;4:688-94.

13. SuzukiH, SaitoY,Odal, et al. Feasibility of endoscopic mucosal resection
for superficial pharyngeal cancer: a minimally invasive treatment. En-
doscopy 2010;42:1-7.

14, MakuuchiH. Endoscopic mucosal resection for early esophageal cancer:
indication and techniques. Dig Endosc 1996;8:175-9.

17.

18.

. Ono H, Kondo H, Gotoda T, et al. Endoscopic mucosal resection for treat-

ment of early gastric cancer. Gut 2001;48:225-9.

. Saito Y, Fukuzawa M, Matsuda T, et al. Clinical outcome of endoscopic

submucosal dissection versus endoscopic mucosal resection of large
colorectal tumors as determined by curative resection. Surg Endosc
2010;24:343-52.

Slaughter DP, Southwick HW, Smejkal W. Field cancerization in oral
stratified squamous epithelium: clinical implications of multicentric or-
igin. Cancer 1953;6:963-8.

TNM classification of malignant tumors (UICC), 7th ed. Sobin LH,
Gaspodarwicz MK, Wittekind C, editors. Hoboken (NJ): Wiley-
Blackwell, 2009.

. Erkal HS, Mendenhall WM, Amdur RJ, et al. Synchronous and metachro-

nous squamous cell carcinomas of the head and neck mucosal sites.
J Clin Oncol 2001;19:1358-62.

Receive tables of content by e-mail

Instructions

Alerts” list.

the “Add TOC Alert” link.

To receive tables of content by e-mail, sign up through our Web site at www.gicjournal.org.

Log on and click “Register” in the upper right-hand corner. After completing the regis-
tration process, click on “My Alerts” then “Add Table of Contents Alert.” Select the
specialty category “Gastroenterology” or type Gastrointestinal Endoscopy in the search
field and click on the Journal title. The title will then appear in your “Table of Contents

Alternatively, if you are logged in and have already completed the Registration process,
you may add tables of contents alerts by accessing an issue of the Journal and clicking on

You will receive an e-mail message confirming that you have been added to the mailing
list. Note that tables of content e-mails will be sent when a new issue is posted to the Web.

484 GASTROINTESTINAL ENDOSCOPY Volume 74, No. 3 : 2011

www.giejournal.org



Published Ahead of Print on February 22, 2010 as 10.1200/JC0.2009.25.4680
The latest version is at hitp://jco.ascopubs.org/cgi/doi/10.1200/JC0.2009.25.4680

From the Department of Gastroenterol-
ogy and Hepatology, Kyoto University,
Kyoto; Divisions of Gastrointestinat
Oncology/Endoscopy and Pathology,
National Cancer Center Hospital East,
Kashiwa; Divisions of Endoscopy and
Pathology, National Cancer Center
Hospital; Department of Gastroenterol-
ogy and Hepatology, Tokyo Jikei
University, Tokyo; Department of
Surgery, Kawasaki City Municipal
Hospital, Kawasaki; Department of
Surgery, Showa University Yokohama
Northern Hospital, Yokohama; Depart-
ment of Hygiene and Public Health,
Kyoto Prefectural Medical University,
Kyoto; and Department of Pathology,
Niigata University, Niigata, Japan.

Submitted August 5, 2009; accepted
December 3, 2009; published online
ahead of print at www.jco.org on
February 22, 2010.

Supported in part by Grant No. H15-008
from the Ministry of Health, Labor, and
Welfare of Japan.

Presented in part at Digestive
Disease Week, May 20-23, 2007,
Washington, DC.

Authors’ disclosures of potential con-
flicts of interest and author contribu-
tions are found at the end of this
article.

Clinical Trials repository link available on
JCO.org.

Corresponding author: Manabu Muto,

MD, PhD, Department of Gastroenterol-

ogy and Hepatology, Kyoto University,
54 Kawaharacho, Shogoin, Sakyo-ku,
Kyoto 606-8507 Japan; e-mail:
mmuto@kuhp

_kyoto-u.ac.jp.

© 2010 by American Society of Clinical
Oncology

0732-183X/10/2899-1/$20.00
DOI: 10.1200/JC0.2009.25.4680

Early Detection of Superficial Squamous Cell Carcinoma in
the Head and Neck Region and Esophagus by Narrow Band
Imaging: A Multicenter Randomized Controlled Trial
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Hitoshi Sugiura, Kenichi Goda, Mitsuru Kaise, Haruhiro Inoue, Hideki Ishikawa, Atsushi Ochiai,
Tadakazu Shimoda, Hidenobu Watanabe, Hisao Tajiri, and Daizo Saito

Purpose
Most of the esophageal squamous cell carcinomas (ESCCs) and cancers of the head and neck

(H&N) region are diagnosed at later stages. To achieve better survival, early detection is necessary.
We compared the real-time diagnostic vyield of superficial cancer in these regions between
conventional white light imaging (WLI) and narrow band imaging (NBI) in high-risk patients.

Patients and Methods

In a multicenter, prospective, randomized controlled trial, 320 patients with ESCC were randomly
assigned to primary WLI followed by NBI (n = 162) or primary NBI followed by WLI (n = 158) in
a back-to-back fashion. The primary aim was to compare the real-time detection rates of superficial
cancer in the H&N region and the esophagus between WLI and NBI. The secondary aim was to
evaluate the diagnostic accuracy of these techniques.

Results

NBI detected superficial cancer more frequently than did WLI in both the H&N region and the
esophagus (100% v8%, P < .001; 97% v55%, P < .001, respectively). The sensitivity of NBI for
diagnosis of superficial cancer was 100% and 97.2% in the H&N region and the esophagus,
respectively. The accuracy of NBI for diagnosis of superficial cancer was 86.7% and 88.9% in
these regions, respectively. The sensitivity and accuracy were significantly higher using NBI than
WLIin both regions (P < .001 and P = .02 for the H&N region; P < .001 for both measures for the
esophagus, respectively).

Conclusion

NBI could be the standard examination for the early detection of superficial cancer in the H&N
region and the esophagus.

J Clin Oncol 28. © 2010 by American Society of Clinical Oncology

moendoscopy can be used to detect superficial
ESCC, but it causes unpleasant adverse effects such
as severe chest pain and chest discomfort,”* and it
cannot be used for HNSCC screening because of the

Esophageal cancer is the eighth most common can-
cer worldwide, accounting for 462,000 new cases in

2002, and is the sixth most common cause of cancer-
related death (386,000 deaths).' Squamous cell car-
cinoma (SCC) is the most common histologic type
worldwide.! Head and neck (H&N) cancer ac-
counted for 607,000 new cases and 261,000 deathsin
2002." The most common histologic type of H&N
cancer is also SCC.

The early detection of cancer offers the best
prognosis. Currently, however, esophageal SCC
(ESCC) and H&N SCC (HNSCC) are detected at a
late stage and then have poor prognoses.' Early de-
tection of these cancers is difficult by conventional
endoscopic white light imaging (WLI). Lugol chro-

risk of aspiration.

The narrow band imaging (NBI) system is an
innovative optical image-enhanced technology that
uses narrow bandwidth NBI filters.>® The central
wavelengths of the NBI filters are 415 and 540 nm
and each has a bandwidth of 30 nm. This system is
easily activated by pushing a button on the endo-
scope. NBI combined with magnifying endoscopy
can clearly visualize the microvascular structure of
the organ surface,*’ because the 415-nm light is well
absorbed by hemoglobin. Surface microvascular ir-
regularities provide useful landmarks for identifying
an early neoplasm in the H&N region, bronchus,
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and the GI tract.”"'> We previously reported that NBI was useful for
identifying HNSCC at an early stage.® Watanabe etal'®'” also reported
the usefulness of NBI rhinolaryngovideoscopy for the diagnosis of
HNSCC. Yoshida et al'® reported that NBI improves the accuracy of
magnifying WLI in the assessment of ESCC.

However, the diagnostic yield of NBI in the early detection of
superficial SCC has not been investigated. We conducted a prospec-
tive randomized study to directly compare WLI and NBI in the early
diagnosis of SCC in the H&N region and the esophagus among high-
risk patients.

Study Rationale

Because ESCC patients frequently develop multiple intraesophageal SCC
and second primary HNSCC synchronously and metachronously,*'*** they
provide a good cancer screening model. Whereas massively invasive SCC is
easy to detect by endoscope, superficial cancer has been difficult. Furthermore,
detection of high-grade intraepithelial neoplasia (HGIN) is clinically impor-
tant because HGINs have the potential to become malignant invasive can-
cers.™** Therefore, in this study, we targeted only macroscopic superficial
cancer including HGIN that appeared as slightly elevated lesions lower than 5
mm, flat lesions, and lesions with a shallow depression. Lesions with an
apparent elevation greater than 5 mm or those with apparent deeper ulceration
were not evaluated.

The primary analysis of this study was a comparison of the detection rates
of superficial cancer (HGIN, carcinoma in situ, and microinvasive SCC) using
WLI and NBI. The secondary analysis was a comparison of the diagnostic
accuracy (sensitivity and specificity) of the two imaging methods, size of the
lesion detected, and the examination time. To evaluate diagnostic accu-
racy, we used the histologic diagnosis from a biopsy specimen as the gold
standard diagnosis.

Study Populations

The protocol and consent form for this study were approved by the
institutional review board at each participating institution, and written in-
formed consent was obtained from all patients. The inclusion criteria were
histologically confirmed present or previous ESCC and an age of 20 years or
older. Although this study included patients with advanced ESCC, we evalu-
ated only concomitant superficial cancer but not primary advanced cancer.
Patients who had been previously treated for ESCC by endoscopic mucosal
resection were included, because their esophagus was preserved with minimal
damage. Patients with prior chemotherapy, radiotherapy, chemoradiother-
apy, or surgical resection for ESCC or HNSCC were excluded, because their
esophagus or pharynx was removed or too damaged to evaluate. Patients
referred from another hospital with newly diagnosed ESCC were also included
because they required more detailed examination (Fig 1) . The endoscopists
were blinded to the endoscopic information. Patients with esophageal stric-
ture, esophageal varices, or allergy to lugol dye solution were excluded.

Study Design

Patients were randomly assigned to receive primary WLI or primary
NBI. To investigate whether a lesion detected by primary imaging could be
identified subsequently by the other type of imaging, or whether a lesion
missed by primary imaging could be identified subsequently by the other type
of imaging, we performed both imaging methods in a back-to-back fashion so
that primary WLI was followed by NBI and primary NBI was followed by WLL
To avoid affecting the first imaging results, the report of the first examination
was completed before the second imaging was started.

To improve the quality of the reporting in the diagnostic accuracy study,
we complied with the Standards for Reporting of Diagnostic Accuracy
(STARD) initiative.>® We set WLI as reference standard and NBI as index test.

Random assignment was performed in each case by an investigator using
a computer-aided system on Medical Research Support Web site (Kyoto,

2 © 2010 by American Society of Clinical Oncology

Fig 1. CONSORT diagram; overview of the study design. NBI, narrow band imaging.

Japan). This Web site was available only to the study participants. Using a
minimization algorithm, the selection of the primary examination was bal-
anced with respect to five stratification variables: institution, age (< 60 and
= 60 years), sex, alcohol consumption, and smoking habit.

Calculation of the Sample Size

For the purposes of this study, we set the probability for error («) to .05
with a power 0f 0.80 (reflecting a B error of .2). Because there are no published
comparative studies of NBI in ESCC patients, we estimated that the NBI
system would increase the detection yield for superficial cancer by at least
threefold compared with conventional WLI. This resulted in a calculated
sample size of 250 patients (125 per group). Finally, we recruited an additional
50 patients in anticipation of instances of ineligibility or withdrawal during the
examination because of discomfort (25 per group).

Endoscopic Examination

We used the same magnifying endoscope, with the capability for 80 times
optical magnification (GIF-Q240Z, Olympus Medical Systems, Tokyo, Japan)
for both WLl and NBL. The two imaging methods can be performed in a same
video-endoscopy system (EVIS LUCERA system, Olympus Medical Systems,
Tokyo, Japan). The details of the NBI system have been published else-
where."#?%?7 To maintain the quality of the endoscopic images, we used the
same liquid-crystal color display for both imaging methods. Before the study
started, all the participating endoscopists were trained usinga central review of
demonstrable NBI images of superficial squamous lesions (13 neoplasias and
seven non-neoplastic lesions).

All endoscopic observations were made according to the protocol. Dur-
ing the first imaging, all parts of the oropharynx and hypopharynx were
evaluated. The nasopharynx was not included the examination. After the first
imaging was completed, an assistant physician immediately recorded the re-
sults on the case record form (CRF). After completion of the first imaging CRF,
the second imaging of the oropharynx and hypopharynx was performed and
the results were recorded on the CRE.

Next, all parts of the esophagus were evaluated using the same imaging as
used for the H&N region. The endoscope was inserted to gain a view from the
cervical esophagus to the esophagogastric junction, and the results were re-
corded on the CRF. The second imaging was performed on withdrawal of the
endoscope, and the results were recorded on the CRF. During the procedure,
we measured the examination time from start to finish of each imaging at each
site. These procedure times included the evaluation of the lesion but not the
biopsy procedure. The findings obtained by lugol chromoendoscopy are not
included in this study.
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Endoscopic Evaluation of Superficial Cancers

In this study, the real-time on-site diagnosis was evaluated because mak-
ing an accurate diagnosis during an exarnination is clinically more important
than a retrospective evaluation using a stored database. On WLL, if the lesion
showed both a reddish color with uneven surface and disappearance of the
vascular network pattern (Fig 2A), we diagnosed it as endoscopically suspected
“superficial cancer.” On NBI, if the lesion exhibited a well-demarcated brown-
ish area as well as irregular microvascular patterns (Fig 2B), we diagnosed it as
endoscopically suspected “superficial cancer.” Details of these findings have
been described previously.”® If the lesion did not show these characteristics,
the lesion was diagnosed as “non-cancer.” Mucosal abnormalities were re-
corded with regard to endoscopic diagnosis, location, and size of the lesion.

Fig 2. Superficial cancer in the head and neck region and esophagus. (A) White
light imaging {(WLI) shows a small reddish area {arrows) in the posterior wall of
the hypopharynx. (B) Magnifying WLI shows a slightly reddish area with tiny
microdots. (C) Narrow band imaging (NBI) shows a well-demarcated brownish
area (arrows) in the posterior wall of the hypopharynx. (D) Magnifying NBI shows
many tiny dots in the brownish area. This lesion was diagnosed histologically as
squamous cell carcinoma in situ. (E) WLI shows a slightly reddish and depressed
lesion {arrows) in the esophagus, although it is difficult to detect by WLI alone. (F)
Magnifying WLI shows a slightly reddish area with an irregular microvascular
pattern. {G) NBI shows a well-demarcated brownish area {arrows). {H) Magnifying
NBI shows many tiny dots in the brownish area. This lesion was diagnosed
histologically as high-grade intraepithelial cancer.

www.jco.org

Pathologic Evaluation

Biopsy specimens were taken from each lesion after the completion of
both types of imaging. Histologic evaluation was performed by central review
by four experienced pathologists (H.S., A.O., T.S., and H.W.) who were
blinded to the recorded endoscopic assessment. Histologic diagnoses were
made according to WHO criteria®® and were classified into two groups. One
group included superficial cancers and the other group included non-cancers
such as parakeratosis and inflammation. Microinvasion was estimated by the
subepithelial invasion. The final pathologic diagnosis was made by the agree-
ment of three of the four pathologists.

Statistical Analysis
The absolute and relative frequencies for qualitative variables were cal-
culated for each group. Statistical analysis was performed using SPSS version

Table 1. Characteristics of Patients
Primary Primary
WL NBI
(n = 162) (n = 158)
Characteristic No. % No. % P
Age, years
Median L84 .
Range 39-84 4684 .99
Male sex 143 88 141 89 .86
Alcohol habit » e : . ]
Drinking duration, years 16797148 -~ 94 .19
Median ) U4t an T
Range 10-63 5-60
Favorite beverage . o Sk
Beer 6138 59 37 1.00
Shochu 86 4 55 35 .30
Sake 43274830 .71
Whisky 22 14 2415 .75
Wine 8 5 7 41,00
Others 106 0 .0 100
‘Hot flashes . Lo A e
Formerly had hot flashes M7 72109 69 .62
Currently has hot flashes 75 .46 70 44 91
Smoking habit
No. of smokers 145 90 142 90 1.00
Smoking duration, years
Median 37 40
Range 1-61 5-61 41
No. of packs per day
Median 1 1
Range 0.05-4 0.125-4 64
No. of packs per year
Median 41 42
Range 0.5-180 1.3-160 .89
Esophageal cancer : L
No. of patients newly diagnosed 110 68 11573 .39
Previously treated EMR 62 .32 43 27 .39
Duration from previous EMR, years = =
>1 ‘ 17.- 10 20 13 .80
1 45 28 33 21 ..16
Depth of invasion :
Tis-T1a 74 46 67 42 .57
Tib 25 15 20 13 .27
T2 127 22 .14 07
T3 43 30 4829 .90
T4 2 1 3. 72 .68
Abbreviations: WLI, white light imaging; NBI, narrow band imaging; EMR, en-
doscopic mucosal resection.
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17 software (SPSS, Chicago, IL). The continuous variables are expressed as
medians and ranges. Continuous data were compared using the Mann-
Whitney U test. Pearson’s x> test or Fisher’s exact test was used to analyze
categoric data to compare proportions. All P values were two-tailed, and a P
value of < .05 was considered significant.

Between March 2005 and December 2005, 333 patients were enrolled
onto this study (Fig 1). Twelve patients did not meet the inclusion
criteria, and one was registered twice, so the remaining 320 patients
were randomly assigned correctly into two groups: (1) 162 patients
who underwent primary WLI followed by NBI, and (2) 158 pa-
tients who were examined by primary NBI followed by WLIL.

The characteristics of the two groups are listed in Table 1. The
two groups did not differ significantly in age, sex, alcohol consump-
tion, smoking habits, or history of esophageal cancer treatment. In
both groups, approximately 70% of the patients had newly diagnosed
ESCC. Sixty-three (39%) patients in the primary WLI group and 71
(45%) patients in the primary NBI group had advanced ESCC deeper
than the submucosal layer.

Table 2 provides the distribution of histologically confirmed
superficial cancers. The total numbers of superficial cancer in the
H&N region and the esophagus were 28 and 212, respectively. Total
numbers of histologically confirmed non-cancer were 36 and 38 in
each region. In all patients, superficial cancers were detected in 8% (26

of 320) in the H&N region and in 38% (121 of 320) in the esophagus.
Multiple cancers were found in 0.6% of the patients in the H&N
region and in 12% in the esophagus. The number of patients with
superficial cancer, total number of superficial cancers, and their sizes
and distribution did not differ between the two groups.

The diagnostic yields for superficial cancer using primary WLI
and primary NBI detection are summarized in Table 3. The total
numbers of superficial cancers detected by primary imaging differed
between the two groups. In the H&N region, primary NBI detected all
(100%; 15 of 15) of the superficial cancers, but primary WLI detected
only one lesion (8%; 1 of 13). In the esophagus, only 58 (55%) lesions
were detected by primary WLI, whereas 104 (97%) lesions were de-
tected by primary NBI. All these differences were statistically signifi-
cant (P <.001). The detection rate was significantly higher with
primary NBI than with primary WLI, even for small lesions (< 10 mm
in diameter) in both the H&N region (P < .001) and the esophagus
(P=.03).

In the back-to-back analysis, secondary NBI after primary WLI
significantly increased the detection rate in both the H&N region
(8% v 77%; P < .001) and esophagus (55% v 95%; P < .001; Appen-
dix Table Al, online only). In contrast, secondary WLI after NBI
significantly decreased the detection rate (Appendix Table A1). More-
over, 16 (57%) superficial cancers in the H&N region and 48 (23%)
superficial cancers in the esophagus were detected only by NBI (Ap-
pendix Table A2, online only). In contrast, no lesion was detected only

Table 2. Distribution of Histologically Confirmed Superficial Cancer According to Lesion in the Head and Neck Region and the Esophagus
Primary WLI Primary NBI
n = 162) {n = 158)
Variable No. % 95% Cli No. % 95% Cl P
Head and neck region- i ) ) . I
No. of patients , 27 33tw0114 14 9 4410133 66
No. of lesions per patient : ) : Ca e ! ; b
1 i 12 7 ' 33t011.4 14 - 4410133
=2 ' 1 0.6 061018 1 © S05t019.
Total No. of superficial neoplasias . : 13 . 1B SRS
Size threshold, mm i R ;
<10 7 10 .50
1120 A 5 5 ,
=21 , ; 1 0
Histologic diagnosis
High-grade intraepithelial neoplasia or carcinoma in situ 10 15 .09
Microinvasive cancer 3 0
Esophagus
No. of patients 58 36 28.41043.2 63 40 32.2t0476 .49
No. of lesions per patient
1 39 24 17.4 t0 30.7 43 27 20.3t034.2 > .999
=2 19 12 6.71t016.7 20 13 7410178
Total No. of superficial cancers 105 107
Size threshold, mm
<10 18 18 91
11-20 21 19
=21 66 70
Histologic diagnosis
High-grade intraepithelial neoplasia or carcinoma in situ 73 84 .16
Microinvasive cancer 32 23
Abbreviations: WLI, white light imaging; NBI, narrow band imaging.
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Table 3. Diagnostic Yield of Primary WLI and Primary NBI for Detection of Superficial Cancer in the Head and Neck Region and the Esophagus
Primary WLI Primary NBI
(n = 162) (n = 158)
Variable No. % 95% Cl No. % 95% CI P
Head and neck region : : SRS P :
No. of superficial cancers ' M3 8 0.2t0 36.0 15/15 100 78210100 1 <.001
Size of superficial cancer, mm ) R ; L SR LI
<10 i B 0/7 0 ' 0to41.0: . 10/10 100 +:69.210100 LL<001
1120 - S s 20 0.5t071.6 55 - 1000 48710100 - .12
=21 SR on 0 0.0t0 0.0 to S L
Esophagus
No. of superficial cancers 58/105 55 45.2 10 65.0 104/107 97 92.0t099.4 <.001
Size of superficial cancer, mm
<10 718 39 17.31064.3 1718 94 72.71099.9 .03
11-20 7/121 33 14.61057.0 18/19 95 74.0t099.9 .02
= 21 44/66 67 54.0t077.8 69/70 99 92.3t0 100 < .005
Abbreviations: WLI, white light imaging; NBI, narrow band imaging.

by WLI, except one lesion of > 20 mm in the esophagus. No lesions
were undetected by both WLI and NBI in either region.

Table 4 summarizes the diagnostic performance of primary WLI
and primary NBI for detecting superficial cancer. The sensitivity of
primary NBI was significantly higher than that of primary WLI in both
the H&N region (100% v 7.7%; P < .001) and the esophagus (97.2% v
55.2%; P < .001). Accuracy was also significantly higher for primary
NBI than for primary WLI in both regions (85.7% v 62.9%, P = .02
and 88.9% v 56.5%, P < .001, respectively). Specificity was not signif-
icantly different in the two regions (P = .28 and P = .33, respectively).
The positive predictive value did not differ between the two imaging
techniques, but the negative predictive value was significantly higher
for primary NBI than for primary WLI in both the H&N region
(P = .02) and the esophagus (P < .002).

The median procedure times of primary WLI and primary NBI
for the H&N region were 120 seconds (range, 34 to 275 seconds) and
162 seconds (range, 30 to 525 seconds), respectively. Those for the
esophagus were 95 seconds (range, 30 to 360 seconds) and 135 seconds
(range, 30 to 616 seconds), respectively. These differences were statis-
tically significant (P < .001). The procedure times in the secondary

imaging in the back-to-back experiments also differed significantly

between WLI and NBI in both regions (Appendix Table A3, online

only). There were no serious adverse events related to examination
with either procedure. All patients tolerated both procedures well.

This study clearly demonstrates that NBI is a more sensitive method
for detecting and diagnosing superficial SCC in the H&N region and

the esophagus. According to the concept of “field cancerization,”*®

patients with ESCC or HNSCC are at high risk for the development of
multiple SCCs. In the clinical context, the early detection strategy for
superficial SCC is the same between patients at high risk and those at
risk because of heavy drinking, smoking, or aldehyde dehydrogenase 2
deficiency.”™?* In addition, detection technique should not only be
sensitive but should also be easily applicable. From this perspective,
NBI is easily applied with a modicum of experience and will have a
rapid learning curve compared with WLI. Thus, NBI is the ideal
method for effectively detecting superficial SCC.

Table 4. Diagnostic Performance of Primary WLI and Primary NBI Observation for Detection of Superficial Cancer in the Head and Neck Region and
the Esophagus
Primary WLI Primary NBI
Variable No. % 95% ClI No. % 95% Cl P

Head and neck . - : o

Sensitivity 113 7.7 0.2t036.0 15/15 100 100 : <001

Specificity 21/22 98.5 77.21099.9 11/14 78.6 54.6t0 98.1 , . .28

Accuracy 22/35 62.9 47.61t076.4 26/29 - 86.7 72610 97.8 .02

PPV 112 50 1.31t098.7 15/18 83.3 58610964 . .37

NPV 21/33 - 63.6 54.11t079.6 11/11 100 100 ) .02
Esophagus

Sensitivity 58/105 55.2 45210 65.0 104107 97.2 92.0t099.4 <.001

Specificity 12/19 63.2 38.4t083.7 8/19 421 20.3t0 66.5 .33

Accuracy 70/124 56.5 47.31065.3 112126 88.9 82.11t093.8 <.001

PPV 58/65 89.2 79.11095.6 104/115 90.4 85.31t095.1 .80

NPV 12/89 20.3 11.0t0 32.8 8/11 72.8 3910 94 <.002
Abbreviations: WLI, white light imaging; NB!, narrow band imaging; PPV, positive predictive value; NPV, negative predictive value.
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Detecting cancer at an early stage is an optimal strategy for
preventing the development of advanced cancer and improving
survival. Furthermore, early detection uses a minimally invasive
treatment (eg, endoscopic resection) with curative intent.***® In
fact, in our study, 75% (21 of 28) of the superficial HNSCCs were
completely removed by endoscopic resection or biopsy alone,
while early detection of HNSCC had been quite difficult. These
results provide us with new diagnostic and treatment strategies for
ESCC patients, because the risk of development of HNSCC after
esophagectomy is quite high.*'

As the criteria for diagnosing superficial SCC by NBI, we used
two endoscopic findings: a well-demarcated brownish area and an
irregular microvascular pattern.”” Using only these two findings, the
sensitivity of primary NBI for the diagnosis of superficial SCC was
100% in the H&N region and 97.2% in the esophagus. The diagnostic
accuracy was nearly 90%. These results indicate that these NBI find-
ings are quite useful for the accurate diagnosis of superficial SCC.

Lugol chromoendoscopy is useful for the detection of superficial
ESCC.>® However, the administration of lugol solution is time-
consuming, and accurate diagnosis by lugol chromoendoscopy is dif-
ficult” because the staining pattern shows wide variations.” This
increases the incidence of false-positive lesions and leads to unneces-
sary biopsies. In contrast, NBI is easily manipulated and shows high
sensitivity. Thus, NBI could reduce the number of unnecessary biop-
sies and shorten examination time. Furthermore, lugol chromoendos-
copy is more invasive than both WLI and NBI, and WLI is still the gold
standard for cancer screening. Therefore, we did not compare the
diagnostic yield of NBI and lugol chromoendoscopy, and we used
WLI as the standard reference to compared the diagnostic yield of WLI
and NBL

NBI required a significantly longer examination time than WLIL
This might be related to the high detection rate and more frequent
time spent in magnification during NBI, because if the lesions were
not seen by WLI, no magnification was performed. The actual time
difference between NBI and WLI was only 20 to 42 seconds. This is
clinically acceptable, because the important time issue is not that NBI
takes slightly Jonger than WLI, but rather that endoscopists spend
more time in the careful observation of high-risk patients.

In this study, ESCC patients referred from another hospital were
included. Even if the biopsies were previously done, the earlier biopsy
sites were healed by the time of this study and were not generally
detectable by either imaging method. Therefore, we thought that it
was not a confounding factor.

The same endoscopists performed both imaging procedures in
this study, whereas the endoscopists ideally should be separated and
blinded to each imaging procedure. However, it was clinically impos-
sible to change and blind the endoscopists during this series of exam-

inations. Furthermore, the result produced with NBI first followed by
WLI might underestimate the benefit of NBI because NBI is more
sensitive than WLI. However, the detection and diagnosis of superfi-
cial SCC by NBI was significantly better than that using WLI in both
the H&N region and the esophagus, regardless of whether NBI was
primary or secondary. These results indicate that NBI should be the
standard examination.

Significant detection results seen in this study were all achieved
without the newest generation high-definition endoscope. If we use
the newest high-definition endoscope with NBI, the rates of detection
might increase compared with those found in this study. Furthermore,
the endoscopy system used in this study and in most Asian countries
was different from those used in North America and Europe.?®%
However, we previously reported that even the nonmagnifying laryn-
goscope based on same system as that used in North America and
Europe could dramatically improve the visualization of both the
brownish area and irregular microvascular patterns.* Therefore, we .
believe that differences in the system are no longer as important as
careful observation by NBI.

In conclusion, NBI combined with magnifying endoscopy signif-
icantly improved the detection rates for SCC with quite high sensitiv-
ity, and this new image-enhanced technology can be applied easily in
clinical practice. Furthermore, early detection facilitates the potential
of minimally invasive treatment, such as endoscopic resection or par-
tial surgical resection.
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Results

Appendix

Among the 28 superficial head and neck squamous cell carcinomas (HNSCCs) detected, 16 lesions were treated with endoscopic

resection, five lesions disappeared after only biopsy, and one lesion was treated with radiotherapy. The remaining six lesions were not
treated, because the concomitant esophageal cancers had distant metastasis. Among 16 lesions removed by endoscopic resection, seven
lesions were carcinoma in situ and the remaining nine lesions were microinvasive SCC. With a median follow-up of 33 months (range, 6
to 59 months), no patients developed lymph node metastasis from HNSCC.

Among the 212 superficial esophageal squamous cell carcinomas, those with accompanying advanced cancers and those with
submucosal invasive cancers were treated with surgery or chemotherapy wnh or without radiotherapy. The remaining superficial cancers
within the mucosal layer were removed by endoscopic resection.

Discussion

Most research on the endoscopic detection and diagnosis of GI disease has been performed by retrospectively reviewing static images
in a database and selecting only the best of the stored images (Singh R: Endoscopy 40:457-463, 2008; Sharma P: Gastroenterology
133:454-464, 2007; Chiu HM: Gut 56:373-379, 2007). Evaluating selected stored images by retrospective review does not exclude the
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