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Presence of cancer cells in the periarterial tissues
of patients with advanced gastric cancer
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Abstract. Lymphadenectomy with gastrectomy is considered
a curative surgical treatment for gastric cancer. Periarterial
connective tissue-preserving lymphadenectomy has become
a common procedure following developments in laparoscopic
surgery. However, the presence of cancer cells in the periarte-
rial tissue, including neural invasion, has not been examined. In
the present study, the periarterial tissues from the vessel roots
of the left gastric artery (LGA) and right gastroepiploic artery
(RGEA) after gastrectomy were evaluated for the presence of
cancer cells. The study included 28 consecutive patients who
underwent gastrectomy for gastric cancer. The vessel roots of
the RGEA and LGA were obtained from surgically resected
specimens and examined by two independent pathologists
to determine the presence of cancer cells in the periarterial
tissues. The collected specimens included 23 RGEA roots
and 26 LGA roots from 28 patients. In 8 cases of early gastric
cancer, no cancer cells were indicated in the periarterial
tissues. By contrast, cancer cells, including neural invasion in
2 cases, were identified in the periarterial tissues from the roots
of examined gastric arteries in 3/20 (15%) cases of advanced
gastric cancer. Notably, all 3 cases featured multiple regional
lymph node (LN) metastases. Cancer cells were detected in
the perivascular tissue of the major gastric arteries from cases
with advanced gastric cancer with LN metastases, suggesting
the requirement for oncologic evaluation to ensure adequate
vascular tissue margins and an adequate periarterial layer
during lymphadenectomy.
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Introduction

Recent advances in laparoscopic gastrectomy for gastric
cancer, including reduced invasiveness and development of
standardized procedures, have been beneficial for patients (1).
For example, laparoscopic surgical procedures for lymph
node (LN) dissection, a well-recognized crucial step in
curative gastrectomy for gastric cancer, have been standard-
ized during the past two decades. Classically, complete LN
dissection around arterial vessels in cases of advanced gastric
cancer, particularly when performed with curative intent,
involved exposure of the tunica adventitia (2). However,
more recent laparoscopic approaches have enabled surgeons
to visualize and recognize the exact borders between the
LNs and perivascular tissues, including the neuronal fibers,
lymphatic vessels, and fatty tissues that surround arteries.
Kanaya et al (3), described this visible layer as the ‘outermost
layer’ and insisted that during lymphadenectomy, it would
be beneficial to preserve the perivascular connective tissues
surrounding various arteries, including the hepatic and splenic
arteries (4). Dissection of suprapancreatic LNs (e.g., 8a and 11)
is considered a critical point during lymphadenectomy because
damage to the pancreas can lead to major post-gastrectomy
complications. Lymphadenectomy procedures that preserve
the periarterial connective tissue are therefore considered supe-
rior to suprapancreatic LN dissection in terms of preventing
pancreatic damage while removing the LN. Majority of the
surgeons in Japan and other countries, therefore adhere to the
former procedures, especially for prophylactic LN dissection
in cases with early gastric cancer.

During a gastrectomy, the main gastric arteries designated
forresection are often bundled and cut along with the periarterial
connective tissue, which includes thick nerve fibers. Recently,
however, an LN dissection procedure that aims to preserve
these periarterial connective tissues has been applied to
patients with both early and advanced gastric cancer (4,5). The
prevalence and severity of neural invasion from the primary
tumor have been shown to correlate significantly with reduced
survival among patients with gastrointestinal malignancies
such as adenocarcinoma of the esophagogastric junction-II/III
and gastric cancer (6). Neural invasion from the primary tumor



YAMAMOTO et al: CANCER CELLS IN PERIARTERIAL TISSUE

has also been identified as a significant prognostic factor in
cases of diffuse invasive gastric cancer (7) as well as gastric
cancer after curative resection (8). Currently, the incidence of
cancer cell invasion into this periarterial connective tissue,
which also comprises of lymphatic vessels and fat tissue, is
thought to be almost zero in cases with early gastric cancer.
Also, neural invasion into these periarterial tissues is thought
to occur infrequently in cases with gastric cancer, compared
to other cancers such as hepatobiliary or pancreatic cancer (9).
However, no study has investigated the presence of cancer
cells in periarterial tissues from patients with gastric cancer.

We conducted the present study to evaluate the safety of
lymphadenectomy with periarterial connective tissue preser-
vation for treatment of gastric cancer. Proximal roots of the left
gastric artery (LGA) and right gastroepiploic arteries (RGEA)
obtained from surgical specimens following gastrectomy were
microscopically examined for the presence of cancer cells,
including neural invasion in the periarterial tissues.

Materials and methods

From April 2014 to November 2015, 23 roots of the RGEA
and 26 roots of the LGA were collected from 28 consecutive
gastric cancer patients and processed for histopathological
examination. All patients underwent D1+ or D2 gastrectomy
with preservation of the perivascular tissues surrounding the
hepatic and splenic artery at the Shiga University of Medical
Science Hospital. Case data were collected from our hospital
database and clinical records.

We pathologically examined the proximal roots of the
LGA and RGEA to detect cancer cells in the periarterial
tissues. We sampled the periarterial connective tissues around
these arteries which we considered as the distal vascular
lymphadenectomy margin. Resected specimens were stained
with hematoxylin and eosin according to standard procedures
prior to evaluation. Histopathological analysis was performed
by 2 independent pathologists (M.I. and R.K.). Histological
diagnoses and responses to neoadjuvant chemotherapy were
evaluated based on the Japanese guidelines for gastric cancer
surgery and pathology (10). The ethics committee in Shiga
University of Medical Science approved this retrospective
observational study, including the patient's passive consent
method and it conformed to the 1995 provisions of the
Declaration of Helsinki (as revised in Brazil 2013). Passive
consent, commonly termed opt-out consent, assumes agree-
ment to study participation unless consent is deliberately
withdrawn. For this type of study, formal consent is not
required (11,12).

Results

The patient characteristics are shown in Table 1. The tumor
stages of I, II, III and IV were seen in 8, 8, 9 and 3 patients,
respectively. We detected cancer cells in the periarterial tissues
from 3 (15%) of the 20 advanced gastric cancer cases. These
3 cases were classified as pathological stages IIB, ITIC, and IV,
and 2 of them had received neoadjuvant chemotherapy. Cancer
cells were detected in the thick fibrous tissue with neural inva-
sion in one case, in fat tissues in the second case, and in fat
tissues with neural invasion in the third case. While 2 cases
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were obtained from specimens surrounding the LGA, one
case was from the RGEA. In contrast, cancer cells were not
detected in the periarterial tissues from the 8 patients with
early gastric cancer.

Neural invasion was observed in the first case of a
61-year-old male patient with esophagogastric junction
carcinoma (Siewert type 3). This patient underwent total
gastrectomy with D2 LN dissection with exposure of the arte-
rial tunica adventitia and received additional hyperthermic
intraperitoneal chemotherapy following a diagnosis of T4
advanced gastric cancer with serosal invasion and LN metas-
tasis (SE, N3b, HO, PO, CYO0). Following a macroscopic and
histopathological examination, the tumor was diagnosed as a
carcinoma at the esophagogastric junction that comprised of
a well to moderately differentiated tubular adenocarcinoma
with serosal invasion (T4a, ly2, v2) and two perigastric LNs
(no. 2; 1/1, no. 3a; 6/10). Cancer cells and accompanying
fibrosis were observed in very close proximity to the arterial
wall (Fig. 1). Neural fibers were observed both within and
outside the fibrous tissue (Fig. 1), and neural invasion was
seen in the periarterial tissue (Fig. 2). The patient received
adjuvant chemotherapy with S-1. Metastatic descending
colon cancer was detected 27 months after surgery, and he
underwent colectomy. Another 10 months later, peritoneal
metastasis was detected, and he underwent resection of the
small intestine for an obstructive ileus due to peritoneal
metastasis. Forty months after surgery, he received best
supportive care.

The second case involved a 71-year-old female patient
with a T4 advanced gastric cancer located in the middle of the
greater curvature of the stomach, with liver invasion (T4b, NO,
HO, PO). She underwent total gastrectomy, splenectomy, and
D2 LN dissection with exposure of the arterial tunica adven-
titia after 2 courses of neoadjuvant S-1/CDDP chemotherapy,
as well as partial resection of the lateral segment of the liver.
The pathological diagnosis was mucinous adenocarcinoma of
the stomach, whereas no carcinoma invasion to the liver was
observed. Metastasis was confirmed histologically in 12/26
LNs (no. 1: 2/2, no. 3a: 1/1, no. 3b: 2/2, no. 4d: 1/1, no. 6: 1/2,
no. 7: 1/1,no. 9: 2/2, no. 11d: 2/2). The final histological diag-
nosis was gastric carcinoma (UML, type 4, T4a(SE), med,
INFec, Iy2, v1, PO, HO, MO, N3, CY1, stage V), and the patient
exhibited a grade la pathological response to chemotherapy.
A specimen from the root of the LGA contained cancer cells
in the periarterial fat tissue, with no neural invasion (Fig. 3).
Although she received adjuvant chemotherapy with 8 courses
of S-1 and oxaliplatin, pleural effusion and ascites were
detected which turned out to be peritoneal carcinomatosis.
Nine months after surgery, she received a second line of
chemotherapy with ramucirumab and paclitaxel. However,
eighteen months after surgery she died of peritoneal carci-
nomatosis.

The third case involved a 79-year-old female patient
with gastric cancer located in the lower greater curvature
of the stomach. The tumor had invaded the pancreas body
and affected the LNs (T4b, N2, HO, P0O). After 2 courses of
neoadjuvant S-1/CDDP chemotherapy, she underwent total
gastrectomy, splenectomy, and D2 LN dissection with expo-
sure of the arterial tunica adventitia, leading to a histological
tumor diagnosis of poorly differentiated adenocarcinoma
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Table I. Patient characteristics (n=28 patients).

Variables no.
Mean age (range) 67.3 (35-90)
Sex
Male 20
Female 8
Location in stomach
Upper third of stomach 6
Middle third of stomach 15
Lower third of stomach 7
Final gastric cancer stage stage
I 8
I 8
I 9
v 3
pT
Tl 9
T2 3
T3 8
T4 8
pN
NO 9
N1 4
N2 8
N3 7
Lymphatic invasion grade
0 7
1 10
2 6
3 5
Vascular invasion grade
0 12
1 11
2 4
3 1
Neoadjuvant chemotherapy
Yes 4
No 24

pT, pathological T; pN, pathological N.

of the stomach. Histologically, 8/20 LN metastases were
confirmed (no. 1: 1/5, no. 4d: 3/6, no. 6: 3/5, no. 12a: 1/1). The
pathological diagnosis was gastric carcinoma (L, type 3, T2
(MP), sci, INFc, lyl, v0, PO, HO, MO, N2, CY1, stage IV), and
the primary tumor exhibited a grade 2 histological response
after preoperative chemotherapy. Cancer cells were detected
in the periarterial fat tissue, and neural fibers were found in
a specimen from the root of the RGEA. She received chemo-
therapy with 4 courses of S-1 and cisplatin followed by S-1 for
15 months. Twenty-six months after surgery, she is currently
in remission.
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Figure 1. Representative hematoxylin and eosin-stained slide showing the
presence of cancer cells in perivascular tissue surrounding the LGA from
case 1. Magnification, x40. N, neural fiber; LGA, left gastric artery.
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Figure 2. Representative hematoxylin and eosin-stained slide showing the
presence of cancer cells including neural invasion in perivascular tissue
surrounding the LGA from case 2. Magnification, x40. N, neural fiber; LGA,
left gastric artery.
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Figure 3. Representative hematoxylin and eosin-stained slide showing the
presence of cancer cells in the periarterial fat tissue in perivascular tissue
surrounding the LGA from case 3. Magnification, x40. N, neural fiber; LGA,
left gastric artery.
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Discussion

In our study of specimens resected during gastrectomy, we
observed cancer cells in the perivascular tissues surrounding
the LGA and RGEA of patients with advanced gastric cancer.
Although previously perivascular tissue preservation was
usually performed in patients undergoing curative gastrec-
tomy with lymphadenectomy for early gastric cancer, extended
lymphadenectomy with D2 LN dissection has become popular
for patients with advanced gastric cancer (13). However,
in Japan, the last 2 decades have seen changes in the actual
lymphadenectomy procedure used around the roots of gastric
arteries intended for resection and along arterial vessels,
including the hepatic and splenic arteries.

In Japan, prior to the popularization of laparoscopic
gastrectomy, lymphadenectomy for gastric cancer (particularly
advanced gastric cancer) had involved exposure of the arterial
tunica adventitia (2). The recent laparoscopic approaches have
introduced new surgical anatomy with particular reference
to the membrane structures, leading to the establishment of
sophisticated lymphadenectomy procedures that preserve
the arterial connective tissues of patients with gastric cancer.
The designated ‘outermost layer’ appears to be a reasonable
anatomical landmark during lymphadenectomy in patients
with early gastric cancer. Indeed, a recent multicenter phase
II trial involving patients who underwent laparoscopy-assisted
distal gastrectomy with suprapancreatic nodal dissection
for clinical stage I gastric cancer found that only 1.7% of the
patients (a low rate) developed an anastomotic leakage or a
pancreatic fistula (14). However, we became concerned about
the safety of this lymphadenectomy procedure in patients with
advanced gastric cancer. Although the main gastric arteries are
usually resected at their roots during radical LN dissection for
gastric cancers, it was unclear whether the periarterial tissues
surrounding the roots of arteries should be totally removed.
In the current study, we detected cancer cells in the periarte-
rial tissues surrounding the LG and RGEA roots in 15% of
the patients with advanced gastric cancer and LN metastasis.
To the best of our knowledge our study is the first to have
employed this approach. This finding suggests that in advanced
cases, periarterial tissues should be removed completely under
arterial tunica adventitia exposure in order to eliminate any
residual cancer cells at the roots of major gastric arteries.

In addition, although we did not present direct evidence,
cases of advanced gastric cancer with LN metastasis may also
involve periarterial tissues around the hepatic and splenic
arteries. A recent paper that described the standardization
of D2 lymphadenectomy and surgical quality control used
the term ‘exposure of vessels’ to describe suprapancreatic
lymphadenectomy (15). However, previous reports have not
distinguished between the preservation and removal of periar-
terial tissues. We propose that there are two types of curative
Ilymphadenectomy for patients with gastric cancer. One is
prophylactic, and the other is therapeutic lymphadenectomy.
While the prophylactic lymphadenectomy involves dissection
of potentially metastasized LNs, therapeutic lymphadenec-
tomy involves dissection of obviously metastasized LNs. In
cases of therapeutic lymphadenectomy, especially those
involving advanced gastric cancers, there is no consensus
regarding whether periarterial tissues should be preserved
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or resected. Therefore, future evaluations should address the
issues of periarterial cancer invasion and adequate removal
of periarterial tissue around the major arteries with the intent
to establish radical regional lymphadenectomy along with
an oncologically adequate layer, especially for advanced
gastric cancers with LN metastases. Importantly, surgeons
who perform almost all gastrectomies by the laparoscopic
approach should not select the outermost layer for LN dissec-
tion of far advanced tumors, especially those with bulky LNs.
Several reports on laparoscopic surgery for advanced gastric
cancer have emphasized on lymphadenectomy (4,6,16).

Neural invasion by hepatobiliary and pancreatic cancers
is a popular research topic with demonstrated prognostic
relevance (9). By contrast, neural invasion by gastric cancer
was previously thought to be rare but has recently been
identified as a critical prognostic factor (6-8). However,
neural invasion in the context of gastric cancer was defined
within the primary tumor and not in the periarterial tissue,
as discussed in the present study. Because the advanced
gastric cancers in this study clearly demonstrated the occur-
rence of neural invasion in the periarterial tissues, future
studies will be needed to distinguish the clinical behaviors of
neural-invasive cancer cells in periarterial tissues from those
within the main tumor.

Pathologically, the effectiveness of gastric surgery has not
yet been evaluated based on the residual cancer cells at the
lymphadenectomy margins. Our study suggests that periarte-
rial connective tissues around major gastric arteries should be
sampled and considered as a distal vascular lymphadenectomy
margin in order to pathologically confirm the curability of
surgical specimens from advanced gastric cancers. Failure
to perform such an evaluation could have potentially led to
an underestimation of tumor stage in 3 positive cases in this
study. Furthermore, the presence of cancer cells around the
vascular margin suggests the potential need for intensive
postoperative chemotherapy. However, further studies will
be needed to clarify the clinical significance of the residual
cancer cells in the vascular margin with periarterial connec-
tive tissue invasion. Immunohistochemical staining for claudin
4 has been shown to be useful for detecting a small number of
cancer cells (17). However, in the present study, as there were a
sufficient number of cancer cells, we were able to detect them
via standard hematoxylin and eosin staining without requiring
to additionally stain for claudin 4.

We must note a particular limitation of this study, namely
the small number of examined cases. A larger number of
patients and additional arterial specimens would have provided
more information about cancer cell infiltration around the
periarterial connective tissues associated with gastric cancer,
particularly in terms of the resection margins of main gastric
arteries, the adequate periarterial layer for lymphadenectomy,
and pathological distal lymphadenectomy margins.

In conclusion, the present study microscopically demon-
strated the presence of cancer cells in periarterial tissues from
patients with advanced gastric cancer. Surgeons must, there-
fore, consider the possibility of cancer cell invasion within
preserved periarterial tissues, although the clinical relevance
of these cells remains to be determined. Further studies to
elucidate the clinical effects of perivascular cancer cells on
patient prognosis are warranted.
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