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Abstract
AIM: To evaluate routine modified D2 lymphadenec­
tomy in gastric cancer, based on immunohistochemically 
detected skip micrometastases in level Ⅱ lymph nodes. 

METHODS: Among 95 gastric cancer patients who 
were routinely submitted to curative modified D2 
lymphadenectomy, from January 2004 to December 
2008, 32 were classified as pN0. All level Ⅰ lymph 
nodes of these 32 patients were submitted to im­
munohistochemistry for micrometastases detection. 
Patients in whom micrometastases were detected in 
the level Ⅰ lymph node stations (n  = 4) were excluded 
from further analysis. The level Ⅱ lymph nodes of the 
remaining 28 patients were studied immunohistochem­
ically for micrometastases detection and constitute the 
material of the present study.

RESULTS: Skip micrometastases in the level Ⅱ lymph 
nodes were detected in 14% (4 out of 28) of the patients. 
The incidence was further increased to 17% (4 out of 

24) in the subgroup of T1-2 gastric cancer patients. All 
micrometastases were detected in the No. 7 lymph node 
station. Thus, the disease was upstaged from stage ⅠA 
to ⅠB in one patient and from stage ⅠB to Ⅱ in three 
patients. 

CONCLUSION: In gastric cancer, true R0 resection may 
not be achieved without modified D2 lymphadenectomy. 
Until D2+/D3 lymphadenectomy becomes standard, 
modified D2 lymphadenectomy should be performed 
routinely.
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INTRODUCTION
The lymphatic stream from a gastric tumor is wide and 
complicated, thus the exact pattern of  lymphatic drain-
age remains obscure and poorly understood. However, 
histologically confirmed metastatic infiltration of  peri-
gastric and extragastric lymph nodes has been defined as 
the strongest independent dismal prognostic factor for 
both early[1] and large[2] gastric cancer patients. 

Micrometastases and/or isolated tumor cells have 
been reported as immunohistochemically detectable in 
10% of  early gastric cancer patients[3], in 52.6% of  T2N0 
patients[4], and in 21%[5] to 49%[6] of  all node-negative 
gastric cancer patients. 

Skip metastases are defined as the detection of  meta-
statically infiltrated extragastric lymph nodes (level Ⅱ), in 
the absence of  perigastric lymph node (level Ⅰ) involve-
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ment[7]. Particularly in the subgroup of  level Ⅰ lymph 
node negative patients, the incidence of  histologically de-
tected metastases in the level Ⅱ lymph nodes (skip metas-
tases) ranges between 2.8% in cases of  early[7] and 5%[8] 
to 17.4%[9] in all other gastric cancers. Moreover, even in 
patients with histologically classified level Ⅰ lymph node 
negative early gastric cancer, micrometastatically infil-
trated level Ⅱ lymph nodes are immunohistochemically 
detected in 10% of  them[10].

Most authors[11-13] agree that, except for early gastric 
cancer patients[3], patients with immunohistochemically 
detected micrometastases have significantly worse 5-year 
survival rates compared to patients with undetectable 
micrometastases. However, the incidence, clinical impli-
cations and clinical significance of  skip micrometastases 
in level Ⅱ extragastric lymph nodes in patients with gas-
tric cancer have not been properly studied.

The aim of  the present study was to evaluate retro-
spectively the necessity for routine modified D2 lym-
phadenectomy in all gastric cancer patients, (as a prereq-
uisite for R0 resection for locoregional control of  the 
disease), based on the immunohistochemical detection 
of  micrometastases in level Ⅱ lymph node stations in 
patients who had been classified histologically and im-
munohistochemically as level Ⅰ lymph node negative and 
histologically as level Ⅱ lymph node negative.

MATERIALS AND METHODS
Between January 2004 and December 2008, 207 patients 
with a preoperative diagnosis of  gastric adenocarcinoma 
were subjected to surgery with curative intent, in our 
department. None of  them had undergone preoperative 
chemotherapy or radiotherapy. In 95 patients, a modi-
fied D2 lymphadenectomy was offered as the standard 
surgical procedure. Postoperatively, the standard his-
tological examination by hematoxylin and eosin (HE) 
staining disclosed metastatic infiltration of  at least one 
lymph node in the level Ⅰ or Ⅱ lymph node stations 
in 63 of  these patients. Thirty-two patients were clas-
sified as pN0, since standard histology did not disclose 
any evidence of  metastatic infiltration of  level Ⅰ and 
level Ⅱ peri- and extragastric lymph node stations. All 
level Ⅰ lymph nodes of  these 32 patients were submitted 
to immunohistochemistry for micrometastases detection. 
Patients in whom micrometastases were detected in the 
level Ⅰ lymph node stations (n = 4) were excluded from 
further analysis. 

The level Ⅱ lymph nodes of  the remaining 28 
patients were studied immunohistochemically for mic
rometastases detection and constituted the material of  
the present study.
	
Surgical technique
The proximal resection margin of  the stomach was 
calculated according to the location of  the primary tumor. 
At least a 6-cm tumor-free (based on the frozen section 
result) proximal resection margin from the most proximal 
macroscopic border[14] was achieved in all cases. The 
dissection of  the regional lymph nodes was based on the 

Japanese Classification of  Gastric Carcinoma[15]. Thus, 
for D1 lymphadenectomy, the appropriate (depending 
on the location of  the primary tumor) nos. 1-6 lymph 
node stations were included in the gastrectomy specimen, 
whereas in the modified D2 lymphadenectomy, the nos. 
7, 8a, 9, 11p, 11d and 12a lymph node stations, were 
routinely dissected. The level Ⅱ lymph node stations 
were recognizable as they had been sent separately to the 
Pathology Department with special indices demonstrating 
their exact location. Dissection of  the No. 10 lymph 
node station, splenectomy or distal pancreatectomy was 
not performed in any of  the patients. For staging of  the 
tumors, the TNM classification system according to the 
AJCC Staging Manual, 6th edition, was used[16].

Histopathology and immunohistochemistry
Primary tumors and lymph nodes were fixed in formalin 
and embedded in paraffin. The presence or absence of  
lymph node metastasis was examined routinely by HE 
staining by using a representative cut section through the 
largest diameter of  the lymph nodes. 

One additional section of  4-μm thickness from each 
node was prepared for immunohistochemical stain-
ing with a monoclonal anti-cytokeratin (CK) antibody 
cocktail (AE1/AE3; Dako, Glostrup, Denmark) that 
reacts with a broad spectrum of  human CKs, to de-
tect micrometastases and/or clusters of  isolated tumor 
cells. Briefly, for AE1/AE3 immunostaining, paraffin-
embedded sections were deparaffinized in xylene and 
rehydrated through graduated ethanol to water. Endog-
enous peroxidase activity was blocked by incubation for 
30 min with a solution of  1% hydrogen peroxide, and 
antigen retrieval was performed by autoclaving sections 
in 0.01 mol/L citrate buffer, pH 6.0 for 20 min at 800 W. 
A monoclonal mouse anti-human CK antibody (clone 
AE1/AE3) was applied at a dilution of  1:50. The Dako 
Real Envision kit was then used. Diaminobenzidine was 
used as a chromogen. Lymphoid tissue was used as an 
internal negative control, while additional sections from 
the primary tumors were used as positive controls. 

Based on the 6th TNM classification[16], micrometas-
tasis (N1mi) was defined as metastatic focus > 0.2 mm 
but ≤ 2 mm, and cluster of  tumor cells [N0 (i+)] was 
defined as cluster < 0.2 mm according to previously ac-
cepted conventions.

RESULTS
Pathologic review did not detect patients with previously 
missed evidence of  lymph node metastasis on conven
tional HE staining.

In four patients, micrometastases were detected in 
the level Ⅰ lymph node stations. These patients were 
excluded from further analysis.

The remaining 28 patients were 16 men with a 
median age of  72.5 years (IR 69-75) and 12 women with 
a median age of  66.5 years (IR 58-69.5) (Table 1). Skip 
micrometastases in the level Ⅱ lymph node stations 
were immunohistochemically detected in four patients 
(n = 4). All micrometastases were detected in the No. 7 
lymph node station.
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The profiles of  these patients are presented in Table 2.  
There were three female and one male patients, with T1 
(n = 1), T2a (n = 2) and T2b (n = 1) tumors, located in 
the lower third (n = 2) or middle third (n = 2) of  the 
stomach. Thus, following micrometastases detection, 
the disease was upstaged from stage ⅠA to ⅠB in one 
patient and from stage ⅠB to Ⅱ in three patients.

Based on the above, the overall incidence of  micro
metastases detection was 25% (8 out of  32 patients), 
while skip micrometastases in the level Ⅱ lymph nodes 
were detected in 14% (4 out of  28) of  gastric cancer 
patients, who had been classified histologically and imm
unohistochemically as level Ⅰ lymph node negative. 
Furthermore, the incidence of  skip micrometastases was 
increased to 17% (4 out of  24) in the subgroup of  T1-2 
gastric cancer patients.

DISCUSSION
The present study disclosed that skip micrometastases in the 
level Ⅱ lymph node stations were detected in 14% (4 out 
of  28) of  the patients, who had been classified histologically 
and immunohistochemically as level Ⅰ negative. This 
incidence was further increased to 17% (4 out of  24 
patients) in the subgroup of  T1-2 gastric cancer tumors.

Despite AJCC/UICC guidelines, which require the 
pathological examination of  at least 15 lymph nodes for 
accurate gastric cancer staging[16], only 29% of  gastric can-
cer patients had more than 15 lymph nodes retrieved[17]. 
However, D2 lymphadenectomy clearly offers the mean 
number of  the required lymph nodes for pathological ex-
amination, independently to the pathologist[18].

Although D2 lymphadenectomy is recommended 
by the Japanese Surgical Society as the surgical option 
for gastric cancer treatment[19], its performance has not 
gained popularity worldwide, since prospective random-
ized studies[20-24] and meta-analysis[25] have revealed sig-
nificantly higher postoperative morbidity and mortality 

rates and no 5- and 11-year survival benefit compared to 
D1 lymphadenectomy.

D2 lymphadenectomy increases the long-term sur-
vival of  gastric cancer patients with lymph node metas-
tases, however, it has been proposed as unnecessary for 
patients without lymph node metastases[9]. On the other 
hand, D2 lymphadenectomy improves survival even in 
node-negative early gastric cancer patients, probably due 
to the resection of  the coexisting micrometastases[26].

Thus, the favorable overall survival rates which were 
published following the Japanese-type, compared to the 
Western-type gastric cancer surgery, indicate that, with 
more extended lymph node dissections, more R0 resections 
are achieved[27]. This probably leads to locoregional control 
of  the disease, better outcome and increased survival[28].

Three methods have been used for the identification 
of  micrometastasis, serial sectioning, immunohisto-
chemical staining, and reverse-transcriptase polymerase 
chain reaction (RT-PCR). Serial sectioning constitutes a 
histological method, which can detect lymph node me-
tastasis previously missed by the conventional technique, 
but it may still fail to identify isolated tumor deposits[13]. 
RT-PCR has been reported as highly sensitive[29], but it is 
compromised by false-positive results caused by biologi-
cal contamination[30]. Positive RT-PCR results indicate 
the presence of  tumor DNA, however, they may not in-
dicate the presence of  viable tumor cells[31]. Thus, immu-
nohistochemistry with human anti-CK antibodies rep-
resents the most accurate method for micrometastasis 
detection[32] and the most frequently applied technique in 
research[3]. One limitation of  the method is CK expres-
sion by some dendritic cells in the lymph nodes[33].

Based on the results of  studies in colorectal[34] and 
non-small cell lung cancer[35], it has been proposed that 
N1(-)/N2(+) patients represent a subgroup of  pN2 
disease with more favorable prognosis[35]. However, the 
clinical significance of  skip metastases in gastric cancer 
patients remains controversial. The controversies are 
related mainly to the small number of  patients enrolled 
in skip metastasis studies[26], the probably different prog-
nosis of  patients with histologically vs micrometastati-
cally detected skip metastases[32], and the concern that 
patients with histologically detected skip metastases may 
represent cases of  overlooked histological metastasis or 
micrometastasis in level Ⅰ lymph nodes, thus being mis-
classified as patients with skip metastasis[36].

Saito et al[36] have reported 5-year survival rates of  
70.2%, 62.0% and 31.2% in patients with skip metasta-
ses, metastases in level Ⅰ lymph nodes and metastases 
in level Ⅱ lymph nodes, respectively. The prognosis of  
patients with metastases in the level Ⅱ lymph nodes was 
significantly worse than that of  the patients with either 
skip metastases or metastases in the level Ⅰ lymph nodes. 
The authors have indicated that the clinicopathological 
characteristics and the prognosis of  patients with skip 
metastases were similar to patients with level Ⅰ lymph 
node metastases, but not to the patients with level Ⅱ 
lymph node metastases. On the other hand, Li et al[9] 
have concluded that the cumulative survival rate is not 
statistically different between gastric cancer patients 
with solitary skip lymph node metastases, compared to 
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Table 1  Characteristics of the study population

Parameter n

Sex 16
Males 12
Females   0
Age (yr) (median + IR) 70.5 (63.5–74)
Tumor location
   Upper third   0
   Middle third   6
   Lower third 22
Histological type (WHO classification) 
   Enteric type 19
   Diffuse type   5
   Mixed type   4
Differentiation
   High   4
   Moderate 19
   Low   5
T
   T1   4
   T2 20
   T3   4
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patients with solitary level Ⅰ lymph node metastases. 
Moreover, Park et al[26] have reported that, in patients 
with positive nodes extending into the level Ⅱ lymph 
nodes, the survival curves did not show significant dif-
ferences between skip(+) and skip(-) groups of  patients, 
which further supports the theory that the number but 
not the level of  lymph node metastases has prognostic 
significance. 

The result of  the present study, that all skip microme-
tastases were detected in the left gastric artery lymph 
node station, probably indicates that the clinical applica-
tion of  the sentinel node biopsy technique in selected 
cases might be useful, and lead to selective lymphadenec-
tomy. Although the method has been reported as highly 
accurate (< 10% false-negative results) in breast cancer 
surgery[37], similar findings have not been confirmed in 
gastric cancer surgery, since 20%-36% of  positive lymph 
nodes were located outside of  the sentinel lymph node 
basin[38]. Thus, the method is recommended currently to 
be used in conjunction with D2 lymphadenectomy[39].

It has been suggested that the most likely route for 
para-aortic lymph node metastases is from the left gastric 
artery nodes, passing by the celiac artery[40]. Other com-
mon sites of  skip metastasis are the 8a and 9 lymph nodes 
(around the celiac artery). Thus, these lymph nodes should 
always be evaluated, regardless of  the mode of  operation, 
even in the case of  minimally invasive surgery. Moreover, 
Yanagita et al[41] have investigated the clinical significance 
of  morphological distribution of  metastatic foci (metas-
tasis, micrometastasis or isolated tumor cells) in sentinel 
lymph nodes with gastric cancer, and have concluded that, 
in patients with non-marginal sinus type sentinel node 
metastasis, attention should be paid to the possibility of  
non-sentinel node or even pN2 metastases. Thus, if  the 
sentinel node cannot be identified in the perigastric lymph 
nodes, those around the celiac artery lymph nodes should 
be explored to reduce the likelihood of  false-negative re-
sults in sentinel node mapping[7].

In conclusion, the present study addressed the fact 
that, in up to 17% of  T1-2 gastric cancer patients, true 
R0 resection may not be achieved without modified 
D2 lymphadenectomy. Thus, until D2+ or even D3 
lymphadenectomy becomes the standard surgical option, 
modified D2 lymphadenectomy should be considered as 
the surgical option of  choice in gastric cancer patients.
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