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Long-term outcome of TOPER for superficial pharyngeal cancer

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. (contined)

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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1 1P‘at':i"e;’:tic'héEéctéfiéii;s'
Sex, no.
Male 101
Female 3
Age, y (range) 63 (42-88)
History of EC, no. 89
Treatment for EC, no.
EMR including endoscopic treatment 39
CRT/RT 37
Surgery 13
History of HNC, no. 25
Treatment for HNC, no.
RT 4
Surgery 21
Initial reason for detection, no.
Discomfort of pharynx 6
Pretreatment detailed examination for EC 12
Follow-up after surgery for EC 10
Follow-up after CRT/RT for EC 27
Follow-up after EMR for EC 16
Follow-up after surgery for HNC 21
Follow-up after RT for HNC 4
Unknown primary lymph node metastasis 6
Screening for upper Gl endoscopy 2
Method
EMR-C 85
ESD 19
EC, Esophageal cancer; CRT, chemo/radiotherapy; RT, 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-

Tesionenseter
No. (%) of lesions per patient

1 78 (75)

2 16 (15.4)

>3 10 (9.6)

Location of the lesions, no. (%)

Oropharynx 20(13.5)
Soft palate 1{(0.7)
Uvula 2(1.4)
Posterior wall 10 (6.3)
Lateral wall 5(34)
Vallecula 2(14)

Hypopharynx 128 (86.5)
Left pyriform sinus 50(33.8)
Right pyriform sinus 56 (37.8)
Postcricoid area 9(6.1)
Posterior wall 13 (8.8)

Histological depth of the lesions, no. (%)

Severe dysplasia 9(6.1)

Carcinoma in situ 97 (65.5)

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!3 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.'416 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 supetficial 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!3 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
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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!® 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.
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Magnifying Narrowband Imaging Is More Accurate Than Conventional
White-Light Imaging in Diagnosis of Gastric Mucosal Cancer
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BACKGROUND & AIMS: It is difficult to accurately di-
agnose patients with depressed gastric mucosal cancer
based on conventional white-light imaging (C-WLI) en-
doscopy. We compared the real-time diagnostic yield of
C-WLI for small, depressed gastric mucosal cancers with
that of magnifying narrow-band imaging (M-NBI).
METHODS: We performed a multicenter, prospective,
randomized, controlled trial of patients with undiagnosed
depressed lesions =10 mm in diameter identified by
esophagogastroduodenoscopy. Patients were randomly
assigned to groups that were analyzed by C-WLI (n = 176)
or M-NBI (n = 177) immediately after detection; the
C-WLI group received M-NBI after C-WLI. We compared
the diagnostic accuracy, sensitivity, and specificity be-
tween C-WLI and M-NBI and assessed the diagnostic yield
of M-NBI conducted in conjunction with C-WLI. Results:
Overall, 40 gastric cancers (20 in each group) were iden-
tified. The median diagnostic values for M-NBI and C-
WLI were as follows: accuracy, 90.4% and 64.8%; sensitiv-
ity, 60.0% and 40.0%; and specificity, 94.3% and 67.9%,
respectively. The accuracy and specificity of M-NBI were
greater than those of C-WLI (P < .001); the difference in

sensitivity was not significant (P = .34). The combination:

of M-NBI with C-WLI significantly enhanced performance
compared with C-WLI alone; accuracy increased from
(median) 64.8% to 96.6% (P < .001), sensitivity increased
from 40.0% to 95.0% (P < .001), and specificity increased
from 67.9% to 96.8% (P < -.001). CONCLUSIONS: M-
NBI, in conjunction with C-WLI, identifies small, de-
pressed gastric mucosal cancers with 96.6% accuracy,
95.0% sensitivity, and 96.8% specificity. These values
are better than for C-WLI or M-NBI alone.

Keywords: Gastric Cancer; Early Detection; Benign; Malig-
nant; Neoplasm; Biopsy.

Gastric cancer is the fourth most common malig-
nancy and the second leading cause of death from
cancer worldwide.! Early detection and curative treatment
are the best strategies for improving patient survival
Esophagogastroduodenoscopy is the most sensitive
method of early detection of gastric cancers. However, an

accurate early diagnosis of gastric mucosal cancer is dif-
ficult with conventional white-light imaging (C-WLI) en-
doscopy; nevertheless, it remains the standard endoscopic
examination modality worldwide.

Detection of mucosal cancers =20 mm in diameter is
ideal, because they are curable using minimally invasive
treatments such as endoscopic mucosal resection and
endoscopic submucosal dissection.?? Among the gastric
mucosal cancers, the depressed type is the predominant
morphology.#-¢ However, small depressed cancers (<10
mm in diameter) are more difficult to distinguish from
benign abnormalities (such as inflammation) compared
with elevated cancers. Although chromoendoscopy using
indigo carmine has contributed to an improvement in the
diagnosis of gastric mucosal cancers,” there is no evidence
of the superiority of chromoendoscopy over C-WLL
Therefore, C-WLI endoscopy remains the standard imag-
ing modality for diagnosing gastric mucosal cancers.

Histologic evaluation of biopsy specimens from suspi-
cious lesions is conventionally used to confirm a diagnosis. A
highly accurate diagnosis withour the need for a biopsy is
the ultimate goal of endoscopists, because this would de-
crease the number of unnecessary biopsies, especially when
confirming a negative biopsy of any suspicious cancerous
lesion. This could reduce the risk of postbiopsy bleeding,
costs associated with the procedure, and the workload on
pathologists.

Magnifying narrow-band imaging (M-NBI), a recently de-
veloped advanced endoscopic imaging technology, was re-
ported to be useful for the accurate diagnosis of gastric
abnormalities such as cancers,®-13 adenomas,!* and intesti-
nal metaplasia.’s However, no randomized trials have been
conducted to compare M-NBI with C-WLL The present
study was designed to assess and compare the real-time
diagnostic yield of C-WLI for depressed gastric mucosal

Abbreviations used in this paper: Cl, confidence interval; C-WLI,
conventional white-light imaging; M-NBI, magnifying narrow-band im-
aging; NPV, negative predictive value; PPV, positive predictive valie.
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cancers with that of M-NBI when performed by skilled
endoscopists.

Patients and Methods
Study Design and Participants

This randomized, controlled, open-label, multicenter
trial was conducted at 9 centers in Japan. This study was con-
ducted according to the Standards for che Reporting of Diag-
nostic Accuracy Studies (STARD) initiative!6 and the Declara-
tion of Helsinki.

The frequency of synchronous or ‘metachronous multiple
gastric cancers was reported as 3 to 5 per 100 patient-years,!7-19
which is higher than the incidence of gastric cancer in the
general population. In other words, patients with gastric cancer
might constirute a cancer-enriched population, which may be a
more suitable model for screening of potential gastric cancers
than the general population. Therefore, we vecruited patients
aged 20 years or older with untreated gastric cancers and pa-
tients with a history of gastric cancer. Patients who had been
treated with endoscopic mucosal resection or endoscopic sub-
mucosal dissection were included in the latrer group, because
their stomachs were preserved with minimum injury. We ex-
cluded patients who had been treated with surgical resectiom,
because the stomach was either removed or was reduced in size.
Other exclusion criteria were serious complications that could
interfere with the examination protocol and the use of medica-
tion that might interfere with the collection of a biopsy speci-
men. Written informed consent was obtained, and the institu-
tional review board of each participating hospital approved the
study. The clinical trial number of this study was UMIN-
CTR000001072.

To detect a target lesion, screening was performed using
C-WLI endoscopy. Previously undetected lesions were consid-
ered ideal potential rargers for evaluating the diagnostic yield
without bias. Therefore, the target lesions for this study were
“newly detected and undiagnosed” small, depressed gastric le-
sions =10 mm in diameter. We did not target lesions cthat had
been analyzed histologically. Small, depressed lesions with ap-
parent erosion or ulceration were also not evaluated, because it
is difficult to visualize surface changes in these lesions. If the
patient had mulriple such lesions, only the first lesion derected
was selected for examination. The diameter of each lesion was
estimated by comparing it with the size of the biopsy forceps.

Randomization and Masking

When a targer small, depressed lesion was detected by
C-WLI screening, parients were immediately assigned randomly to
undergo detailed examination using C-WLI or M-NBI at a 1:1 rado.

After the randomization, all endoscopists knew which imaging |

method would be used for the detailed examination when making
a diagnosis of the target lesion. Randomization was performed
promptly on-site using tables of random numbers stratified by
hospital, and the results thereof were kept in sealed, numbered
envelopes. The random allocation sequence was prepared at the
data management center. Both the assignment result and the cor-
responding envelope number were recorded by the dara manage-
ment center. At each participating hospital, sealed envelopes were
stored by a third party who was not involved in the study, and the
envelopes were opened by an assistant physician in serial order only
when randomization was performed. The assigned patient identi-
ficarion number, envelope number, and assignment result were

GASTROENTEROLOGY Vol, 141, No. 6

recorded on-site and faxed to the data management center on the
day of the examination.

Procedure and End Points

The study design and the protocol examination are
outlined in Supplementary Figure 1 and Supplementary Mate-
rials and Methods. The diagnosis for the target lesion was made
by one endoscopist according to predetermined diagnostic cri-
teria for C-WLI and M-NBI without any consultation with other
physicians, and an assistant physician immediately recorded the
results using a case report form. For each modality, the interval
berween the start of the observation and the time at which an
endoscopic diagnosis was made was measured using a stop-
watch, For the C-WLI group, M-NBI examination was performed
afrer completion of a diagnosis based on C-WLL This procedure
was used to evaluate the effect of using M-NBI in conjunction
with C-WLL After all records were compiled, at least one biopsy
specimen was obtained from the target lesion.

The primary aim of the study was to compare the diagnostic
accuracy between C-WLI and M-NBL The secondary aim was to
compare diagnostic sensitivity, specificity, and examination time
berween C-WLI and M-NBI and to evaluate the effects of an
additional M-NBI study afier the initial C-WLI in terms of
diagnostic accuracy, sensitivity, specificity, and examination
time. Histopathology diagnosis of obtained biopsy specimens
was used as a gold standard for the diagnosis.

Endoscopy System

The NBI system is an innovative optical image-enhanced
technology that involves a narrow-bandwidth NBI filter in the
video -endoscopy system. The central wavelengths of the NBI
filcers are 415 nm and 540 nm, and each has a bandwidth of 30
nm. Because 415-nm and 540-nm light are well absorbed by
hemoglobin, the microvascular architecture of the mucosal sur-
face can be visualized readily. Details of this system have been
reported elsewhere.20-22

We used high-resolution magnifying endoscopy with a capa-
bility of 80-fold optical magnification (GIF-Q240Z, GIF-H260Z,
and GIF-FQ260Z; Olympus Medical Systems, Tokyo, Japan) and
a high-resolution liquid-crystal monitor (OEV191H; Olympus
Medical Systemis). We alternated between the 2 imaging modal-
ities (C-WLI and M-NBI) by pushing a button on the endoscope
(Bvis Lucera Spectrum System; Olympus Medical Systems). We
used a fixed structure enhancement settihg and color tone for
the video processor.

Participating Endoscopists

All examinarions were performed by 31 endoscopic spe-
cialists. accredited by the Japan Gastroenterological Endoscopy
Society in 9 institutes. Before the onset of the study, all partic-
ipating endoscopists were trained using images of small, de-
pressed lesions to minimize diagnostic variation between them.

Diagnostic Criteria for C-WLI and M-NBI

Figure 1 shows a representative endoscopic image of a
small, depressed gastric cancer and a small, depressed benign
lesion. The diagnostic method based on endoscopic findings is
outlined in Supplementary Macterials and Methods.

The endoscopic diagnostic criteria for small, depressed gastric
cancers using C-WLI were defined based on previous reports of
C-WLI findings: an.irregular margin and a spiny depressed
area.?® The observation of 2 findings (irregular margin and spiny
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Figure 1. Representative endoscopic findings for gastric small, depressed lesions. A-C show a case of.cancer, and D-F show a case of
noncancerous lesions. A shows an endoscopic image obtained using C-WLI. A small, depressed lesion (arrowheads) is evident in the anterior wall
of the lower part of the gastric body. This lesion was evaluated as having an irregular margin and a spiny depressed area. B shows an endoscopic
image obtained using M-NBI, which enabled clear visualization of the demarcation line ‘and an irregular microvascular pattem. A’ and B' are
schematic representations of the images shown in A and B, respectively. C shows a lesion that was histologically diagnosed as a differentiated
adenocarcinoma, Vienna Classification C4. D shows an image obtained using C-WLI. A small reddish area (@rrowheads) is evident in the anterior wall
of the upper part of the gastric body. Because the depressed area was not “spiny” and because a definite margin was not apparent, this case was
gvaluated as not having a spiny depressed area or an irregular margin. £ shows an image obtained using M-NBI, which enabled clear visualization

of a demarcation line and the absence of an irregular microvascular pattem. D" and £’ are schematic representations of the images shown in D and
E, respectively. F shows a lesion that was histologically diagnosed as gastritis, Vienna Classification C1.
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depressed area) in the-target lesion was classified according to 3
categories: present, absent, or indeterminate.

The endoscopic diagnostic criteria for small, depressed gastric
cancers using M-NBI were delined based on previous reports by
Yao et al: a demarcation line between the depressed cancerous
lesion and the surrounding noncancerous area and an irregular
microvascular pattern inside the lesion?! Observations of 2
findings (demarcation line and irregular microvascular pattern)
in the targer lesion were also classified according to 3 categories:
present, absent, or indeterminate.

Endoscopic diagnoses were determiried according to the com-.

bined visibility of the 2 findings as follows (Supplementary
Figure 2). (1)'If both findings were present, the diagnosis was
“cancer.” (2) If either Anding was indeterminate, the diagnosis
was “inconclusive.” (3) If eicher or both findings were absent, the
diagnosis was “noncancerous.”

For analyzing diagnostic accuracy, sensitivity, and specificity,
lesions diagnosed as “inconclusive” were considered as endo-
scopic “noncancerous” lesions.

Pathology Diagnosis

The biopsy specimens were evaluated using H&E stain-
ing. The diagnostic pathology criteria were based on the revised
Vienna classification.?s C4 (mucosal high-grade neoplasia) or C§
(submucosal invasion by neoplasia) were diagnosed as cancer,
and C1 (negative for neoplasia), C2 (indefinite for neoplasia), or
C3 (mucosal low-grade neoplasia) were diagnosed as noncancer-
ous lesions. In this study, we used a central system of consulta-
tion with a main expert pathologist. If an indeterminate lesion
were to be encountered, it was scheduled to be reviewed by this
consulting pathologist in making a final diagnosis.

Statistical Analysis

We assumed chat the accuracy, sensitivity, and specificity
of C-WLI and M-NBI compared with histologic diagnosis would
be 60% and 85%, respectively. To set a probability for error of
0.05 and atrain a power of 80% for testing the superiority of
M-NBI, 108 patients including ar least 43 cancerous lesions were
needed. Next, we calculated how many patients would need to be
screened. Because the frequency of small depressed lesions was
reported to be 8.1% in the general population,? the required size
of the screening sample was 1100 patients.

Statistical analysis was performed using SPSS software, ver-
sion 17 (SPSS Inc, Chicago, IL). For diagnostic performance,
accuracy, sensitivity, specificity, positive predictive value (PPV),
-and negative predictive value (INPV) are presented as percentages
with 95% confidence intervals (CIs). Continuous variables are
expressed as medians and interquartile ranges. Analyses of the
difference in diagnostic performance between C-WLI and M-NBI
were conducted using the population whose diagnoses had been
confirmed by pathology using Pearson’s ¥* test. Analyses of the
effect of additional M-NBI after the initial C-WLI on diagnostic
performance were conducted using the population whose diag-
noses had been confirmed by pathology and McNemar testing.
Analysis of the examination duration was conducted using the
population who completed protocol examination and the Man-
n-Whitney nonparametric test for comparisons between C-WLI
and M-NBI, as well as the Wilcoxon signed rank test for com-
parisons between C-WLI and C-WLI plus M-NBIL All probability
values calculated in this analysis were 2 sided, and P < .05 was
considered significant.

GASTROENTEROLOGY Vol. 1414, No. 6

Resulis

Between June 2008 and May 2010, 1365 patients
were enrolled in the study. Eight patients refused to
participate and 4 were registered twice; therefore, the
remaining 1353 patients were tegistered correctly and
underwent endoscopic screening. Screening was discon-
tinued for 2 patients because of a large amount of
residual digesta in the stomach and a severe vomiting
reflex. Endoscopic screening was completed for the re-
maining 1351 patients.

Of the screened patients, 362 (26.8%) had newly de-
tected and undiagnosed small, depressed lesions and were
randomly assigned to one of 2 groups: (1) 180 patients
were examined using C-WLI followed by M-NBI, and (2)
182 patients were examined using M-NBI alone. Four
patients in the C-WLI group (one patient’s lesion was >10
mm in diameter, one was discontinued from the exami-
nation because of Mallory-Weiss syndrome, and 2 had a
missed biopsy) and § patients in the M-NBI group (one
was examined with an unpermitted endoscope and 4
missed biopsy) were excluded. Data for 176 patients in the
C-WLI group and 177 patients in the M-NBI group were
used for cthe final analysis (Figure 2). The demographic
and lesion characteristics of the 2 groups were balanced.
In both groups, 13% of patients had newly diagnosed
gastric cancer (20 per group; Table 1). -

Table 2 shows endoscopic diagnoses for all lesions.
Inconclusive diagnoses were obtained for 3 lesions (1.7%) -
using M-NBI, for 6 lesions (3.4%) using C-WLI, and for 2
lesions (1.3%) using C-WLI followed by M-NBI. These
lesions were considered endoscopic “noncancerous” le-
sions for analysis.

The real-time diagnostic accuracy of M-NBI was signif-
icantly greater than that of C-WLI (90.4% [95% CI, 85.1%-
94.3%] and 64.8% [95% CI, 57.2%-71.8%), respectively; P <
.001; Table 3). Real-time M-NBI diagnosis had greater
specificity than C-WLI diagnosis (94.3% [95% CI, 89.4%-
97.3%] and 67.9% [95% CI, 60.0%-75.2%], respectively; P <
.001; Table 3). The diagnostic sensitivities of M-NBI and
C-WLI did not differ significantly (60.0% [95% CI, 36.1%~
80.9%] and 40.0% [95% CI, 19.1%-63.9%), respectively; P =
.34; Table 3). M-NBI in conjunction with C-WLI signifi-
cantly enhanced the diagnostic performance of the latter;

-accuracy increased from 64.8% (95% CI, 57.2%-71.8%) to

96.6% (95% CI, 93.5%-99.1%; P < .001); sensitivity in-
creased from 40.0% (95% CI, 19.1%-63.9%) to 95.0%
(75.1%-99.9%; P < .001), and specificity increased from
67.9% (95% CIL, 60.0%-75.2%) t0 96.8% (92.7%-99.0%; P <
.001; Table 3). '

The median durations of the C-WLI and M-NBI proce-
dures were 21 seconds (interquartile range, 12-40 sec-
onds) and 55 seconds (interquartile range, 23-97 sec-
onds), respéctively, and this difference was highly
significant (P < .001). The median total duration of C-
WLI followed by M-NBI (72 seconds [interquartile range,
40-144 seconds]) was significantly longer than that of
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Figure 2. Patient enroliment, randomization, and examination.

C-WLI alone (P < .001). All patients tolerated the proce-
dures well (Table 3).

Figure 3 shows the PPV and NPV data for each exam-
ination. M-NBI significantly improved the PPV compared
with C-WLI alone to 57.1% (95% CI, 36.0%-78.3%) from
13.8% (95% CI, 2.9%-22.7%; P = .001). Furthermore, C-
WLI followed by M-NBI dramatically improved the PPV
from 13.8% (95% CI, 2.9%-22.7%) to 79.2% (95% CI, 62.9%-
95.4%; P < .001). Similarly, the NPV of C-WLI of 89.8%
(95% CI, 84.4%-95.3%) was improved by M-NBI to 94.9%
(95% CI, 91.4%-98.3%; P = .16) and by C-WLI followed by
M-NBI to 99.3% (95% CI, 98.1%-100%; P < .001).

Detailed C-WLI examination was discontinued dur-
ing the procedure in one patient (1/362; 0.3%) because
of bleeding associated with Mallory-Weiss syndrome.
Although the bleeding stopped spontaneously without
any endoscopic hemostatic treatment, a biopsy speci-
men was not obtained because the suspicious target
lesion was missed. Two patients (2/362; 0.6%) were
hospitalized on the day after examination because of
bleeding from the biopsy site; although one patient
needed a blood transfusion, both patients were dis-
charged within a few days. None of the 3 patients
experienced prolonged adverse effects. There were no
serious adverse events directly related to the endoscopic
observations.

Table 4 summarizes the clinical courses and pathologic
diagnoses of 40 gastric cancers in 40 patients. Thirty-two
patients were treated endoscopically (by endoscopic mu-
cosal resection or endoscopic submucosal dissection). Five
patients underwent surgical resection for synchronous
advanced gastric cancers. The remaining 3 patients did
not receive any treatment; 2 had other concomitant non-
curable malignancies, and one refused treatment. Histo-
logically, 39 lesions were of the intestinal type and one
lesion was of the diffuse type. Regarding the depth of the
37 lesions that were remmoved, 35 were mucosal cancers, 2
of which were accompanied by submucosal invasion (0.3
mm and 0.8 mm). The depths of the 3 untreated lesions
were estimated endoscopically as 2 mucosal cancers and
one submucosal cancer.

Discussion

In this multicenter randomized trial, we com-

_pared the diagnostic yield of C-WLI with that of M-NBI

for small gastric cancers. The primary aim of this study
was to compare directly the real-time diagnostic accu-
racy of 2 randomly assigned endoscopic modalities.
One was the worldwide standard method of C-WLI; the
other was M-NBI, which is the most advanced imaging
method at present. This end point is the most impor-
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Table 4. Baseline Characteristics of the Study Participants
According to Treatment Group

C-WLI M-NB{
(n = 176) (n=177) P value
Age (y)
Median (range) 69 (45-93) 69 (37-87) .56
Sex '
Male 138 140 .79
Female 38 37
Endoscope
GIF-Q240Z 71 65 .83
GIF-H260Z 104 109
GIF-FQ260Z 1 3
Size of lesion (mm)
=5 74 71 75
>5 102 106
Mean 5.6 5.6 .97
Location of lesion
Upper third
Anterior wall 4 2 51
Lesser curvature 9 10
Posterior 22 12
Greater curvature 4 3
Middle third
Anterior wall 7 7
Lesser curvature 13 25
Posterior 12 11
Greater curvature 8 6
Lower third
Anterior wall 18 23
Lesser curvature 25 33
Posterior 26 18
Greater curvature 28 27
Histopathology diagnosis
Cancer 20 20 1.00
Noncancerous 156

157

tant aspect of this study, because if C-WLI proves su-
perior to M-NBI, such ‘advanced methods are not
needed in practice. However, if M-NBI is indeed better
than C-WLI, it should be used more in daily practice.
The secondary aim of this study was to evaluate the
additional effect of performing M-NBI after C-WLL
This end point is also important, because in daily
practice. M-NBI is usually performed after C-WLI
Therefore, the results might reflect the practical diag-
nostic potential. To evaluate these aims, we used a
strictly controlled randomized study. Furthermore, the
endoscopic diagnosis in each method (C-WLI and M-
NBI) was made on-site and independently to avoid any
bias.

GASTROENTEROLOGY Vol. 141, No. 6

M-NBI, especially when used in conjunction with C-
WLI, significantly enhanced real-time sensitivity, specific-
ity, and accuracy of diagnosis; therefore, we concluded
that M-NBI is.an essential modality for diagnosing small
gastric mucosal cancer. Alchough there are reports on the
diagnostic yield of M-NBI for differential diagnosis of
gastric lesions, some were performed at only one insti-
tute, 191213 one was evaluated by several expert endosco-
pists using stored images and did not involve real-time
assessment,!? and one included gastric lesions with a
definite diagnosis.!®> To overcome these limitations, our
study targeted newly detected and undiagnosed gastric
superficial lesions, which were evaluated on-sire. For these
reasons, the present results are the most reliable and
could be a milestone in the field of endoscopic diagnosis
of early gastric cancers.

Regarding accuracy and specificity, M-NBI alone
yielded excellent results (90.4% and 94.3%, respectively),
which were significantly becter than those obtained with
C-WLI. However, the sensitivities of M-NBI alone (60.0%)
and C-WLI alone (40.0%) were lower than the estimated
values: 85% for M-NBI and 60% for C-WLL The low
sensitivity of C-WLI might be acceptable considering the
difficulty of diagnosing small gastric cancers in daily clin-
ical practice. Although the reason for the low sensitivity of
the M-NBI group is unknown, it might be associated with
the examinarion protocol in this study; M-NBI observa-
tion was performed without evaluating a gross finding of
lesions using C-WLI In daily practice, magnifying exam-
inations are usually performed after C-WLI. Actually,
when performed after the C-WLI observation, M-NBI
yielded excellent diagnostic performance in terms of ac-
curacy, sensitivity, and specificity (all values were >95%).
In addition, M-NBI and C-WLI followed by M-NBI signif-
icantly improved the PPV and NPV compared with C-WLI
alone. This has enormous significance in clinical practice,
because the examination with high PPV and high NPV
might enable the clinician to make appropriate judgments
as to which lesion needs pathology to confirm the diag-
nosis. When the lesion is suspected-to be a neoplasm by
C-WLI followed by M-NBI, taking a biopsy specimen is
highly recommended to confirm the pathology. On. the
other hand, when the lesion is not suspected to be a
neoplasm by M-NBI alone or by C-WLI followed by M-
NBI, we could avoid a negative biopsy. These results have
the potential to enable so-called “optic biopsy.” Taken
together, C-WLI followed by M-NBI might be the best

Table 2. Endoscopic Diagnoses for All Small Depressed Lesions

Cancerous lesion (%)

Noncancerous lesion (%)

Correct Incorrect Inconclusive Correct Incorrect Inconclusive

Group Method diagnosis diagnosis diagnosis diagnosis diagnosis diagnosis
M-NBI M-NBI 12/20 (60.0) 7/20(35.0) 1/20(5.0) 146/157 (93.0) 9/157 (5.7) 2/157 (1.3)
C-WLI C-wLl 8/20 (40.0) 12/20 (60.0) 0/20(0) 100/156 (64.1) 50/156 (32.1) 6/156 (3.8)
C-WLI4+M-NBI 19/20(95.0) 1/20(5.0) -0/20 (0) 149/156 (95.5) 5/156(3.2) 2/156 (1.3)
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Table 3. Diagnostic Performance of C-WLI and M-NBI for Gastric Small Depressed Lesions

Accuracy Sensitivity. Specificity Examination time (s), median
Group Method {95% CI) (95% Cl) (95% Cl) (interquartile range)
M-NBI M-NBI 90.42(85.1-94.,3) 60.0 (36.1-80.9) 94.32(89.4-97.3) 554(23-97)
C-WLI C-WLL 64.8(57.2-71.8) 40.0 (19.1-63.9) 67.9(60.0-75.2) 21 (12-40)
C-WLI + M-NBI 96.6%(93.5-99.1) 95.0°(75.1-99.9) 96.8°(92.7-99.0) 720(40-144)

ap < .001 for M-NBI vs C-WLI; 2P < ,001 for C-WLI vs C-WL[ + M-NBI.

approach for making accurate diagnoses of small gastric
cancers.

The durations of the M-NBI and C-WLI followed by
M-NBI examinations were 34 seconds and 51 seconds,
respectively, significantly longer than that required for
C-WLI alone. However, these durations are clinically ac-
ceptable, because we managed to make accurate diagnoses
without having to insert a spraying catheter or use indigo
carmine. The importance of simple methods and accurate
diagnoses for clinical practice is indisputable. Thus, Li et
al showed that confocal laser endomicroscopy can be used
to identify gastric superficial cancers with high validity
and reliability.26 However, confocal laser endomicroscopy
requires the intravenous administration of a contrast
agent. In contrast, M-NBI can be used by simply pushing
a button on the endoscope. In addition, evaluation of
demarcation lines and irregular microvascular patterns is
sufficierit for diagnosis with M-NBI, whereas confocal
laser endomicroscopy requires knowledge of histopathol-
ogy procedures for diagnosis.

Major bleeding caused by an endoscopic biopsy is
rarely reported.?” However, in our study, 2 patients
experienced bleeding from the biopsy site. The best way
of avoiding such bleeding is to avoid unnecessary bi-
opsies. M-NBI, especially when used in conjunction

with C-WLI, could help to reduce the number of un-
necessary biopsies.

Our study has some limitations. First, the number of
cancerous lesions was small, and it was less than the
required sample size. This might be associated with insuf-
ficient power to evaluate sensitivity adequately. Then, fur-
ther large numbers of patients for screening are needed to
evaluate the sensitivity for diagnosing small gastric mu-
cosal cancers of each modality. Second, this study was
open labeled because the endoscopists knew which imag-
ing modality was in use. Thus, a blinded study was im-
possible. Third, there is no arm that includes a dye-based

-imaging method' such as indigo carmine or acetic acid.

Indigo carmine and acetic acid are useful, but these dyes
are only used in a few countries and institutes, and the

standard worldwide endoscopic method to diagnose early

gastric cancer is still C-WLI without any dye use. In
addition, if we added a chromoendoscopy arm in this
study, the required sample size would need to be enlarged
and the study design and staristical analyses would be
excessively complex. For these reasons, we did not include
the dye-based imaging method.

Early detection of small gastric cancers makes it possi-
ble to effect a cure using minimally invasive treatments
such. as endoscopic mucosal resection and endoscopic

Test Test
Positive W Negative PPV: 13.8 %
C-WLI >1< (2.9-22.7)
(n=176) | 8 | NPV: 89.8 %
(84.4-95.3)
Test Test
Positive\l Negative PPV: 57.1 %~
M-NBI (36.0-78.3)
(n=177) NPV: 94.9 %
(91.4-98.3)
Test Test ) o) xx
C-WLI Positive Negative PPV:79.2%
+ M-NBI > (62.9-—95.4)
(n=176) NPV: 99.3 %**
(98.1-100.0)
T T T
0% 20% 40% 60% 80% 100%
[ JTrue Positive || False Positive  [B False Negative rue Negative

Figure 3. PPV and NPV in each examination. "The PPV for M-NB was significantly higher than for C-WLI (P = .001). The NPV in M-NBI was higher

than that of C-WLI; however, the difference was not significant (P = .16). "Both PPV and NPV were significantly enhanced by additional examination

using M-NBI compared with C-WU alone (P < .001).
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Table 4. Clinical Course and Pathologic Diagnosis of
Patients With Gastric Cancers

No. of patients 40
Treatment
Endoscopic mucosal resection/endoscopic 2/30
submucosal dissection
Surgery 5
No treatment 3
Histologic type
Adenocarcinoma 40
Intestinal type 39
Diffuse type 1
Other diagnosis 0
Pathologic depth
Mucosa 35
Submucosa 2
Muscularis propria 0
Unknown 3

submucosal dissection. In this study, all of the newly
diagnosed small gastric cancers were good candidates for
these procedures. Among the 37 cancers removed, 35
(95%) were mucosal. Early d1agn051s using M-NBI and
minimally invasive treatment is ideal for patients with
gastric cancers, because it will improve their survival and
quality of life. Although eradication of Helicobacter pylori is
effective in reducing the incidence of gastri¢ cancer,7.28
endoscopic examination using M-NBI in conjunction
with C-WLI should be indicated for high-incidence areas
such as East Asia, South America, Eastern European coun-
tries, and Russia.?®

Supplementary Material

Note: To access the supplementary material
accompanying this article, visit the online version of
Gastroenterology at www.gastrojournal.org, and at doi:
10.1053/j.gastro.2011.08.007.

References

1. Ferlay J, Shin HR, Bray F, et al. Estimates of worldwide burden of
cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010;127:2893-
2017.

2. Tada M, Murakami A, Karita M, et al. Endoscopic resection of early
gastric cancer. Endoscopy 1993;25:445-451.

3. Ono'H, Kondo H, Gotoda T, et al. Endoscopic mucosal resection
for treatment of early gastric cancer. Gut 2001,;48:225-229.

4. Gotoda T, Yanagisawa A, Sasako M, et al. Incidence of lymph node
metastasis from early gastric cancer: estimation with a large
number of cases at two large centers. Gastric Cancer 2000;3:
219-225.

5. Everett SM, Axon AT. Early gastric cancer in Europe. Gut 1997;
41:142-150.

6. Hirasawa T, Gotoda T, Miyata S, et al. Incidence of lymph node
metastasis and the feasibility of endoscopic resection for undif-
ferentiated-type early gastric cancer. Gastnc Cancer 2009;12:
148-152.

7. Tajiri H, Ohtsu A, Boku N, et al. Routine endoscopy using elec-
tronic endoscopes for gastric cancer diagnosis: retrospective
study of inconsistencies between endoscopic and biopsy diagno-
ses. Cancer Detect Prev 2001;25:166-173.

8. Nakayoshi T, Tajiri H, Matsuda K, et al. Magnifying endoscopy
combined with narrow band imaging system for early gastric can-

14,

i2.

13.

14.

15.

16.

17,

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

. Ezoe Y, Muto M, Horimatsu T, et al.

GASTROENTEROLOGY Vol. 141, No. 6

cer: correlation of vascular pattern with histopathology (including
video). Endoscopy 2004;36:1080-1084.

. Yao K, lwashita A, Tanabe H, et al. Novel zoom endoscopy tech-

nique for diagnosis of small flat gastric cancer: a prospective,
blind study. Clin Gastroenterol Hepatol 2007;5:869-878.
Magnifying narrow-band
imaging versus magnifying white-light imaging for the differential
diagnosis of gastric’ small depressive lesions: a prospective
study. Gastrointest Endosc 2010;71:477-484.

Yao K, lwashita A, Tanabe H, et al. White opaque substance within
superficial elevated gastric neoplasia as visualized by magnifica-
tion endoscopy with narrow-band imaging: a new optical sign for
differentiating betwéen adenoma and carcinoma. Gastrointest
Endosc 2008;68:574-580.

Kaise M, Kato M, Urashima M, et al. Magnifying endoscopy
combined with narrow-band imaging for differential diagnosis of
superficial depressed gastric lesions. Endoscopy 2009;41:
310-315.

Kato M, Kaise M, Yonezawa J, et al. Magnifying endoscopy with
narrow-band imaging achieves superior accuracy in the differential
diagnosis of superficial gastric lesions identified with ‘'white-light .
endoscopy: a prospective study. Gastrointest Endosc 2010;72:
523-529.

Tamai N, Kaise M, Nakayoshi T, et al. Clinical and endoscopic
characterization of depressed gastric adenoma. Endoscopy 2006;
38:391-394.

Uedo N, Ishihara R, lishi H, et al. A new method of diagnosing
‘gastric intestinal metaplasia: narrow-band imaging with magnify-
ing endoscopy. Endoscopy 2006;38:819-824.

Bossuyt PM, Reitsma JB, Bruns DE, et al. The STARD statement
for reporting studies of diagnostic accuracy: explanation and elab-
oration. Ann Intern Med 2003;138:W1-W12.

Aoi T, Marusawa H, Sato T, et al. Risk of subsequent development
of gastric cancer in patients with previous gastric epithelial neo-
plasia. Gut 2006;55:588-589.

Fukase K, Kato M, Kikuchi S, et al. Effect of eradication of
Helicobacter pylori on incidence of metachronous gastric carci-
noma after endoscopic resection of early gastric cancer: an open-
label, randomised controlied trial. Lancet 2008;372:392-397.
Nakajima T, Oda I, Gotoda T, et al. Metachronous gastric cancers
after endoscopic resection: how effective is annual endoscopic
surveillance? Gastric Cancer 2006;9:93-98.

Gono K, Yamazaki K, Doguchi N, et al. Endoscopic observation
of tissue by narrow band guuminé’t‘ion. Opt Rev 2003;10:211-
215. ,

Gono K, Obi T, Yamaguchi M, et al. Appearance of enhanced
tissue feature in narrow-band endoscop:c imaging. J Biomed Opt
2004,;9:568-577-

Muto M, Katada C, Sano Y, et al. Narrow band imaging: a new
diagnostic approach to visualize angiogenesis in the superficial
neoplasia. Clin Gastroenterol Hepatol 2005;3(Suppl 1):516~-
S$20. .

Yao K, Nagahama T, So S, et al. Morphological correlation be-
tween ordinary and-magnifying endoscopic findings with regard to
small depressed-type gastric cancers [in Japanese]. Stomach
Intest 2006;41:781-794.

Yao K, Oishi T, Matsui T, et al. Novel magnified endoscopic
findings of microvascular architecture in intramucosal gastric can-
cer. Gastrointest Endosc 2002;56:279-284.

Schlemper RJ, Riddell RH, Kato Y, et al. The Vienna classification
of gastrointestinal epithelial neoplasia. Gut 2000;47:251-255.
Li WB, Zuo XL, Li CQ, et al. Diagnostic value of confocal laser
endomicroscopy for gastric superficial cancerous lesions. Gut
2011;60:299-3086.

Sieg A, Hachmoeller-Eisenbach U, Eisenbach T. Prospective eval-
uation of complications in outpatient Gl endoscopy: a survey
among German gastroenterologists. Gastrointest Endosc 2001;
53:620-627.



December 2011

28. Chiba T, Marusawa H, Seno H, et al. Mechanism for gastric cancer
development ‘by Helicobacter pylori infection. J Gastroenterol
Hepatol 2008;23:1175-1181.

29. Jemal A, Center MM, DeSantis C, et al. Global patterns of cancer
incidence and mortality rates and trends. Cancer Epidemiol Bio-
markers Prev 2010;19:1893-1207.

Received May 28, 2011. Accepted August 11, 2041.

Reprint requests

Address requests for reprints to: Manabu Muto, MD, PhD, 54
Kawahara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan. e-mail:
mmuto@kuhp.kyoto-u.ac.jp; fax: (81) 75-751-4303.

Acknowledgments

Gastric NBI Study Investigators in Japan include the following:
Noriya Uedo, Yoji Takeuchi (Osaka Medical Cancer for Cancer and
Cardiovascular Diseases, Osaka); Hisashi Doyama, Yoshibumi
Kaneko, Kenichi Takemura, Kazuhiro Miwa, Shinya Yamada
(Iéhikawa Prefectural Central Hospital, Ishikawa); Yutaka Saito, Ichiro

MAGNIFYING NBI FOR DIAGNOSIS OF SMALL GASTRIC CANCER 2025

Oda, Shigetaka Yoshinaga, Satoru Nonaka, Shusei Fukunaga
(National Cancer Center Hospital, Tokyo); Manabu Muto, Yasumasa
Ezoe, Shuko Morita, Takahiro Horimatsu (Kyoto University, Kyoto);
Kenshi Yao, Takashi Nagahama, Hiroshi Tanabe, Takahito Beppuy,
Yoichiro Ono, Masao Takeichi (Fukuoka University Chikushi Hospital,
Fukuoka); Kazuhiro Kaneko, Tomonori Yano, Hiroaki Kon, Shinya
Tsuruta (National Cancer Center Hospital East, Chiba); Yoshiro
Kawahara, Toshio Uraoka, Seiji Kawano, Keisuke Hori’.(0kayama
University Hospital, Okayama); Chizu Yokoi, Naoyoshi Nagata
(National Center for Global Health and Medicine, Tokyo); Yasushi
Sugiura (Kitano Hospital, Osaka); Hideki Ishikawa (Kyoto Prefectural
University of Medicine, Kyoto); and Tomoko Aoyama (Medical
Research Support, Osaka).

Conflicts of interest
The authors disclose no conflicts.

Funding
Supported by a part of grant-in-aid for cancer research from the
Ministry of Health (H21-009), Labor, and Welfare of Japan.



809

Epidermoid Metaplasia of the Esophagus:
Endoscopic Feature and Differential Diagnosis

Yasumasa Ezoe!, Satoshi Fujii’, Manabu Muto’, Atsushi Ochiai? and Atsushi Ohtsu’
Division of Digestive Endoscopy and Gastrointestinal Oncology, and *Pathology Division,
Research Center for Innovative Oncology, National Cancer Center Hospital East, Chiba, Japan
Corresponding Author: Yasumasa Ezoe, MD, Department of Multidisciplinary Cancer Treatment, Graduate
School of Medicine, Kyoto University, 54 Kawara-cho, Shogoin, Sakyo-ku, Kyoto 606-8507, Japan
Tel: +81757514319, Fax: +81757514303, E-mail: yasuzoe@kuhp.kyoto-u.ac.jp

ABSTRACT

Background/Aims: Despite the recent improve-
ment of endoscopic diagnostic accuracy, there re-
main many undiscovered lesions in the GI tract.
One such lesion is epidermoid lnetaplasia of the
esophagus. The aim of this study is to clavify the
endoscopic and pathological characteustlcs of epi-
dermoid metaplasia of the csophagus :

Methodology: We reviewed all hlstologlcal
records of gasty mtestmal endoscopic biopsy spe-
cimens obtained in our institution from Septem-
ber 2003 to August 2006 and 1dent1ﬁed five lesions
from four patients with characteustlc pathologl-

cal findings of ep1dormmd metaplasm -

Results: All four patients were heavy drinkers
and had a synchronous or metachronpus squa-
mous cell carcinoma. Three of them had multiple

lugol-voiding lesions in the background esopha-
geal mucosa. Endoscopic examination revealed
common findings in these lesions: clear demarca-
tion, slightly elev-\ted shape, translucent white
color, scaly or shaggy smface, and unstained ap-
pearance after Lugol’s mdlne stalnmg These en-
doscopic ﬁndmgs resel
esophageal cancer. The pathologxcal features of
these lesions were umform in hypezkeratotlc and
distinct glanular laye g of
were very sxmllar to th
the skm '

Y | Yy | nt
to this new entxty at the endoscoplc exammatlon

INTRODUCTION

Despite the recent improvement of endoscopic
diagnostic accuracy, it is likely that there are many
undiscovered lesions in GI tract. One such lesion is
epidermoid metaplasia, which we describe in this re-
port. To our knowledge, there are only two previous
reports of epidermoid metaplasia. In 1997, Nakanishi
et al. reported similar characteristic pathological fea-
tures, which they termed “epidermization” (1), detect-
ed as an irregularly shaped area that was unstained
by Lugol’s iodine in a surgically resected specimen of
esophageal cancer; however, they did not publish an
endoscopic picture of the lesion. In 2006, Fukui et al.
briefly reported a minor lesion with the features of an
epidermoid metaplasia located proximal to the gastro-
esophageal junction (2). This was the only previous
report to describe both the endoscopic and pathologi-
cal appearance of an epidermoid metaplasia. How-
ever, the specific characteristics of their endoscopic
findings have not been clarified. To clarify the specific
gross features of these lesions, it is important to find
the common characteristics by reviewing a certain
number of cases with epidermoid metaplasia.

METHODOLOGY
We reviewed all histological records of gastroin-
testinal endoscopic biopsy specimens obtained in

Hepato-Gastroenterology 2011; 58:809-813
© H.G.E. Update Medical Publishing S.A., Athens-Stuttgart

our institution from September 2003 to August
2006 and identified five lesions from four patients
with characteristic pathological findings diagnosed
as epidermoid metaplasia. Thereafter, we reviewed
all recorded endoscopic pictures and biopsy speci-
mens obtained from these patients with epidermoid
metaplasia.

RESULTS

The clinical background of each patient and the
endoscopic findings of each lesion are summarized
in Table 1. The four patients were two men and two
women, whose ages ranged from 48 to 71 years. All
reported high alcohol consumption but no special
eating habits. All four patients had a concomitant or
previous history of squamous cell carcinoma: three
patients had a history of esophageal squamous cell
carcinoma, and one had oropharyngeal squamous
cell carcinoma. None of the patients had any other
disease history or concomitant disease.

In two patients (patients 1 and 2), endoscopic
examination was performed for the detailed evalu-
ation of the esophageal cancer. Patient 3 was evalu-
ated by routine follow-up after endoscopic mucosal
resection (EMR) for superficial esophageal cancer,
and patient 4 was evaluated by screening of the up-
per gastrointestinal tract before multimodal treat-
ment for oropharyngeal cancer detected at another

1oday ase)

KEY WORDS:
Esophagus;
Epidermoid
metaplasia;
Esophageal can—
cer; Differential
diagnosis; GERD

ABBREVIATIONS:
Multiple Lugol—
Voiding Lesions
(m—LVLs); Endo—
scopic Mucosal
Resection (EMR);
Gastro-
Esophageal Reflux
Disease (GERD);
Gastrointestinal
@
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FIGURE 1

Patient 1. 'A :
Endoscopic
images of the
large epidermoid
metaplasia on the
oral side of the
cancerous lesion.
A: A well—demar—
cated, transiucent
white scaly lesion
that involved one
half of the luminal
circumference.

B: Well-demar—
cated unstained
area seen with
Lugol’s iodine
staining.

FIGURE 2

Patient 2. Endo—
scopic images of
the small epider—
moid metaplasia.
A: Awell-de—
marcated, white
shaggy lesion that
measured 15mm
on its major axis.
B: A clearly
demarcated, un—
stained area after
Lugol’s iodine
staining. Multiple
Lugol-voiding
lesions are seen
all over the es—
ophagus without
any relation to
the epidermoid
metaplasia.

FIGURE 3 ‘ .
Histological fea— , :

tures of epider—
moid metaplasia
(HE). There are
hyperkeratotic and
distinct granular
layers in the
epithelium and
granulation tissue,
with abnormal !
infiltration of
inflammatory cells
in the subepithe—
lial layer.

hospital. The lesions were located in the middle
or lower esophagus, and the size of the major axis
ranged from 6 to 40mm. Patient 1 had two lesions
and the others each had one lesion.

Endoscopic examination revealed common find-
ings of the lesions: clear demarcation, slightly el-
evated shape, translucent white colour, scaly or
shaggy surface without erosion or ulceration, and
unstained appearance after Lugol’s iodine staining

(Figures 1 and 2). These endoscopic features dif-
fered from those associated with other esophageal
abnormalities (Table 2), and these features seem
to be specific to epidermoid metaplasia. In three pa-
tients, endoscopic examination had been performed
previously. Therefore, we reviewed all of the record-
ed endoscopic pictures and biopsy specimens taken
from the lesions and used this information to deter-
mine that both endoscopic and histological findings
had not changed during the course of follow-up. In
addition, there were multiple Lugol-voiding lesions
(m-LVLs (3-5)) all through the entire esophagus in
three of four patients. No patient had gastro-es-
ophageal reflux disease (GERD). The pathological
features of these lesions were uniform in both the
hyperkeratotic and distinct granular layers of the
epithelium (Figure 3). These histological findings
differed considerably from other known histological
findings in various esophageal abnormalities, but
appeared very similar to normal epidermis of the
skin and were also consistent with the microscopic
findings in two previous reports of epidermoid meta-
plasia (1, 2). Accordingly, we regarded these findings
as epidermoid metaplasia. In addition, one biopsy
specimen obtained from the lesion contained granu-
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Demarcation

Surface structure

Color

Lugol’s iodine
staining pattern

Epidermoid metaplasia
Papilloma
Hyperkeratosis
Glycogenic acanthosis

Plaque associated with
reflux esophagitis

Localized esophagitis

Esophageal candidiasis

Superficial cancer

clear
clear
clear
clear

unclear
unclear

unclear

clear

shaggy
papillary protrusion
almost flat
flat and smooth

flat and smooth

flat and smooth
diffuse rice-grain sized
granule

Irregular granule or
nodule

translucent-white
discolored
white
white

dim-white
dim-white or reddish

cream-white

dim-white or reddish

unstained
weakly stained
weakly stained
strongly stained
strongly stained
around the lesion
weakly stained
slightly stained or
stained

unstained and tinged
with pink color

FIGURE 4 Endoscopic images of the depressed superficial carcinoma with hyperkeratosis on its surface.
A: Hyperkeratosis sometimes covers the surface of a depressed superficial carcinoma, and the endoscopic appearance of such lesions is very
similar to that of epidermoid metaplasia.
B: Close endoscopic view shows several slightly reddish areas with an irregular surface. These findings are specific for the superficial carcinoma.

C: After Lugol’s iodine dyeing, the superficial carcinoma tends to be tinged with a subtle pink color as time progresses. This is a specific finding for
carcinoma but not for other benign lesions.
D: Histological finding of biopsy specimen obtained from superficial carcinoma with hyperkeratosis on its surface. The hyperkeratotic layer covers

the surface of a superficial carcinoma.
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evaluating the key findings described above. To
confirm the diagnosis, it is important to collect a
large biopsy specimen containing deep tissue suf-
ficient for histological evaluation.

The etiology of epidermoid metaplasia is un-
known. Fukui et al. speculated that epidermoid
metaplasia develops as an unusual response to acid
reflux, although Barrett’s epithelium usually devel-
ops in response to chronic irritation (2). Dianna et
al. reported epidermoid metaplasia in the uterine
cervix and proposed that exposure of the cervix to
chronic irritation was the etiology of cervical epi-
dermoid metaplasia (3). In our series, there was no
evidence of gastric acid reflux because no patient
had obvious endoscopic findings or symptoms of
GERD, so it did not seem likely that gastric acid
was the main cause of irritation. However, biopsy
specimens showed inflammatory changes micro-
scopically, suggesting that chronic inflammation
was present at the sites of epidermoid metaplasia.
All four patients in this report were habitual alco-
hol drinkers, and chronic exposure to alcohol may
be one cause of inflammation in the esophagus. The
short-term natural course of epidermoid metapla-
sia could be assessed in three patients retrospec-
tively (for 4-15 months), and this analysis showed
no changes in the morphology or size of the lesions
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