Magnifying NBI for small gastric cancer

Ezoe et al

magnifying WLI and magnifying NBI for gastric SDLs. All
lesions were examined with WLI followed by NBI sequen-
tially, and then this study provided a comparison of the
diagnostic yield of WLI and WLI followed by NBI. From
this perspective, we could conclude that adding NBI to the
WLI examination markedly improved the diagnostic accu-
racy of gastric SDLs compared with magnifying WLI alone.

This study may have other limitations in that the two
modalities were compared by using magnifying endos-
copy. The current global standard is to use nonmagnifying
WLI. Therefore, as the next step, we should investigate
whether magnifying NBI is superior to the conventional
nonmagnifying WLI. We are now conducting a multi-
center, randomized, controlled trial to compare magnify-
ing NBI with nonmagnifying WLI (UMIN Clinical Trials
Registry ID C000001072).

In summary, we demonstrated that adding NBI to the
WLI examination is essential for making an accurate diag-
nosis of gastric SDLs compared with magnifying WLI alone
and demonstrated the high reliability of DL and IMVP as
diagnostic criteria for gastric SDLs. The excellent diagnos-
tic capacity of magnifying NBI should allow the diagnosis
of most SDLs without the need for a biopsy, which should
decrease the number of unnecessary biopsy specimens. In
addition, magnifying NBI should enhance the early detec-
tion of gastric cancer, which should facilitate endoscopic
treatments such as EMR and endoscopic submucosal dis-
section. Magnifying NBI will also benefit the patient be-
cause its examination time is no longer than that of mag-
nifying WLI despite its excellent performance.
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Background and study aims: Narrow band ima-
ging combined with magnifying endoscopy (NBI-
ME) is useful for the detection of superficial squa-
mous cell carcinoma (SCC) within the orophar-
ynx, hypopharynx, and oral cavity. The risk of a
second primary SCC of the head and neck is very
high in patients with esophageal SCC. This pro-
spective study evaluated the detection rate of su-
perficial SCC within the head and neck region (su-
perficial SCCHN) with NBI-ME in patients with
esophageal SCC.

Patients and methods: Between March 2006 and
February 2008, 112 patients with a current or
previous diagnosis of esophageal SCC were enrol-
led. All patients underwent endoscopic screening
of the head and neck by NBI-ME. The primary end
point was the detection rate for superficial
SCCHN. Secondary end points were to compare

demographic characteristics between patients
with and without superficial SCCHN and to assess
the clinical course of patients with superficial
SCCHN.

Results: The detection rate for superficial SCCHN
was 13% (15/112). The prevalence of multiple Lu-
gol-voiding lesions, observed endoscopically
throughout the esophageal mucosa after applica-
tion of Lugol dye solution, was significantly high-
er in patients with superficial SCCHN than in
those without (100% vs. 24%, P <0.0001). Mini-
mally invasive curative treatment with organ pre-
servation was feasible without severe complica-
tions in patients with superficial SCCHN after
curative treatment of esophageal SCC.
Conclusions: In patients with esophageal SCC,
NBI-ME is useful for detecting superficial SCCHN,
thereby facilitating minimally invasive treatment.

Introduction

A4

Gastrointestinal endoscopy is an essential tech-
nique for the diagnosis of esophageal and gastro-
intestinal lesions. Narrow band imaging (NBI) is a
novel optical technique that enhances the diag-
nostic capability of gastrointestinal endoscopy by
highlighting the intraepithelial papillary capillary
loops of the squamous cell mucosa by means of
light passed through filters that narrow the spec-
tral bandwidths, incorporated into a red-green-
blue sequential illumination system [1]. It has
previously been reported that NBI combined
with magnifying endoscopy (NBI-ME) could de-
tect superficial squarnous cell carcinoma (superfi-
cial SCC) within the oropharynx, hypopharynx,
and oral cavity [2-5]. Muto et al. reported that
NBI-ME had higher rates for both detection and
diagnostic accuracy for superficial SCC within the
head and neck region (superficial SCCHN) than
did conventional white light observation with
magnifying endoscopy on back-to-back endo-
scopic examination [6].

Katada C et al. NBI screening for head and neck cancer in esophageal SCC...

Since in patients with esophageal cancer the most
common site for synchronous and metachronous
second primary malignancies is the head and
neck [7-9), we prospectively studied the ability
of NBI-ME to detect superficial SCCHN in patients
with a current or previous diagnosis of esopha-
geal SCC,

Patients and methods

v

Between March 2006 and February 2008, 112 pa-
tients were enrolled who met the following crite-
ria: (i) a current or previous diagnosis of esopha-
geal SCC; (ii) age of at least 20 years; (iii) no his-
tory of head and neck cancer; (iv) no symptoms
of the head and neck; (v) no previous surgical
treatment or radiotherapy of the head and neck;
and (vi) no previous endoscopic screening of the
head and neck by NBI-ME. The study protocol
and informed consent form were approved by
our institutional review board in February 2006.

Endoscopy 2010; 42: 185-190



Written informed consent was obtained from all patients.

The patients underwent endoscopic screening of the head and
neck by NBI-ME. In this study, we performed NBI using a high de-
finition video endoscopy system (CV-260SL, processor, CLV-
260SL light source; Olympus Optical Co., Tokyo, Japan) and an op-
tical magnifying endoscope with a system that could magnify ob-
jects up to 80 times (GIF Q240Z video endoscope; Olympuis). The
diameter of the GIF Q240Z video endoscope was 10.2 mm, and
the flexibility was similar to that of a conventional gastrointesti-
nal endoscope. Screening was done in the following order: (i) ob-
servation with shifting of the tongue to create sufficient space for
screening the oral cavity without mouth gear, and (ii) observa-
tion with vocal exercise to create sufficient space for screening
the oropharyngeal, hypopharyngeal, and laryngeal regions with
mouth gear. ‘

The primary end point was the detection rate of superficial
SCCHN by endoscopic screening using NBI-ME in patients with a
current or previous diagnosis of esophageal SCC. Secondary end
points were: (i) to compare demographic characteristics between
patients with and those without superficial SCCHN, and (ii) to as-
sess the clinical course of patients with superficial SCCHN.
Because prospective studies assessing the ability of NBI to detect
early, superficial SCCHN have not been reported previously, it
was difficult to estimate the required sample size. We therefore
set the study period at 2 years, during which we estimated that
at least 100 patients could be enrolled.

Only superficial cancers, that is, microinvasive SCC and high
grade intraepithelial neoplasia as defined by the World Health
Organization classification of tumors, were studied [10}. An NBI
diagnosis of superficial SCC required the presence of both (i) a
well-demarcated brownish area, and (ii) an irregular microvascu-
lar pattern [2 -4]. Examples of superficial SCC in the left piriform
sinus, the left superior wall of the oropharynx, and the left side of
the tongue are shown in © Figs. 1~3. Conventional white light
observation showed a slightly reddish area with mild mucosal ir-
regularity (¢ Figs. 1a, 23, and 3 a). NBI showed a well-demarca-
ted brownish area (© Figs.1b, 2b, and 3 b). NBI combined with
maximum magnification ( * 80) showed an irregular microvascu-
lar pattern (¢ Figs.1¢,2¢,and 3 ¢).

Biopsy specimens were taken after the completion of screening
for all superficial cancers in the head and neck region. Before
biopsy in the laryngeal region, 4% lidocaine solution was sprayed
through the endoscope to attenuate the gag reflex. Resected spe-
cimens, biopsy specimens, or both, were evaluated histopatholo-
gically. The histological characteristics of neoplasms were classi-
fied according to the World Health Organization criteria for
esophageal tumors [10]. We used the histological diagnosis as
the gold standard diagnosis. Although the results of endoscopy
were not blinded, the histological diagnosis was confirmed by
two gastrointestinal pathologists.

Lugol chromoendoscopy of the esophageal mucosa was carried
out in all patients, using the Lugol dye staining method {11]. A
1.5% solution of Lugol dye was used in this study. Multiple Lu-
gol-voiding lesions (LVLs) were defined to be numerous, well-de-
fined, irregularly shaped lesions that appeared throughout the
entire esophageal mucosa after the application of Lugol dye solu-
tion [12,13].

Because the oral cavity and superior wall of the oropharynx could
easily be accessed by a surgical device, transoral surgical muco-
sectomy (TSM) of lesions in such regions was done by a head
and neck surgeon, with the patient under general anesthesia, Le-
sions were removed using an electric surgical knife or carbon di-

oxide laser, without injecting saline beneath the epithelium to lift
the lesion above the surrounding mucosa {4}, If a transoral direct
surgical approach was difficult, endoscopic mucosal resection
(EMR) was performed by a gastrointestinal endoscopist with the
patient under general anesthesia; lesions were removed using a
transparent, soft plastic cap [2, 14]. We used an orotracheal route
for intubation at the time of EMR. However, in patients who un-
derwent TSM because a transoral direct surgical approach was
possible, a nasotracheal route was used for intubation to secure
a good operative field.

In patients with superficial SCCHN treated with curative intent,
follow-up examinations by NBI-ME and computed tomography
{CT) examination were repeated at least every 6 months after
treatment. The duration of follow-up was longer than 1 year in
this study.

All statistical analyses were carried out using the StatView soft-
ware package for Macintosh (Version 5; Abacus Concepts, Inc.,
Berkeley, California, USA). The significance of differences was as-
sessed with Fisher's exact test. P values of < 0.05 were considered
to indicate statistical significance.

Resulis

v

Patient characteristics

Patient characteristics are shown in © Table 1. The study group
comprised 100 men (89%) and 12 women (11%), with a mean
age (+SD) of 67 + 7.5 years. The clinical stage of esophageal can-
cer was stage | in 42 patients (38%), stage Il in 26 (23%), stage 11l
in 32 (29%), and stage IV in 12 (11%).

Of the patients, 80 (71%) had a current diagnosis of esophageal
SCC and it had been previously diagnosed in 32 (29%). There
was a history of cancer in other organs in 12 patients (11%): gas-
tric cancer in 7 (6 %), lung cancer in 2 (2 %), liver cancerin 1 (1%),
bladder cancer in 1 (1%), and leukemia in 1 (1%). The remaining
100 patients (89%) had no history of cancer in other organs.
Habitual alcohol use was reported by 101 patients (90%), and 98
(88%) were smokers. Multiple LVLs of esophageal mucosa were
found in 38 patients (34%).

Detection of superficial SCCHN

The detection rate for superficial SCCHN was 13% (15/112), with
16 lesions detected in 15 patients. One patient had two lesions, 1
each in oropharyngeal and hypopharyngeal mucosal sites, No ad-
vanced cancer was detected. The 16 lesions comprised 3 (19%)
detected in the oral cavity, 4 (25%) in the oropharynx, and 9
(56%) in the hypopharynx (¢ Table 2); no laryngeal cancer was
detected. For 8 of the 16 lesions, biopsy specimen and resection
specimens were available for histological evaluation; for the re-
maining 8 lesions, only biopsy specimens were available since
these patients were treated with techniques other than surgical
or endoscopic resection. All 16 superficial SCCHNs were diag-
nosed endoscopically and confirmed histopathologically.

The characteristics of patients with and without superficial
SCCHN are compared in © Table3. The prevalence of multiple
LVLs of the background esophageal mucosa was significantly
higher in patients with superficial SCCHN (100% vs. 24%,
P<0.0001). Other characteristics did not differ significantly be-
tween the groups.

Katada C etal. NBI screening for head and neck cancer in esophageal SCC... Endoscopy 2010; 42: 185-190



" Fig.1

magnlfication (x80) showed an irregular microvascular pattern,

-

magnification (x80) showed an irregular microvascular pattern,

Fig. 3 Superficlal squamous cell carcinoma In the left side of the tongue. a Conventional white light observation showed a

mucosal Iregularity (arrows). Frenulum labli inferior. b Narrow band imaging (NBI) showed a well-demarcated brownish area (arrows). ¢ NBI combined with
maximum magnification (x 80) showed an irregular microvascular pattern.

Treatment and course

In the 15 patients with superficial SCCHN, their esophageal can-
cer had been previously diagnosed in 3 and had been currently
(at the time of the present study) diagnosed in 12. Because 10 pa-
tients were transiently disease-free after treatment for esopha-
geal cancer, their superficial SCCHNs were treated with curative
intent.

© Fig.4 summarizes the clinical courses of the ten patients in
whom 11 superficial SCCHNs were treated with curative intent.
Of the 11 lesions, 8 were resected (TSM 4, EMR 4; see below for
further details); 2 lesions arising in the piriform sinus were treat-
ed by chemoradiotherapy [15]; and another 1 lesion in the piri-
form sinus by radiotherapy. The patient receiving radiotherapy

5.1 Sup cellcarcinoma , ofthe hypopiaryn. a Cor ]
with mild mucosal Irregularity (arrows). b Narravy band Imaging (NBI) showed a well-demarcated brownish area (arrows). ¢ NBI combined with maximum’

Fig.2 Superficial squamous cell cﬁrclnpnﬁ‘il In the lett sﬁpenpr wall of the oropharynx. a Conventional white Ilght observaﬁqn showed a slightly reddish area
with mild mucosal frregularity (dotted line). b Narrow band Imaging (NBI) showed a well-demarcated brownish area (arrows), ¢ NBI combined with maximum

vénﬁdﬁal white light abservation showed a slightl

£ o

slightly reddish area with mild

for this hypopharyngeal SCCHN had two lesions and underwent
TSM for an oropharyngeal lesion.

All of these patients were followed up every 6 months for at least
1 year. The average follow-up period (£ SD) was 25 £ 6.3 months
(range 14-33), and the average number of examinations per pa-
tient (+ SD) was 4.8+ 1 (range 3-6). No recurrent or newly diag-
nosed superficial SCCHN was detected during follow up.

One patient had synchronous advanced esophageal cancer and
superficial SCC of the oral cavity, which were treated by chemor-
adiotherapy and TSM, respectively. However, this patient died
because of recurrence of the esophageal cancer. The superficial
SCC of the oral cavity was unrelated to the cause of death. With
a median follow-up period of 29 months (range 14-33), all of

Katada C et al. NBJ screening for head and neck cancer in esophageal SCC... Endoscopy 2010; 42: 185~190



Table1 Characteristics of patients (n=112) and leslons.
‘Men, n (%)
Age, mean  SD, years
Ciinlcal stage of esophageal cancer, n (%)
; 4
]
il

v 12(11%)
Esophageal cancer '
Current 80(71%)
Previous 32(29%)
History of caricer in other organs, n (%) =
None 100 (89%)
Stomach 7(6%)
Lung 2(2%)
Liver 1(1%)
Bladdeér 1(1%)
Leukemla 10%)
Habitual alcohol use, n (%)
Yes 101(90%)
No 11(10%)
Smoking, n (%)
Yes 98(88%)
No 14(13%)
Multiple Lugol-volding lesions, n (%)
Yes 38(34%)
No 74(66%)

¢

the other patients have remained disease-free without severe
complications.

Resections, Regarding the 8 resected superficial SCCHN, 2 lesions
arose in the oral cavity, and 2 in the oropharynx, and these were
removed by TSM; the remaining 4, in the hypopharynx, were all
removed by EMR.

The average resected tumor size (xSD) was 185 mm (range
10-25). No lesion was <10mm in diameter, 3 were 210 to
<20 mm in diameter, and 5 were 2 20 to <30 mm in diameter.
Histologically, 4 of these lesions were high grade intraepithelial
neoplasia, and 4 were microinvasive SCC. Two of the microinva-
sive SCCs were treated by EMR, and the deep resection margins
in both patients were free of tumor. Lymphatic or vessel invasion
was not found in any resected specimen.

In two patients with hypopharyngeal lesions, laryngeal edema
developed during the EMR procedure. This complication was
treated by temporary tracheotomy. No patient had bleeding, ste-
nosis, or perforation as a complication of resection. The median
follow-up period was 27 months (range, 14~ 33 months), and, as
noted above, 1 of the 8 patients died of recurrent esophageal can-
cer.

Table2 Detection rate and location of superficial squamous cell carclndmas
in the head and neck region (superficial SCCHN) in 112 patients with a previous
or current diagnosis of esophageal cancer.

Detectlon rate pet-patient, % (ii/n) 13%(i5/112)
Detected lesions, n o 16 '
Tumorlocation
Oral cavity. 3(19%)
Tongue 2(13%)
Hard palate 1(6%)
Oropharynx 4(25%)
Superior wall 3(19%)
Posterior wall 1(6%)
Hypopharynx 9(56%)
Piriform sinis 5(31%)
Postcricold area 4(25%)
Larynx 0(0%)
Dizcussion
¥

Annually, about 50000 cases of SCCHN are newly diagnosed
worldwide annually. Tumors of the hypopharynx are particularly
problematic because they are usually are diagnosed at an ad-
vanced stage and carry a poor prognosis [16- 19}. Recent studies
have reported that NBI-ME is useful for the detection of superfi-
cial SCCHN [2~5]. In patients with esophageal cancer, synchro-
nous and metachronous second primary malignancies most com-
monly arise in the upper aerodigestive organs, including the head
and neck, stomach, and lung [7-9,20-22). An eXceptionally
strong association of esophageal cancer with head and neck can-
cer has been reported [7-9,23,24]. Matsubara et al. reported
that the risk of head and neck cancér markedly increases after
esophagectomy (relative risk 34.9; 95%Cl 24.3 ~ 48.6). The 5-year
cumulative risk of developing head and neck cancer was estima-
ted to be.7% [9]. Consistent with these results, the detection rate
of a second head and neck cancer in patients who had previously
had esophageal cancer was 9% (3/32) in our study. These findings
suggest that endoscopic screening of the head and neck region by
NBI-ME may substantially contribute to the early detection of
head and neck cancer in patients with esophageal SCC. In the fu-
ture, large prospective follow-up studies are needed to establish
the optimal interval for surveillance by NBI-ME after treatment
for esophageal SCC.

In the esophagus and head and neck region, the development of
multiple primary SCCs and widespread epithelial oncogenic al-
terations, including carcinoma in situ, dysplasia, and hyperkera-
tosis, have long been a recognized phenomenon [25]. Clinically,
Lugol chromoendoscopy can be used to visualize epithelial
changes such as multiple LVLs, since dysplastic or hyperkeratotic.
epithelium does not stain with Lugol iodine solution and appears
white or pink, whereas normal epithelium is stained brown

With superficlal SCCHN  Without superficial SCCHN Pvalue  Table3 Comparisonof demo-
n=1% n=97 graphic characteristics be-
. tween those with and those

Majes 15(100%) 85(88%) 0.36 without superficial squamous
Older (270 years) 3(20%) 35(36%) 0.26 cell carcinomas in the head and
Current esophageal cancer 12(80%) 68(70%) 0.55 neck reglon (superficial
History of cancer in other organs 3 (ZQ %) 9(9%) 0.2 SCCHN), in 112 patients with a
Habitual alcohol use 15(100%) 86 (89%) 0.35 previous or current diagnosis of
Smaking 15(100%) 83(86%) 0.21 esophageal cancer.
Habitual alcoho! use with smokirig 15(100%) 83(86%) 0.21
Multiple Lugol-voiding lesions (LvLs)  15(100%) 23 (24%) <0.0001

* Pvalues were calculated using Fisher’s exact test.

Katada C et al. NBI screening for head and neck cancer in esophageal SCC... Endoscopy 2010; 42: 185-190



| [
Oral cavity Oroy Hypopharynx
ne2 ne7 )
E ; ]
, - F =1 0 LN T =1
Tongue Posterlor wall Superior wall Postcricold area Piriform sinus Piriform sinus Piriform sinus
ns2* n=1 n=1f n=3 ne=l n=2 n=1t
4 4 4 4 a4 4
Transoral surgical mucosectomy (TSM) Endoscopic mucosal resection (EMR) Chemo- Radiotherapy
n=4 ne4 i radlotherapy n=1
n=2
i f i i

Repeated follow-up examinations
Mean follow up 25 * 6:3 months

,, 1 patlent died from recurrence of

4

Diseasefree
10 patlents

esophageal cancer®

Fig.4 Clinical course of curative treatment of 11 leslons in 10 patients with superficial squamous cell carcinoma within the head and neck reglon (superficial
SCCHN). * One patient died of recurrent esophageal cancer; T one patient had 2 lesions, 1 each in oropharyngeal and hypopharyngeal mucosal sites.

[11,12]. Multiple LVLs of esophageal mucosa are considered pre-
cursors for a second primary esophageal cancer in patients with
head and neck cancer [12], and have also been associated with a
very high risk of multiple cancers in the esophagus, as well as the
head and neck [13,26,27]. In our study, the prevalence of multi-
ple LVLs of esophageal mucosa was significantly increased in pa-
tients with superficial SCCHN. The presence of multiple IVLs of
esophageal mucosa may therefore be a powerful biomarker for
detecting a second primary superficial SCCHN. The Lugol dye
staining method cannot be used in the head and neck region be-
cause it causes severe mucosal irritation, leading to pain and dis-
comfort; the dye solution may even be aspirated into the airway.
Therefore, patients with esophageal cancer who have multiple
LVLs of the esophageal mucosa should undergo careful endo-
scopic screening of the head and neck by NBI-ME.

Effective treatment of superficial SCCHN is considered essential
for cure in patients with esophageal SCC, but definitive studies
are lacking. The safety and efficacy of follow-up treatment for su-
perficial SCC thus remains unclear. In our series, curative treat-
ment of superficial SCCHN was possible without severe compli-
cations in all patients in whom the esophageal SCC was success-
fully treated. Although 2 of 4 patients (50 %) had laryngeal edema
during the EMR procedure, which was treated by temporary tra-
cheotomy, the incidence of laryngeal edema can be lowered by
minimizing mechanical stimulation caused by contact with sur-
gical devices and chemical stimulation caused by Lugo! dye solu-
tion on the laryngeal and hypopharyngeal regions at the time of
treatment. All patients who underwent curative treatment re-
mained disease-free and retained their larynx. Our results sug-
gest that minimally invasive curative treatment with organ pre-
servation is possible in patients with superficial SCCHN. Since
EMR or TSM of head and neck region is less invasive than che-
moradiotherapy or radiotherapy, expected benefits should be
weighed against potential risks when selecting the treatment
strategy. If superficial SCCHN is detected in patients with esoph-
ageal SCC, our results may suggest important clues for disease
management. In the future, more definitive studies are needed

to clarify the safety and efficacy of follow-up treatment for super-
ficial SCCHN.

In conclusion, our results suggest that endoscopic screening by
NBI-ME is useful for the detection of superficial SCCHN in pa-
tients with esophageal SCC. In particular, patients with multiple
LVLs of the esophageal mucosa should be closely monitored to fa-
cilitate early detection of superficial SCCHN and permit minimal-
ly invasive curative treatment with organ preservation.
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Objective: We sometimes experienced patients with primary unknown cervical lymph node
metastasis. In such cases, if computed tomography, magnetic resonance imaging, laryngo-
scopy and gastrointestinal endoscopy cannot detect a primary site, there is no other effective
method to identify a possible primary tumor. We investigated whether narrow-band imaging
can detect a possible primary tumor in such.

Methods: Forty-six patients with primary unknown cervical lymph node metastasis were sur-
veyed about primary tumors, from January 2003 to December 2006. All cervical lymph nodes
were histologically proved to be squamous cell carcinoma by fine-needle aspiration cytology.
Narrow-band imaging combined with magnifying endoscopy was used to identify the primary
site in the head and neck region and cervical esophagus. Histological analysis was performed
for all suspicious lesions by a biopsy specimen.

Results: Twenty-six lesions were suspected to be cancerous lesions by narrow-band
imaging in the head and neck region. Sixteen lesions in 16 (35%, 16/46) patients were squa-
mous cell carcinoma. Ten lesions were located in the hypopharynx and the remaining six
lesions were located in the oropharynx. White light endoscopy could not point out any lesion.
Conclusions: Narrow-band imaging endoscopy can detect possible primary cancer in
patients with primary unknown cervical lymph node metastasis.

Key words: NBI — pharynx — primary unknown cancer — neck lymph node metastasis

INTRODUCTION

the patients, but the possible primary site is not identified in
In the head and neck region, we sometimes treat patients

90% of the patients with PUCLNM.

with cervical lymph node metastasis where a primary tumor
cannot be identified by laryngoscopy, computed tomography
(CT) and magnetic resonance imaging (MRI). Primary
unknown cervical lymph node metastasis (PUCLNM) is
reported in 2—9% of metastases in the head and neck region.
Additional work-up including upper gastrointestinal endo-
scopy can detect possible primary lesions in about 10% of

The inability to find the primary tumor makes it difficult
to decide on the most appropriate treatment for the patient,
and the clinician must consider different options for the
initial treatment. In some cases, the primary tumor is
detected during treatment for the lymph node metastasis, but
the primary site remains unidentified in some. In cases
where the primary tumor is detected after the start of

© 2010 The Author(s)
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treatment, it is impossible to switch the treatment. Thus, to
stage and evaluate the treatment strategy, the clinician
should be able to detect the primary site before starting
treatment.

To find a primary lesion, blind biopsy (1-3) or tonsil-
lectomy (4) is sometimes used in patients with PUCLNM.

However, these surveillance methods do not always detect |

the primary lesion. In the case of PUCLNM, whole-neck
irradiation will be indicated after cervical lymph node
excision because we cannot pinpoint the primary cancer-
based treatment strategy (5—7). Whole-neck irradiation
causes adverse events such as salivary gland disorder,
severe mucositis and taste disorder. In addition, if primary
cancer could be detected after irradiation, re-irradiation
would not be needed; this is important because surgery
after irradiation increases the risk of leakage of the
anastomosis.

Muto et al. (8,9) reported that narrow-band imaging (NBI)
can detect superficial cancer in the oropharynx and
hypopharynx. Although NBI is expected to help identify the
primary lesion in patients with PUCLNM, there are no
reports on this issue. We surveyed primary lesions in such
patients using NBI endoscopy of the gastrointestinal tract.

PATIENTS AND METHODS

From January 2003 to December 2006, 46 consecutive
patients with PUCLNM were surveyed about the primary
site using a gastrointestinal NBI endoscope in National
Cancer Center Hospital East, Chiba, Japan. Written informed
consent for the examination was obtained from all patients.

The definition of PUCLNM was in accordance with the
report by Greenberg (10) as follows.

o It is proven to have malignant cells histologically.

¢ We cannot identify a primary tumor using ocular inspec-
tion or pharyngolarynx fiberoscopy.

e We cannot identify a primary tumor by CT or MRL

o Other organs except the head and neck do not show a
carcinoma.

In all patients, the possible primary tumor could not be
detected by examination using CT, MRI, pharyngolaryngo-
scopy and standard white-light gastrointestinal endoscopy.

We used a magnifying videoendoscope (Q240Z, Olympus
Medical Systems, Tokyo, Japan) and sequential RGB light
source with NBI function (CLV-Q260SL, Olympus Medical
Systems). The magnifying endoscope had a capability of
x 80 optical magnification. The NBI system has been
described in detail in previous studies (8,9). In this system,
the central wavelengths of NBI were 415 and 540 nm, and
each had a bandwidth of 30 nm.

During the survey of the primary site in the head and neck
region including the cervical esophagus, if the lesions
showed both a well-demarcated brownish area and an irregu-
lar microvascular pattern (11), we diagnosed cancer. After

this examination, we took a biopsy specimen to confirm the
histological diagnosis.

RESULTS

The patients’ characteristics are shown in Table 1.
Thirty-eight patients were men and eight were women. Their
median age was 66 years (range, 38-81 years).
Twenty-eight cases were N2 and 18 cases were N3.
Thirty-one patients had metastatic lymph nodes in the upper
jugular area (Level II), 13 had middle jugular lymph node
metastasis (Level IIT) and 2 had lower jugular lymph node
metastasis (Level IV).

Twenty-six lesions were suspected to be the cancerous site
in 25 patients. Sixteen lesions in 16 patients were confirmed
histologically as squamous cell carcinoma. Histological
assessment of all of the possible primary lesions showed the
similar feature of squamous cell carcinoma. Thus, primary
cancer in the head and neck region was detected in 16
patients (35%) by NBI endoscopy. The patients’ character-
istics are shown in Table 2. Ten patients had metastatic
lymph nodes in the upper jugular area, five had middle
jugular lymph node metastasis and one had lower jugular
lymph node metastasis. Nine cases were N3 and seven cases
were N2. All of the lesions detected were superficial neo-
plasia. Ten lesions were located in the hypopharynx and the
remaining six lesions were located in the oropharynx (three
were tonsil). All lesions were T1 stage or Tis, and all lesions
were <2 cm in size. Biopsy specimens revealed that one
lesion was intraepithelial cancer and the other had invaded
to the subepithelial layer.

Table 1. Patient characteristics

Patients
Age (years) 66 (38—81)
Gender
Male 38
Female 8
N stage
N2a 4
N2b 20
N2¢ 4
N3 18
Levels of cervical metastasis
Upper jugular (1I) 31
Middle jugular (II) 13
Lower jugular (IV) 2

Thirty-eight patients were males and eight were females. Median age was

65 years (range, 38—81 years). Twenty-eight cases were N2 and 18 cases
were N3, Thirty-one patients had metastatic lymph node in the upper jugular
area (Level II), 15 had middle jugular lymph node metastasis (Level III) and
2 cases had lower jugular lymph node metastasis (Level IV).
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Table 2. Characteristics of possible primary lesions detected by NBI

Primary Endoscopic findings  n (levels)  Treatment
1 Oropharynx Superficial 3 CRT
2 Oropharynx T1 3(In CRT
3 Hypopharynx  Superficial 3(1n RT
4 Oropharynx Superficial 3{m CRT
5 Hypopharynx  Superficial 3y CRT
6 Hypopharynx  Superficial 31 EMR + ND
7 Hypopharynx  Superficial 3(n CRT
8 Hypopharynx  Superficial 3(y Surgery + ND
9 Oropharynx Superficial 2b (1) Surgery + ND
10 Oropharynx T1 2a (1) Surgery + ND
11 Hypopharynx  Superficial 2b (IV) Surgery + ND
12 Hypopharynx Tl 2a (1) Surgery -+ ND
13 Hypopharynx  Superficial 2b (1) EMR + ND
14  Hypopharynx  Superficial 3(m RT
15 Oropharynx Superficial 2¢ (I) Surgery 4+ ND
16  Hypopharynx  Superficial 2b (1) EMR + ND

Nine cases were N3 and seven cases were N2. Five cascs were treated by
concurrent chemoradiation therapy and in nine cases, primary site was
removed by surgery or endoscopic resection and they underwent neck
dissection for lymph node metastasis. NBI, narrow-band imaging; CRT,
chemoradiation therapy; EMR, endoscopic mucosal resection; ND, neck
dissection.

Five patients were treated by concurrent chemoradiation
therapy (CRT). Two patients were treated with a chemother-
apy regimen comprising 5-fluorouracil (800 mg/m?, days
1—5) and cisplatin (80 mg/m?, day 1). Two patients were
treated with tegafur-gimeracil-oteracil potassium (60 mg/m?,
days 1—14) and cisplatin (20 mg/m?, day 1). One patient was
treated with cisplatin (80 mg/m?, day 1). The irradiation field
covered the whole neck, and the total radiation dose was
70 Gy (2 Gy/fr). Two patients were treated by radiation
therapy (total 70 Gy) alone. For the other nine patients, the
primary site was removed by surgery or endoscopic resection,
followed by neck dissection of the lymph node metastasis. No
patient received whole-neck irradiation after neck dissection.

Treatment of the 20 patients who cannot detect cancer
lesion were CRT (for N3 or N2b), and neck dissection and
close follow-up with NBI endoscopy (for N2a or N2b).

Figure 1 shows a representative case where the primary
cancer was detected by NBI. This patient had a swollen
lymph node (2.5 cm in size) on the left side of the upper
jugular area (Level II) (Fig. 1). The specimen taken using a
fine-needle aspiration method from the swollen lymph node
revealed squamous cell carcinoma, which was confirmed
later as metastatic. CT scan, MRI, laryngoscopy and standard
gastrointestinal endoscopy could not detect any primary site.
NBI detected easily a well-demarcated brownish area in the
uvula to the right anterior palatine arch (Fig. 2B). In con-
trast, the conventional white-light image made it difficult to

Jpn J Clin Oncol 2010;40(6) 539

Figure 1. Computed tomographic scan shows lymph node metastasis at left
upper jugular arca.

visualize the cancerous lesion (Fig. 2A). Magnifying the
observation with NBI revealed easily an irregular microvas-
cular pattern inside the lesion (Fig. 2D), but magnifying the
observation with white light made it difficult to see this irre-
gular microvascular pattern (Fig. 2C). We diagnosed cancer
for this lesion. The biopsy specimen revealed squamous cell
carcinoma, which was similar histologically to that of the
metastatic lymph node. Treatment of this patient involved
neck dissection and resection for primary disease, and we
were able to avoid irradiation of the whole neck.

DISCUSSION

We report for the first time that NBI endoscopy can detect
possible primary cancer in patients with PUCLNM.
Information about the primary site is very important for
deciding on the appropriate treatment because the treatment
strategy may differ for each primary site. Our data indicate
that NBI can be helpful to the clinician when deciding on
the treatment.

According to Greenberg (10), primary unknown carcinoma
is defined when primary tumor cannot be detected by an
autopsy. However, this definition cannot be applied in clini-
cal decision-making. We defined a PUCLNM as one for
which we could not detect any primary site by CT, MRI, lar-
yngoscopy and gastrointestinal endoscopy (11). Although
recent advance in technologies of CT, MRI and PET makes it
possible to detect a small lesion precisely, the primary cancer
is detected in only 2—9% of the patients with PUCLNM
(1,2,12,13). Positron emission tomography (PET) or CT is
also useful to detect occult cancer, but this primary site is too
small to point out with PET. Random biopsy in the head and
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Figure 2. (A—D) Endoscopic findings. Conventional white-light image (A), narrow-band imaging (NBI) image (B), magnifying conventional white-light
image (C) and magnifying the NBI images (D). NBI detected a well-demarcated brownish area in the uvula to right anterior palatine arch (B). In contrast, con-
ventional white-light image was difficult to visualize the cancerous lesion (A). Magnifying the observation with NBI revealed an irregular microvascular

pattern inside the lesion (D).

neck region may be useful for detecting possible primary
cancer in patients with PUCLNM, but the detection rate is
only around 10% (1,2). However, tonsillectomy is very
useful to detect the primary cancer but tonsillectomy can
detect only tonsil cancer. Because only 3 of 16 cases have a
cancerous lesion on tonsil in this study, NBI endoscopy was
better than tonsillectomy to detect occult tumor.

In the esophagus, Lugol chromoendoscopy is useful for
detecting superficial squamous cell carcinoma. However,
Lugol’s solution cannot be applied in the head and neck
region because of the risk of aspiration into the airway. NBI
is now recognized as a useful and safe method for detecting
superficial squamous cell carcinoma in the head and neck
region because it uses no solution and improves the visi-
bility. Muto et al. (8,9,16) reported that both a well-
demarcated brownish area and an irregular microvascular
pattern are typical characteristics of the superficial squamous
cell carcinoma in the head and neck region. In this study, we
evaluated the lesion according to these two endoscopic
characteristics, and we were able to confirm 64% (16/25) of
the lesions in the suspicious cancerous area as squamous cell
carcinoma. This positive rate is better than that from a
random biopsy (~10%). Finally, possible primary cancer
could be detected in 35% (16/46) of the patients. These

results indicate that NBI should be applied when surveying
the primary site in patients with PUCLNM. Moreover, it is
not impossible to detect cancerous lesion only using white-
light endoscopy by trained endoscopist but NBI endoscopy
is very easy for beginners to detect lesion.

Nine of 16 patients underwent surgery or endoscopic
resection of the primary site and subsequent lymph node dis-
section. In such cases, post-operative whole-neck radiation is
one treatment option (13—15). However, the indications for
post-operative radiation therapy for PUCLNM are still con-
troversial because these patients are at high risk for develop-
ing metachronous multiple cancers in the head and neck
region (16). If they received radiation therapy as a post-
operative radiation therapy, there is no radiotherapy treat-
ment option for the later appearance of a metachronously
developed second primary cancer in the head and neck
region (14—16). The clinician must thus plan the post-
operative radiation therapy carefully,

We cannot conclude with certainty whether the lesions
detected by NBI were the true primary sites unless we ident-
ify their clonality. As a next step, we will compare the clon-
ality of both primary sites and metastatic lymph nodes. In
this study, at least, histological assessment showed the same
histological features of the primary site and metastatic lymph
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node. Clinically, histological accordance would be enough to
consider whether the lesion is primary.

Although we could not evaluate the depth of invasion in
all patients, we know that micro-invasive cancer can metas-
tasize to the lymph node. The risk of lymph node metastasis
of superficial squamous cell carcinoma is unknown, but col-
lection of data from a large number of cases should help
clarify this.

In conclusion, our data indicate that NBI has the potential
to identify primary cancer in patients with PUCLNM.
Identification of the primary site provides helpful infor-
mation for deciding on the treatment strategy.
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Microvascular irregularities are associated with composition of squamous epithelial lesions
and correlate with subepithelial invasion of superficial-type pharyngeal squamous cell

carcinoma

Aims: Superficial squamous epithelial lesions of the
pharynx are increasingly recognized by architectural
changes in the intraepithelial papillary capillary loop
(IPCL) assessed by narrow-band imaging (NBI). The
aim was to explore the histology of squamous epithelial
precursor lesions and superficial-type pharyngeal squa-
mous cell carcinoma (STPSCC), including squamous
cell carcinoma (SCC) in situ and early invasive SCC, by
focusing on microvascular irregularities to investigate
the composition of those lesions and to explore the
pathological characteristics of STPSCCs.

Methods and results: Several pathological factors
including thickness of intraepithelial squamous cell
carcinoma (IESCC) and tumour thickness and micro-

vascular density (MVD) were examined in 104
STPSCCs from 69 patients. The results show that
architectural change of IPCL was recognized in pre-
cursor lesions in parallel with architectural disturbance
and cytological atypia for criteria of diagnosing dys-
plasia. In 104 STPSCCs, the MVD of IESCC was
correlated with the thickness of IESCC (P = 0.0115).
Moreover, invasive SCC showed significantly higher
MVD of IESCC (P = 0.0078) and there was significant
correlation between the thickness of IESCC and sub-
epithelial invasion (P < 0.0001).

Conclusions; Microvascular irregularities are an impor-
tant pathological factor in carcinogenesis and early
invasiveness of SCC of the pharynx.

Keywords: intraepithelial papillary capillary loop, microvascular density, microvascular irregularities,
narrow-band imaging, superficial-type pharyngeal squamous cell carcinoma

Abbreviations: EMR, endoscopic mucosal resection; ESCC, oesophageal squamous cell carcinoma; ESD, endoscopic
submucosal dissection; H&E, haematoxylin and eosin; IESCC, intraepithelial squamous cell carcinoma; IPCL,
intraepithelial papillary capillary loop; mLVL, multiple Lugol-voiding lesion; MVD, microvascular density; NBI,
narrow-band imaging; SCC, squamous cell carcinoma; STPSCC, superficial-type pharyngeal squamous cell

carcinoma; UADT, upper aerodigestive tract

Introduction

In Japan, the estimated number of new cancer cases
of the mouth/pharynx per 1000 is <5.0 and the

estimated age-standardized rates of cancer incidence
of the mouth/pharynx per 100 000 is <5.0.' For-
merly, clinicians had difficulty in detecting pharyngeal
cancer until it had progressed to the advanced stage.
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Therefore, it was necessary to detect pharyngeal
cancer at an early stage to avoid extensive surgical
resection, causing a loss of function with respect to
swallowing and/or speaking, and cosmetic deformi-
ties. Recently, the advent of narrow-band imaging
(NBI) endoscopy with magnification has dramatically
improved the detection of squamous precursor lesions
and early-stage SCC of the pharynx.? NBI is a novel
optical technique that uses reflected light to visualize
the superficial structure of an organ surface.> It has
previously been reported that the morphological
changes in microvascular structure are useful in the
diagnosis of superficial oesophageal carcinomas.*®
NBI utilizes the structural change of microvessels
referred to as the intraepithelial papillary capillary
loop (IPCL) in mucosal lesions of early-stage SCC of
the pharynx.? This microvascular structural change is
enhanced by NBI and an image allowing a conclusive
diagnosis can be obtained.

Most pharyngeal cancer is SCC. It has been
accepted that dysplasia may progress to SCC in situ

Table 1. Patient population treated with EMR/ESD

Gender
Male 67 (97.1%)
Female 2 (2.9%)
Age
Median/mean (range) 62/62.2 (42-88)
mLVLs
Presence 60 (87.0%)
None 7.(10.1%)
Unknown 2(29%)
Multiple STPSCC
Presence 30 (43.5%)
None 39 (56.5%)

Overlapping ESCC

Presence 62 (82.9%)

7 (10.1%)

None

Multiple HNSCC

Presence 24 (34.8%)

45 (65.2%)

None

mLVLs, multiple Lugol-voiding-lesions; STPSCC, superficial
type pharyngeal squamous cell carcinoma; ESCC, oesopha-
geal squamous cell carcinoma; HNSCC, head & neck squa-
mous cell carcinoma.
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and eventually to invasive SCC. The pathological
assessment of precursor lesions in oropharynx and
hypopharynx is similar throughout the upper aero-
digestive tract (UADT).® Precursor lesions have been
grouped under the term dysplasia (mild, moderate

Table 2. Clinicopathological factors of 104 STPSCCs treated
with EMR/ESD

Primary site

Oropharynx 13 (12.5%)
Upper wall 2(1.92%)
Anterior wall 2 (1.92%)
Posterior wall 4 (3.85%)
Lateral wall - 5(4.81%)

Hypopharynx 91 (87.5%)
Pyriform sinus 75 (72.1%)
Postcricoid 6 (5.8%)
Posterior wall 6 (5.8%)
Arytenoid 4 (3.8%)

Tumour size (mm)
<5 20 (19.2%)

5< and <10 40 (38.5%)
10< and <20 31 (29.8%)
20< and <30 10 (9.6%)
30< and <40 3 (2.9%)

Subepithelial invasion

Presence 29 (27.9%)

None 75 (72.1%)
Vessel infiltration

Presence 6 (5.8%)

None 98 (94.2%)
Lymph node metastasis* '

Presence 1 (0.96%)

None 103 (99.04%)

Local recurrence

Presence 3 (29%)

101 (97.1%)

None

*Metachronous lymph node metastasis.

© 2010 The Authors. Journal compilation © 2010 Blackwell Publishing Ltd, Histopathology, 56, 510522,
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and severe dysplasia). In order to make a precise
pathological diagnosis of squamous epithelial lesions
detected by NBI endoscopy, it is necessary to under-
stand the pathological findings by focusing on the
irregularities of the microvasculature, ie., IPCL.
Detecting pharyngeal SCC in situ would clearly be
of benefit to patients. It is also necessary to detect
those pathological features that reflect the potential
for subepithelial invasion and metastasis to lymph
nodes, thus leading to selecting optimal therapy for
early-stage SCC.

There is a specific characteristic of the pharynx, i.e.
it has no lamina muscularis mucosae; this implies
that evaluations such as ‘invasion of the lamina
propria mucosae’ or ‘invasion of the submucosal
layer’, as in oesophageal cancer specimens, are
impossible in the pharynx. The invasive depth of
oesophageal SCC correlates with risk factors such as
vessel infiltration and lymph node metastasis.” Thus,
it is essential to identify critical risk factors such as
these in early-stage SCC. In organs such as the
tongue, which has no lamina muscularis mucosae,

tumour thickness has been reported to be a risk factor
for cervical lymph node metastasis.®® In our institu-
tion, SCC in situ of the oropharynx and hypopharynx
have previously been detected using the NBI system.*°
We have now accumulated >100 patients with
superficial-type pharyngeal squamous cell carcinoma
(STPSCC) resected by endoscopic resection [endoscopic
mucosal resection (EMR) or endoscopic submucosal
dissection (ESD)] who have an extended clinical
follow-up period to enable us to investigate the
clinicopathological features and clinical course of
STPSCC.

Materials and methods
PATIENT POPULATION

One hundred and four lesions from 69 patients (67
male and two female, median age 62 years) were
consecutively collected for the present study. These
patients underwent EMR or ESD between June 2002
and September 2006 at the National Cancer Centre

Table 3. Histological findings of squamous epithelial lesions of the pharynx based on microvascular irregularities

Normal Inflammation Mild dysplasia fis\slglr:sia SCC-in-situ  Invasive SCC

IPCL extension upward (=) Mid zone Superficial Superficial ~ Superficial ~ Superficial
zone zone zone zone
IPCL dilatation and branching (=) (=) ~ Slight (+) (+) (+) +);
Complicated

IPCL diameter expansion ) ) Mild ~ severe  Severe Severe Severe
Proliferative cell distribution AB (=) LI~ LH S S D
Basal cell palisading (+) (+/-), Edematous  (+) +) (+/-) -
Basal cell enlargement =) (=) =) +/-) +) (+)
Spinous laryer retention +) +) +) =) =) =)
Superficial layer retention +) (+) (+) ‘ (+) ) (=)
Nuclear arrangement PP PP PP PL PL PL
Nuclear density NI NI IM 1S IS IS
Subepithelial solitary cell nest  (-) -) =) =) (- (+)

SCC, squamous cell carcinoma; IPCL, intra-epithelial papillary capillary loop; Proliferative cell, cells labelled immunohisto-
chemically by MIB-1 AB, arranged in the basal layer; LI, localized at the peri-IPCL; LH, limited to the lower third of
intra-epithelial layer; S, scattered in intra-epithelial layer; D, distributed densely in the intra-epithelial layer; PP, polarity
preserved; PL, polarity lost; NI, not increased; IM, increased mildly at the peri-IPCL or the lower third of intra-epithelial layer;

1S, increased severely throughout the intra-epithelial layer.
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Hospital East. Pre-operative examinations identified no
metastasis, including lymph node metastasis, in any of
the patients, and none had received prior anticancer
treatment. These 69 cases are summarized in Table 1.
Eighty-seven percent of patients in the current study
had multiple Lugol-voiding lesions (mLVLs) in the
background oesophageal mucosa. The presence of
mLVLs in background oesophageal mucosa was eval-
uated by Lugol’s iodine staining clinically. Multiple
STPSCCs at oropharyngeal and hypopharyngeal
mucosal sites were identified in 30 patients (43.5%).
Furthermore, 62 patients (89.9%) had overlapping
oesophageal SCC, and 24 (34.8%) had multiple head
and neck SCCs apart from STPSCC. Multiple STPSCC
or overlapping oesophageal squamous cell carcinoma
(ESCC) or multiple head and neck squamous cell
carcinoma were managed until the end of the follow-
up period.
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All informed consent processes were conducted in
accordance with the guidelines of the National Cancer
Centre Hospital East institutional review board autho-
rization for this study.

CLINICOPATHOLOGICAL FACTORS OF STPSCCS
TREATED WITH EMR/ESD

One hundred and four consecutive STPSCCs were
detected by conventional endoscopy and NBI endos-
copy with magnification and a pathological diagnosis
of SCC was made by biopsy specimen before
EMR/ESD. The clinicopathological factors of the
104 STPSCCs treated with EMR/ESD are summarized
in Table 2. The pyriform sinus was the most com-
mon primary site (72.1%). Tumour diameters ranged
from 1.3 to 40 mm and median and average tumour
diameters were 10 and 12.23 mm, respectively.

Figure 1. The histology of normal squamous epithelium of the
hypopharynx. A, H&E. B, immunohistochemistry CD34 (CD34).
C, MIB-1 (MIB-1) immunohistochemistry.
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Tumour size was measured after mapping of the SCC
tissue by histological evaluation. Twenty-nine lesions
(27.9%) were pathologically confirmed to be invasive
SCC. Subepithelial invasion was defined as at least
one solitary carcinoma cell nest being observed in the
subepithelial region. Only six lesions (5.8%) showed
blood vessel infiltration identified by elastic staining
and only one case (0.96 %) showed lymphatic vessel
infiltration by haematoxylin and eosin (H&E) stain-
ing. Vessel infiliration included Iymphatic and/or
blood vessel infiltration. Only one (0.96%) had
metachronous lymph node metastasis and only
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three STPSCCs recurred locally. The average follow-
up period was 826 days (median 726 days, SD
464.6 days).

INDICATIONS FOR BIOPSY

Biopsy specimens collected by endoscopists on suspi-
cion of or to rule out SCC were also used to examine
diagnostic histological findings on the basis of micro-
vascular irregularities in non-neoplastic lesions, dys-
plasia, SCC in situ and invasive SCC together with
magnified NBI images.
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Figure 2. The histology of an inflammatory lesion from a biopsy specimen. A, H&E. B, CD34. C, MIB-1. D, Narrow-band imaging (NBI)

endoscopy with magnification of the hypopharynx (right arytenoid).
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HISTOLOGICAL METHODS

All specimens resected by EMR/ESD were fixed in
10% formalin and embedded in paraffin wax. The
tissue specimens were cut at a thickness of 2 pym and
all sections were routinely evaluated for pathological
diagnosis. The pathological parameters for each case
were then profiled and used for further analyses. The
section with the thickest tumour diameter measured
from the tumour surface to the base of the malignant
tissue was selected for further immunohistochemical
analysis, and serial 4-pm thick sections were used for
immunohistochemistry to detect IPCL and calculate
microvascular density (MVD). To calculate the MVD,
blood vessels were displayed using anti-CD34 antibody
(Dako, Carpinteria, CA, USA) (dilution 1:50) on 4 um
thick sections. Antigen retrieval was carried out using
microwave treatment in citrate buffer (pH 6.0). Sec-
tions were processed immunohistochemically using
the Dako Envision system. Diaminobenzidine was used
as the chromogen and haematoxylin as the counter-
stain.
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CRITERIA FOR PATHOLOGICAL DIAGNOSIS

For the diagnosis of dysplasia and SCC in situ and
invasive SCC, the criteria proposed by the World Health
Organization were used.® These criteria are used for
diagnosing dysplasia, based on architectural and cyto-
logical abnormalities. However, endoscopists have
recently discovered early-stage lesions in pharynx
using the NBI system. NBI utilizes change in the IPCL
in squamous epithelium. That is, the change in IPCL
should be accompanied by the architectural and
cytological criteria for diagnosing dysplasia. Therefore,
the morphological changes seen as microvascular
irregularities in intraepithelial lesions should be con-
sidered in the pathological diagnosis together with
architectural and cytological abnormalities.

In UADT, the general guideline for measuring the
invasive component is from the basement membrane.**
However, relative to head and neck superficial invasive
carcinomas, there are varying views as to which lesion
does or does not qualify as microinvasive. Moreover, the
pharynx has no lamina muscularis mucosae. Therefore,

Figure 3. The histology of basal cell hyperplasia from a biopsy specimen. A, H&E. B, CD34. C, MIB-1. D, Narrow-band imaging of the oropharynx
(posterior wall).
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in the current study, only those cases in which at least
one solitary carcinoma cell nest was observed in the
subepithelial region were designated as invasive SCC of
the pharynx. Usually, more than a solitary carcinoma
cell nest was recognized but when a solitary carcinoma
cell nest was recognized, it had to be distinguished from
the involvement of minor salivary glands.

The thickness of IESCC was measured from the surface
to the bottom of the thickest portion of IESCC. In order to
minimize overestimation of epithelial thickness caused
by tangential sectioning, resected specimens by EMR or
ESD were unfolded on a plastic plate and fixed in 10%
formalin overnight. The whole tissue specimen was then
cut vertically and parallel at a thickness of <2 mm before
embedding in paraffin. Then sections at a thickness of
2 pm were made and routinely evaluated. The epithelial
thickness of whole area was measured in each case and
the area of tissue without diathermy artefact was
measured to register the thickness of IESCC.

To evaluate the depth of invasion in pharyngeal
invasive SCC, the distance measured from the surface of
the intraepithelial carcinoma to the bottom of the

deepest portion of the invasive carcinoma tissue was
regarded as tumour thickness.

MEASUREMENT OF MVD

The most densely vascularized area in the intraepithe-
lial lesion that had the highest number of microvessels
stained immunohistochemically by CD34 monoclonal
antibody was selected as the hot spot. The area was
photographed at a magnification of x100. The intra-
epithelial microvascular area and carcinoma cell area
were quantitatively determined on the image using
Image] software (National Institute of Health, Beth-
esda, MD, USA). The percentage of microvascular area
to tumour cell area was calculated and defined as MVD.

STATISTICAL ANALYSIS

Continuous variables, evaluated and recorded in detail,
included means, medians, SDs, and maximum and
minimum values. The mean values of variables with a
normal distribution were compared with Student’s

Figure 4, The histology of mild dysplasia from a biopsy specimen. A, H&E. B, CD34. C, MIB-1. D, Narrow-band imaging of the oropharynx
(posterior wall).
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t-test. When a normal distribution was not evident, the
non-parametric Wilcoxon rank sum test was employed.
Student’s t-test was used to compare the thickness of
an intraepithelial carcinoma in each categorized group
according to parameters such as MVD. The associations
of histological parameters with subepithelial invasion
were assessed with y* statistics. Spearman’s rank
correlation tests were employed to assess the relation-
ship between MVD and the thickness of IESCC or the
relationship between tumour thickness and tumour
size. Values of P < 0.05 were considered significant.

Results

HISTOLOGICAL FINDINGS OF NON-NEOPLASTIC
LESIONS, DYSPLASIA, SCC IN SITU AND INVASIVE SCC
ON THE BASIS OF MICROVASCULAR IRREGULARITIES
AND THE MATCHED NBI IMAGES

We highlighted several differential diagnostic findings
such as IPCL extension upward, IPCL dilation and
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branching, IPCL diameter expansion, proliferative cell
distribution, basal cell palisading, basal cell enlarge-
ment, spinous layer retention, superficial layer (para-
keratotic-like flat epithelial cell layer) retention, nuclear
arrangement, nuclear density and subepithelial solitary
cell nest, as shown in Table 3. The microscopic images
including H&E staining (A), immunohistochemical
staining using CD34 (B) or MIB-1 (C) antibodies are
shown in Figures 1-7. The matched NBI images (D),
except for Figure 1, are also shown. In Figure 1, as a
non-neoplastic and non-inflammatory squamous
epithelium, an IPCL was observed and uniform basal
cells were arranged in the basal layer, but no microvas-
cular irregularities were observed. In Figure 2, biopsy
specimen histology showed an inflammatory lesion.
Intercellular oedema and intraepithelial inflammatory
cells were recognizable. An upward shift of an almost
normal-sized IPCL, but no IPCL irregularity was seen
(Pigure 2A~C). NBI endoscopy shows inflammatory
lesions as an ill-demarcated brownish area. Slight IPCL
proliferation and IPCL dilation are obscured by the

Figure 5. The histology of severe dysplasia from a biopsy specimen. A, H&E. B, CD34. C, MIB-1. D, Narrow-band imaging of the hypopharynx

(pyriform sinus).
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