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Predictive factors for lymph node metastasis in patients
with poorly differentiated early gastric cancer
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Background: Endoscopic submucosal dissection is gaining popularity in the treatment of early gastric
cancer. This study aimed to identify clinicopathological factors predictive of lymph node metastasis in
patients with the poorly differentiated early gastric cancer to assess the feasibility of using endoscopic
submucosal dissection for these cancers.
Methods: The records of patients with poorly differentiated early gastric cancer who had undergone
gastric cancer surgery between January 2002 and December 2009 were reviewed. Associations between
clinicopathological factors and the presence of lymph node metastasis were analysed by univariable and
multivariable logistic regression analysis.
Results: Some 1005 patients were included in the analysis. Univariable analysis indicated that lymph
node metastasis was associated with sex, ulceration, tumour size, depth of invasion, macroscopic type,
lymphatic invasion and venous invasion. Logistic regression revealed that lymph node metastasis was
significantly associated with sex, tumour size, depth of tumour invasion and lymphatic involvement. In
the group with none of these risk factors (men with mucosal tumour no larger than 2 cm in size, with no
lymphatic involvement), lymph node metastasis was present in four (3·2 per cent) of 124 patients.
Conclusion: In the present study 3·2 per cent of patients who were negative for all identified risk factors
had lymph node metastasis. The use of endoscopic submucosal dissection should be considered carefully
in the treatment of poorly differentiated early gastric cancer.

Paper accepted 27 July 2012
Published online 28 September 2012 in Wiley Online Library (www.bjs.co.uk). DOI: 10.1002/bjs.8934

Introduction

Endoscopic mucosal resection (EMR) and endoscopic sub-
mucosal dissection (ESD) are widely accepted treatments
for early gastric cancer (EGC) in patients with appropriate
criteria1–3. These procedures preserve gastric function and
maintain quality of life by avoiding radical gastrectomy.
Definite indications include: differentiated adenocarci-
noma, intramucosal cancer, tumour size up to 20 mm
and absence of ulceration3–6. The application of EMR or
ESD has been limited to differentiated-type EGC because
of an increased risk of lymph node metastasis (LNM)
in undifferentiated tumours7–9. Gastrectomy with lymph
node dissection is generally considered the appropriate
treatment for fit patients in this group.

Undifferentiated gastric cancers include poorly differ-
entiated, signet ring and mucinous adenocarcinomas. It
has recently been suggested that the indications for ESD

could be expanded to include undifferentiated EGC10.
Controversy exists regarding the role of ESD for the
signet ring cell type. One series found no LNM with
mucosal tumours smaller than 2 cm in the absence of
lymphatic involvement11. Others, however, reported that
depth of tumour invasion was the only risk factor for
LNM in these patients and the frequency of LNM in
mucosal cancer approached 5·9 per cent, suggesting that
these tumours were best treated by gastrectomy and lymph
node dissection12. Mucinous adenocarcinoma is another
rare type of undifferentiated gastric cancer that usually
presents at a locally advanced stage. A previous report
from this centre indicated that all early mucinous gastric
cancers were submucosal lesions with no tumours limited
to the mucosa, implying that endoscopic resection was not
suitable for mucinous-type cancer13.

There have been no reports of poorly differentiated
cancers in a large patient sample. This study focused on a
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large patient cohort with poorly differentiated EGC who
had undergone gastric cancer surgery, to identify predictive
factors for LNM and to assess the feasibility of applying
ESD in such patients.

Methods

The records of all patients with EGC who had undergone
a curative gastrectomy at the Department of Surgery,

Table 1 Risk factors for lymph node metastasis in poorly
differentiated early gastric cancer

LNM Proportion
in each

Positive
(n = 162)

Negative
(n = 843) P†

subcategory
with LNM

Age (years) 0·935
< 60 107 (66·0) 554 (65·7) 107 of 661 (16·2)
≥ 60 55 (34·0) 289 (34·3) 55 of 344 (16·0)

Sex 0·012
M 85 (52·5) 531 (63·0) 85 of 616 (13·8)
F 77 (47·5) 312 (37·0) 77 of 389 (19·8)

Multiplicity 0·732
Single 159 (98·1) 830 (98·5) 159 of 989 (16·1)
Multiple 3 (1·9) 13 (1·5) 3 of 16 (19)

Ulceration* 0·001
Yes 80 (51·9) 538 (66·0) 80 of 618 (12·9)
No 74 (48·1) 277 (34·0) 74 of 351 (21·1)

Size (cm) < 0·001
≤ 2 19 (11·7) 295 (35·0) 19 of 314 (6·1)
> 2 143 (88·3) 548 (65·0) 143 of 691 (20·7)

Depth of invasion < 0·001
Mucosa 30 (18·5) 480 (56·9) 30 of 510 (5·9)
Submucosa 132 (81·5) 363 (43·1) 132 of 495 (26·7)

Location 0·168
Upper third 12 (7·4) 106 (12·6) 12 of 118 (10·2)
Middle third 55 (34·0) 278 (33·0) 55 of 333 (16·5)
Lower third 95 (58·6) 459 (54·4) 95 of 554 (17·1)

Macroscopic type 0·001
Elevated 11 (6·8) 54 (6·4) 11 of 65 (17)
Flat 10 (6·2) 122 (14·5) 10 of 132 (7·6)
Depressed 112 (69·1) 591 (70·1) 112 of 703 (15·9)
Mixed 29 (17·9) 76 (9·0) 29 of 105 (27·6)

Laurén type 0·402
Indeterminate 0 (0) 5 (0·6) 0 of 5 (0)
Diffuse 118 (72·8) 603 (71·5) 118 of 721 (16·4)
Intestinal 26 (16·0) 164 (19·5) 26 of 190 (13·7)
Mixed 18 (11·1) 71 (8·4) 18 of 89 (20)

Lymphatic invasion < 0·001
No 61 (37·7) 734 (87·1) 61 of 795 (7·7)
Yes 101 (62·3) 109 (12·9) 101 of 210 (48·1)

Venous invasion 0·001
No 154 (95·1) 836 (99·2) 154 of 990 (15·6)
Yes 8 (4·9) 7 (0·8) 8 of 15 (53)

Perineural invasion 0·139
No 154 (95·1) 820 (97·3) 154 of 974 (15·8)
Yes 8 (4·9) 23 (2·7) 8 of 31 (26)

Value in parentheses are percentages. *Analysis based on 969 patients
with available data. LNM, lymph node metastasis. †χ2 test.

Samsung Medical Centre between January 2002 and
December 2009 were analysed to identify those diagnosed
with poorly differentiated EGC. Patients with a previous
history of subtotal gastrectomy for gastric cancer or ulcer
were excluded, as were those with multiple cancers in
whom not all lesions were poorly differentiated.

Total or distal gastrectomy with a combined D2
lymphadenectomy was performed, depending on the
location and macroscopic type of tumour14. After surgery,
lymph nodes were examined as follows. For nodes more
than 4 mm thick, which was the height of the cassette,
the lymph node was bisected along its longest axis. The
bisected lymph node was placed cut surface down in a
histology processing cassette and immersed in a formalin
container for later histological processing. Lymph nodes
smaller than 4 mm were processed whole. Cytokeratin
immunostaining was not performed. Staging was carried
out according to the American Joint Committee on Cancer
Staging Manual (7th edition)15, where node categories
were defined as follows: N1, one or two positive lymph
nodes; N2, three to six positive lymph nodes; N3a, seven
to 15 positive lymph nodes; and N3b, 16 or more positive
lymph nodes.

Clinicopathological factors (sex, age, multiplicity, pres-
ence of ulceration, tumour size, depth of invasion, tumour
location, macroscopic type, Laurén type, lymphatic, venous
and perineural invasion) were compared between the
LNM-positive and -negative groups.

Statistical analysis

Differences in clinicopathological parameters between
patients with and without LNM were determined by

Table 2 Multivariable stepwise logistic regression analysis of risk
factors for lymph node metastasis in poorly differentiated early
gastric cancer

Odds ratio P

Sex (F versus M) 1·53 (1·01, 2·31) 0·045
Macroscopic type

Mixed versus elevated 0·56 (0·22, 1·42) 0·224
Mixed versus flat 0·57 (0·23, 1·44) 0·235
Mixed versus depressed 0·77 (0·44, 1·37) 0·381

Ulceration (yes versus no) 1·28 (0·84, 1·95) 0·260
Size (> 2 versus ≤ 2 cm) 2·47 (1·39, 4·40) 0·002
Depth of invasion (submucosa

versus mucosa)
2·42 (1·46, 3·99) 0·001

Lymphatic invasion (yes
versus no)

6·50 (4·14, 10·19) < 0·001

Venous invasion (yes versus
no)

2·67 (0·78, 9·10) 0·117

Values in parentheses are 95 per cent confidence intervals.
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Table 3 Classification of poorly differentiated early gastric cancer according to depth of invasion, tumour size, lymphatic invasion, sex
and lymph node metastasis

LNM

Depth of invasion Size (cm) Lymphatic invasion Sex Negative Positive* Node category†

Mucosa ≤ 2 No M 120 4 (3·2) N1 (3), N2 (1)
F 71 2 (3) N1 (1), N2 (1)

Yes M 2 1 (33) N1 (1)
F 1 1 (50) N1 (1)

> 2 No M 167 5 (2·9) N1 (4), N2 (1)
F 111 10 (8·3) N1 (7), N2 (1), N3a (2)

Yes M 6 3 (33) N1 (2), N3a (1)
F 2 4 (67) N1 (2), N2 (1), N3a (1)

Submucosa ≤ 2 No M 56 3 (5) N1 (2), N3a (1)
F 28 3 (10) N1 (1), N2 (1), N3b (1)

Yes M 9 4 (31) N1 (1), N2 (2), N3a (1)
F 8 1 (11) N1 (1)

> 2 No M 123 19 (13·4) N1 (11), N2 (7), N3a (1)
F 58 15 (21) N1 (10), N2 (5)

Yes M 48 46 (49) N1 (26), N2 (11), N3a (7), N3b (2)
F 33 41 (55) N1 (18), N2 (18), N3a (5)

Values in parentheses are *percentages and †number of patients. LNM, lymph node metastasis.

means of the χ2 test. Variables with P < 0·050 in
univariable analysis were included in the multivariable
analysis. Multivariable stepwise logistic regression analysis
was used to identify independent risk factors for LNM.
The hazard ratio and 95 per cent confidence interval
were calculated. P < 0·050 was considered statistically
significant. Statistical analysis was carried out using the
statistical software SPSS version 12.0 for Windows

(IBM, Armonk, New York, USA).

Results

LNM was confirmed pathologically in 162 (16·1 per cent)
of 1005 patients with poorly differentiated EGC treated
by D2 resection. Univariable analysis indicated that LNM
was significantly associated with female sex, the presence
of ulceration, tumour size larger than 2 cm, submucosal
invasion, macroscopic mixed type and the presence of
lymphatic or venous invasion (Table 1). There were no
significant differences in terms of age, multiplicity, tumour
location, Laurén type and perineural invasion between
the two groups. Multivariable analysis revealed that sex,
tumour size, depth of tumour invasion and lymphatic
invasion were independent risk factors for LNM (Table 2).

LNM was still found in four (3·2 per cent) of the 124
patients with none of these identified risk factors (men with
mucosal tumours no larger than 2 cm, without lymphatic
invasion) (Table 3). Three of these patients had only one
metastatic lymph node among a total of 30, 45 and 37
retrieved lymph nodes, with tumour sizes of 1·2, 2·0

and 1·6 cm respectively. The fourth patient had three
metastatic lymph nodes among a total of 20 retrieved
lymph nodes and the disease was therefore classified as N2.

Of 74 patients with all the identified risk factors
(women with tumours larger than 2 cm with submucosal
invasion and lymphatic invasion, 41 (55 per cent) had
LNM, with the disease classified as N3a in five. Of 94
men with submucosal invasion, tumours larger than 2 cm
and lymphatic invasion, 46 (49 per cent) had LNM and the
nodal status of nine patients was N3a or N3b.

Discussion

In this study the independent risk factors for LNM in
poorly differentiated EGC were submucosal invasion, a
tumour size greater than 2 cm, presence of lymphatic
invasion and female sex. Of 74 patients with all of these
risk factors, 41 (55 per cent) had LNM. Four (3·2 per cent)
of 124 patients who were negative for all four risk factors
also had LNM.

The study confirmed female sex as an independent risk
factor. This has been found previously to be predictive
of LNM in both depressed EGC and differentiated
submucosal EGC5,16, although the nature of the link
between sex and LNM remains unclear.

The presence of ulceration is considered an important
predictor for LNM in EGC in the absence of other
features17. The present study, however, identified two
patients without ulceration or other independent risk
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factors who had LNM, suggesting that applying ESD
in this situation still has limitations.

Endoscopic resection has been proposed in patients
with poorly differentiated EGC limited to the mucosa,
less than 20 mm in diameter and without lymphatic vessel
involvement, on the basis that no LNM was detected
in such a cohort18. Another study that looked at poorly
differentiated EGC less than 15 mm in size, confined to the
mucosa or with minimal submucosal infiltration (500 µm
or less) also reported no LNM, concluding that endoscopic
resection could be considered for treatment of these
patients19. These studies, however, were based on small
sample sizes (85 and 234 patients with poorly differentiated
EGC respectively). LNM has recently also been found in
patients with undifferentiated mucosal cancer satisfying
the expanded criteria for ESD (intramucosal cancer,
20 mm or less in diameter without lymphatic–vascular
involvement and ulcerative findings)20,21; this was thought
to reflect lymphatic involvement in the mucosa, suggesting
practical limitations in detection of LNM through routine
histological examination. The present study also showed
that poorly differentiated cancer satisfying the expanded
criteria for ESD does carry the possibility of LNM.
Using ESD to treat poorly differentiated EGC requires
a considered clinical approach.

It has been suggested that the combination of local
resection of the primary tumour using EMR or ESD and
a laparoscopic lymph node dissection might be another
treatment option for obtaining a better quality of life for
patients with EGC22. Such sentinel node-based surgery
(sentinel node navigation surgery) could be helpful in
detecting possible LNM that requires radical surgery as
well as obviating the need for radical surgery in those with
a negligible risk of LNM. The sensitivity of sentinel lymph
node biopsy and the incidence of skip metastasis have been
reported to be anywhere between 45·5 and 100 per cent,
and 0 and 11·8 per cent respectively23. The problems of
false-negative and skip metastasis should be addressed to
ensure that a combination of limited lymph node dissection
and endoscopic surgery can be applied appropriately.
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Snapshot Quiz

Snapshot Quiz 12/21

Question: An 86-year-old man noticed a skin lesion on his neck, 5 months after laparoscopic anterior resection
of a Dukes’ C1 rectosigmoid adenocarcinoma. A single 1-cm nodule was excised by his general practitioner (a).
Eight weeks later it had recurred (b). What is this lesion?

a b

The answer to the above question is found on page 1717 of this issue of BJS.
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