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TABLE 4. Sentinel lymph node mapping in the hilar lymph
node stations

TABLE 5. Sentinel nodes at the mediastinum in each lobe
Station of mediastinal SN No. of patients Percent

Tumor location

Sentinel nodes

Station No. of patients Percent
10 13 16.3
" 7/43 16.3
12 12/43 219

13 22/43 51.2

was lobe-specific; that is, 3 of the 10 patients with primary
tumor in the right upper lobe had SN in No. 3 or 4 stations;
3 of the 9 patients with primary tumor in the right lower
lobe had SN in No. 7, 3, or 4 stations; 8 of the 18 patients
with primary tumor in the left upper lobe had SN in No. 5
station; and 2 of the 6 patients with primary tumor in the left
lower lobe had SN in No. 7 station.

In 3 (7%) of the 43 patients with SN identification,
metastasis was found in the SN by intraoperative frozen
section (Table 6). For 2 of the 3 patients (patients 1 and 2),
operative procedures were converted to lobectomy. The
operative procedure for the remaining patient (patient 3)
was converted from posterior apical segmentectomy to
larger segmentectomny (upper division segmentectomy, but
not to upper lobectomy), because of his age (80 years old).
Pathologic N stages were N1 in 2 patients and N2 in 1
patient. Although both patients 1 and 2 had metastasis only
in the SN, patient 3 had metastasis in both SN (No. 5) and
non-SN (Nos. 12 and 13). Tumors in all of the other 40
patients were classified as p-NO by permanent sections.

There were no complications associated with radioiso-
tope injection necessitating tube drainage, such as bleeding
or severe pneumothorax. One patient had empyema 3 days
after segmentectomy, which was cured by drainage and
antibiotics on the 23rd postoperative day. There were no the
other major complications associated with segmentectomy,
including prolonged air leakage of more than 5 days. The
postoperative follow-up was performed by chest and ab-
dominal CT and brain magnetic resonance imaging every 3
months after the operation. No patients were lost to follow-
up. The mean follow-up period after surgery in the 52
patients was 8 months (range: 1-15 months). Postoperative
recurrence occurred in 1 patient, who underwent an apical
segmentectomy of the right lower lobe for adenosquamous
carcinoma 2.9 cm in size. The recurrence was at 5 months
after segmentectomy, at the extraregional lymph node for
tumor in the right lower lobe, that is, at the interlobar lymph
node (No. 11) between the right upper lobe and middle lobe,
and treated by completion pneumonectomy. During the
segmentectomy of this patient, No. 13 and No. 4 were
identified as SNs, which showed no metastasis in intraop-
erative frozen sections. The patient is now alive 11 months

RUL 3ord 3/10 30.0
RLL 3ord 2/9 222

7and3 1/8 1.2
LUL 5 818 444
LLL 7 2/6 333

SN, Sentinel node; RUL, right upper lobe; RLL, right lower lobe; LUL, left

upper lobe; LLL left lower lobe.

after the completion pneumonectomy without recurrence.
The other 51 patients are also now alive without recurrence.

Discussion

The present study shows that the SN navigation segmentec-
tomy using radioisotope tracers could increase the accuracy
of intraoperative N staging and could serve as the final
indication for segmentectomy. In the 3 patients with N1 or
N2 disease, intraoperative frozen sections of SNs showed
metastasis, which suggested the need for lobectomy. In 9
segmentectomy-treated patients whose SNs could not be
identified, all hilar and lobe-specific lymph nodes were
required for diagnosis, a significantly larger number than in
the 43 patients whose SNs could be identified. SN identifi-
cation therefore could determine a final indication for seg-
mentectomy by targeting the lymph nodes needed for intra-
operative frozen section diagnosis. In addition, serial
sections of SNs during surgery might find micrometastasis
more easily than single section in each of a larger number of
lymph nodes.

Although the postoperative follow-up period is still
short, 1 patient had local recurrence 5 months after segmen-
tectomy. The recurrence site of this patient, however, was
the extraregional lymph node. In addition, the histologic
type of this patient was adenosquamous carcinoma, which is
known to have poorer prognosis than other types of
NSCLC.'®!® We therefore consider that the patients with
clinical T1 NO MO NSCLC of high malignant grade, such as
adenosquamous carcinoma, large cell neuroendocrine car-
cinoma, adenocarcinoma with high FDG uptake on PET,
and NSCLC with high carcinoembryonic antigen serum
level, would be preferably treated by lobectomy rather than
segmentectomy, even if the intraoperative lymph node stag-
ing is NO.

Skip metastasis to the mediastinal lymph nodes has been
reported to occur in 20% to 40% of patients with
NSCLC,""*® which could be because some lymphatic flow
from the lung goes directly to the mediastinum through the
pleura and not to the hilar lymph node stations.”! The
present study showed that SNs were identified in the medi-
astinum in 15 (35%) of 43 patients and the lymphatic route
to each mediastinal lymph node station was lobe-specific.
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TABLE 6. Patients who were converted to major lung resection
Histologic SN with Converted

Patient No. Age/sex type Planned segmentectomy metastasis procedure Pathologic TNM

1 70/M Ad Apical segment of RLL No. 13 Lobectomy T1 N1 MO

2 2/M Ad Apical segment of RLL No. M Lobectomy T2 N1 MO

3 80/M Ad Posterior apical segment of LUL No.5 Upper division T1 N2 MO

. segmentectomy

SN, Sentinel node; Ad, adenacarcinoma; RLL, right lower lobe; LUL, left upper lobe.

Therefore, to determine the intraoperative indication for
segmentectomy without using SN identification, not only
hilar lymph nodes but also lobe-specific mediastinal lymph
nodes should be submitted for intraoperative frozen section
diagnosis. The SN identification can target the lymph nodes
among those. ,

The identification rate of SNs was 83% in the present
study, as it was in the data of previous reports by several
authors, that is, 63% to 82%.'*"* We'* previously reported
the results of SN identification in 104 patients with clinical
stage I NSCLC. Of the 104 patients, 15 patients had N1 or
N2 disease. Although SN could be found to have metastases
during the operation in 13 (87%) of those 15 patients, it
produced false negative results in the remaining 2 patients.
One of the 2 patients had T2 tumor and metastasis in the No.
12 nodal station, and the other had T1 tumor and metastasis
in the No. 14 nodal station, which could not be identified as
SN by our procedure because of its intrapulmonary location.
We therefore believe that SN could be identified by our
procedure in most of the patients with T1 NO MO NSCLC.

Although it has been reported that 20% to 25% of pa-
tients with clinical stage 1 disease have mediastinal lymph
node metastasis,”>" the present study showed only 3 (6%)
of 52 patients with N1 or N2 disease. Our procedure for
lymph node dissection was systematic and then yielded 6 +
1.8 nodal stations and 12.5 = 6 lymph nodes to be dissected
per patient. The low number of patients with N1 or N2
disease in the present study is probably due to the institu-
tional setting; that is, most lung cancers in our patients were
found by routine CT examination, resulting in a higher rate
of early-stage NSCLC than usual.

The Lung Cancer Study Group study in 1995 (the only
prospective randomized trial of lobectomy versus limited
resection for T1 NO NSCLC) reported that limited resection

- was inferior to lobectomy regarding death rate and local
recurrence.! However, the study included a significant num-
ber (33%) of wedge resections in the limited resection group
and did not analyze the results of segmentectomy. In addi-
tion, compared with clinical staging in 1995 when the Lung
Cancer Study Group study was reported, it is now more
accurate because of improved CT and FDG-PET technol-
ogy. Therefore, a prospective randomized trial of lobectomy
versus segmentectomy should be performed for ¢-T1 NO

MO NSCLC. The SN navigation segmentectomy, which can
target lymph nodes for intraoperative frozen section diag-
nosis, is a reasonable procedure for determining the final
indication of segmentectomy.
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Symptom evaluation of long-term postoperative outcomes after
pylorus-preserving gastrectomy for early gastric cancer
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Abstract

Background. Since the early 1990s, pylorus-preserving gas-
trectomy (PPG) has been used in the treatment of patients
with early gastric cancer in order to reduce postprandial symp-
toms. To date, there have been few reports of long-term
symptom evaluation following this procedure. The aim of this
study was to evaluate long-term postoperative outcomes after
PPG.

Methods. Three hundred and ninety-seven patients with early
gastric cancer were enrolled in this study: 194 patients who
underwent PPG and 203 who underwent distal gastrectomy
with Billroth-I reconstruction (DGBI). We compared the
symptoms for the two groups in a questionnaire on postopera-
tive functional outcomes, endoscopy findings and the appear-
ance of gallstones after surgery.

Results. The incidence of symptoms suggesting early dumping
syndrome was significantly lower in the PPG group compared
with the DGBI group (P < 0.05). The incidences of disturbed
bowel habit and frequent flatus were significantly lower in the
PPG than in the DGBI group. The average relative body
weight (actual BW/ BW immediately before the surgery) was
significantly better in the PPG than in the DGBI group (P <
0.001).

Conclusion. The long-term results show that PPG has clear
advantages over DGBI in terms of postoperative symptoms
and functional outcomes. These results imply that PPG should
be the recommended procedure for early gastric cancers
located in the middle third of the stomach.

Key words Pylorus-preserving gastrectomy - Postoperative
evaluation - Dumping syndrome
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Introduction

The incidence of early gastric cancer has been increas-
ing for decades, reaching nearly 60% in Japan [1-4].
A conventional distal gastrectomy with lymph node
dissection followed by Billroth-1 -type reconstruction
(DGBI) has been the accepted procedure for early
gastric cancer in the middle third of the stomach [5].
While this treatment has achieved excellent survival,
dumping syndrome, remnant gastritis, reflux esophagi-
tis, and impaired weight gain are common in patients
who have undergone DGBI [6].

The low probability of lymph node metastasis in these
early tumors has allowed limited resections to be used
increasingly [7]. However, the application of limited
surgery without lymph node dissection leads to an
increased likelihood of recurrence. As such, endoscopic
submucosal dissection (ESD) is employed only after
careful selection of T1 tumors whose probability of
nodal metastasis is negligible [7-8].

In recent years, pylorus-preserving gastrectomy
(PPG), known as the Maki operation [9], has been per-
formed in patients with early gastric cancers located in
the middle third of the stomach, in order to preserve
the function of the pylorus as a physiologic regulator of
gastric emptying and to prevent postprandial symptoms.
Theoretically, because this procedure could be a good
solution for postgastrectomy symptoms associated with
conventional procedures, it is currently carried out in
many Japanese hospitals.

Although several reports have evaluated outcomes
following limited resection, the number of cases has
been small, with too short an observation period to
offer definitive evidence of the superiority of these
procedures [10-19].

This study presents results for 194 patients who have
undergone PPG and 203 patients who have undergone
DGBI for early gastric cancer, with more than 3 years’
postoperative data, including symptom scoring.
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Patients and methods

Patients

Clinical data were prospectively recorded according to
The Japanese classification of gastric carcinoma [20]. We
reviewed the case records of consecutive patients treated
by the staff surgeons at the National Cancer Center
Hospital between 1993 and 2000.

A total of 1291 patients with early gastric were
treated, of whom 965 patients underwent PPG or distal
gastrectomy; 380 patients underwent DGBI between
1993 and 1999 and 234 patients underwent PPG
between 1995 and 2000. Between 1993 and 1999, the
Billroth-1 technique was gradually phased out and a
Roux-en-Y reconstruction method was used after distal
gastrectomy. DGBI is no longer used. The first PPG
was carried out at our institute in 1995, and the number
of patients undergoing this procedure has increased
each year.

We identified 234 patients following PPG and 241
patients following DGBI who had undergone at least
one endoscopy and abdominal ultrasonography within
3 years of surgery.

We excluded 20 patients who developed a second
cancer, 2 who died of other causes, 4 who had devel-
oped or died from a gastric remnant cancer, and 8
whose surgery had been performed by surgeons who
did not participate in this study. The gastric remnant
cancers had developed in the remnant gastric body,
not in the remnant pyloric cuff. Questionnaires
identifying postoperative symptoms were sent to 212
patients following PPG and 229 following DGBI.
Finally, 194 patients in the PPG group (mean age,
56.8 years) and 203 patients in the DGBI group (mean
age, 58.7 years) with completed questionnaires were
evaluated.

Operative procedures

PPG. The indication for PPG was early gastric cancer
located in the middle third of the stomach. A pyloric
cuff of 2.5cm to 6.0cm in length was retained. When the
tumor was located in the lower to middle body of the
- stomach, the length of the remnant pyloric cuff was
longer because of the smaller proximal remnant to
make the total volume of the gastric remnant large
enough. The hepatic and pyloric branches of the vagal
nerve, and the right gastric vessels, were preserved up
to the first branch to the stomach wall. The celiac branch
of the vagal nerve and the infrapyloric artery and vein
were also preserved in some patients, with complete
dissection of the subpyloric lymph node and left gastric
or celiac lymph nodes.
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DGBI. All the patients underwent Kocher’s maneuver
to mobilize the duodenum, thereby minimizing the
tension at the gastroduodenal anastomosis. All patients
underwent a D1 +  or D2 lymph node dissection.

Methods of symptom evaluation

Questionnaires to compare the two procedures were
completed at two time points-in 2000 for those who
underwent DGBI or PPG before 1997, and in 2004 for
those who underwent PPG or DGBI between 1998 and
2000.

The questionnaire used in this study consisted of 37
questions for the patients to answer pertaining to gas-
trointestinal complaints and symptoms. The question-
naire asked about postoperative symptoms, including
those corresponding to early dumping syndrome (within
30min after meals; based on the diagnostic criteria for
dumping syndrome established by the Japanese Society
of Gastroenterological Surgery) [21], those related to
late dumping syndrome (2 to 3h after meals [cold sweat,
dizziness, syncope, general malaise, tremor]), and those
associated with disturbed gastric emptying between
meals (abdominal distention, epigastric discomfort,
continuous fullness, continuous nausea, rumbling, heart-
burn, hiccup, belching, continuous abdominal pain).
Other questions, about meal volume, bowel movement,
flatus, and overall satisfaction with the operation were
included in the questionnaire (Table 1).

Postoperative follow-up

Postoperative follow-up included clinical and labora-
tory examinations every 6 months for the first 2 years
and annually thereafter. Body weight was measured
and any changes were recorded. Relative body weight
(present/preoperative) was calculated in each subject.
Endoscopy was performed and the findings graded as
previously reported [22]. Grade B or worse esophagitis
according to the Los Angeles classification was regarded
as positive. Transabdominal ultrasound was performed
as part of the routine follow-up.

Statistical methods

Statistical analyses were performed with SPSS statis-
tical software (Chicago, IL, USA). Student’s t-test
and the x° test were used for comparisons between
the two groups. Statistical significance was defined as
P < 0.05.
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Table 1. Questionnaire survey about postoperative symptoms
established by the Japanese Society of Gastroenterological
Surgery [21]

(1) Early dumping syndrome (symptoms within 30 min after
a meal)
Systemic symptoms
. Do you break into a cold sweat?
. Do you have palpitations?
. Do you have dizziness?
Do you feel numbness or lose consciousness?
. Does your face look red?
Does your face look pale?
. Do you feel hot over the whole body? Do you have a
sensation of heat in the whole body?
8. Do you feel general malaise and weakness?
9. Do you suffer from drowsiness?
10. Do you have headaches or does your head feel heavy?
11. Do you have pain in your chest?

NoUAWLWN =

Abdominal symptoms

. Does your stomach rumble?

Do you have a stomachache?

Do you have diarrhea?

Do you have nausea?

Do you suffer from vomiting?

Do you have abdominal distension?
. Do you have abdominal discomfort?

NoLAwNE

(2) Late dumping syndrome (symptoms a couple of hours
after a meal)

Do you have cold sweats?

Do you have dizziness?

Do you lose consciousness or have convulsions?

. Do you feel general fatigue and/or languor?

Do you have finger tremor?

PECESES

Emptying disturbance (symptoms between meals)
Do you have early satiety?

Do you have a heavy feeling in your stomach?
Do you have nausea?

Do you belch excessively?

Do you have abdominal distension?

Do you have regurgitation?

Do you have heartburn?

. Do you have hiccups?

. Do you have epigastric pain?

™
weNouswRE

Others

. Are you satisfied with your treatment so far?

. Tell us about the size of your daily meals (including
between-meal snacks).

. Tell us about your present bowel habits (diarrhea and
constipation).

. Tell us about any changes in your bowel habit.

. Do you have excessive tlatus?

=
w NS

[N

Results

Patients and operative characteristics

The patients in the two groups were equally matched
(Table 2).
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Questionnaire

The incidences of symptoms corresponding to early
dumping syndrome, including dizziness, stomach rum-
bling, diarrhea, and vomiting were significantly lower in
those who underwent PPG than in those who under-
went DGBI (P < 0.05; Table 3). There were no signifi-
cant differences in the incidence of symptoms of late
dumping syndrome and symptoms associated with dis-
turbance in gastric emptying between the PPG and
DGBI groups (Tables 4, 5). The incidence of bowel
disturbance was significantly higher in the DGBI group
than in the PPG group, excessive flatus was significantly
less common in the PPG than in the DGBI group. There
was no significant difference between the two groups in
average meal volume or in the proportion of those who
felt satisfied or dissatisfied with the operation (Table
6).

Change in body weight

The relative body weights (present/preoperative) were
90.2 £ 9.7% and 93.9 £ 7.3% in the DGBI and PPG
groups, respectively. The loss of body weight was sig-
nificantly less in the PPG group than in the DGBI group
(P < 0.0001 by Student’s r-test; Table 7).

Endoscopic findings

Residual food in the remnant stomach was more fre-
quently observed in the PPG group than in the DGBI
group. There was no significant difference in other
endoscopic findings between the groups (Table 8).

Gallstones

Gallstones appeared following gastrectomy in 10.8% of
those who underwent PPG and in 13.3% of those who
underwent DGBI. There was no significant difference
between the groups (Table 9).

Discussion

Various reconstructive procedures, such as Billroth-1,
Billroth-11, and jejunal pouches [23] have been used in
an attempt to improve the symptoms for patients fol-
lowing distal gastrectomy. Billroth-I and -11 reconstruc-
tions have been performed most commonly because of
their simplicity. However, they often lead to duodeno-
gastric reflux and gastritis and produce symptoms after
distal gastrectomy that adversely affect the quality of
life for these patients [24, 25). The PPG procedure with
vagal nerve preservation can be performed safely with
a low incidence of major complications and a better
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Table 2. Characteristics of the two groups of patients who underwent pylorus-
preserving gastrectomy (PPG) and distal gastrectomy reconstructed by the Billroth-I

method (DGBI)

PPG DGBI

n=194 n =203
Male :Female 121:73 127:76
Resection of stomach 1/2—2/3 2/3
Lymph node dissection D2 —No. 5 D1+ B or D2
Anastomosis Gastro — gastro Gastro — duodenum
Pylorus ring Preserved Absent
Food passage through Yes Yes

duodenum

Hepatic branch of vagus 194 6
Pyloric branch 194 0
Celiac branch 99 4

Table 3. Outcome of the questionnaire on symptoms sugges-
tive of early dumping syndrome

Table 5. Outcome of the questionnaire on symptoms corre-
sponding to gastric emptying disturbance after meals

PPG DGBI PPG DGBI
Symptoms n=194 n =203 P value Symptoms n=1% n=203 P value
Cold sweat 1 2 0.589 Abdominal distension 19 27 0.275
Palpitation 2 4 0.443 Epigastric discomfort 20 15 0.305
Dizziness 0 8 0.005 Continuous fullness 20 26 0.437
Numbness 2 2 0.964 Continuous nausea 1 6 0.065
Facial redness 3 0 0.075 Rumbling 9 3 0.066
Facial pallor 1 1 0.974 Heartburn 14 13 0.748
Heat 4 1 0.161 Hiccup 3 5 0.516
General malaise 4 8 0.274 Belching 14 24 0.119
Sleepiness 8 10 0.701 Continuous 5 3 0.436
Headache 1 6 0.065 abdominal pain
Chest pain 3 5 0.516
Rumbling 7 26 0.001
Abdominal pain 3 10 0.059
Diarrhea 6 26 0.000 Table 6. Outcome of the questionnaire on other symptoms
Nausea 2 8 0.064
Vomiting 0 5 0.028 . PPG DGBI
Abdominal fullness 21 25 0.643 Questions n=19  n=203 P value
Discomfort 16 18 0825 Intake volume < 50% 27 29 0.916
of preoperative value
Bowel disturbance 27 51 0.005
Frequent flatus 94 137 0.000
Overall dissatisfaction 3 3 0.955
with operation
Overall satisfaction 159 150 0.053

Table 4. Outcome of the questionnaire on symptoms sugges-
tive of late dumping syndrome

PPG DGBI
Symptoms n=19% n =203 P value
Cold sweat 1 2 0.166
Dizziness 2 1 0.328
Syncope 0 0 0.974
General malaise 2 9 0.316
Tremor 3 5 0.278

with operation

Table 7. Body weight changes in the two groups of patients

who underwent pylorus-preserving gastrectomy (PPG) and
distal gastrectomy reconstructed by the Billroth-I method
(DGBI})

Relative body weight

PPG DGBI

Present/preoperative (%) 93.9+73 902 +9.7

DGBI vs PPG, P < 0.001
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Table 8. Endoscopic findings in the two groups of patients
who underwent pylorus-preserving gastrectomy (PPG) and
distal gastrectomy reconstructed by the Billroth-I method
(DGBI)

PPG DGBI
Findings n=19 n=203 P value
Esophagitis 12 5 0.143
Gastritis of remnant 24 17 0.191
stomach
Residual food 42 27 0.028
Bile reflux 14 17 0.667

Table 9. Gallstone formation in the two groups of patients
who underwent pylorus-preserving gastrectomy (PPG) and
distal gastrectomy reconstructed by the Billroth-I method
(DGBI)

Incidence Percentage
PPG 21/194 10.8
DGBI 27/203 13.3

DGBI vs PPG, P = 0.449

postoperative outcome than the Billroth-type recon-
structions [2, 6, 26]. However, long-term postoperative
evaluation including symptom scoring has not been
assessed in detail for large numbers of patients follow-
ing PPG.

Most published studies on the functional outcome
after PPG have been performed at 1 year postopera-
tively, with only two studies with late results following
surgery [18, 19]. Kodama et al. [10] reported that early
morbidity did not differ between PPG and DGBI, and
that the most frequent complication was gastric stasis
after PPG. Similar findings were reported in another
study [11-13].

Shibata et al. [19] reported long-term results includ-
ing those for 36 patients after PPG, which revealed that
the occurrence of early dumping syndrome was lower
in the PPG group than in DGBI patients and that there
was no difference between the two groups in body
weight change, food intake, and overall satisfaction with
the operation. Tomita et al. [18] also reported long-term
results, including those for 10 patients 5-years after PPG
without preservation of the vagal nerve. In their study,
the only weakness of the PPG procedure was a sensa-
tion of epigastric fullness due to gastric stasis of food
in the remnant stomach. They also reported that results
showing post-gastrectomy syndrome after the PPG
without nerve preservation were the same as those
after the PPG with nerve preservation. The number of
patients with long-term results after PPG in both these
reports was too small to provide good postoperative
symptom data following the PPG operation.

17

In the present study, nearly 200 patients were subject
to long-term evaluation following PPG. Our study
showed that the incidences of early dumping syndrome
and postoperative body weight loss were significantly
lower in the PPG than in the DGBI group. Contrary to
previous studies, the incidence of gastric stasis with
PPG was the same as that with DGBI [19]. In the long-
term, it may be important to preserve the vagal nerve
for improved gastric emptying.

It has been reported that patients undergoing DGBI

without preservation of the hepatic and pyloric branches

of the vagal nerve are at increased risk of developing
cholecystolithiasis, with an incidence of 10% to 40%
[10]. Nabae et al. [27] suggested that preservation of
pyloroduodenal myoneural continuity during PPG
would help maintain a normal sphincter of Oddi and
gallbladder. The data in our study corroborate these
previous reports [10, 27] in that the incidence of gall-
stones was lower in the PPG group. Almost all patients
with DGBI in the present study underwent gastrectomy
with vagal denervation.

In conclusion, the long-term results indicate that PPG
has some advantages over DGBI in terms of postopera-
tive symptoms, and that the incidence of gastric stasis is
not problematic following PPG. These data suggest that
PPG has an improved postoperative long-term outcome
and should be the recommended procedure for early
gastric cancer located in the middle third of the
stomach. .
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Vascular endothelial growth factor (VEGF) plays an important role
in cancer progression. The receptors of VEGF consist of VEGFRI1
(Flt-1), VEGFR2 (KDR/Flk-1) and VEGFR3 (Flt-4). VEGFRI1 is a
receptor not only for VEGF, but also for placental growth factor
(PGEF), and is associated with tumour progression and neovascu-
larization (Pajusola et al, 1992; Galland et al, 1993; Ferrara &
Davis-Smyth, 1997; Shibuya et al, 1999; Hiratsuka et al, 2001).
Furthermore, there are splicing variants from the original VEGFR1
protein, Kendall and Thomas (1993) reported that soluble VEGFR1
(sVEGFR1) is one of the splicing variants derived from the
membrane penetrating type VEGFRI protein, and therefore there
is considerable difference between the soluble protein and the one
in this study. The sVEGFR1 competitively inhibits the binding
between VEGFR1 and its ligands, such as VEGF and PGF.
Moreover, Clark et al (1998) reported that sVEGFR1 exists
specifically in serum from pregnant women, and does not exist
in serum from men and nonpregnant women. For that reason we
did not assess sVEGFRI protein in this study.

Recently, Kaplan et al (2005) reported that bone marrow
progenitor cells expressing VEGFR1 play an important role in the
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|dentification of an isolated tumour cell with metastatic ability is important for predicting the recurrence and prognosis of gastric
cancer. A biological marker for evaluating the metastatic ability of gastric cancer cells has not yet been identified. We assessed vascular
endothelial growth factor receptor-I mRNA expression by quantitative real-time reverse transcriptase-polymerase chain reaction.
Vascular endothelial growth factor receptor-1 mRNA in peripheral blood was more highly expressed in perioperative metastasis-positive
and postoperative recurrence cases than in normal control cases, early cancer cases and nonmetastatic advanced cancer cases. The
peripheral blood vascular endothelial growth factor receptor-I mRNA-positive group was associated with advanced clinical stage, deep
invasion beyond the muscularis propria, lymphatic involvement, vascular involvement, lymph node metastasis, positive peritoneal
lavage cytology, preoperative metastasis and postoperative recurrence. Flow cytometry analysis disclosed that vascular endothelial
growth factor receptor-| expressing cells in the peripheral blood were more abundant in cancer cases with metastases than in cases
without metastases. Our data suggest that the amount of positive cells may provide information on the clinical features of gastric
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development of malignant metastatic foci. Their finding suggests
that VEGFR1-expressing cells in the bone marrow or peripheral
blood may be related to cancer metastasis and recurrence. There
have been no reports studying the clinical and pathological
significance of VEGFRI mRNA expression in the bone marrow and
peripheral blood of cancer patients up to the present time. We
have therefore studied its significance in gastric cancer patients,
and have demonstrated that patients with high VEGFRI mRNA
expression in bone marrow or peripheral blood have significantly
higher metastasis and recurrence rates than those with low
VEGFRI mRNA expression.

MATERIALS AND METHODS

Patients

Ninety gastric cancer patients who underwent surgical treatment in
the National Cancer Center Hospital, Japan, from 2001 to 2004
were enrolled in the study. Sixteen patients with no history of
cancer, who underwent abdominal operation in our hospital from
2001 to 2004, were recruited as noncancer controls. The mean
postoperative period was 9.8 months, ranging from 4 to 24 months.
The clinical stages and pathologic features of primary tumours
were defined according to the criteria of the Japanese classification
of gastric carcinoma (Japanese Research Society for Gastric
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Cancer, 1999). The ages of the 68 male and 38 female patients
ranged from 31 to 85 years. Written informed consent was
obtained from all patients. The total 106 patients were divided into
the following four groups: group 1 consisted of noncancer patients
(n=16); group 2 consisted of early cancer patients, with tumours
that had invaded less than the entire submucosal layer (n=30);
group 3 consisted of advanced cancer patients, where there was
evidence of deep invasion beyond the muscularis propria and no
preoperative distant metastasis (n=30); and group 4 comprised
patients with metastasis and recurrence, where there were distant
metastases at the time of operation (ie., liver and/or lung
metastasis, peritoneal dissemination) (n=18), or, patients up to
April 2005, who developed postoperative recurrence (i.e., perito-
neal dissemination and distant metastasis) (n=12). Additionally,
the 18 gastric cancer patients with metastases at the time of
operation had palliative therapies (gastrointestinal reconstruction
and control of bleeding), to improve patient quality of life.

Bone marrow and blood sampling

Aspiration of both peripheral blood and bone marrow was
conducted under general anaesthesia immediately before surgery.
The bone marrow aspirate was obtained from the sternum using a
bone marrow aspiration needle (MDTECH, Gainesville, FL, USA),
and peripheral blood was obtained through a venous catheter. The
first 1 ml of both peripheral blood and bone marrow was discarded
to avoid contamination by epidermal cells. A 1ml sample of
peripheral blood and bone marrow was each immediately mixed
vigorously with 4ml of ISOGEN-LS (NIPPON GENE, Toyama,
Japan) and stored at —80°C until RNA extraction.

Total RNA extraction and first-strand cDNA synthesis

Total RNA was extracted according to the ISOGEN-LS manufac-
turer’s protocols. All the clinical samples obtained from the
National Cancer Center Hospital were sent to our institute. The
reverse transcriptase reaction (RT) was performed as described
previously (Mori et al, 1995; Masuda et al, 2002). First-strand
¢DNA was synthesized from. 2.7 ug of total RNA in a 30ul
reaction mixture containing 5ul 5x RT reaction buffer (BRL,
Gaithersburg, MD, USA), 200 um dNTP, 100 uM solution random
hexadeoxynucleotide primer mixture, 50U of RNasin (Promega,
Madison, W1, USA), 2 ul 0.1 M dithiothreitol and 100 U of Molony
murine leukaemia virus RT (BRL). The mixture was incubated at
37°C for 60 min, heated to 95°C for 10 min, and then chilled on ice.

Quantitative RT-PCR

The sequences of VEGFR1 mRNA were as follows: sense primer, 5'-
TCATGAATGTTTCCCTGCAA-3'; and antisense primer, 5-GGAG
GTATGGTGCTTCCTGA-3'. Ribosomal protein $27a (RPS27A) was
used as an internal control. The sequences of RPS27A primers were
as follows: sense primer, 5-TCGTGGTGGTGCTAAGAAAA-3; and
antisense primer, 5-TCTCGACGAAGGCGACTAAT-3'. Real-time
monitoring of PCR reactions was performed using the Light-
Cycler™ system (Roche Applied Science, Indianapolis, IN, USA)
and SYBR green 1 dye (Roche Diagnostics). Monitoring was
performed according to the manufacturer’s instructions, as
described previously (Masuda et al, 2003; Ogawa et al, 2004). In
brief, a master mixture was prepared on ice, containing 500 ng of
cDNA of each gene, 2l of LC DNA Master SYBR green I mix,
50 ng of primers and 2.4 ul of 25 mm MgCl,. The final volume was
then adjusted to 20 ul with water. After the reaction mixture was
loaded into the glass capillary tube, PCR was carried out under
the following cycling conditions: initial denaturation at 95°C
for 10 min, followed by 40 cycles of denaturation at 95°C for 8s,
annealing at 68°C for 8s and extension at 72°C for 2s. After
amplification, the products were subjected to a temperature
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gradient from 72 to 95°C at 0.1°C/s, under continuous fluorescence
monitoring to produce a melting curve of the products.

Flow cytometry analysis

To determine VEGFR1 protein expression in peripheral blood, we
obtained preoperatively 10ml of heparanized peripheral blood
from gastric cancer patients with or without distant metastasis.
Blood mononuclear cells were obtained by Ficoll density
centrifugation at 1500g for 30min. Phycoerythrin-conjugated
monoclonal antibody against human VEGFR1 was purchased
from R&D Systems (Minneapolis, MN, USA). Mononuclear cells
(1 x 10%) were stained with VEGFR1 antibody after Fc receptor
blocking, and analysed by the BD FACS Vantage™ SE flow
cytometry system. The data were analysed using CellQuest soft
ware (BD Biosciences, San Jose, CA, USA).

Data analysis

The expression levels of VEGFRI and RPS27A mRNA were
determined by comparison with the cDNA from Human Universal
Reference Total RNA (Clontech, Palo Alto, CA, USA). After
proportional baseline adjustment, the fit point method was
employed to determine the cycle in which the log-linear signal
was first distinguishable from the baseline, and then that cycle
number was used as a crossing-point value. The standard curve
was produced by measuring the crossing point of each standard
value and plotting it against the logarithmic value of the
concentrations. Concentrations were calculated by plotting their
crossing points against the standard curve, and were adjusted by
RPS27A content. Taking into consideration the clinical application
of the current study, the 95% confidence interval was used as the
upper limit of a normal case cutoff value (bone marrow, 0.12;
peripheral blood, 0.059). The 95% value of a normal case according
to the reference intervals of the Clinical and Laboratory Standards
Institute (Sasse, 2000) was established, and the reference limit was
regarded as the cutoff value. Levels higher or lower than the cutoff
value were considered ‘positive’ and ‘negative’, respectively. The
sensitivity and specificity of the data were determined to evaluate
the legitimacy of the cutoff value.

Statistics

For continuous variables, the data were expressed as the
mean + s.d. The relationships between VEGFRI mRNA expression
and the clinicopathological factors were analysed using the x*-test
and Kruskal-Wallis test. All tests were analysed using JMP
software (SAS Institute Inc., Cary, NC, USA). Statistical signifi-
cance was determined from two-sided tests as P<0.05.

RESULTS

Expression of VEGFRI mRNA in peripheral blood and
bone marrow of surgical gastric cancer patients

Figure 1 shows peripheral blood VEGFRI mRNA levels of the four
groups. In peripheral blood, the mean expression level of VEGFRI
mRNA in group 4 (0.099+0.055) was significantly higher than
all other groups (P<0.0001; group 1 (0.033+0.05), group 2
(0.044 +0.039) and group 3 (0.045 1 0.039)). It is of note that there
was no significant difference in VEGFRI expression levels in the 18
cases with metastasis at the time of operation compared with the
12 cases with postoperative recurrence; however, 30 cases with
recurrence/metastasis expressed a significantly higher level
of VEGFRI! than the 60 gastric cancer cases without metastasis/
recurrence (Figure 2). In bone marrow samples, there was no clear
relationship between the expression level of VEGFRI mRNA and
the progression of gastric cancer cases.

© 2007 Cancer Research UK
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Figure | VEGFR!I mRNA expression in peripheral blood from gastric
cancer cases. Group | consisted of noncancer patients (n = 16). Group 2
consisted of early cancer patients, with tumours that invaded less than the
sub-mucosal layer (n = 30). Group 3 consisted of advanced cancer patients,
where there was evidence of deep invasion beyond the muscularis propria
and no preoperative distant metastasis (n=30). Group 4 was the
metastasis and recurrence patient group, where there were distant
metastases at the time of operation (ie, liver and/or lung metastasis,
peritoneal dissemination) and who developed postoperative recurrence
(e.g. peritoneal dissemination and distant metastasis) (n = 30). The mean
expression level of VEGFRI mRNA in group 4 was significantly higher than
all other groups (P<0.0001, respectively).

VEGFR1 expression and clinicopathological features of
gastric cancer patients with surgery

The correlations between the results for the VEGFRI mRNA levels
and clinicopathological variables are summarized in Table 1. By
the predetermined cutoff values for bone marrow, 0.12, and
peripheral blood, 0.059, of the 90 patients there were 23 (25.6%)
and 34 (37.8%) estimated to be positive for VEGFR1 mRNA in
bone marrow and peripheral blood, respectively. Sensitivities with
these cutoff values were 66.7% in peripheral blood and 46.7% in
bone marrow, and specificities were 76.7% in peripheral blood and
85.0% in bone marrow. In the peripheral blood, a significantly
higher number of VEGFRI mRNA positive cases belonged to the
following clinical subgroups: those in stages 3 and 4 (P<0.001),
invasion deeper than the muscularis propria (P<0.01), lymphatic
involvement (P<0.001), vascular involvement (P <0.0001), lymph
node metastases (P<0.0001), positive peritoneal lavage cytology
(P<0.001), perioperative overt metastases (e.g., liver or lung
P<0.05) and postoperative recurrence (P<0.01). In contrast, in
bone marrow, there was a significant difference observed that
correlated with the pathological stage (P<0.05), the incidence of
lymphatic involvement (P<0.05), lymph node metastases
(P<0.01), positive peritoneal lavage cytology (P<0.05) and the
presence of postoperative recurrence (P<0.01).

VEGFRI1 expression in blood by flow cytometry

According to flow cytometry analysis, VEGFR1-positive cells in the
lymphocytes and monocytes of mononuclear cells isolated from
the peripheral blood of gastric cancer patients with metastasis
were increased over patients without metastasis (9.8. vs 2.5% in
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Figure 2 VEGFR! expression with or without metastasis and recurrence.
There is no significant difference between patients with metastasis at the
time of operation and patients with postoperative recurrence. The higher
VEGFR! expression was observed in patients with metastasis pre- and
postoperatively in comparison with gastric cancer patients without
metastasis (P <0.0001, respectively).

representative study case) (Figure 3). In particular, VEGFRI1-
positive cells in the fraction of monocytes in FS/SS plots were more
abundant in the metastatic patient (9.7%) than in the nonmeta-
static patient (2.4%).

DISCUSSION

In this study, we studied VEGFR! mRNA expression in the bone
marrow and peripheral blood of patients with gastric cancer.
Patients with metastases and/or recurrence expressed higher levels
of VEGFRI mRNA in the peripheral blood than nonmetastatic and
nonrecurring patients. Patients with a high level of VEGFR1 mRNA
expression in peripheral blood showed deeper tumour invasion in
the primary organ, positive vascular vessel or lymphatic vessel
invasion, positive lymph node metastasis and positive peritoneal
lavage cytology. Thus, the expression of VEGFRI mRNA in the
peripheral blood may be associated with metastasis and recurrence
of gastric cancer.

The source of VEGFRI mRNA in peripheral blood or bone
marrow in gastric cancer patients has not yet been elucidated.
We initially speculated that the original cells expressing VEGFR1
in gastric cancer patients are the haematopoietic progenitor cells
(HPCs). Lyden et al (2001) reported that the progression of
tumour vessels needs the cooperation of VEGFR1-positive HPCs
and VEGFR2-positive endothelial progenitor cells. In addition,
Kaplan et al (2005) reported that bone marrow-derived HPCs
express VEGFR1 home to tumour-specific premetastatic sites, and
form cellular clusters that provide a permissive niche for incoming
tumour cells before the arrival of tumour cells. Another possible
source may be mature vessel-derived endothelial cells, which
might be the largest source of VEGFR1-expressing circulating
endothelial cells (CECs) (Mancuso et al, 2001; Beerepoot et al,
2004). Contrary to our expectation, there was no significant difference
in the number of VEGFR1-expressing cells of CD133*/~ CD31%
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Table | Relationship between clinicopathclogical variables and the VEGFRI mRNA expression in peripheral blood bone and marrow from gastric cancer
cases
VEGFRI -bone marrow YEGFRI -peripheral blood
Positive Negative Positive Negative
Features n (n=123) (n=67) P value n (n=134) (n=56) P-value
Sex
Male 6l 16 45 0.83 6l 26 35 0.17
Female 29 7 22 29 8 21
Age (meanzs.d) 627+134 596+ 111 0.14 625+ 112 592412 0.l
Stage
| and 2 55 9 46 <005 55 13 42 <0.001
3 and 4 35 14 21 35 21 14
Invasion depth
Slighter than submucus 28 4 24 0.09 28 S 23 <00l
Deeper than muscularis propria 60 19 43 62 29 33
Lymphatic involvement
Negative 58 ’ 10 48 <005 58 14 44 <0001
Positive 32 13 19 32 20 12
Vascular involvement
Negative 65 14 51 0.16 65 16 49 < 0.0001
Positive 25 9 16 25 18 7
Lymph node metastasis
Negative 62 10 52 <00l 62 15 47 <0.0001
Positive 28 13 15 28 19 9
Peritoneal lavage cytology
Negative 71 14 57 <005 71 20 51 <0.00!
Positive 19 9 10 19 14 S
Peritoneal dissemination
Negative 82 20 62 0.42 82 30 52 046
Positive 8 3 5 8 4 4
Perioperative overt metastasis
Negative 72 16 56 0.15 72 23 49 <005
Positive 18 7 h 18 I 7
Postoperative recurrence
Negative 78 16 62 <001 78 25 53 <00l
Positive 12 7 5 12 9 3

s.d. = standard deviation.

cells except the monocytes between a gastric cancer patient with
metastasis and a patient without metastasis (data not shown). Our
present study revealed that the original cells producing VEGFR1
may be monocytes. Bone marrow and peripheral blood samples
contain many white blood cells, including monocytes, in addition to
a few circulating CECs or HPCs. In patients with advanced cancer,
IL-10 or IL-12 are expressed more frequently than in patients with
early cancer or normal volunteers (Sugai et al, 2004). These findings
indicate that the monocyte-macrophage lineage is activated in
patients with advanced cancer, and VEGFRI may be expressed by
this lineage (Sawano et al, 2001). In general, the metastatic pathway
in gastric cancer is not haematogenous, and therefore, the
responsible cells expressing VEGFR1 may be monocytes and not
HPCs and CECs. A last possibility is that VEGFR1 originates from
circulating cancer cells in the bone marrow or peripheral blood (Fan
et al, 2005; Yang et al, 2006). However, the number of circulating
cancer cells is very low, which allow us to ignore the possibility that
cancer cell are the origin of VEGFRI1 expression.

To our knowledge, this study is the first to describe the
detection of VEGFRI mRNA in the circulating blood of cancer
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patients. It will be very important to determine in advanced cases
which cells produce VEGFRI' mRNA in the peripheral blood. In
brief, using flow cytometry analysis to detect VEGFR1-expressing
cells in blood, we found that the number of VEGFR1-positive cells
in peripheral blood was distinctly larger in a gastric cancer case
with metastasis than in a case without metastasis. In gastric cancer
cases with metastases, VEGFR1-positive monocytes were more
abundant than the other cells, including CECs and HPCs. Because
there are much fewer CECs and HPCs than monocytes, the
VEGFRI mRNA which we detected in this study may be of
monocyte origin. That VEGFR1-positive HPCs and CECs may also
contribute to gastric cancer progression has been supported by
several reports. Additional study is needed to verify the function of
individual VEGFRI1-expressing cells.

In conclusion, the evaluation of VEGFRI mRNA in the
peripheral blood samples of gastric cancer patients could be very
important, because it may be a valuable marker for cancer
metastasis or recurrence. When considering the clinical
application of this marker, it is a fortuitous finding, because
from a practical standpoint, it is easier to obtain peripheral

© 2007 Cancer Research UK
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Figure 3 VEGFR/! expression in blood of gastric cancer cases with or without metastasis. The number of VEGFRI-positive cells in a representative gastric
cancer case with metastasis was more abundant (9.8%) than a case without metastasis (2.5%). Particularly, VEGFR! -positive cells in the fraction of monocytes
in FS/SS plots were more abundant than those cells in the fraction of lymphoid cells.

blood samples than bone marrow samples. In addition, our final
goal will be to evaluate the protein level of VEGFR1 in blood
samples of cancer patients, to determine its practical use as a
tumour marker.
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Although its incidence is decreasing
worldwide, gastric cancer is sdll
a major cause of death. There is
remarkable geographic variation, with
60 per cent of cases arising in Eastern
Asia. In Japan and Korea, public access
to endoscopy is assured and almost
half of newly diagnosed patients are
detected at an early stage. Surgeons
in these countries have been able to
develop new and exciting minimally
invasive therapeutc options. In the
West, on the other hand, most
patients still present with advanced
disease and the treatment options
are limited. Furthermore, Western
patients are often obese and unfit for
surgery, making optimal gastrectomy
difficult. Wherever they are in the
world, however, surgeons must lead
the treatment strategy for potentially
curable gastric cancer because without
resection there will be no cure.
Depth of tumour invasion (T) and
lymph node metastasis are the most
important prognostic factors, and
they correlate closely with each
other!. Clinical staging of lymph
node status is unreliable, especially for
early tumours, while the preoperative
diagnosis of T1, and intraoperative
distinction between T'1/2 and T3/4,
can be made quite accurately. So,
unless extensive nodal metastasis is
clinically evident, the T-stage serves
as a key factor in therapeutic planning.
T1 tumours, or early gastric can-
cers, have a low risk of nodal metas-
tasis and a gastrectomy with lim-
ited lymphadenectomy is sufficient
for cure. Pylorus- and/or vagus-
preserving gastrectomy, and laparo-
scopic surgery, are recent options in
Japan and Korea. Some T1 tumours

are even resected at endoscopy, with-
out surgery?. The rationale for endo-
scopic mucosal resection derives from
a meticulous analysis of the lymph
node status of a large number of
patients treated by gastrectomy; when
an endoscopically resected tumour
satisfies certain criteria, one can be
confident that the patient is very
unlikely to have nodal metastasis
because hundreds of tumours in the
same category have had no associated
nodal metastasis. Surgeons should be
aware of this option for early tumours,
since the avoidance of gastrectomy has
significant quality of life benefits for
patients.

T2 gastric cancer might be regarded
as localized disease, but it is associated
with more frequent (over 50 per cent)
and extensive nodal metastasis than
T1, so sufficient lymphadenectomy
should be planned. Systematic dissec-
tion of the nodes around the coeliac
artery and its branches (D2) permits
resection of the positive nodes associ-
ated with most T2 tumours. Hepatic
metastases are rare. T'1 and T2 gastric
cancers are localized lesions that can
be cured by surgery alone, and sur-
geons should take that responsibility.

Once the tumour penetrates the
serosa (13) or invades adjacent organs
(T4), it begins to spread by routes
other than the lymphatic system,
notably through peritoneal dissem-
ination and in the portal--hepatic
blood. Furthermore, lymph node
metastasis from T3/4 tumours some-
times overwhelms the regional net-
work, with cancer cells entering the
systemic circulation to cause bone and
lung metastases. These are effectvely
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beyond the surgeon’s reach. In addi-
tion to these metastases, the primary
lesion becomes larger and more infil-
trative and the chance of obtaining an
RO resection diminishes. As a conse-
quence, more than half the patients
with T3/T4 tumours develop local or
systemic recurrence of disease, which
is almost always fatal.

Some surgeons are inclined to
regard T3 and T4 gastric cancers
as incurable, but the role of surgery
should not be underestimated, even
at these stages. Some local recur-
rence may be prevented by careful
gastrectomy. Gastric and duodenal
stump recurrence at least should be
preventable by careful pre- and intra-
operative histological examination of
the resection margins. Other local
recurrence can be attributed to resid-
val lymph node metastasis around
the coeliac artery. Complete clear-
ance of the tumour-bearing nodes by
D2 lymphadenectomy should dimin-
ish this problem and prolong survival.
Japanese surgeons have believed this
to be so for many years and two recent
randomized controlled trials have
now provided evidence to support
the ‘D2 concept’ both directly and
indirectly. One is the Taipei single-
institution study comparing D1 and
former D3 (current D2); this was
completed without operative mortal-
ity and showed a significant survival
benefit for D23. The other is the
American Intergroup study in which
chemoradiation therapy to the gastric
bed after limited lymphadenectomy
(D0/D1) significantly decreased the
local recurrence rate and increased
long-term survival*. This can be

British Journal of Surgery 2007; 94: 263264
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interpreted as showing that radiother-
apy eliminated residual lymph node
metastasis, which would have been
removed by D2 resection.

The Intergroup study seems to
have changed the standard care for
gastric cancer in the USA, but its
impact has been weak in Japan and
Korea, where D2 lymphadenectomy
is routinely and safely performed,
and where local recurrence is not a
major pattern of relapse. D2 lym-
phadenectomy is, however, techni-
cally demanding, with a pronounced
learning curve. Patent fitness for
surgery is another important factor for
a safe operation, and patient obesity
hampers the performance of even the
most experienced surgeons’. When a
safe D2 procedure cannot be expected
due to any of these factors, adju-
vant chemoradiotherapy might prove
an adequate substitute. Surgeons now
have alternatives for local tumour
control and it is they who should
assume responsibility for designing
the best treatment for each patient.

Many randomized trials of adju-
vant chemotherapy have failed -to
produce solid evidence of effect
in padents with resectable cancers
who are at high risk of systemic
recurrence. However, the MAGIC
trial in Europe has recently shown
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that a significant survival benefit
accrues from peri-operative combi-
nation chemotherapy®. The role of
lymphadenectomy is obscure in this
trial because it was not standard-
ized and simply left up to the choice
of the individual surgeon. One must
interpret the results as demonstrating
that peri-operative chemotherapy has
enough power to offset the influence
of surgical diversity. Since the publi-
cation of this trial it has become more
important than ever for surgeons to
consider the treatment options for
their patdents before they operate.

In conclusion, the result of treat-
ment for locally advanced gastric
cancer is the sum of the effect of
local tumour control by surgery, with
or without radiotherapy and/or sys-
temic chemotherapy. The role of each
treatment modality varies according
to the stage of disease, individual
patient risk, surgical volume, available
chemotherapy regimens and quality
of radiotherapy. Evidence of the effect
of different combinations of treat-
ments should be established for each
clinical circumstance and surgeons
should play a key role here.
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Abstract

The results of clinical trials regarding surgery of curable ad-
vanced gastric cancer and esophagogastric junction (EGJ)
tumors are reviewed and summarized. Four dlinical trials
have evaluated D2 dissection for curable gastric cancer in
the West. Two large trials in the UK and the Netherlands
failed to prove the efficacy of D2 dissection. However, these
trials had critical weak points. As they were carried out in a
number of hospitals where there was no experience with
this surgery, the quality of surgery and postoperative care
were very poor making the hospital mortality unacceptably
high. After these trials, an [talian group started a phase |i
study in 8 hospitals with a relatively high volume to confirm
the safety of this procedure for Caucasians. They achieved
3% mortality, which was much smaller than that of even D1

in the former trials. These results first highlighted the impor-

tance of learning and hospital volume in D2 dissection. Sur-
vival results of the Dutch trial showed some difference be-
tween D1 and D2, but the difference was not statistically
significant. This was attributed to the high hospital mortal-
ity and poor quality of surgery, especially low compliance of
D2 and the high rate of extension of D1, making this com-
parison similar to that between D1,3 and D1.7. The results of

the phase il study by the Italian group are awaited., Recently
a Taiwanese trial proved the benefit of D2 dissection over D1 -
in a phase Il trial. This was a single institutional trial with a
sample size of 221 patients. The 5-year survival rate of D2 and
D1 was 59.5 and 53.6%, respectively (p = 0.04). The Dutch tri-
als for EGJ tumors showed a large difference in overall sur-
vival between the transthoracic and transhiatal approach for
Siewert type 1 and 2 tumors, but this was not statistically
significant, most likely due to the small sample size. In the
subgroup analysis, they demonstrated that there was no sur-
vival difference In Siewert type 2 but a large difference in
Siewert type 1. A Japanese study showed that there is no
benefit to the thoraco-abdominal approach over the trans-
hiatal approach for EGJ tumors whose invasion in the esoph-
agus is 3 cm or less. These two trials clearly demonstrat-
ed that mediastinal dissection through a right thoracotomy
is recommendable for Siewert type 1, while the trans-
hiatal approach should be considered as standard for Siew-
erttype 2. Copyright © 2007 S, Karger AG, Basel

Background

In the guidelines of the Japan Gastric Cancer Asso-
ciation, standard surgery for curable advanced gastric
cancer is defined as a more than 2/3 gastrectomy with
D2 dissection [1]. With the results of several important
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Table 1. Morbidity and mortality after D2 dissection and hospital volume

Trial Type n Number of patients  Mortality Morbidity Reference

' : per hospital per year % %

Hong Kong RCT 30 7.5 3 57 Robertson etal. [7]
MRC RCT 200 15 13 46 Cuschieri et al. [8]
Dutch RCT 331 1.0 10 43 Bonenkamp et al. (2]
Taiwanese RCT 211 18.5 0 17 Wu et al. [16]
1GCSG Phase II 191 8.0 3 21 Degiuli et al. {4)
1GCSG RCT 82 4.3 0 16 Degiuli et al. [6]
Italian study Retro 451 21.5 -2 17 Roviello et al. [9)

RCT = Randomized controlled trial; MRC = Medical Research Council; IGCSG = Italian Gastric Cancer

Study Group.

clinical trials, not only in surgery but also multidisci-
plinary treatment, this policy of the Japanese guidelines
might be challenged. In this article, the Japanese per-
spective of curative surgery for advanced gastric cancer
is explained.

Results of European Trials

There have been four European clinical trials on D2
dissection for curable gastric cancer [2-5]. Three of them
were phase I11 trials and the remainder was the only phase
1I trial in the world. The phase III trials were carried out
by the Medical Research Council (MRC) [3], the Dutch
Gastric Cancer Group (DGCG) (2] and the Italian Gas-
tric Cancer Study Group (IGCSG) [5]. The first two trials
have already shown negative results, while the long-term
 results of the last one are awaited. After the first two large
phase III trials showed quite high hospital mortality after
D2 dissection on Caucasians, the IGCSG started with a
phase II study to confirm the safety of the D2 dissection
in their population [4].

Morbidity and Mortality of D2 Dissection in

These Trials

The Dutch and the MRC studies showed extremely
high hospital mortality after D2 dissection, 10 and 13%,
respectively. Such a high mortality is no longer accepted
for any cancer surgery today. These results were heavily
criticized and attributed to a verylow hospital volume [6].
Table 1 shows the clear negative correlation between hos-
pital volume and hospital mortality after D2 dissection
in the literature. This high mortality was also attributed
to splenectomy and pancreatectomy. Especially in the

102 Dig Surg 2007;24:101-107

MRC trial, many surgeons thought that D2 distal gastrec-
tomy included splenectomy, and splenectomy was carried
out in many distal gastrectomy cases [10]. This was based
on the misunderstanding of the definition of D2 gastrec-
tomy by the Japanese Research Society for Gastric Cancer
{11]. In Japan, splenectomy was included in D2 dissection
only when a total gastrectomy was carried out. Together
with thorough lymph node dissection of the lesser curva-
ture, splenectomy causes serious ischemia of the remnant
stomach, necrosis of the remnant stomach or anastomot-
ic leakage. This was also the case in the DGCG trial [12].
In the multivariate analysis of hospital mortality, sple-
nectomy was one of the factors most responsible for mor-
tality. The lack of experience in treating major surgical
complications after D2 dissection, namely, anastomotic
leakage, pancreatic fistula (juice leak) or intra-abdominal
abscess, led to a much higher mortality than a Japanese
specialist center where a few hundred patients were treat-
ed yearly (table 2) [6]. With less than a few cases yearly,
surgeons can never learn how to treat these major com-
plications to avoid treatment-related death. This high
mortality after D2 dissection in the Dutch trial might
also be attributed to the greater fragility of the Dutch
compared with the Japanese. However, the results of an-
other Dutch trial comparing a transthoracic esophago-
gastrectomy via right thoracotomy with a transhiatal
approach for esophagogastric junction (EGJ) tumors
showed a much lower mortality in the both treatment
arms, 4% for the former and 2% for the latter [13). This
trial was carried out exclusively in two major cancer hos-
pitals which have a reasonably high hospital volume. This
suggests that high mortality in the D1/D2 trial was not
attributed to the fragility of the Dutch patients but to the
very low hospital volume.

Sasako/SakalFukagawalKatéi/ Sano



Table 2. Mortality after postoperative major surgical complications

Complication

Dutch trial (n = 711) NCCH trial (1982-1987;n=1,197) p
deceased affected % deceased affected %
patients  patients patients  patients
Leakage 19 46 413 12 84 143 0.0005
Distal 9 22 40.1 2 23 8.7 0.012
Total 10 24 - 41.7 10 60 16.7 0.0047
Abscess or pancreatic fistula 19 © 91 20.9 2 75 27 0.0004

NCCH = National Cancer Center Hospital.

After these two trials with dismal short-term results,

the IGCSG started a phase 1I trial to confirm the safety.
Actually a 3% mortality was found in 8 hospitals with a
total of 191 patients [4]. They avoided the routine use of
distal pancreatectomy in cases of total gastrectomy; in-
stead they adopted pancreas-preserving total gastrecto-
my, the so-called Maruyama technique [5]. Thus they
avoided splenectomy in distal gastrectomy and distal
pancreatectomy in total gastrectomy. The morbidity and
mortality shown by the phase II study was confirmed by
the results of the interim analysis of the IGCSG phase I1I
trial. Hospital mortality was 1.3% after D1 but 0% after
D2 gastrectomy in this study [6].

Survival Results after D2 Dissection

In the MRC trial, the survival curve of D2 was never
better than that of D1 until the end of the trial. In the
Dutch trial, the survival curve of D2 caught up with that
of D1 after 4 years and remained superior, but the differ-
ence between D1 and D2 survival never reached statisti-
cal significance. Practically, in the MRC trial, there was
no quality control of surgery and the quality seemed poor
due to the mortality. In the Dutch trial, there were sev-
eral efforts to control the quality of performance includ-
ing direct tuition of the D2 dissection in the operation
theater and quality evaluation by the number of dissected
nodes. According to their results, there were many cases
in the D1 group where more extended dissection than D1
was actually carried out and many patients in the D2
group underwent less than D2 dissection [14]. Eventually
they compared D1.3 versus D1.7, for example, minimiz-
ing the difference between the arms. Low-quality surgery
together with a much higher mortality immediately after
surgery could explain why D2 dissection was not found
to be beneficial. In fact, the Italian group showed much
better survival results in their phase II trial than those of
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the Dutch trial [15). The 5-year survival rates for stages
IA, IB, I1, ITIA and I1IB were 93, 88, 60, 40 and 20%, re-
spectively, while those in the Dutch trial were 81, 61, 42,
28 and 13%, respectively. Survival results of the phase III
study by the IGCSG are awaited.

Results of Taiwanese Trial

Recently a Taiwanese hospital published the results of
a phase III study comparing D1 versus D2/3 surgery for
curable gastric cancer in a single institution [16]. Their
D3 includes lymph node stations in the hepatoduodenal
ligament, on the superior mesenteric vein, behind the
common hepatic artery and on the posterior pancreatic
surface in addition to D2 dissection, according to the 1st
English Edition of the Japanese Classification of Gastric
Carcinoma [17). They showed statistically significant im-
provement in survival by D2/3 surgery over D1. The 5-
year overall survival of D2/3 and D1 was 59.5 and 53.6%,
respectively (p = 0.04; fig. 1). This study included only
three surgeons at a single institution, therefore the qual-
ity of surgery in this study seemed to be more identical
than in multicenter trials. This is the first randomized
controlled study which showed significantly better over-
all survival of D2/3 surgery than D1 in the world. There
are several remarkable differences between this study
and the Dutch study. Due to the much higher hospital
volume and good quality control at a single institution,
the hospital mortality after D2/3 was 0% in this study,
while it was as high as 10% in the Dutch trial. More pa-
tients in the Taiwanese study had antral tumors and un-
derwent distal subtotal gastrectomy than the Dutch trial.
The proportion of those who underwent distal subtotal
gastrectomy in this study and the Dutch study was 76 and
66%, respectively. Due to the rather small sample size and
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