
Observational Study Medicine®

OPEN
Predictive factors to diagnosis undifferentiated
early gastric cancer after endoscopic submucosal
dissection
Dae G. Ryu, MD, Cheol W. Choi, MD, PhD

∗
, Dae H. Kang, MD, PhD, Hyung W. Kim, MD, PhD,

Su B. Park, MD, PhD, Su J. Kim, MD, Hyeong S. Nam, MD

Abstract
It is difficult to predict precisely whether the lesion corresponds to endoscopic resection indication. Furthermore, discrepancy may
occur between endoscopic forceps biopsy (EFB) and finally resected specimen, which may be diagnosed as undifferentiated cancer
and additional surgery may be required. Our study aimed to evaluate predictive factors to diagnose undifferentiated cancer after
endoscopic submucosal dissection (ESD).
Among the 532 patients diagnosed by ESD between January 2009 and December 2015, 557 early gastric cancer (EGC) cases

were studied. Factors predicting diagnosis of undifferentiated cancer and clinical outcomes of the lesions were retrospectively
analyzed.
Among the 557 cases with EGC, 535 (96.1%) were diagnosed as differentiated cancer and 22 (3.9%) as the undifferentiated type

with ESD. Tumor size was larger (mean size 20.67 vs 13.59mm, P< .001) and age was lower (60.24 vs 64.50 years, P< .001) in
the group with undifferentiated cancer. En bloc resection rate was similar (95.5% vs 95.9%, P = .886), but the complete resection
rate was lower (72.7% vs 92.4%, P< .001) in the group with undifferentiated cancer. On multivariate analysis, tumor size ≥10mm
(OR = 11.340, P = .032), age<55 years (OR = 5.972, P = .004), surface redness (OR = 11.562, P = .024), and whitish discoloration
(OR = 35.368, P< .001) were predominantly associated with undifferentiated cancer.
Young age (<55 years), large tumor size (≥10mm), surface redness, and whitish discoloration are predictors of undifferentiated

cancer, and lesions with these features detected need to be treated cautiously.

Abbreviations: CI = confidence interval, EFB = endoscopic forceps biopsy, EGC = early gastric cancer, ESD = endoscopic
submucosal dissection, HGD = high-grade dysplasia, LGD = low-grade dysplasia, MA = mucinous adenocarcinoma, MD =
moderate differentiated, OR= odds ratio, PA= papillary carcinoma, PD= poorly differentiated, SRC= signet ring cell carcinoma,WD
= well differentiated.
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1. Introduction

Owing to advanced diagnostic technology, the detection and
incidence of early gastric cancer (EGC) has been increasing
worldwide. Endoscopic submucosal dissection (ESD) is now
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accepted as a curative treatment for early gastric cancer (EGC)
without lymph node metastasis, especially histologically differ-
entiated mucosal cancer. With improvements in endoscopic
techniques, it is suggested that ESD could be used for
undifferentiated mucosal gastric cancers as well. A study
concluded that there was no lymph node metastasis in patients
with undifferentiated mucosal gastric cancer without lympho-
vascular invasion when the size of the tumor was 2cm or smaller
and without ulceration.[1] However, this report is not universally
accepted and surgery is recommended if an undifferentiated
cancer is diagnosed using endoscopic forceps biopsy (EFB).
EFB is the most important test for histological diagnosis before

ESD. However, discrepancies in histological specimens obtained
through EFB and ESD are common, and the causes for this might
be (1) The forceps biopsy sample is too small to characterize the
entire lesion. (2) The critical part of a lesion might not be
accessible. (3) A targeted biopsy can be difficult because of the
location of the lesions.[2] Adenomas may be diagnosed as EGC.
According to previous studies, approximately 11.0% of biopsy
proven low-grade adenomas are diagnosed as EGC[3] and
approximately 66.5%of biopsy proven high-grade adenomas are
diagnosed as EGC after ESD.[2] Likewise, a differentiated cancer
might get diagnosed as an undifferentiated type. Studies have
revealed that 1.5% to 8.0% of differentiated adenocarcinomas
get diagnosed as undifferentiated adenocarcinomas after
ESD.[4,5] Although precise diagnosis of lesions before ESD is
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important for proper treatment, such discrepancies make the
process difficult.
The aim of our retrospective study was to identify endoscopic

factors that could aid in the identification of an undifferentiated
histology of a lesion before endoscopic resection

2. Materials and methods

2.1. Patients

Medical records of patients diagnosed with EGC using ESD
between January 2009 and December 2015 were retrospectively
reviewed at the Pusan National University Yangsan Hospital,
South Korea. The indications for ESD in patient with EGC
followed at our institution were well and/or moderately
differentiated adenocarcinomas, tumors � 2cm in length, and
absence of ulcer or ulcer-scar tissue before endoscopic resection. In
some patients, regardless of these criteria, ESD was performed
because of old age, severe comorbidities, patients refusing surgery,
and suspicious lesions not initially diagnosed as EGCwithEFBand
finally diagnosedas EGCwithESD.On the contrary, therewere 13
downgraded lesions (adenoma in 10 cases, negative pathology in 2
cases, and atypia in 1 case) after ESD in those initially diagnosed
with EGC. In 1 patient, a piecemeal resection was performed, but
the tissue was indeterminable. During the study period, 557 EGCs
from 532 patients were diagnosed with ESD and divided into 2
groups, differentiated and undifferentiated (Fig. 1). Written
informed consent was obtained from all patients before the
procedure. The study was approved by the Ethics Committee that
belongs to our Institutional Review Board.

2.2. Endoscopic biopsy

Diagnostic endoscopy (using GIF-H260 or GIF-H290; Olympus
Optical Co., Ltd., Tokyo, Japan) and EFB were performed in all
patients before ESD. Most patients were referred from other
hospitals and underwent an additional EFB or a review of
referred biopsy specimens. Although multiple biopsies enhance
the likelihood of a better diagnosis, they lead to excessive fibrosis,
which limits endoscopic resection. Thus, we performed a target
biopsy only once or twice.
2.3. ESD procedure

We performed ESD using the previously described technique.[2]

After marking the lesion, normal saline with a mixture of
epinephrine and indigo carmine was injected into the submucosal
Figure 1. Flow chart showing lesions in patients enrolled in the study. E
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layer to elevate the lesion off the muscularis propria. The mucosa
surrounding the lesion was then precut using an electrosurgical
generator (ERBE VIO 300D, Endocut I mode, Effect 3, duration
2; Erbe Co, Tubingen, Germany) with a needle-type electrosur-
gical knife (dual knife or flex knife) and an insulation-tipped
electrosurgical knife. The submucosal connective tissue beneath
the lesion was dissected with coagulation current (Swift
coagulation 60W, ERBE VIO 300D). After removal of the
lesion, hot biopsy forceps were used for preventive post-ESD
coagulation of all exposed vessels. Fig. 2 illustrates a case of ESD
for poorly differentiated adenocarcinoma.

2.4. Endoscopic and pathologic evaluation

We assessed baseline characteristics and endoscopic findings of
lesions in all patients enrolled in our study. Endoscopic
examination was performed and reported by 2 endoscopists
(DGR and SJK). Both the endoscopists were trained to review
about 100 typical endoscopic findings before evaluating the
endoscopic images in our study. A blind reviewwas performed on
all specimens. Both endoscopists concurred on the diagnosis of
479 of 557 lesions. For the remaining 78 lesions, the diagnosis
was made through discussion and consensus. The Paris
classification defined the gross types of superficial lesions, which
were categorized as elevated, flat, or depressed.[6] Central
depression, nodularity, surface redness, erosion, ulceration,
whitish discoloration, friability, and submucosal fibrosis were
also evaluated. Central depression was defined as a depression in
the inner part of the lesion compared with the surrounding,
regardless of gross type. Surface nodularity was defined as the
presence of irregularly raised or nodular mucosa. Surface redness
was defined as a red discoloration of the mucosal surface of the
lesion compared with the surrounding mucosa. Erosion was
defined as a shallow superficial mucosal defect. On the other
hand, lesions with ulcerations or scarring from previous
ulceration were those with converging folds or deformity of
the muscularis propria or submucosal fibrosis. Whitish discolor-
ation was defined as discolored lesion compared with surround-
ing mucosa. Friability was defined as minor spontaneous
bleeding. Endoscopic pictures recorded the submucosal fibrosis
observed during the ESD procedure. The location of lesions was
described using the Japanese Classification of Gastric Cancer
whereby the gastric area is divided into three equal sections: the
upper-, middle-, and lower-third of the stomach.[7]

En bloc resection was defined as resection in a one-piece
fashion with no residual tumor viewed endoscopically.[8]
GC=early gastric cancer, ESD=endoscopic submucosal dissection.



Figure 2. A case of poorly differentiated adenocarcinoma in a 44-year-old woman. A, Conventional endoscopic image: the lesion located in the anterior antral wall
with surface redness and whitish discoloration. B,C, Endoscopic findings during ESD. D, En bloc resected ESD specimen (long diameter 3.1cm). E, Pathologically
diagnosed adenocarcinoma confined to mucosa. F, H&E stain, 400�magnification, moderately to poorly differentiated adenocarcinoma. ESD=endoscopic
submucosal dissection.
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Complete R0 resection was defined as en bloc resection without
any positive resection margins or lymphovascular invasion.[9]

All endoscopically resected tissue slides were subject to a blind
review by 2 pathologists. Doubtful cases were re-evaluated under
a multi-headed microscope to reach a consensus. The resected
specimens were stretched, pinned, and fixed with formalin.
Specimens resected in a piecemeal fashion were reconstructed.
The fixed specimen was sectioned at 2-mm intervals. The length
of the major and minor axes of all lesions was recorded.

2.5. Statistical analysis

Individual lesions were used to analyze the data obtained because
some patients had multiple lesions. Univariate analysis was
performed with x2 test or the Fisher exact test for categorical
variables and Student t test for continuous variables.Multivariate
analysis with multiple logistic regression model identified
predictive factors for undifferentiated cancer. P< .05 was
considered statistically significant. Statistical calculations were
performed with SPSS version 21.0 for Windows (SPSS Inc.,
Chicago, IL).
3

3. Results

Among the 532 patients diagnosed with ESD between January
2009 and December 2015, 557 cases of EGC were enrolled in a
study. The mean age was 64.40±9.33 years, and the participants
were predominantly men (77.9%). Table 1 shows the baseline
characteristics of this study.
These EGCs were divided into 2 groups, differentiated

(n=535) and undifferentiated (n=22). On univariate analysis,
the undifferentiated group showed larger tumor size (P< .001)
and younger age (P< .001). En bloc resection rate was similar
(P = .886), but complete resection rates was lower (P< .001) in
the undifferentiated group (Table 2).
Clinical and endoscopic characteristics associated with the

undifferentiated histology were analyzed. Multivariate analysis
revealed that tumor size ≥10mm (OR = 11.340, P = .032), age
<55 years (OR = 5.972, P = .004), surface redness (OR =
11.562, P = .024), and whitish discoloration (OR = 35.368,
P< .001) were predominantly associated with undifferentiated
cancer (Table 3). Figure 2 illustrates a case of ESD for poorly
differentiated adenocarcinoma with surface redness and whitish

http://www.md-journal.com


Table 1

Baseline characteristics in this study.

Total (n=557)

Mean age, y (±SD) 64.40±9.33
Male, n (%) 434 (77.9)
Tumor size, n (%)
� 10 mm 230 (41.3)
>10 mm 327 (58.7)
Range, mean size (mm) 0–71, 14.08

Tumor location, n (%)
Upper third of stomach 55 (9.9)
Middle third of stomach 35 (6.3)
Lower third of stomach 467 (83.8)

Gross type, n (%)
Elevated 134 (24.1)
Flat 189 (33.9)
Depressed 234 (42.0)

Central depression 301 (54.0)
Nodular surface 287 (51.9)
Surface redness 378 (67.9)
Erosion 146 (26.2)
Whitish discoloration 45 (8.1)
Friability 22 (3.9)
Ulcer 163 (29.3)
Submucoal fibrosis 156 (28.0)
En-bloc resection, n (%) 534 (95.9)
Complete resection, n (%) 510 (91.6)

SD= standard deviation.
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discoloration. Each undifferentiated cancers with surface redness
and whitish discoloration are shown in Figure 3.
Overall diagnostic discrepancy rate was 49.4% (282/571). Of

the 198 lesions initially diagnosed as differentiated cancer
on EFB, 94.9% (188/198) were eventually diagnosed as
Table 2

Baseline characteristics and endoscopic features comparing differen

Differentiated (n=535)

Mean age, years (±SD) 64.50±9.07
Male, n (%) 417 (77.9)
Tumor size, n (%)
�10 mm 229 (42.7)
>10 mm 306 (57.3)
Range, mean size (mm) 0–71, 13.59

Tumor location, n (%)
Upper third of stomach 53 (9.9)
Middle third of stomach 34 (6.3)
Lower third of stomach 448 (83.7)

Gross type, n (%)
Elevated 126 (23.5)
Flat 181 (33.8)
Depressed 228 (42.6)

Central depression 293 (54.8)
Nodular surface 273 (51.0)
Surface redness 357 (66.7)
Erosion 137 (25.6)
Whitish discoloration 31 (5.8)
Friability 17 (3.2)
Ulcer 158 (29.5)
Submucosal fibrosis 151 (28.2)
En-bloc resection, n (%) 513 (95.9)
Complete resection, n (%) 494 (92.4)

SD= standard deviation.
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differentiated cancer and 5.1% (10/198) as undifferentiated
type. Four adenomas initially diagnosed using EFB were finally
diagnosed as undifferentiated cancer after ESD. On the contrary,
of the seven lesions initially diagnosed as undifferentiated cancer
on EFB, 71.4% (5/7) were eventually confirmed as undifferenti-
ated cancer and 28.6% (2/7) as a differentiated type (Table 4).
Curative resection of the undifferentiated cancer was defined as

complete resection with no submucosal invasion, no ulceration,
and a diameter lesser than 2cm.Nine patients underwent curative
resection of the undifferentiated cancer. Among these, 2 patients
underwent surgery and showed no lymph node metastasis. Local
recurrence was found in 1 patient and additional surgery was
performed, whereas the remaining patients were regularly
followed up with endoscopy and abdominal computed tomog-
raphy (CT) during a mean follow up of 30.2 months (range,
15–43months). Among the patients who did not meet the criteria
for curative resection, 4 patients underwent surgery and 1 had a
N2 stage lymph node metastasis with the remaining patients
undergoing regular follow up, and 1 patient showing liver
metastasis (Fig. 4).

4. Discussion

ESD has been widely accepted as a treatment modality for EGC
with negligible risk of lymph node metastasis, especially in Japan
and South Korea. Japanese[10] and South Korean[11] gastric
cancer treatment guidelines are almost the same for the
endoscopic treatment of EGC. According to these guidelines,
ESD is an absolute indication for lesions meeting the following
criteria: (1) lesions limited to the mucosal layer, (2) well and/or
moderately differentiated adenocarcinomas, (3) tumors� 2cm in
length, (4) absence of ulceration or ulcer scar tissue, and (5)
tumors without lymphovascular involvement. Recently, owing to
advanced technology and the increase in the number of ESD
tiated and undifferentiated cancer in univariate analysis.

Undifferentiated (n=22) P

60.24±13.53 <.001
17 (77.3) .941

1 (4.5) Ref.
21 (95.5) <.001

7–45, 20.67

2 (9.1) .286
1 (4.5) .313
19 (86.4) Ref.

8 (36.4) .053
8 (36.4) .207
6 (27.2) Ref.
8 (36.4) .080
16 (72.7) .046
21 (95.5) .005
9 (40.9) .120
14 (63.6) <.001
5 (22.7) <.001
5 (22.7) .459
5 (22.7) .538
21 (95.5) .886
16 (72.7) .001



[12] [17]

Table 3

Clinical and endoscopic characteristics associatedwith undifferentiated histology in endoscopic submucosal dissection in univariate and
multivariate analysis.

Univariate analysis Multivariate analysis

Variables OR 95% CI P OR 95% CI P

Age <55 y 4.604 1.926–11.006 <.001 5.972 1.749–20.397 .004
Male sex 0.962 0.442–2.131 .941 0.522 0.126–2.166 .370
Tumor size >10 mm 15.716 2.099–117.68 <.001 11.340 1.240–103.721 .032
Tumor location
Upper 0.890 0.202–3.927 .877 0.316 0.032–3.156 .326
Middle 0.693 0.090–5.338 .724 0.096 0.003–2.683 .168
Lower (ref.)

Gross type
Elevated 2.413 0.819–7.109 .100 0.541 0.093–3.148 .494
Flat 1.608 0.572–4.928 .340 1.174 0.212–6.486 .854
Depressed (ref.)

Central depression 0.461 0.190–1.118 .080 0.347 0.111–1.083 .068
Nodular surface 2.559 0.986–6.640 .046 3.834 0.994–14.796 .051
Surface redness 10.471 1.397–78.469 .005 11.562 1.376–97.145 .024
Erosion 1.972 0.825–4.715 .120 2.023 0.450–9.101 .359
Whitish discoloration 28.339 11.055–72.64 <.001 35.368 11.044–113.259 <.001
Friability 7.574 2.540–22.585 <.001 2.474 0.278–22.039 .417
Ulcer 0.683 0.248–1.884 .459 0.301 0.052–1.736 .179
Submucosal fibrosis 0.728 0.264–2.007 .538 0.881 0.163–4.775 .883

CI= confidence interval, OR=odds ratio.
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cases, these criteria have been expanded and sometimes,
depending on the situation, it is even applied beyond the
expanded criteria. And if there is a discrepancy between the initial
EFB and final ESD result that too would eventually exceed the
indication for ESD. In this case, the risk of lymph node metastasis
is higher than conventional lesions and the prognosis poorer.
Thus, it is important to predict lesion size, depth, and degree of
differentiation before ESD. The size of the lesion can be
determined by endoscopic observation, chromoendoscopy, and
magnifying endoscopy.[13] Although there are studies relating
to conventional endoscopy to predict the depth of submucosal
invasion, in addition to the use of endoscopic
ultrasonography,[14–16] prediction based on histological differ-
entiation is yet lacking.
In a recent study, endoscopic predictors for undifferentiated

histology before endoscopic resection were reported as: large
tumor size (>10mm), depressed type, nodularity, and whitish
discoloration—all related to undifferentiated histology after
Figure 3. Undifferentiated cancers with surface redness (A) and whitish discolorat
surface redness. B, The lesion located at anterior wall in antrum with whitish dis

5

ESD. In our study, large tumor size (≥10mm) and whitish
discoloration were also associated with undifferentiated
histology, along with the additional predictor of surface
redness, as determined on multivariate analysis. Large tumor
size is a well-known factor associated with disease progression
and advanced histology in EGC.[18] Whitish discoloration
is associated with histological features of undifferentiated
cancer. The tumor vessels were abundant and dense in well-
differentiated or moderately differentiated adenocarcinoma,
but were scanty and loose in poorly differentiated adenocarci-
noma. These findings correlate with the redness of the
carcinomatous mucosa of well-differentiated or moderately
differentiated adenocarcinoma and the paleness of undifferen-
tiated cancer.[19] Surface redness is a characteristic of
differentiated histology. Although we do not knowwhy exactly
surface redness is associatedwith undifferentiated histology, we
presume that a mixed histological type of cancer constituted
about half (47.8%) the number of cases in this study, and
ion (B). A, The lesion located at lower body lesser curvature in lower body with
coloration.

http://www.md-journal.com
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Table 4

Histologic comparison between endoscopic forceps biopsy and final endoscopic submucosal dissection.

ESD

EFB
Differentiated (n=535) Undifferentiated (n=22)

Total (%)WD MD PA PD SRC MA

Adenoma 244 (43.8)
LGD 44 11 1 0 1 0 57 (10.2)
HGD 155 27 0 2 0 0 184 (33.0)
Unknown 2 0 0 1 0 0 3 (0.5)

EGC 288 (51.7)
WD 103 33 2 2 1 0 141 (25.3)
MD 14 34 2 6 1 0 57 (10.2)
PD 0 2 0 4 0 0 6 (1.1)
SRC 0 0 0 0 1 0 1 (0.2)
Unknown 42 40 0 1 0 0 83 (14.9)

Atypical 3 3 0 1 0 1 8 (1.4)
Hyperplastic 1 0 0 0 0 0 1 (0.2)
Inflammation 8 8 0 0 0 0 16 (2.9)
Total 372 (66.8) 158 (28.4) 5 (0.9) 17 (3.1) 4 (0.7) 1 (0.2) 557 (100)

EFB= endoscopic forceps biopsy, ESD= endoscopic submucosal dissection, HGD=high grade dysplasia, LGD= low grade dysplasia, MA=mucinous adenocarcinoma, MD=moderate differentiated, PA=
papillary carcinoma, PD=poorly differentiated, SRC= signet ring cell carcinoma, WD=well differentiated.

Ryu et al. Medicine (2017) 96:36 Medicine
surface redness is also associated with disease progression.
In our study, young age (<55 years) was also related to
undifferentiated histology. Young age is well-known factor
associated with undifferentiated cancer.[21] It is known that the
depressed type usually exhibits more advanced lesions when
classified according to the Paris classification which is most
widely used in the gross classification of gastric superficial
lesions.[22] In the above-mentioned study, depressed lesion was
a risk factor for undifferentiated cancer.[17] However, the
undifferentiated cancers in our study did not show a significant
difference in Paris classification. (8 elevated type, 8 flat type, and
6 depressed type). Undifferentiated cancers in our study, color
changes such as surface redness or whitish discoloration are
more characteristic than classification of Paris classification.
Prognosis in patients with undifferentiated-type gastric

cancer is poorer when compared with those with the
differentiated type because the undifferentiated type is
associated with frequent metastasis to the lymph nodes.[23]

The risk of lymph node metastasis is higher in undifferentiated
EGC with lymphovascular invasion[24] or submucosal inva-
sion.[25] However, even in undifferentiated EGC lesions
without lymphovascular invasion and ulcer size less than 20
mm, there is almost no lymph node metastasis.[1] Curative ESD
for undifferentiated EGC had an excellent 5-year mortality rate
Figure 4. Flow diagram showing th
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as seen in previous studies; in our study, 2 of 9
undifferentiated EGCs achieved curative resection were
operated and all were in the N0 stage. One patient had
recurrence and underwent operation, but N0 stage. The
remaining patients showed no recurrence during follow up.
This study has some limitations. First, it was a retrospective

study conducted in a single center. Second, the sample sizemight
be too small to conclusively support the role of these risk factors
in undifferentiated EGC. Third, there was a possibility of
a discrepancy by performing once or twice biopsy in
consideration of the endoscopic resection. But multiple biopsies
may results in excessive fibrosis, which is a serious problem
during ESD.
Our study can help to overcome discrepancy that may occur

before and after ESD by evaluating predictive factors with
undifferentiated histology in EGC. And if curative resection could
be achieved, undifferentiated EGC was also found to be not
worse prognosis in this study. In our study, young age (<55
years) and endoscopic characteristics such as large tumor size
(≥10mm), whitish discoloration, and surface redness were
independently associated with undifferentiated histology after
ESD. Therefore, for such lesions, physicians have exercise caution
before performing ESD, and patients need to be informed about
the risks of surgical gastrectomy.
e undifferentiated cancer group.
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