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Table 1 Clinical characteristics and perioperative outcomes of the
five patients

Factors

Sex (male:female) 4:1

60 (53-86)
199 (175-259)
330 (300-730)

Age (years)*
Operating time (min)*
Blood loss (g)*

Number of retrieved lymph nodes* 13 (11-22)
First solid food intake (postoperative days)* 4 (4-5)
Postoperative hospital stay (days)* 13 (11-14)
Postoperative death 0
Postoperative complications 1
Anastomotic leakage or stricture 0
Reflux esophagitis 1

*Results are expressed as median (range) values

postoperative death or major postoperative complications
such as anastomotic leakage or stricture. One patient
complained of heartburn 1 month after discharge and
endoscopic examination confirmed reflux esophagitis,
which was treated effectively with camostat mesilate
(Foipan®).

Discussion

The epidemiology, pathogenesis, treatment, and prognosis
of remnant gastric cancer after distal gastrectomy are well
documented [11-14]; however, there is limited information
on these subjects after proximal gastrectomy, which is a
relatively new strategy not performed as often as distal
gastrectomy[1, %]. Our last two studies found a higher
incidence of metachronous cancer in the gastric remnant
after proximal gastrectomy than after distal gastrectomy [6,
9]. This implies that more cases of gastric remnant cancer
will be encountered after proximal gastrectomy as it
becomes widely accepted as a standard procedure and the
surgical numbers increase [1, 2].

In gastric remnant cancer following distal gastrectomy
with Billroth-II reconstruction, tumor infiltration to the
jejunum is often accompanied by lymph node metastasis in
the mesentery, with a reported incidence of 9-52 % [13-
17]. This operation requires preservation of the vessels
feeding the interposed jejunum, which is needed for easy
re-reconstruction, making this operation inappropriate for
gastric remnant cancer that infiltrates the jejunogastrosto-
my because potentially metastatic lymph nodes along the
interposed jejunal artery cannot be completely dissected. If
this is the case, total removal of the interposed jejunum
along with its mesentery is recommended.

In the gastric remnant after proximal gastrectomy, the
main lymphatic drainage pathways run along the right

gastroepiploic and right gastric arteries. The left gastric,
left gastroepiploic, posterior gastric and short gastric
arteries were dissected and cut in the previous surgery,
blocking these lymphatic pathways as well. Consequently,
in the procedure we describe here, lymph node dissection is
strongly recommended for stations #4d, 5 and 6 [10].
Furthermore, lymph node stations #8a, 12 and 14 can be
cleared if lymph node metastasis is suspected at stations
#4d, 5 and 6 during the operation. These recommendations
will be supported by data we collect on the incidence of
lymph node metastasis in the future.

The first patient on whom we performed this procedure
underwent reconstruction by Billroth-II plus Braun’s
anastomosis between the interposed jejunum and the distal
jejunum. This patient later complained of heartburn, found
to be caused by an alkaline reflux esophagitis. In contrast,
the other four patients who underwent reconstruction by
Roux-en-Y anastomosis experienced no reflux symptoms.
This suggests that 10 cm of preserved interposed jejunum
is not long enough to stop bile reflux into the esophagus.
Thus, we recommend reconstruction by Roux-en-Y anas-
tomosis to maintain the patient’s quality of life.

In conclusion, total resection of the gastric remnant after
proximal gastrectomy and re-reconstruction with the pre-
served interposed jejunum is easy, safe and feasible. Since
more cases of gastric remnant cancer after proximal gas-
trectomy are expected in the future, we recommend this
surgical technique if it involves reconstruction with jejunal
interposition.
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ABSTRACT

Background/Alms We compared functlonal out—
comes between different types of reconstruction fol-
lowmg ‘open or: laparoscoplc 1/2--or 2/3 proximal
gastrectomy: for gastric cancer. Methodology Resec-
tion and reconstruction were performed by one of the
followmg 6 methods, dependlng on the depth of can-
cer invasion and the date of the procedure‘relatlve to
introduction of laparoscopic proximal gastrectomy
open proximal 2/3- gastrectomy with jejunal interpo-
sition (2/3PG-int, n=7), open proximal 1/2-gastrecto-
my with jejunal interposition (1/2PG-int, n=5), laparo-
scopic proximal 1/2-gastrectomy followed by double
tract-reconstructions with small (3cm) je]unogastros-
tomy (L1/2 PG-DT(S), n—19) and laparoscopic proximal
1/2-gastrectomy followed by double tract reconstruc-

INTRODUCTION

The incidence of early gastric cancer has increased
in recent years (1). As patients are expected to survive
for longer after surgery, there has been increasing de-
mand for less invasive and safer operative procedures
that are associated with improved postoperative quality
of life (QOL) (2). For early primary gastric cancer locat-
ed in the upper third of the stomach, we perform proxi-
mal gastrectomy. Various methods of open or laparoscop-
ic resection with reconstruction have been devised over
time (3-5). Standard proximal gastrectomy for early can-
cer, as defined by the Japanese gastric cancer treatment
guidelines (6), requires resection of <1/2 of the stomach.
However, when we began performing proximal gastrecto-
my, we performed resection of 2/3 of the proximal stom-
ach for advanced gastric cancer with a depth of invasion
confined to the muscularis propria. At that time, the cri-
teria for proximal gastrectomy were: 1) a primary tumor
located in the upper one-third of the stomach, 2) cancer-
ous invasion not extending beyond the muscularis pro-
pria, and 3) no macroscopic evidence of lymph node me-
tastasis at time of surgery (7). According to our analyses
of postoperative QOL, the extent of the gastric resection
and the manner of reconstruction and approach (open or
laparoscopic) has been changing. As a result, in order to
preserve >1/2 of the remnant stomach, we dropped the

Hepato-Gastroenterology 2012; 59:1677-1681 doi 10.5754/hge12256
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tions with large (6cm) jejunogastrostomy (L1/2PG-
DT(L), n=10). Open total gastrectomy with jejunal in-
terposition (TG, n=12) and laparoscopic total gastrec-
tomy with Roux-en-Y reconstruction (LTG, n=14) rep-
resented control procedures. Results: Comparison of
postoperative/preoperative body - weight ratios. and
food intake ratios revealed better. preserva’aon among
patlents with a larger remnant stomach and with easy
flow of food into the remnant stomach (the 1/2PG-int
and L1/2PG-DT(L) groups). Conclusions: Better func-
tional outcomes were observed in patients with a large
remnant stomach and with easy flow of food into the
remnant stomach regardless of whether they under-
went open or laparoscoplc procedures :

criterion for lack of extension beyond the muscularis pro-
pria. More recently, laparoscopic gastrectomy and recon-
struction has been adopted as a feasible and potentially
less invasive surgical approach (8,9).

At present we performed laparoscopic proximal gas-
trectomy for early gastric cancer, with reconstruction by
the double tract method. In our study, we compared func-
tional outcomes between different types of reconstruc-
tion following open or laparoscopic 1/2- or 2/3-proxi-
mal gastrectomy for gastric cancer.

METHODOLOGY
Patients and methods

The primary outcome measure was postoperative di-
gestive function measured by postoperative/preopera-
tive body weight ratio, postoperative/preoperative meal
intake ratio and the degree of postprandial abdominal
symptoms. Postoperative /preoperative meal intake ratio
indicated approximately by the mean of the whole meal
intake per day as compared to preoperative intake. These
data were acquired at one time point, 6-12 months post-
operatively, through an in-house questionnaire (Table 1).
In addition, the findings of patients who underwent en-
doscopy postoperatively at our outpatient clinic were an-
alyzed to investigate the incidence of esophagitis. Endo-
scopic findings of esophagitis were categorized by the Los
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nnaire survey about postoperative body
> and abdominal symptoms.

1. Please state your body weight at present. kg

2. Please put a circle around the number below that fits
your present postoperative whole amount of meal intake
per day compared to your preoperative whole meal intake.

1) 20%

2) 40%

3) 60%

4) 80%

5)100%

6) Other %

3. Please put a circle around the number below that fits
your description of abdominal symptoms that occur often,
especially after meals at present.

1) Borborygmus (stomach rumbling)
2) Abdominal pain

3) Diarrhea

4) Nausea, or vomiting

5) Abdominal sensation of feeling full
6) Abdominal discomfort

7) Heart burn, or reflux

8) No symptom

Angeles classification (10).

This study evaluated a total of 24 patients who un-
derwent open gastrectomy for cancer between April
1992 and June 2001 and a total of 43 patients who un-
derwent laparoscopic gastrectomy for cancer between
April 2006 and June 2010 at our institution. Patients be-
tween 2002 and 2005 underwent open proximal gastrec-
tomy with jejunal pouch interposition, but this procedure
was abandoned because of occurrence of stasis in the je-
junal pouch and reflux esophagitis. Up to 2001, we per-
formed resection of two-thirds of the proximal stomach
for advanced gastric cancer with a depth of invasion con-
fined to the muscularis propria and performed resection
of one-half of the proximal stomach for early gastric can-
cer with a depth of invasion confined to the submucosal
layer. This was accompanied by dissection of perigastric
lymph nodes up to D1+ (dissection of lymph node sta-
tions 7, 8a,9 and 11p in addition to the perigastric nodes)
(11). The hepatic and pyloric branches of the vagus nerve
were routinely preserved, but preservation of the celiac
branch was not considered. Clinicopathological findings
of the gastric resections were recorded according to the
Japanese classification of gastric carcinoma 2™ English
edition (12).

Surgical procedures

For 2/3-gastrectomy, the resection line was, in princi-
ple, 5cm of the lesser curvature and 10cm of the greater
curvature measured from the pyloric ring. For 1/2-gas-
trectomy, the resection line was, in principle, 10cm of the
lesser curvature and 15cm of the greater curvature mea-
sured from the pyloric ring. The tumor was confirmed to
be located in the upper third of the stomach preopera-
tively and intraoperatively. This was often ascertained
through preoperative upper gastrointestinal series or en-
doscopic submucosal tattooing with 0.1mL India ink. Re-
section and reconstruction were performed by one of the
following 6 methods, depending on the depth of cancer

invasion and the date of the procedure relative to intro-
duction of laparoscopic proximal gastrectomy: open prox-
imal 2/3-gastrectomy with jejunal interposition (2/3PG-
int), open proximal 1/2-gastrectomy with jejunal inter-
position (1/2PG-int), laparoscopic proximal 1/2-gastrec-
tomy followed by double tract reconstruction with small
(3cm) jejunogastrostomy (L1/2 PG-DT(S)), and laparo-
scopic proximal 1/2-gastrectomy followed by double
tract reconstruction with large (6 cm) jejunogastrostomy
(L1/2PG-DT(L)). Open total gastrectomy with jejunal in-
terposition (TG) and laparoscopic total gastrectomy with
Roux-en-Y reconstruction (LTG) for cancer which was lo-
cated in the upper third or middle third of the stomach
represented control procedures.

In open proximal and total gastrectomy, following re-
section, simple jejunal interposition in the PG-int and TG
groups was performed by interposing either a 20-30cm
segment of jejunum between the esophagus and residu-
al stomach or 30-40cm of jejunum between the esopha-
gus and duodenum, respectively. Pyloroplasty was omit-
ted. After 2001, to comply with the Japanese guidelines
for the treatment of gastric cancer (6), only patients with
a preoperative diagnosis of up to T1 stage with no mark-
edly enlarged regional lymph nodes, as detected by com-
puterized tomography (CT), were considered to be eligi-
ble for proximal gastrectomy. For advanced gastric cancer
with a depth of invasion confined to the muscularis pro-
pria, we performed laparoscopic total gastrectomy.

After 2006, a laparoscopic approach was adopted for
proximal gastrectomy. One-half of the proximal stomach
was resected and double tract reconstruction in the LPG-
DT groups was performed by interposing a 15cm segment
of jejunum between the esophagus and residual stomach.

In brief, the jejunum is divided 20cm distal to the lig-
ament of Treitz. The anvil head of the circular stapler
(PCEEA™ (Covidien)) is inserted into the esophageal
stump. A side-to-side jejunojejunostomy is created by
anastomosis between the divided oral jejunum and 30cm
of anal jejunum. An entry hole for the circular stapler is
made halfway (15cm) along the anal jejunal stump and
the circular stapler is used to achieve esophagojejunos-
tomy intracorporeally. After connecting the anvil head of
the stapler and the circular stapler, we fashion an end-
to-side esophagojejunostomy. After removing the circu-
lar stapler, the anastomosis between the entry hole and
the oral edge of the remnant stomach is made by hand
sewing through an umbilical wound. Patients were divid-
ed into two groups based on the length of jejunogastros-
tomy, either 3cm or 6¢cm. These procedures are illustrat-
ed in Figure 1.

Statistical analysis was performed using Students ¢-
test and the c? test. A p-value of less than 0.05 was consid-
ered to be significant.

RESULTS

Of the 67 patients who underwent proximal gastrec-
tomies, 24 patients underwent an open procedure and
43 patients underwent a laparoscopic procedure. All pa-
tients completed the questionnaires on digestive func-
tions. Patient demographics, stratified according to the
surgical procedure, are presented in Table 2. No signifi-
cant differences among the four experimental groups un-
dergoing different procedures were observed in gender,
age, or clinical stage. Patients in the TG group were signif-
icantly younger than those in the LTG or L1/2PG-DT(S)
groups. Follow-up revealed that there was no evidence of
recurrence at 1 year after surgery in any of the patients.



QOL after Open and Laparoscopic Proximal Gastrectomy

Hepato-Gastroenterology 59 (2012) 1679

Functional outcomes at 6-12 months

Comparison of postoperative/preoperative body
weight ratios (Figure 2) revealed better preservation
of postoperative body weight among those with a larg-
er remnant stomach and with easy flow of food into the
remnant stomach (1/2PG-intand L1/2PG-DT(L) groups).
The postoperative/preoperative food intake ratio was
also higher in the 1/2PG-int and L1/2PG-DT(L) groups
than in the other groups (Figure 3). Complaints of post-
prandial symptoms were more common after the TG, LTG
and L1/2PG-DT(S) procedures than after the other pro-
cedures (Figure 4). Borborygmus (41.6%, 5/12) was fre-
quent in the TG group, nausea (42.9%, 3/7) was frequent
in the 2/3PG-int group, abdominal heavy feeling (35.7%,
5/14) was frequent in the LTG group, and heartburn
(21.1%, 4/19) was frequent in the L1/2PG-DT(S) group,
while these symptoms were rarely observed in 1/2PG-
int and L1/2PG-DT(L) groups. However, there were no
significant differences among the six groups. In summa-
ry, 1/2PG-int was significantly superior to the 2/3PG-
int and TG procedures in terms of postoperative body
weight (p=0.0094 and p=0.0319, respectively). L1/2PG-
DT(L) was significantly superior to the LTG procedure
with respect to postoperative body weight (p=0.0029)
and was significantly superior to the LTG and TG proce-
dures in terms of preservation of meal intake (p=0.0059
and p=0.0024, respectively). Thus, better functional out-
comes were observed in patients with large gastric rem-
nants and with easy flow of food into the remnant stom-
ach, while no major differences were observed among TG,
1/3PG-int and LTG when the remnant stomach was small,
and with small quantity of inflow to the remnant stomach.

The incidence of reflux esophagitis on endoscopic ex-
amination in the TG, 2/3PG-int, 1/2PG-int and L1/2PG-
DT(L) groups was 0%, that in the LTG group was 7.1%
(1/14), and that in the L1/2PG-DT(S) group was 10.5%
(2/19). Reflux esophagitis in the L1/2PG-DT(L) group
was not observed based on endoscopy. The endoscope
could reach the remnant distal stomach in only two of
seven patients in the 2 /3PG-int group and four of five pa-
tients in the 1/2PG-int group, while the remnant stomach
could be observed in all patients in the L1/2PG-DT group.
Namely, a 15cm interposed jejunal segment in L1/2PG-
DT(L) group prevented the occurrence of reflux esoph-
agitis and helped the observation of the remnant distal
stomach by endoscopy.

DISCUSSION

Most patients with advanced gastric cancer in the up-
per one-third of the stomach have poor prognoses and
undergo total gastrectomies or combined resections with
the spleen (13). Because the rate of lymph node metasta-
sis for early gastric cancer in the upper third of the stom-
ach is low, a more conservative surgical approach in ac-
cordance with the early stage of the cancer should be se-
lected, similar to treatment for gastric cancer in the lower
or middle third of the stomach (7). Proximal gastrectomy
is one such approach. Gastric cancer treatment guidelines
call for use of proximal gastrectomy only when more than
one-half of the distal stomach can be preserved for T1, NO
gastric tumors in the upper one-third of the stomach (6).
Some researchers reported that there were few signifi-
cant differences between total and proximal gastrectomy
in postoperative QOL (14). In addition, the preserved dis-
tal stomach may be a site for cancer as well.

In our opinion, the utility of proximal gastrectomy was
unclear. A laparoscopic approach was recently reported

Open Laparoscopic \

TG 2/3PG-int 1/2PG-int TG L1/2PG-DT(S)  L1/2PG-DTI{L)

(n=12) (n=7) (n=5) (n=14) {n=19) (n=10)

FIGURE 1. Schematic illustrations of surgical procedures. TG: open total gastrectomy
with jejunal interposition. 2/3PG-int: open proximal 2/3-gastrectomy with jejunal in-
terposition. 1/2PG-int: open proximal 1/2-gastrectomy with jejunal interposition. LTG:
laparoscopic total gastrectomy with Roux-en-Y reconstruction. L1/2 PG-DT(S): laparo-
scopic proximal 1/2-gastrectomy followed by double tract reconstruction with small
(3cm) jejunogastrostomy. L1/2PG-DT(L): laparoscopic proximal 1/2-gastrectomy fol-
lowed by double tract reconstruction with large (6cm) jejunogastrostomy.

_ TABLE 2. Preoperative and postoperative chafa;férisﬂcsi -
_ ofpatifents according to type of reconstruction. '

L1/2PG-  L1/2PG-

TG 2/3PG-int 1/2PG-int LTG

DT(S) DT(L)
Gender )
(M:F) 5:7 6:1 5:0 8:6 15:4 9:1
Age 54.3 65.3 59.8 66.1 65.1 69.2
(years) #12.7% 11.1 +10.4 +8.9* +9.4% £11.2%*
Stage
1A 11 4 5 6 15 8
1B 0 3 0 4 3 1
11 1 0 0 4 1 1

*VS*: p<0.05; *VS**: p<0.01. *Ages in the TG group were significantly lower than those
in the LTG or L1/2PG-DT(S) groups (p<0.05). **Ages in the TG group were significantly
lower than those in the L1/2PG-DT(L) group {p<0.01).

as a feasible and potentially less invasive option, and ap-
plication of this technique for total or proximal gastrec-
tomy has been increasing (8,9,15). In our study, the func-
tional outcomes of patients treated by open or laparo-
scopically assisted proximal gastrectomy were compared
with respect to approach, size of the remnant stomach
and type of reconstruction. As a result, comparison of the
postoperative /preoperative meal intake ratios revealed
better preservation of postoperative meal intake among
those with a larger remnant stomach and higher capaci-
ty (the 1/2PG-int and 1/2PG-DT(L) groups). The postop-
erative/preoperative body weight ratio was also higher in
the 1/2PG-int and 1/2PG-DT(L) groups. There were no
significant differences in postoperative QOL among the
2/3PG-int, 1/2PG-DT(S) and TG groups. These results
suggest that preservation of the remnant stomach was
necessary in proximal gastrectomy and that a larger rem-
nant stomach was associated with better outcome. Post-
operative body weight, an important index of QOL, was
higher in 1/2PG groups, so reduction of the extent of gas-
trectomy is fundamental to this more conservative sur-
gical approach. Regardless of preservation of the pylor-
ic ring in the 2/3PG-int group, there were no significant
differences between postoperative QOL in the 2/3PG-int
group and that in the TG group. These results suggest that
preservation of the pyloric ring is not effective in patients
with a small remnant stomach.
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FIGURE 4. Percentages of patients who had none of the abdominal symptoms listed in
the questionnaire.

It has been postulated that the pacemaker of gastric
contraction exists in the large segment of the corpus of
the stomach. Resection of the pacemaker along with a
lower potential of a new pacemaker occurring in the rem-
nant stomach leads to a decrease in movement of the rem-
nant stomach with a delay in emptying after a solid meal
(16). However, in our previous study using a liquid meal
and acetaminophen, the pattern of emptying of acetamin-
ophen in the 2/3PG-int group was similar to that in the
TG group, suggesting that in subtotal proximal gastrec-
tomy, the small remnant stomach may function only as
a pipe (17). Hada et al. recommended a possible reduc-
tion in the extent of gastrectomy, because the postopera-
tive movement of the remnant stomach was favorable in
patients undergoing resection of two-thirds or less of the
stomach (18).

In addition, following proximal gastrectomy, it is im-
portant to consider the occurrence of reflux esophagitis
and ease of endoscopic examination of the remnant stom-
ach. Shorter length of interposed jejunum between the
esophagus and remnant stomach increases the chance of
reflux esophagitis. Longer length of interposed jejunum
makes endoscopic examination of the remnant stomach
more difficult. From the viewpoint of endoscopic exam-
ination, shorter jejunal segment length is superior. It is
difficult to state that shorter jejunal length is better for
reconstruction if the problem of reflux cannot be solved.
The larger the remnant stomach, the greater the chance of
reflux. If the preservation of hepatic and pyloric branches
of the vagus nerve restore the motion of pyloric ring fast-
er, a short interposed jejunal segment may be used for re-
construction. Previous reports have addressed the ideal
length of interposed jejunum between the esophagus and
remnant stomach (5). Based on analysis of reported data,
Okajima described the appropriate length of interposed
jejunum to be between 10 and 15c¢cm when the remnant
stomach was more than one-half of the whole stomach
(19). Our 15cm interposed jejunal segment was appropri-
ate for prevention of reflux esophagitis and observation
of the remnant stomach through endoscopy.

In our previous analysis of open surgery for early gas-
tric cancer, reduction of the extent of gastrectomy and
preservation of the vagal branches and of the pyloric ring
were associated with better QOL (7). The data from this
study showed that patients treated by the laparoscop-
ic approach also benefited from a smaller resection. We
hypothesized that the reservoir function of the remnant
stomach was preserved in the one-half resection groups,
leading to improved nutritional status and body composi-
tion. Proximal gastrectomy with double tract reconstruc-
tion is appropriate for patients with a large gastric rem-
nant, and laparoscopically assisted gastrectomy and re-
construction is associated with no apparent disadvantag-
es, while offering favorable cosmetic results.

Our study had limitations. Internationally validated
questionnaires were not used to evaluate the patient-re-
ported outcomes. We evaluated patients with the ques-
tionnaire shown in Table 1 because established instru-
ments are not focused on specific postgastrectomy symp-
toms such as dumping syndromes that we often encoun-
tered. These instruments may not be sufficiently sensi-
tive to detect subtle differences caused by differences in
the mode of reconstruction. Inconsistency in the inter-
vals between surgery and the acquisition of functional
data, ranging from 6 to 12 months, could affect patient
outcomes. It has been reported, however, that function-
al scores, symptom scales, and body composition tend to
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recover by 6 months after gastrectomy, with little differ-
ence thereafter, whereas these outcomes clearly revealed
worse values when evaluated at 1 month postoperative-
ly (20,21).

In conclusion, better functional outcomes were ob-

served in patients with a large remnant stomach and
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INTRODUCTION

Gastroenteropancreatic neuroendocrine tumors
(GEP-NETs) are rare tumors that arise from endocrine
cells (1-3). The tumors have various biological behaviors
because of their heterogeneous features (4). The World
Health Organization (WHO) classification has been es-
tablished in order to evaluate the malignant potential
of GEP-NETSs. In the WHO 2000 and 2004 classifications,
clinicopathological factors such as metastasis and lo-
cal invasion determined the diagnosis of well-differen-
tiated neuroendocrine carcinoma (WEC) (5). Pancreatic
NETs and gastrointestinal NETs were distinguished in
the criteria, which emphasized the distinction of malig-
nant potential by the localization of the primary tumors
(6). The Ki-67 index and mitosis were not considered
important for the diagnosis of WEC. However, the WHO
2010 classification implemented the determination of
the Ki-67 grading of tumors without regard to any clin-
ical information (2). The criteria do not require infor-
mation on the localization or the resection of the pri-
mary tumor.

Removing primary and metastatic tumors improves
patient prognosis remarkably (1,7). Histology of the re-
sected specimens enables grading with the WHO 2010
classification, which may serve as a predictor of prog-
nosis (2). Without primary tumor resection, it is diffi-
cult to estimate the whole-slide grade of malignancy.
Biopsy specimens from metastatic foci may estimate
some of the primary tumor, and its reliability in select-
ing the appropriate treatment has been discussed (4,8).
There may not be enough small material in the meta-
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static focus in 40x high-power fields to allow an evalu-
ation of mitotic counts, and intratumoral Ki-67 hetero-
geneity prevents predictions of primary tumor features
(4). Almost all previous studies have failed to demon-
strate whether biopsy specimens with heterogeneity
from metastatic foci reflect the malignant potential of
primary tumors. It has been recognized that the distri-
bution of Ki-67 is not always uniform throughout a giv-
en NET. Thus, the Ki-67 labeling index of the metastasis
may not always reflect the primary malignant potential.

Based on these findings, the present study aimed to
clarify whether the 2010 WHO classification can deter-
mine the prognosis of patients and to analyze the prog-
nosis of patients who are unclassified by the new clas-
sification (U-NET group). The patients with radically re-
sected primary tumors with or without resecting of the
metastasis could be classified with the 2010 WHO grad-
ing (G-NET group). The other patients were classified
into the U-NET group, which included the patients with
unknown primary tumors or unresectable metastases.
The overall survival of the U-NET patients turned out to
be significantly worse than that of the G-NET patients
(p<0.001), while there was no difference between the
Ki-67 values of the primary tumors of the G-NET group
and the value from the metastatic tumor biopsy of the
U-NET group (p=0.5). Our results suggest that virtual Ki-
67 scores of heterogeneous metastases have little utili-
ty for the prediction of prognosis. Furthermore, U-NET
predicts overall survival independently without the new
WHO grading system.
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Abstract

Background: Laparoscopic gastrectomy has recently been gaining popularity as a treatment for cancer; however,
little is known about the benefits of intracorporeal (IC) gastrointestinal anastomosis with pure laparoscopic distal
gastrectomy (LDG) compared with extracorporeal (EC) anastomosis with laparoscopy-assisted distal gastrectomy
(LADG).

Methods: Between June 2000 and December 2011, we assessed 449 consecutive patients with early-stage gastric
cancer who underwent LDG. The patients were classified into three groups according to the method of
reconstruction LADG followed by EC hand-sewn anastomosis (LADG + EC) (n = 73), using any of three anastomosis
methods (Billroth-1 (B-1), Billroth-Il (B-l) or Roux-en-Y (R-Y); LDG followed by IC B-l anastomosis (LDG + B-l) (n = 248);
or LDG followed by IC R-Y anastomosis (LDG + R-Y) (n = 128)). The analyzed parameters included patient and tumor
characteristics, operation details, and post-operative outcomes.

Results: The tumor location was significantly more proximal in the LDG + R-Y group than in the LDG + B-I group
(P < 0.01). Mean operation time, intra-operative blood loss, and the length of post-operative hospital stay were all
shortest in the LDG + B-l group (P < 0.05). Regarding post-operative morbidities, anastomosis-related complications
occurred significantly less frequently in with the LDG + B-l group than in the LADG + EC group (P < 0.01), whereas
there were no differences in the other parameters of patients’ characteristics.

Conclusions: Intracorporeal mechanical anastomosis by either the B-l or R-Y method following LDG has several
advantages over at the LADG + EC, including small wound size, reduced invasiveness, and safe anastomosis.
Although additional randomized control studies are warranted to confirm these findings, we consider that pure
LDG is a useful technique for patients with early gastric cancer.

Keywords: Laparoscopic distal gastrectomy, Intracorporeal anastomosis, Extracorporeal anastomosis, Billroth |,
Roux-en-Y

Background

Since the technique of laparoscopy-assisted Billroth-I
gastrectomy was first reported by Kitano and colleagues
in 1994 [1], laparoscopic gastrectomy for cancer (LGC)
has been gaining increasing popularity worldwide because
it is associated with earlier patient recovery compared
with open surgery [2-4]. A national survey conducted by
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the Japan Society of Endoscopic Surgery (JSES) every
2 years has shown increasing use of laparoscopic proce-
dures for gastric cancer in Japan [5]. According to the
10th JSES survey, more than 7,300 patients underwent
LGC in 2009, which equated to 25.9% of 28,600 patients
with gastric cancer who underwent open gastrectomy,
LGC or endoscopic treatment such as endoscopic muco-
sal resection or and endoscopic sub-mucosal resection in
the same institutions. Laparoscopic distal gastrectomy
(LDG) was the most commonly performed type of LGC
(75.7% of operation). The survey also reported the

© 2012 Lee et al, licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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incidence of post-operative complications in a total of
10,355 LD@Gs performed in 2008 and 2009 [6], with the
most frequent being stomal stenosis (2.0%), followed
by pancreatitis or pancreatic fistula formation (1.3%),
anastomotic leakage (1.1%), wound infection, peritoneal
abscess, bleeding, pneumonia, and ileus. This suggests that
anastomosis-related complications are the most common
complication subsequent to LDG. In the context of gastro-
intestinal reconstruction, the majority of anastomoses
following LDG were performed by laparoscopy-assisted
procedures through a mini-laparotomy incision of 60 to
70 mm in length made on the epigastrium. In such a
laparoscopy-assisted distal gastrectomy (LADG) [1] pro-
cedure, gastrointestinal reconstructive anastomosis is
extracorporeally conducted in a limited working space
with restricted vision, and it is possible that this may
lead to increased risk of anastomotic leakage.

Although we originally began performing LADG, in
the hope of overcoming the drawbacks of cumbersome
reconstruction, we introduced intracorporeal (IC) stapled
gastroduodenostomy and gastrojejunostomy in associ-
ation with LDG in 2004 [7,8]. We then developed two
methods for IC reconstructive anastomosis following
LDG: 1) IC Billroth I anastomosis (B-I1) was used when
there was no tension expected at the gastroduodenal
anastomosis, and 2) IC Roux-en-Y anastomosis (R-Y) was
used when there were some concerns about strain.

We report our experience and results of three kinds
of gastrointestinal reconstructive anastomosis: LADG
followed by extracorporeal hand-sewn anastomosis
(LADG + EC), LDG +B-1, and LDG +R-Y.

Methods

Patients who had undergone LDG for gastric cancer
during the period June 2000 to December 2011 in the
Department of General and Gastroenterological Surgery,
Osaka Medical College, Japan, were assessed in terms
of their clinical outcomes subsequent to gastrointestinal
reconstructive anastomosis following surgery.

Indications for laparoscopic gastrectomy in cancer
Indications for LGC at our institute include all tumors
confined to the muscularis propria that are not amen-
able to endoscopic mucosal resection, with lymph-node
involvement limited to N1. Patients requiring salvage
surgery after incomplete endoscopic resection are also
included. Operations were converted to open surgeries
when serosal invasion or extensive lymphadenopathy was
detected during laparoscopy. LDG is indicated for distal
and middle third gastric cancers in which tumor margins
of at least 20 mm for early and 30 to 50 mm for advanced
lesions are possible. Some patients with very early disease
may have a more limited resection such as pylorus-
preserving or segmental gastrectomy [9,10].
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Surgical techniques

The LDG procedure was carried out in all cases as
follows. A 12-mm trocar was inserted through an
umbilical wound, and pneumoperitoneum was estab-
lished. Another 12-mm trocar was inserted 10 mm above
and to the left of the umbilicus, and a 5-mm trocar
was inserted 20 to 30 mm above and to the right of the
umbilicus under laparoscopic guidance. A 5-mm trocar
was inserted into each of the right and left costal margins,
respectively. The intra-abdominal pressure was main-
tained at a constant 8 to 12 mmHg. After inspection of
the peritoneal cavity, mobilization of the stomach and
dissection of the lymph nodes were carried out as
described previously [8,11,12].

Surgical procedures for gastrointestinal reconstructive
anastomosis after LDG were as follows. For patients
operated on before May 2004, LDG + EC was generally
used, and for subsequent operations, one of the two IC
mechanical anastomosis techniques were performed after
LDG. Of the two IC methods, B-I reconstruction was the
choice of reconstruction for LDG where possible, how-
ever, R-Y reconstruction was used when tension was
expected on the anastomosis, when the patient had reflux
esophagitis or a hiatus hernia, or when the patient was
elderly and/or high risk [11].

Extracorporeal anastomosis in laparoscopy-assisted distal
gastrectomy

The mini-laparotomy wound 60 to 70 mm long was
made in the upper midline and opened to allow insertion
of a wound protector. An end-to-end gastroduodenost-
omy (B-I) or end-to-side gastrojejunostomy (Billroth II
(B-II) or R-Y) was created to allow open surgery between
the gastric stump and duodenal stump or the biliopan-
creatic jejunum, using a two-layer hand-sewn anasto-
mosis technique.

Intracorporeal anastomosis in pure laparoscopic distal
gastrectomy

Billroth I gastroduodenostomy The original method
for this procedure was first described by Kanaya et al.
[7]. We partly modified the technique for ease of use, as
follows. A gastrotomy was performed on the greater
curve corner of the staple line on the remnant stomach,
then a small hole was made on the posterior tip of the
duodenal stump. The cartridge fork of the 45-mm linear
stapler was inserted into the gastric remnant, and an-
other fork was inserted into the duodenal stump. This
was followed by firing of the stapler to form the func-
tional end-to-end gastroduodenal anastomosis. After the
anastomosis was inspected from the lumen to check for
bleeding, the common enterotomy was apposed verti-
cally with three intracorporeally placed stay sutures, and
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Figure 1 Intracorporeal Billroth | anastomosis. (A) A side-to-side gastroduodenostomy was formed by firing the 45-mm linear stapler; and
(B) the common enterotomy was closed with two further firings of the stapler.

closed with two further firings of the stapler. This
strategy resulted in a satisfactory V-shaped anastomosis,
and security was confirmed with an air-leak test at the
end of the anastomosis (Figure 1A, B).

Roux-en-Y reconstruction We have previously pub-
lished descriptions of this method [8,12]. In brief, a dis-
tance of 200 mm was measured on the jejunum from
the ligament of Treitz, and a sacrifice jejunum was
created 70 mm distally by division of the corresponding
jejunal mesentery. Following this maneuver, the sacrifice
jejunum became discolored as a result of ischemia. A
small enterotomy was made on the healthy part of the
bowel just distal to the sacrifice jejunum. The cartridge

fork of the 60-mm linear stapler was inserted into the
enterotomy on the jejunum, and the other fork of the
linear stapler was then inserted into the stomach
through a gastrostomy made on the greater curve corner
of the gastric stump. A side-to-side gastrojejunostomy
was formed by firing the stapler. The anastomosis was
checked from the lumen for any bleeding, which was
controlled by bipolar coagulation. The remaining enter-
otomy was closed with a further firing of the linear
stapler. The jejunum was divided simultaneously to
complete the anti-peristaltic side-to-side gastrojejunost-
omy (Figure 2A). Finally, using a linear stapler and lap-
aroscopic sutures, a side-to-side jejunojejunostomy was
fashioned between the descending alimentary jejunum
and the biliopancreatic jejunum (Figure 2B).

A

B

Figure 2 Intracorporeal Roux-en-Y anastomosis. (A) A side-to-side gastrojejunostomy was performed by firing a 60-mm linear stapler, then
the remaining enterotomy was closed with a further firing of the linear stapler. (B) An end-to-side jejunojejunostomy was created between the
descending alimentary jejunum and the biliopancreatic jejunum, using a linear stapler and sutures.
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Definition of post-operative complications

The diagnosis of a clinically relevant anastomotic leak
was based on clinical signs, including an inflammatory
reaction requiring treatment and confirmation of the in-
sufficiency, either endoscopically or radiologically by
computed tomography or using a contrast medium (dia-
trizoate meglumine and diatrizoate sodium; Gastrografin;
Bracco Diagnostics Inc., Princeton, NJ, USA). Anasto-
motic stenosis was defined as any form of narrowing in
the anastomosis region by contrast swallow studies or
gastroscopy (<10 mm in diameter) and any symptom of
dysphagia when swallowing solid, semi-solid or liquid
nourishment, which then required, endoscopic dilation.
Gastric stasis was defined if the patients exhibited symp-
toms such as upper abdominal distension and remnant
stomach fullness on X-ray, or if the patient required star-
vation for longer than 24 hours.

Pancreatic fistula (PF) was defined by the International
Study Group Pancreatic Fistula (ISGPF) criteria [13],
and divided into four categories: no PF, biochemical PF
without clinical sequelae (grade A), PF requiring any
therapeutic intervention (grade B), and PF with severe
clinical sequelae (grade C). Clinically relevant PF was
defined as grades B and C, in accordance with the ISGPF
grading system.

Statistical analysis

Statistical analysis of the data was performed using SSPS
(12.0; SPSS, Chicago, IL, USA). All data are presented as
the mean * standard deviation (SD) or as the number and
percentage of patients. Continual variables are expressed
as mean = SD, and comparisons between groups were per-
formed using the f-test and the Mann—Whitney U-test.
Comparisons of categorical variables were performed by
means of the Fisher exact test. P<0.05 was considered
significant.
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Results

LGC was performed on 769 patients: 449 (58.4%) under-
went LADG or pure LDG, while the remainder consisted
of 160 (20.8%) laparoscopic pylorus-preserving gastrec-
tomies, 48 (6.2%) laparoscopic proximal gastrectomies,
47 (6.1%) laparoscopic segmental gastrectomies, 39 (5.1%)
laparoscopic total gastrectomies, and 26 (3.4%) laparo-
scopic wedge resections. In the group of 449 patients
with LADG or pure LDG, 73 had LADG with EC
anastomosis, and 376 had pure LDG with IC anasto-
mosis (248 B-I and 128 R-Y). The methods of EC
anastomosis for the 73 LADG operations were 56 B-I,
9 R-Y, and 8 B-IL

Patients’ characteristics of each reconstruction group
There were no significant differences in age, gender dis-
tribution, or body mass index (BMI) between the three
reconstruction-method groups (Table 1). The mean age
(mid-sixties), male:ifemale ratio (around 15) and BMI
(22 £ 3.1) were almost comparable for the three groups.
The tumor locations were defined using the Japanese
Classification of Gastric Carcinoma [14] as being in the
upper (U), middle (M) or lower (L) third of the stomach.
Regarding both IC techniques, there were 0 U, 121 M
and 127 L in the LDG + B-I group, and 20 U, 89 M and
19 L in the LDG + R-Y group; that is, there were signifi-
cantly more tumors located distally in the LDG + B-I
than in the LDG + R-Y group (P<0.01). However, for
LADG, there was no significant difference in tumor loca-
tion between the B-I (n =56) and R-Y (n =9) subgroups,
probably because the number of operative cases of R-Y
reconstruction in the LADG group was too small.

Intraoperative variables
The mean operating time was 261 + 63 minutes for the
LDG + B-I group, 333+ 79 minutes for the LDG + R-Y

Table 1 Patient’s characteristics for three kinds of reconstruction

LADG + EC (n=73)?

LDG + B-l (n=248)° LDG+R-Y (n=128)°

Age, years 6411
Male : female 48 : 25
BMI, kg/m? 223+32
Type of anastomaosis
B-1 R-Y

Tumor location

Upper 0 1

Middle 24 4

Lower 32 4

B-Il

2
6
0

65x11 66+10

147 0101 90:38

220x31 22630
0 20
121 89
127 19

Abbreviations: BMI body mass index; 8-/ Billroth |, 8-/l Billroth-ll; £C extracorporeal, IC intracorporeal; LADG laparoscopy-assisted distal gastrectomy; LDG

laparoscopic distal gastrectomy.

*LADG with any of the three types of EC anastomosis.
PPure LDG with IC B-l.

“Pure LDG with IC R-Y.
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group, and 339 = 83 minutes for the LADG + EC group,
respectively (Table 2). Operating time was significantly
shorter for the LDG + B-I group than for the LDG + RY
and LADG + EC groups (P < 0.01), whereas there was no
significant difference in operating time between these
latter two groups.

The intraoperative blood loss was 47 +48 ml for the
LDG + B-I group, 76 80 ml for the LDG + R-Y group,
and 119+108 ml for the LADG+EC group. Blood
loss was significantly less for the LDG + B-I group than
for the other two groups (P <0.01), and it was also sig-
nificantly less for the LDG + R-Y group than for the
LADG + EC group (P <0.05).

Post-operative morbidity

Anastomotic leakage rates were 1.2% (3/248) for the
LAD + B-I group, 1.6% (2/128) for the LAD + R-Y group,
and 6.8% (5/73) for the LADG + EC group (7.1% (4/56)
for B-1, 11.1% (1/9) for R-Y group with LADG and none
(0/8) for B-1I) (Table 3). Three of these patients required
reoperation, and seven patients had collections that were
treated by percutaneous drainage.

Anastomotic stenosis was encountered in 0.4% (1/248)
of the LDG + B-1 group, none (0/128) of the LDG + R-Y
group and 2.7% (2/73) of the LADG group (3.6% (2/56)
for B-I, and 0% (0/17) for the other reconstruction
types). All of the anastomotic strictures were successfully
treated by endoscopic balloon dilatation.

Gastric stasis occurred in 1.2% (3/248) of the LDG +
B-1 group and in 2.3% (3/128) of the LDG + R-Y group,
but was much higher at 6.8% (5/73) in the LADG + EC
group (7.1% (4/56) for the B-I subgroup, 11.1% (1/9) for
the R-Y subgroup and none for the B-II subgroup). Each
case with gastric stasis improved spontaneously in 1 to
2 weeks.

Formation of PF (grades B and C of the ISGPF grading
system) was found in 4.8% (12/248) of the LDG + B-I
group, 1.6% (2/128) of the LDG + R-Y group and 2.7%
(2/73) of the LADG + EC group. Although two of these
patients had post-operative hemorrhage associated with
pancreatic inflammation and secondary pseudoaneurysm

Table 2 Intraoperative variables for three groups

LADG + EC LDG +B-l LDG +R-Y

(n=73) (n=248)° (n=128)°

Operation time, min 339 +83°9 261 £63° 333+ 79¢
Blood loss, ml 119+ 108 47 + 48° 76 + 80"

Abbreviations: B-/ Billroth | anastomosis; B-/f Billroth 1l anastomosis; EC
extracorporeal; /C intracorporeal; LADG laparoscopy-assisted distal gastrectomy;
LDG laparoscopic distal gastrectomy; R-Y Roux-en Y anastomosis.

2LADG with any of the three types of anastomosis.

5pure LDG with IC B-.

“Pure LDG with ICR-Y.

9Groups were not significantly different from each other.

€P < 0.01 compared with the other two groups.

fp <0.05 compared with the LADG group.
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Table 3 Post-operative complications for three groups
LADG+EC LDG+B-l LDG+R-Y p Value

(=737 (n=248° (n=128f
Anastomotic leakage%® 5 (6.8) 3(12) 2(16) 0.04
Anastomotic stenosis % 2(2.7) 1(04) 0 032
Gastric stasis,% 5(6.8) 3(1.2) 3(2.3) 0.06
Pancreatic fistula,% 227 12 (4.8) 2(16) 040

Abbreviations: B-/ Billroth [; 8-/l Billroth II; LADG laparoscopy-assisted distal
gastrectomy; LDG laparoscopic distal gastrectomy; R-Y Roux-en Y anastomosis.
2LADG with any of the three types of anastomosis.

®Pure LDG with IC B-.

“Pure LDG with IC R-Y.

“Bleeding from the anastomosis was not encountered in any of the patients.

of the gastroduodenal artery, both cases were success-
fully treated by endovascular coiling.

The length of post-operative hospital stay was signifi-
cantly shorter for the LDG + B-I group (11.2 £ 0.7 days)
than for the LDG + R-Y (17 £ 1.3 days) or LADG + EC
(21.6+11.2 days) groups (P<0.05), whereas there was
no significant difference between the latter two groups.
This trend was similar to those for the operating time
and intra-operative blood loss, suggesting that the surgi-
cal stresses represented by those parameters may be
closely associated with the length of post-operative hos-
pital stay.

Discussion

Laparoscopic surgery is being been increasingly used for
the treatment of gastric cancer over the past two dec-
ades, especially in East Asian countries such as Japan,
Korea, China ,and Taiwan. In general, LGC can be
divided into laparoscopy-assisted and pure laparoscopic
techniques. With laparoscopy-assisted gastrectomy,
lymph-node dissection is performed laparoscopically,
but the transection of the stomach and the anastomosis
are performed thorough an epigastric mini-laparotomy.
Performing the anastomosis in this narrow and restricted
space is often difficult, especially on obese patients with
thick abdominal walls or on patients with a small
remnant stomach.

Although we initially began performing LADG in the
hope of overcoming the drawbacks of cumbersome re-
construction, we introduced the use of LDG followed by
IC stapled gastroduodenostomy and gastrojejunostomy
in 2004 [11]. To investigate the feasibility and benefits of
IC anastomosis, we compared our experience of using
LADG and pure LDG in the current study, using a con-
secutive series of patients in our institution. We found
that the rates for anastomotic complications, including
leakage, stenosis, and gastric stasis, were significantly
lower for either method of IC mechanical anastomosis
(B-I or R-Y) after LDG than for LADG follwed by hand-
sewn anastomosis (using any of the three methods). The
rate of anastomotic leakage in the IC groups (1.3%)
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seems to be within the permissible level compared with
other accounts using these techniques [15,16]. Similarly,
the rate of of 6.8% for anastomotic leakage after LADG
(7.1% for B-I, 11.1% for R-Y and 0% for B-II ) in the
current study was comparable with other reports using
LADG, with a rate of 7.8% (8.1% (7/87) for B-I and 0%
(0/3) for R-Y) reported by Fujiwara et al. [17] and 5.3%
(4/76 for B-1 with no case for R-Y reconstruction) by
Shimizu ef al. [18]. The relatively high incidences of
anastomotic leakage were possibly associated with the
results obtained from initial experience of LADG in each
institution.

In the current study, the LADG + EC group had the
largest blood loss and longest operating time of the three
groups tested. Because patients underwent LADG until
May 2004, when we changed our strategy to pure LDG
plus IC anastomosis [8,11], our LADG results might have
been subject to some degree of learning-curve effect
while we gained experience of laparoscopy-assisted surgi-
cal techniques. However, although this dataset does there-
fore have the drawback of different time periods when
each surgical procedure was performed, the reduced blood
loss seen with pure LDG may be also reflective of the
small wound length required and avoidance of cumber-
some anastomosis through a minilaparotomy.

The current study also indicates that pure LDG + B-I
resulted in a significantly smaller volume of blood loss
and shorter operating time than did pure LDG + R-Y.
The consequent reduction in surgical stresses, including
operating time and blood loss, and the lower incidence
of post-operative complications seemed to be associated
with the fact that the LDG + B-I group also had the
shortest length of post-operative hospital stay. It should
be noted that the mean length of hospital stay in the
current study was rather longer than reported elsewhere
[19]; however, because the Japanese medical insurance
system is structured differently from those in other
countries, it is difficult to estimate the correct length of
hospital stay based solely on surgical aspects.

In our institution, B-I reconstruction using the delta-
shape method with linear staplers [7] was our first
choice of reconstruction after LDG, with R-Y recon-
struction (also with linear staplers) [8,12] reserved for
selected cases, including those for which tension would
be expected on the reconstruction, those with reflux
esophagitis or a hiatus hernia, and those with elderly or
high-risk patients. As indicated by the numbers of each
reconstruction method used (248 B-I reconstructions
and 128 R-Y reconstructions in the current consecutive
series), B-I was used for the majority of patients who
underwent distal gastrectomy.

With regard to post-operative nutritional status, we
already confirmed that decreases in body weight and
food intake at 12 months post-operatively compared
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with pre-operative values were significantly less for the
LDG +B-1 group than for the LDG+R-Y group. In
addition, there were fewer subjective reports from patients
about their small stomach in the LDG + B-I group than
in the LDG + R-Y group [20]. Certainly, bile reflux into
the remnant stomach and lower esophagus is one of the
drawbacks for B-I reconstruction compared with R-Y re-
construction. It may be closely associated with the devel-
opment of remnant gastritis, mainly caused by bile reflux
[21]. However, as we recently suggested, based on an-
other nationwide survey, the risk of the development of
remnant gastric cancer does not appear to be directly
associated with the reconstruction method [22].

The development of our strategy for digestive recon-
struction after LDG is indicative of the trend toward
IC mechanical reconstruction, which offers advantages
in wound length and avoidance of tension through a
mini-laparotomy during cumbersome anastomosis. For
LDG + R-Y reconstruction, we were able to successfully
use IC jejunojejunostomy, which saved a further 20 mm
length for the umbilical wound {12]. This also allowed
for reduced manipulation of the bowel, and was particu-
larly useful for obese patients, for whom access through
a mini-laparotomy can be limited. Reconstruction was
performed under continuous laparoscopic guidance, and
the disorientating and time-consuming switch to open
surgery was thus avoided. In addition, totally IC laparo-
scopic gastrectomy has been shown to lead to earlier
bowel function recovery compared with laparoscopy-
assisted and open resections [23]. As indicated by others
[15,23], IC anastomosis is more costly than EC anasto-
mosis, because it requires three to four applications of
endoscopic linear stapler cartridges for the anastomosis.
We are currently trying to lower the cost by closing the
entry hole using an IC hand-sewn technique instead of
stapling [24].

Conclusions

In conclusion, we found in this study that LDG followed
by IC mechanical anastomosis using either the B-I or R-Y
method has several advantages over LADG followed by
EC hand-sewn anastomosis, including small wound size,
reduced invasiveness, and more effective anastomosis.
Although additional randomized control studies are war-
ranted to confirm these findings, we consider that pure
LDG is a useful technique for patients with early gastric
cancer.
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Abstract

Background The behavior of early gastric cancer (EGC)
with mixed-type histology (differentiated and undifferen-
tiated) is incompletely understood. This study aimed to
clarify the clinicopathological features of EGC with mixed-
type histology in relation to lymph node (LN) metastasis.
Methods Clinicopathological data from 410 patients who
underwent surgical resection for intramucosal EGC were
reviewed. Lesions were classified into four types according
to the proportion of differentiated and undifferentiated
components at histopathology: pure differentiated (PD)
type, mixed predominantly differentiated (MD) type,
mixed predominantly undifferentiated (MU) type, and pure
undifferentiated (PU) type. We examined the clinicopath-
ological differences between PD and MD, and between PU
and MU, and the rate of LN metastasis according to tumor
size and ulceration.
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Results Moderately differentiated adenocarcinoma was
the primary component in MD relative to PD (90.7 vs.
46.1 %). Signet ring cell carcinoma was the main compo-
nent in PU relative to MU (81.5 vs. 33.3 %). LN metastasis
was more common in MU than PU (19.0 vs. 6.0 %). For
intramucosal tumors larger than 20 mm without lympho-
vascular invasion and without ulceration, the rate of LN
metastasis was 0 % for MD and 24 % for MU. For intra-
mucosal lesions less than 30 mm with ulceration but
without lymphovascular invasion, the rate of LN metastasis
was 0 % for MD and 20 % for MU.

Conclusions Histologically mixed-type EGC with a pre-
dominantly undifferentiated component should be managed
as an undifferentiated-type tumor. Further investigation is
required to determine whether mixed-type EGC with a
predominantly differentiated component could be managed
the same way as a differentiated-type EGC.

Keywords Gastric neoplasms - Differentiated type -
Undifferentiated type - Mixed type

Introduction

Endoscopic submucosal dissection (ESD) allows en-bloc
resection of large superficial lesions and is a widely applied
treatment for early gastric cancer (EGC) with little risk of
lymph node (LN) metastasis [1-3]. Pathologically, gastric
cancer can be broadly divided into two types according to
the presence or absence of tubular structures: differentiated
and undifferentiated types [4]. Characteristically, undif-
ferentiated gastric cancer carries a higher risk of LN
metastasis than differentiated gastric cancer [5-9]. How-
ever, some tumors contain a mixture of differentiated and
undifferentiated components.
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Precise histopathological evaluation of EGC is now
possible because of en-bloc resection using ESD; this has
introduced dilemmas when a mixture of histological types
is identified in the same lesion. According to the Japanese
Classification of Gastric Carcinoma [4], gastric cancers
showing a mixture of differentiated and undifferentiated
components are classified according to the predominant
histological type. To determine indications for ESD, many
studies have examined surgically resected LN metastasis in
EGC [5]. However, most of these tumors were predomi-
nately of mixed histological type.

To our knowledge, the behavior of histologically mixed-
type EGC is incompletely understood, and there is no
consensus regarding its clinical management [10, 11]. This
study aimed to clarify the clinicopathological features of
histologically mixed-type EGC in relation to LN metastasis
and to determine indications for endoscopic treatment of
mixed-histologic-type EGC.

Patients and methods

A total of 410 intramucosal gastric cancers in 410 con-
secutive patients treated surgically between September
2002 and January 2010 in a prefectural cancer center
(Shizuoka Cancer Center, Japan) were retrospectively
analyzed. Exclusion criteria were: (1) multiple synchro-
nous gastric cancers, (2) local recurrences, (3) unavailable
precise pathological records (due to ESD performed at
outside hospital, etc.), (4) cancers from remnant stomach,
and (5) Barrett cancers. Clinical records and endoscopic
and pathological reports of each patient were examined. To
assess the histological type, all specimens were reviewed to
determine the percentages of differentiated components
(well and moderately differentiated tubular adenocarci-
noma and papillary adenocarcinoma) and undifferentiated
components (poorly differentiated adenocarcinoma, signet
ring cell carcinoma, and mucinous adenocarcinoma).
Lesions were classified into the following four types
according to the proportions of intramucosal differentiated
and undifferentiated components at histopathology: pure
differentiated (PD) type (composed of differentiated type
only), mixed predominantly differentiated (MD) type
(major component of differentiated type), mixed predom-
inantly undifferentiated (MU) type (major component of
undifferentiated type), and pure undifferentiated (PU) type
(undifferentiated type only).

We examined the following parameters: (1) clinico-
pathological differences between PD- and MD-type
tumors, (2) clinicopathological differences between PU
type and MU type, and (3) the rate of LN metastasis by
tumor size and presence or absence of ulceration. Clini-
copathological findings analyzed were: gender, age,

@ Springer

predominant histological type, tumor location, macro-
scopic type, tumor size, presence of lymphatic and venous
invasion, presence of ulceration, and LN metastasis. Tumor
location was determined based on the Japanese Classifi-
cation of Gastric Carcinoma [4] as the upper third (U),
middle third (M), or lower third (L) of the stomach.
Macroscopic type was divided into three groups: elevated
type (elevated lesions such as 0-1, and 0-Ila), depressed
type (depressed lesions such as O-Ilc), and combined type
(such as 0-Ila + IIc and O-Ilc + III). Predominant histo-
logical type, tumor size, lymphatic/venous invasion, pres-
ence or absence of ulceration, and LN metastasis were
determined histopathologically after surgery.

All lesions were thinly sliced at intervals of 3-5 mm.
One section each of all dissected LNs (at least 15 nodes per
case) was stained with hematoxylin and eosin. Sections
were examined histologically to assess the presence or
absence of metastasis. Lymphatic invasion was identified
immunohistochemically using the D2-40 antibody (Dako-
Cytomation, Glostrup, Denmark). The local ethics com-
mittee approved the use of pathological samples, with
patients’ informed consent, at Shizuoka Cancer Center.

Data were analyzed using the chi-squared test and Stu-
dent’s r test. P < 0.05 was considered statistically
significant.

Results
Patient characteristics

Table | reports patients’ characteristics. The study group
consisted of 240 male and 170 female patients with a
median age of 61 years (range 29-87 years). Forty-seven
lesions were in the upper third of the stomach, 244 in the
middle third, and 119 in the lower third. Histopathologi-
cally, tumors were divided into four groups as follows: 130
(31.7 %) PD, 54 (13.2 %) MD, 42 (10.2 %) MU, and 184
(44.9 %) MU. The overall rate of lymphatic invasion was
3.7 %, venous invasion was 0 %, and LN metastasis was
7.1 %, respectively.

Clinicopathological differences between PD type
and MD type

Table 2 shows relationships between clinicopathological
findings and histological type (PD and MD). Moderately
differentiated type was observed significantly more often
as the main component in MD than in PD lesions (90.7 vs.
46.1 %, P < 0.0001). Rates of lymphatic invasion (9.3 vs.
3.1 %) and LN metastasis (11.1 vs. 3.1 %) were higher in
the MD type than in the PD type, but these differences
were not statistically significant. Table 3 shows the
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Table 1 Patients’ characteristics

All 410 (%)
Age (years)

Median (range) 61 (29-87)
Gender

Male 240 (58.5)

Female 170
Location

Upper third 47 (11.5)

Middle third 244 (59.5)

Lower third 119 (29.0)
Macroscopic type

Elevated (1, ITa) 17 (4.1)

Depressed (Ilc) 346 (84.4)

Complex (Ila + Ilc) 119 (11.5)
Tumor size (mm)

Median (range) 33 (1-130)
Histological type

PD (pure differentiated) 130 (31.7)

MD (mixed predominantly differentiated) 54 (13.2)

MU (mixed predominantly undifferentiated) 42 (10.2)

PU (pure differentiated) 164 (44.9)
Lymphatic invasion

Present 15 (3.7)

Absent 395
Vascular invasion

Present 0 (0)

Absent 410
Pathological ulceration

Present 194 (47.3)

Absent 216
LN metastasis

Present 29 (7.1)

Absent 381

relationship between lymph node metastases and the pat-
tern of combination of the major differentiated component
and the minor undifferentiated component in the MD type.
Regarding the minor component, 32 cases were poorly
differentiated adenocarcinoma, and 21 cases were signet
ring cell carcinoma. There was no significant difference
between these minor components and lymph node
metastasis.

Clinicopathological differences between PU type
and MU type

Table 4 reports relationships between clinicopathological
findings and histological type (PU and MU). Signet ring
cell type was observed significantly more often as the main

component in the PU versus MU type (81.5 vs. 33.3 %,
P < 0.01). LN metastasis was significantly more common
in the MU type than in the PU type (19.0 vs. 6.0 %,
P < 0.01). Table 5 shows the relationship between lymph
node metastases and the pattern of combination of the
major undifferentiated component and the minor differen-
tiated component in the MU type. Most of the minor
component was moderately differentiated adenocarcinoma
(40/42).

Rate of LN metastasis by tumor size and ulceration

Table 6 shows relationships between LN metastasis and
tumor size, presence or absence of ulceration, and histo-
logical type. For intramucosal tumors larger than 20 mm in
size without lymphovascular invasion and without ulcera-
tion, the rate of LN metastasis was 0 % (0/17) for the MD
type and 24 % (4/17) for the MU type. For intramucosal
tumors less than 30 mm with ulceration and without lym-
phovascular invasion, the rate of LN metastasis was 0 %
(0/8) for the MD type and 20 % (2/10) for the MU type.

Discussion

New difficulties in determining the appropriate manage-
ment of mixed histological type gastric cancer arose as a
result of improvements in ESD, which allow en-bloc
resection of large superficial gastric lesions and precise
histopathological evaluation [10, 11].

In general, there are two distinct groups of differentiated
and undifferentiated mixed-type gastric tumors. The first
group has both differentiated- and undifferentiated-type
histology in the mucosa. The second group shows differ-
entiated type in the mucosa and undifferentiated type only
in the submucosa, which may show features of invasion.
We hypothesized that these two groups had different
prognoses and should be evaluated and managed inde-
pendently. For this reason, we investigated only intramu-
cosal gastric cancer in this study.

We histologically classified early gastric cancers into
four groups according to the proportion of differentiated
and undifferentiated components. We found that mixed
tumors with predominantly differentiated type were larger
than purely differentiated-type tumors. This is in agreement
with studies that reported 86 % of early gastric cancer less
than 10 mm in size were pure differentiated type, and the
ratio of mixed type increased with tumor size over 10 mm
[12]. Furthermore, the current study revealed that mixed-
type tumors were more often composed of moderately and
poorly differentiated histological types than well-differentiated
and signet ring cell types. These results suggest that as the
tumor grows, moderately differentiated-type lesions might

@ Springer
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Table 2 PD (pure

differentiated) type versus MD " ?3)0 (%) EZD(% ) P value
(mixed predominantly
differentiated) type Age (years)
Mean =+ SD (range) 64.2 + 9.9 (41-83) 61.2 + 11.9 (29-78) 0.086"
Main component
Well differentiated 69 (53.1) 4 (7.4) <0.0001*
Moderately differentiated 60 (46.1) 49 (90.7)
Papillary 1 (0.6) 1(1.9
Macroscopic type
Elevated (1, Ila) 14 (10.8) 6 (1.9 0.059*
Depressed (Ilc) 94 (72.3) 31 (87.0)
Complex (Ila + Ilc) 22 (16.9) 17 (11.1)
Tumor size (mm)
Mean + SD (range) 37.2 £ 20.2 (8-130) 44.4 + 30.5 (5-127) 0.063"
Lymphatic invasion
Present 4 (3.1 5(9.3) 0.125°%
Absent 126 49
Vascular invasion
Present 0 (0) 0 (0) >0.999"
Absent 130 54
Pathological ulceration
Present 63 (48.5) 29 (53.7) 0.517*
Absent 67 25
LN metastasis
SD standard deviation Present 430 6 (11.1) 0.066*
* Chi-squared test, © Student’s Absent 126 48

t test, ¥ Fisher’s exact test

Table 3 The relationship between lymph node metastases and the
pattern of combination of the major differentiated component and the
minor undifferentiated component in MD type

MD Minor component
Poorly Signet Mucinous
differentiated  ring cell
Major component
Well differentiated 0/2 0/2 0
Moderately differentiated ~ 4/30 2/18 0
Papillary 0 0/1 0

progress to poorly differentiated type, and PD type might
change into MD type.

Regarding indications for ESD of EGC, MD and PD
types are currently managed in the same way as differen-
tiated type tumors according to the Japanese Classification
of Gastric Carcinoma [4]. However, our data show that the
rate of lymphatic invasion and LN metastasis was higher in
the MD type than in the PD type lesions, although the
difference was not statistically significant. Hanaoka et al.
[10] also reported that the prevalence of LN metastasis was
higher with differentiated-type-dominant mixed type (MD
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type in the current study) than with differentiated type (PD
type in the current study). We are apprehensive that
MD-type tumors might warrant different treatment proto-
cols from PD-type lesions. The Guidelines for Diagnosis
and Treatment of Carcinoma of the Stomach, 3rd edition,
were edited by the Japanese Gastric Cancer Society and
released in October 2010. In these guidelines there are
some modifications concerning the management of mixed
histological types. For example, an intramucosal tumor
measuring 30 mm or less, with ulceration, of differ-
entiated-type-dominant mixed type, and without lympho-
vascular invasion, used to be treated with ESD for curative
resection. The new guidelines consider ESD as non-cura-
tive resection, because there are no convincing data that
these tumor types can be curatively resected. In our study
(Table 4), we fortunately found no cases of this tumor type
with LN metastasis [MD type, intramucosal, <30 mm,
ulceration (+), lymphovascular invasion (—)], but the
number of cases was very small. These findings should be
confirmed by additional clinical research.

Hanaoka et al. [10] also reported that the prevalence of
lymphatic invasion and LN metastasis was higher with
undifferentiated-type-dominant mixed-type tumors (MU in



Gastric cancer of mixed histological type

Table 4 PU (pure
undifferentiated) type versus
MU (mixed predominantly

undifferentiated) type Age (years)

Mean + SD (range)
Main component
Poorly differentiated
Signet ring cell
Mucinous
Macroscopic type
Elevated (1, I1a)
Depressed (Ilc)
Complex (Ila + Ic)
Tumor size (mm)
Mean £ SD (range)
Lympbhatic invasion
Present

Absent

Vascular invasion
Present

Absent

Pathological ulceration
Present

Absent

LN metastasis
SD standard deviation

* Chi-squared test, ¥ Student’s

Present
Absent

PU MU P value
184 (%) 42 (%)

59.6 + 11.0 (30-87) 56.7 + 11.5 (29-81) 0.126"
34 (18.5) 14 (33.3) 0.009%
150 (81.5) 27 (64.3)

0O 12.4)

1(0.5) 1 (2.4 0.161%
165 (89.7) 40 (95.2)

18 (9.8) 1 (24)

36.3 + 23.3 (1-110) 36.9 + 19.6 (8-95) 0.883"
422 2 (4.8) 0.310%
180 40

0 (0) 0(0) >0.999*
184 42

81 (44.0) 21 (50.0) 0.482%
103 21

11 (6.0) 8 (19.0) 0.006*
173 34

t test, ¥ Fisher’s exact test

Table 5 The relationship between lymph node metastases and the
pattern of combination of the major undifferentiated component and
the minor differentiated component in MU type

the current study) than with undifferentiated type (PU
type in the current study). Our results showed that LN
metastases were significantly more common in MU type
than in PU type lesions. Although there is a difference
between Hanaoka’s study, which examined submucosal
invasive cancer, and our study examining intramucosal
cancer, results should be comparable. That is, MU type

MU Minor component
Well Moderately Papillary
differentiated  differentiated
Major component
Poorly differentiated ~ 0/0 1713 0/1
Signet ring cell 1/1 6/26 0
Mucinous 0 0/1 0

Table 6 Rate of lymph node
metastasis by tumor size and
ulcer findings

M intramucosal, ly lymphatic
invasion, v vascular invasion,
UL ulcer findings

tumors might have greater malignant potential than PU

tumors.

Limitations of the present study include the retrospec-
tive design and inclusion of only surgically resected cases

Intramucosal cancer without PD MD MU PU
lymphovascular invasion
(pM, 1y0, v0)
UL—
<20 mm 0/16 (0 %) 0/6 (0 %) 0/3 (0 %) 0/39 (0 %)
>20 mm 0/49 (0 %) 0/17 (0 %) 417 (24 %) 1/62 (2 %)
UL+
<30 mm 0/21 (0 %) 0/8 (0 %) 2/10 (20 %) 2/28 (7 %)
>30 mm 2/40 (5 %) 4/18 (22 %) 2/10 (20 %) 6/51 (12 %)
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