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Abstract
Background The appropriate extent of gastric resection for
patients with proximal third gastric cancer is controversial.
This study addresses whether the choice of surgical strategy
(proximal gastrectomy [PG] versus total gastrectomy [TG])
influences the outcomes for proximal third gastric
adenocarcinoma.
Materials and methods Review of prospective database at
Tata Memorial Hospital from January 2010 to December
2012 identified 343 patients diagnosed and treated for gastric
cancer. Of these, 75 underwent curative resections with D2
lymphadenectomy for proximal third gastric adenocarcinoma,
which entailed proximal gastrectomy in 43 and total gastrec-
tomy in 32 patients, depending on the epicenter of the primary
and its relation with the mid-body of the stomach. Morbidity,
lymph node yield, resection margins, patterns of recurrence,
and survival were compared between these two groups.
Results 41/75 tumors were pT3 (23 cases [53.4 %] in the PG
and 18 cases [56.3 %] in the TG group). Thirty-six patients
[83.7 %] in PG and 29 patients [90.6 %] in TG group received
neoadjuvant chemotherapy (NACT). There were no signifi-
cant differences with regard to median blood loss, general
complication rates and length of hospitalization between the
two groups. The lymph node yield was comparable between

the two procedures [PG=14; TG=15]. Positive proximal
resection margin rates were comparable between the two
groups [PG=4.7 %; TG=9.4 %], and there was no statistical
difference observed in the distal resection margin positivity
rates [PG=4.7 %; TG=3.1 %]. Regarding the patterns of
recurrence, local recurrence in PG was 4.7 % and there was
no local recurrence in the TG group (p=0.08). Distant recur-
rence rates was dominant in TG [PG = 30.2 % versus
TG=53.1 %]. The overall 2-year survival following PG and
TG was 73.8 and 49.9 %, respectively, and not statistically
different (p=0.10).
Conclusions The extent of resection for proximal third gastric
cancer does not influence the clinical outcome. PG and TG
have similar survival rates. Both procedures can be accom-
plished safely. Therefore, PG should be an alternative to TG,
even in locally advanced proximal gastric cancers treated by
NACT, provided that the tumor size and location permit pres-
ervation of adequate remnant of stomach without compromis-
ing oncological resection margins. Future QOL studies would
further lend credence to the concept of PG for proximal third
gastric cancer.
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III . Proximal gastrectomy . Total gastrectomy . D2
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Gastro-esophageal junction cancer

Introduction

Gastric cancer remains a cancer with a high mortality rate the
world over [1]. Over the past decades, the predominant site of
occurrence has shifted from the distal to the proximal stomach
[2, 3]. In North American and some European countries, ade-
nocarcinoma of the cardia is the primary type of gastric cancer.
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In Asia, a similar trend is observed [4]. The shift in gastric
cancer subsite has renewed interest in the management of
upper third gastric cancer with a focus on the optimal extent
of resection, i.e., proximal (PG) or total gastrectomy (TG).

Gastric remnant preservation by reducing the extent of rad-
ical gastrectomy is an important goal of surgical treatment [5].
For distal gastric malignancy, consensus has been reached that
curative R0 resection can be achieved by subtotal gastrectomy
which is considered oncologically equivalent to TG even in
locally advanced but resectable disease [6, 7]. Proximal gastric
cancer can be treated either by TG or PG. The choice of either
of the procedures is dictated by tumor size and epicenter, tumor
stage, potential volume of the future remnant stomach, and
surgeon’s preference. Proponents of TG have argued that com-
plete resection can achieve a longer tumor-free distal resection
margin along with a more radical lymphadenectomy which
translates into better curative effect [8]. Alternatively,
others argue that PG achieves a survival rate equivalent
to that of TG, with added advantage of preservation of the
gastric remnant [9].

The newly published BJapanese Gastric Cancer Treatment
Guidelines 2010^ recommends that PG is only suitable for
some early stage diseases [10] i.e., for cT1cN0 tumors, where
more than half of the distal stomach can be preserved.
However, majority of published studies showed that there
is no significant difference in survival rate between TG
and PG [11–13].

Thus, the optimal extent of gastric resection for proximal
gastric cancer remains controversial and there is still no gen-
eral agreement on the choice of surgical extent.

The purpose of this study is to present our prospective 2-
year experience with upper third gastric cancer treated with
either radical PG or with TG and to evaluate the surgical
outcome of these procedures in an attempt to define an opti-
mal approach for upper third gastric cancer.

Materials and methods

Patients

Medical records of 343 patients (Fig. 1a) undergoing surgery for
gastric cancer between January 2010 and December 2012, at the
Division of Gastrointestinal and Hepato-Pancreato-Biliary
Surgical Oncology, Tata Memorial Hospital, Mumbai, India
were evaluated from a prospectively maintained database.
Radical D2 gastrectomy was performed by or under the supervi-
sion of the consultant surgeons in the unit (SVS, MG). Among
these, 75 patients (21.8 %) underwent curative gastric resection
for upper third gastric cancer. Preoperatively, all patients were
investigated with routine blood investigations, including blood
counts, liver and renal functions, and an endoscopy to map the
location of the disease and to obtain tissue diagnosis. A contrast-

enhancedmulti-detector computed tomography (MDCT) scan of
the abdomen and pelvis was performed to stage the disease.

Eligibility criteria

Inclusion

Siewert’s classification is a well-established and an interna-
tionally accepted classification for adenocarcinomas of the
esophagogastric junction (AEG). It helps to choose the appro-
priate surgical approach and to make results from different
institutions comparable.

Type I tumors are a distinct entity that should be treated as a
distal esophageal cancer. In contrast, type III tumors represent
proximal gastric cancer and should be approached in accor-
dance with gastric cancer guidelines. The characterization of
type II tumors, however, remains controversial. Most evidence
suggests that these tumors behave more like proximal gastric
tumors than distal esophageal adenocarcinomas [14, 15].

In this series, upper third gastric cancer was defined as gas-
tric cancer involving the GE junction exclusively and proximal
gastric cancer involving the cardia, fundus, proximal body, or
all the three subsites plus possible involvement of the GE junc-
tion as assessed by endoscopy/radiology/intraoperatively, i.e.,
Siewert–Stein type II and III.

Management of type II and III tumors, however, remains
controversial. Avast variety of approaches for surgical resection
of tumors of the esophagogastric junction has been proposed,
including abdominothoracic en bloc esophagogastrectomy,
subtotal esophagectomy with resection of the proximal stom-
ach, total gastrectomy with transhiatal resection of the distal
esophagus, and limited resection of the esophagogastric
junction.

In accordance with the recently published French National
recommendations [16], two surgical options are possible for
Siewert’s type II: either a total gastrectomy with partial esoph-
agectomy through an abdominal approach, or a proximal gas-
trectomy associated with distal esophagectomy through a
transthoracic or transhiatal approach.

EORTC-gastrointestinal cancer group recommendations
for surgery of resectable gastric/GE junction adenocarcinoma
could be a free-margin surgery with at least D1 resection com-
bined to removal of a minimum of 15 lymph nodes [17].

In general, it has been well-accepted that the selection of
the surgical approach to GEJ cancers should be tailored based
upon achieving macroscopic and microscopic tumor resection
[18]. Hence transabdominal gastrectomy with less extensive
esophageal resection is also an option in Siewert’s II.

Exclusion

Patients who had any one of the following were excluded:
Siewert–Stein type I adenocarcinoma, stage IV gastric cancer,
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gastric remnant adenocarcinoma, anastomotic site recurrent
carcinoma, gastrointestinal stromal tumors (GIST), neuroendo-
crine tumors, lymphomas, antro-pyloric lesions, synchronous
primary, combined operation, cirrhotic in liver failure, and
recent myocardial infarction within the previous 6 months.

Staging

We did not demonstrate the tumor size or invasion beyond the
middle third of the stomach in the two groups.We have not done
this, as in our clinical practice this did not influence our treatment
approach, and since they are not an integral part of AJCC-TNM
staging. Stagingwas done in accordance with the seventh edition
of the AJCC for having a standard understanding.

Planning for neoadjuvant chemotherapy

All patients diagnosed with locally advanced but resectable
gastric cancer received perioperative chemotherapy as per
the MAGIC trial protocol. The imaging details of every pa-
tient were reviewed at the joint meeting of the Gastrointestinal

Disease Management Group (GI-DMG) as per routine pol-
icy. The indications for directing patients towards NACT
were as follows: (1) biopsy-proven gastric adenocarcinoma,
(2) MDCTscans indicative of tumor stage ≥T3, i.e., circum-
ferential wall thickening, perigastric fat stranding, with or
without nodal metastases, and (3) no evidence of distant
metastases on MDCT scan.

Re-staging/ response assessment after NACT

All patients were restaged with a MDCT scan 3 to 4 weeks
after completion of the NACT, and a final decision was made
for surgery if complete response or stable disease was record-
ed after NACT.

Surgical approach

A curative resection entailed proximal or total gastrectomy
with a radical D2 lymphadenectomy. A gross margin of
5 cm on stretched specimens just after resection was desirable;
however, inpatients treated with neoadjuvant chemotherapy, a

A) Proximal gastrectomy     = 43(12.5 %)                                         A) Exploratory Laparotomy=31(9 %) 

B) Total gastrectomy      = 32(9.3%)                                                       B) Palliative GJ = 30(8.7%) 

C) Sub - Total gastrectomy = 188(54.8%) 

D) Sleeve gastrectomy        = 17(5 %) 
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aFig. 1 a. Breakdown of the entire
cohort of 343 patients who
underwent surgery for gastric
tumors in the study period. bCase
distribution as per stage (post
treatment or pathological staging)
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negative margin of at least 1cm, as confirmed on intraopera-
tive frozen section (IOFS), was deemed acceptable.

Total gastrectomywas performed to achieve sufficient mar-
gins when the epicenter of the primary extended beyond the
confines of the mid-body and whenever there was a risk of
close margins as perceived by the surgeon and when the rem-
nant stomach was inadequate to achieve a safe tension-free
esophagogastric anastomosis.

TG was performed in 32 patients followed by Roux-En-Y,
end to side, mechanical circular stapled esophago-
jejunostomy and jejuno-jejunostomy for biliary diversion
(CDH 25, J &J, USA).

Proximal gastrectomies were performedwhen the epicenter
of the cancer was limited to the gastro-esophageal junction,
fundus, cardia, proximal or mid-body, in which at least half of
the distal stomach could be preserved.

PG was performed in 43 patients. The operative procedure
entailed surgical resection of the tumor-free distal esophagus
and proximal stomach with adequate margins. Restoration of
the digestive tract continuity following a curative proximal
gastric resection was done by a single-layer, tension-free, me-
chanical circular stapled esophago-gastric anastomosis (CDH
29, J &J, USA) or hand-sewn by 4–0 PDS sutures in two layers.

Seven patients in PG underwent thoracoabdominal ap-
proach, when complete resection was less likely to be achieved
with the abdominal approach alone, based on the patient factors
such as body habitus (narrow costal margins), prior abdominal
surgery, and hiatus hernia.

Proximal and distal resection margins were evaluated by
intraoperative frozen section to confirm disease-free resection
margins. Distal margins were measured from the distal-most
part of the tumor bearing mucosa to distal-most part of unin-
volved mucosa and not from the epicenter of the disease to
uninvolved mucosa. Similarly, proximal margins were also
measured.

All procedures were performed in a standardized manner and
included proximal or total gastrectomy along with a D2 lymph-
adenectomy, as adopted from the technique practiced by the
National Cancer Center, Tokyo, Japan, since 2002 [19, 20].

Prophylactic splenectomy with a total gastrectomy was not
a routine practice at our institute in view of lack of level I
evidence to support a survival benefit [21].

Multivisceral resection was performed whenever the gas-
tric cancer mass had directly infiltrated the adjacent resectable
organ or in the presence of extensive adhesions between the
cancer and adjacent organs.

A standard D2 lymph node dissection was performed
in all individuals which incorporated one to 12 nodal sta-
tions, excluding the suprapyloric and infrapyloric stations
five and six in proximal gastrectomy.

All patients were followed up regularly as per standardized
follow up protocol which consisted of regular physical exami-
nations, hemogram, blood counts, biochemistry profile, tumor

markers, chest X-ray, and ultrasonography of the abdomen and
pelvis. Upper GI endoscopy and CECT was performed only
when there was a high index of suspicion of recurrence or for
patient symptoms.

Clinicopathological parameters such as age, gender, blood
loss, complications, 30-day mortality, length of hospitaliza-
tion, histological type, stage, resection margin status, lymph
node yield, pathologically positive lymph nodes, recurrence,
pattern of recurrence, and survival were compared and ana-
lyzed between the two groups based on information obtained
from medical records.

Ethics

The data of the present study were collected in the course of
common clinical practice and, accordingly, the signed informed
consent was obtained from each patient for any surgical and
clinical procedure. The study protocol conforms to the ethical
guidelines of the BWorld Medical Association Declaration of
Helsinki: Ethical Principles for Medical Research Involving
Human Subjects^ adopted by the 18th WMA General
Assembly, Helsinki, Finland, June 1964, as revised in Tokyo
2004. No approval of the institutional review committee was
needed.

Statistical analysis

All statistical analyses were carried out with the Statistical
Package for the Social Sciences (SPSS) version 20.
Kaplan–Meier method and log-rank test was used to com-
pare the survival curves (in months) between the two
groups. Cases lost to follow-up were considered to have
died due to disease while analyzing the survival data.
Categorical variables between the groups were compared
by Chi-square test. A p value less than 0.05 was consid-
ered to be statistically significant.

Results

Clinical characteristics (Table 1)

Seventy-five patients underwent gastric resection and stan-
dardized D2 lymphadenectomy for proximal gastric cancer. PG
was performed in 43 patients and 32 underwent TG. The me-
dian age in PG and TG group was 53 years (range 29–74) and
59 years (range 23–85), respectively. There was male predom-
inance in both the groups (86 % in PG and 75 % in TG).
Twenty-nine cases (67.4 %) in the PG cohort were GE junction
tumors and 16 cases (50 %) in the TG were proximal body
tumors. Majority of the tumors were pT3 and amounted for
23 cases (53.4 %) in the PG and 18 cases (56.3 %) in the TG
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Table 1 Comparison of baseline
clinicopathological features Variables Proximal gastrectomy

n= 43 (%)
Total gastrectomy
n= 32 (%)

P

Median age in years (range) 53 (29–74) 59 (23–85) 0.39

Gender 0.22

Male 37 (86.0) 24 (75.0)

Female 06 (14.0) 08 (25.0)

Endoscopy 0.00

GE junction 29 (67.4) 08 (25.0)

Fundus 10 (23.3) 05 (15.6)

Proximal body 03 (7.0) 16 (50.0)

Linitis plastica 00 (0.0) 02 (6.3)

GE junction up to distal body 01 (2.3) 01 (3.1)

Tumor differentiation 0.14

Well differentiated 02 (4.7) 01 (3.1)

Moderately differentiated 19 (44.2) 08 (25.0)

Poorly differentiated 14 (32.6) 16 (50)

Signet ring cell carcinoma 02 (4.7) 05 (15.6)

Mucinous adenocarcinoma 00 (0.00) 01 (3.1)

Scanty microscopic disease 05 (11.6) 00 (0.00)

No residual tumor 01 (2.3) 01 (3.1)

Neoadjuvant chemotherapy 0.38

Yes 36 (83.7) 29 (90.6)

No 07 (6.3) 03 (9.4)

Presumed pretreatment staging

Stage I 01 01 –

Stage II 15 11

Stage III 21 18

Pathological staging 0.30

Stage I 09 (20.9) 03 (9.4)

Stage II 15 (34.9) 11 (34.1)

Stage III-A 11 (25.5) 12 (37.5)

Stage III-B and III-C 02 (4.7) 04 (12.5)

No residual disease (Tx) 06 (14.0) 02 (6.5)

Surgical approach 0.01

Abdominal 36 (83.7) 32 (0.0)

Thoracoabdominal 07 (16.3) 00 (0.0)

Surgical margin status on final HPR 0.52

Free margins 37 (86.0) 28 (87.5)

Proximal margin involved 02 (4.7) 03 (9.4)

Distal margin involved 02 (4.7) 01 (3.1)

Circumferential margin involved 02 (4.7) 00 (0.0)

Distance from the tumor to the resection margins

Median (range)

Proximal margin 1.6 cms 1.8 cms –

Distal margin 2.4 cms 4.6 cms

Number of lymph nodes retrieved 0.82

Median (range) 14 (1–27) 15 (2–31)

Number of positive lymph nodes –

Median (range) 1 (0–9) 1 (1–18)

Splenectomy 0.67

No 41 (95.3) 31 (96.9)
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group. Neoadjuvant chemotherapy was administered to 36 pa-
tients (83.7 %) in PG and 29 patients (90.6 %) in TG.
Detailed clinicopathological characteristics of the study
groups are listed in Table 1. Both the groups were com-
parable with regard to clinicopathological variables. A
detailed endoscopic mapping of the disease extent, in re-
lation to the mid-body of the stomach in the present study
is described in Table 2. Twenty-five percent (08/32) of
cases who underwent a TG had a disease extending from
the GE junction to beyond the mid-body of the stomach,
15.6 % (05/32) had a disease extending from fundus to
beyond mid-body, and 50 % (16/32) had disease extend-
ing from the proximal body to beyond the mid-body.

Pathological characteristics (Tables 1 and 3)

There were no significant differences in tumor differen-
tiation and overall stage between the groups. The median
number of lymph nodes retrieved from the surgical speci-
men was 15 for TG and 14 for PG which was not statisti-
cally significant (p = 0.82). The number of histological
positive nodes between the groups was higher in TG as
compared to PG (mean 0–9 versus 1–18); however, the
median number of positive lymph nodes for both the co-
hort was 1. Following PG, proximal margin was involved
by the disease in two patients (4.7 %) while three cases
(9.4 %) had a positive proximal margin after TG. Distal

margin positive rates were 4.7 and 3.1 %, respectively,
for PG and TG. The surgical margin status rates were not
significantly different between the groups. All patients
who had margin positivity on final histopathological report
(HPR) received adjuvant chemoradiotherapy (as a part of
perioperative chemotherapy). Splenectomy rates in PG and
TG groups were 2.3 and 3.1 %, respectively. Only one
patient in the PG group underwent splenectomy along with
multivisceral resection. Curative gastric resection was per-
formed in all the 75 individuals. The distribution of the
depth of tumor invasion, lymph node, and distant metasta-
sis along with residual tumor were comparable between the
two groups as shown in Table 3.

Morbidity and mortality

Median length of postoperative hospitalization following
PG and TG was 9 and 10 days, respectively. Postoperative
complications have been defined as per our previous pub-
lication (anastomotic and duodenal stump leaks were de-
tected either by drainage of bilious contents in the tube
drains placed in the abdominal cavity or signs and symp-
toms suggestive of intra-abdominal sepsis, or both) and
delayed gastric emptying (DGE) as per the International
Study Group of Pancreatic Surgery (ISGPS) [22]. All
complications were graded according to the Clavien–
Dindo classification [23]. The postoperative complication
rates in PG group was 29.9 and 27.9 % in TG and there

Table 1 (continued)
Variables Proximal gastrectomy

n= 43 (%)
Total gastrectomy
n= 32 (%)

P

Yes 01 (2.3) 01 (3.1)

Splenectomy with multivisceral resection 01 (2.3) 00

Blood loss in milliliters 0.36

Median (range) 500 (150–1300) 600 (200–1300)

Length of postoperative stay (days) 0.23

Median (range) 9 (7–18) 10 (7–18)

Table 2 Endoscopic mapping of
disease extension Endoscopy mapping of disease Proximal gastrectomy

n= 43 (%)

Total gastrectomy

n= 32 (%)

GE junction to mid-body of stomach 29 (67.4) 0

GE junction to beyond mid-body 0 08 (25)

Fundus to mid-body 10 (20.3) 0

Fundus to beyond mid-body 0 05 (15.6)

Proximal to mid-body 03 (7.0) 0

Proximal to beyond mid-body 0 16 (50.0)

Linitis plastica 0 2 (6.3)

GE junction upto distal body 01 (2.3) 01 (3.1)
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was no differences in complication rates including DGE,
surgical site infections, anastomotic leaks, intestinal ob-
struction (Table 4). There was no 30-day mortality in the
study group.

Recurrence

The median follow-up for patients undergoing curative
gastric resection in the PG and TG group were 19 months
(range 7–43 months) and 17 months (range 4–43 months),
respectively. The pattern of recurrence was confirmed by

clinicoradiological examination. In the PG group, two
cases (4.7 %) had local recurrence and none amongst the
TG. Distant recurrence was dominant in the TG group
(Table 5).

Survival

The estimated 2-year overall survival rate in the PG group was
73.8 and 49.9 % for TG (Fig. 2a). Stage-specific survival
analysis between the groups was made by combining stage I
with II and stage III-A with III-B and C. The 2-year overall
survival for stage I and II was 75.7 % in PG and 63 % in TG
(Fig. 2b) while the survival rates in stage III-A and III-B+C
was 42.9 % in PG and 30.1 % in the TG group (Fig. 2c).

Discussion

In India, the second most common type of fatal cancer
amongst men and women aged between 30 and 69 years is
gastric cancer. It is 12.6% amongst men and 14.1% in women
[24]. In the West, there has been a dramatic rise in the inci-
dence of proximal gastric cancer [25]. The clinical relevance is
that the overall prognosis of patients with proximal gastric
cancer is worse than for those with distal tumors. A striking
difference in the pathoanatomy of proximally located gastric
cancer is observed between the East and the West. Siewert’s
type I tumor is the most prevalent type in Europe [26, 27]
while type III subcardia tumors are the most common type
in Japan [28].

The extent of optimal gastric resection for proximal gastric
cancer continues to remain controversial, and a final consensus is
yet to be met. Skepticism about PG lingers amongst surgeons.

Although some concerns persist regarding the oncological
adequacy and extent of radical lymphadenectomy of PG, the
data published so far are promising. Previous retrospective
studies that compared TG to PG had hardly showed superior
results of TG in terms of long-term survival [29–31]. A 5-year

Table 3 TNM staging (AJCC Manual 7th edition)

Pathological staging PG
n = 43 (%)

TG
n= 32 (5 %)

Depth of tumor invasion

pT1 4 (9.3) 1 (3.1)

pT2 6 (14) 4 (12.5)

pT3 23 (53.4) 18 (56.3)

pT4 4 (9.3) 7 (21.9)

pTx 6 (14) 2 (6.3)

Lymph node metastasis

pN0 21 (48.8) 14 (43.8)

pN1 13 (30.2) 06 (18.8)

pN2 06 (14) 04 (12.5)

pN3 03 (07) 08 (25)

Distant metastasis 0 0

Table 4 Postoperative complications in the proximal and total
gastrectomy groups

Complications PG
n = 43 (%)

TG
n= 32 (%)

DGE grade A 2 (4.6) 1 (3.1)

DGE grade B 1 (2.3) 0 (0)

Surgical site infections 4 (9.2) 3 (9.3)

Anastomotic leak 2 (4.6) 3 (9.3)

Intra-abdominal abscess 1 (2.3) 0 (0)

Pulmonary 1 (2.3) 1 (3.1)

Secondary hemorrhage 1 (2.3) 0 (0)

Prolonged drain output 0 (0) 1 (3.1)

Intestinal obstruction 1 (2.3) 0 (0)

Pancreatitis 0 (0) 0 (0)

Postoperative pancreatic fistula 0 (0) 0 (0)

Grade of Clavien–Dindo classification.

Grade I 7 (16.1) 5 (18.6)

Grade II 2 (4.6) 1 (3.1)

Grade III 4 (9.2) 3 (9.3)

Grade IV 0 0

Grade V 0 0

Table 5 Comparison of cancer recurrence according to each procedure

Pattern of recurrence PG
n= 43(%)

TG
n= 32(%)

P

None 28 (65.1) 15 (46.9) 0.08
Local recurrence:

Anastomotic site recurrence 02 (4.7) 00 (00)

Local + distant 00 (00) 00 (00)

Distant recurrence 13 (30.2) 17 (53.1)

Ascitis and peritoneum 08 13

Liver metastasis 03 02

Malignant pleural effusion 02 01

Skeletal metastasis 00 01
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Fig. 2 a. Cumulative survival
curves of patients treated by
proximal and total gastrectomy.
p= 0.10 (log rank test). b
Cumulative survival curves of
patients treated with PG and TG
for stage I and II. p= 0.37 (log
rank test). c Cumulative survival
curves of patients treated with PG
and TG for stage III-A and III-
B +C. p= 0.39 (log-rank test)
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overall survival analysis by Yoo CH et al., showed no signif-
icant difference between the PG (54.8 %) and TG (47.8 %).
However, a major concern in the literature is the risk of reflux
esophagitis as a result of direct anastomosis between the
esophagus and the remnant stomach following proximal gas-
trectomy [32, 33].

This study is perhaps the largest series from the Indian sub-
continent, and to the best of our knowledge, this is the first
analysis comparing PG and TG in the post- neoadjuvant che-
motherapy (NACT) era. The findings of this study support the
equivalence of TG and PG in terms of lymphadenectomy,
resection margins, morbidity, recurrence, and survival for both
early and locally advanced proximal gastric adenocarcinoma.

The extent of lymphadenectomy is a consideration when TG
and PG are compared. A pattern of lymph nodal metastasis in
proximal gastric cancer is thought to flow from the nodal basin
number 3 to nodal basin number 7 then to number 9 or number
16 [34]. Recent studies have shown that early proximal third
gastric cancer is free of metastases to the lower perigastric
lymph nodes [35, 36], and the newly published BJapanese
Gastric Cancer Treatment Guidelines 2010^ recommends that
PG is only suitable for some early-stage diseases.

Maruyama et al. [37] and Kazuya et al. [38] Demonstrated
that the incidence of LN metastasis increased with deeper
tumor invasion. It is imperative that TG should be recom-
mended for advanced proximal gastric cancer. However, sev-
eral studies have reported that probability of the lymph nodal
metastasis to the supra- and infrapyloric lymph nodes was
very low in cases of upper third gastric cancer, and that resec-
tion of these nodes had little impact on survival [38–40].

Goto H. et al. [41] demonstrated potential possible involve-
ment and difference with regard to lymph nodal station 5,
amongst Siewert’s II and III but with no real impact on overall
survival. Therefore, we have reasons to believe that function-
preserving surgery such as well-done proximal gastrectomy,
could still be a reasonable approach to Siewert’s III re-
sponders, in the era of perioperative chemotherapy.

Inarguably, TG enables a more complete nodal dissection
and it is apparent from the number of lymph nodes retrieved in
the current study that TG does result in a somewhat better
lymph node yield. Although TG provides more complete
lymphadenectomy, the clinical relevance of these factors is
uncertain. In our series, median lymph nodes retrieved were
14 in the PG and 15 in the TG group. The range of lymph
nodes retrieved was 1–27 in PG and 2–31 in TG. A subset of
induviduals, 14 % in PG and 6.3 % in TG had complete
pathological response at primary following neoadjuvant
chemotherapy. Probably, the lymph nodal yield amongst
this subset of patients was low in view of the response at
nodal stations as well.

Wide tumor-free resection margins offer an advantage in
terms of local control rates. Although the level of proximal
resection margin is the same between TG and PG, TG

naturally provides a longer distal tumor-free margin. In our
series, 86 % in the PG and 87.5 % in the TG group had
adequate proximal and distal tumor-free resection margins.
In our study, the fresh specimen was opened longitudinally
and the gross length of the margin was decided by the surgeon
on the basis of visual and tactile sensation; in addition to this,
all specimens were subjected to IOFS analysis for confirma-
tion of margin adequacy and need for immediate revision of
margins. IOFS guided in converting 6.9 % of planned PG to a
TG to achieve adequate margins; however, the discordance
rates between IOFS and final histopathological examination
(HPE) was 9.4 % in the PG and 12.5 % in the TG group
indicating the limitations (false negative) of IOFS.

Previous reports concerning operative morbidity and mor-
tality related to PG are conflicting; some showed no difference
and others showed high morbidity and mortality rates as com-
pared with TG. Meta-analysis of five studies [30, 31, 42–44],
regarding operative mortality and the accumulated mortality
rates between TG and PG, did not show significant dif-
ference (OR = 0.61, 95 % CI = 0.18–2.07, p = 0.43).
Information on postoperative complications was reported
in four studies [30, 42, 44, 45]. Meta-analysis revealed
that patients after PG procedure experienced significantly
higher morbidity risk compared to TG (OR=0.11, 95 %
CI = 0.08–0.17, p< 0.00001); however, Peto OR estimates
did not change the mortality and morbidity comparison
results. Regardless of the extent of the resection, morbid-
ity rates observed in the present study was similar, sug-
gesting that both procedures can be performed safely with
acceptable outcomes in centers experienced in gastric can-
cer surgery. NACT was administered in 65 patients, and
as in our previous study, perioperative outcomes of gas-
trectomy with D2 lymphadenectomy for locally ad-
vanced resectable gastric cancer was not influenced by
NACT [46].

Local recurrence following proximal gastrectomy is a
cause for concern, and it is assumed that it might be prevented
if total gastrectomy is performed. Three studies reported data
on recurrence with heterogeneity among them [30, 31, 45].
Meta-analysis indicated a trend of increasing the risk of tumor
recurrence by PG procedure but without significant difference
by OR estimate. Moreover, on Peto OR estimate, PG proce-
dure showed a significant correlation with increased risk of
tumor recurrence (Peto OR= 0.53, 95 % CI = 0.35–0.82,
p=0.004). Yoo CH et al. [30] analyzed the risk factors for
local recurrence following proximal gastrectomy and advocat-
ed to avoid PG for infiltrative or the diffuse-type tumor, great-
er than 5 cm in tumor size, and serosal invasion. However, in
our study, significant subsets of patients were downstaged
with NACT (83.7 % in PG and 90.6 % in TG). This possibly
explains the low rate of local recurrence in patients with PG.
Distant recurrence was more common following TG but not
statistically significant. Our observations are persuasive that
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PG can be performed with an acceptable low local recurrence
rates even amongst locally advanced proximal third gastric
cancer individuals who show good response to NACT.

Meta-analysis on seven observational studies [30, 31,
42–45, 47] showed that PG had no significant difference
from TG on a 5-year overall survival rate (OR = 0.89,
95 % CI = 0.61–1.29, p= 0.53). Subgroup analysis was
performed by different subpopulations: early diseases or
unselected resectable diseases (including both early and
locally advanced gastric cancer). Both meta-analyses
showed no significant differences between two groups
(OR= 1.33, 95 % CI = 0.23–7.85 and OR= 0.87, 95 %
CI = 0.60–1.27, respectively). However, the accumulated
5-year overall survival rates of TG and PG groups were
72.3 % (502/694) versus 60.7 % (193/318), respectively,
with absolute survival rate increasing 11.6 %. The sur-
vival analysis of this study showed an estimated 2-year
overall survival rate of 73.8 % following PG and 49.9 %
following TG. It implied a trend of potential survival
benefit of PG procedure for proximal gastric cancer;
however, the p value was not statistically significant
(p = 0.10). The PG group faired prognostically better than
the TG, probably because tumors in TG had higher pro-
portion of undifferentiated tumors (68 %), bulky primary
despite chemotherapy (poor responders), and more dis-
tant failures as compared to PG.

All the 75 individuals diagnosed of proximal third gastric
cancer, ie, Siewert’s type II and III, as per current standard
treatment were potential candidates for TG; however, in a
cohort of 43 (43/75), we judiciously offered PG whenever a
distal resectionmargin was negative, and the remnant stomach
was adequate to perform a safe esophago-gastric anastomosis,
without compromising any of the oncological principles. Total
gastrectomywas performedwhenever there was a risk of close
margins as perceived by the surgeon.

We believe that proximal gastrectomy is a feasible option
in Siewert’s type II and III locally advanced resectable gastric
cancer, as the oncological outcomes are comparable with total
gastrectomy.

The present study has two limitations. First, it is retrospec-
tive, and the second limitation is that postoperative function
and patient quality of life following organ-preserving surgery
(PG) was neither evaluated nor documented well. High-
quality randomized controlled trials are still expected to
elucidate the real worth of these two procedures.

Conclusions

In Siewert’s type II–III gastric cancer, current standard of
treatment is total gastrectomy. In a post-MAGIC trial era,
our study supports the adequacy of PG in comparison to TG
which was offered to a group marginally different from that of

TG. PG was equivalent to TG with regards to lymphadenec-
tomy, resection margins, morbidity, pattern of recurrence, and
survival for early and locally advanced resectable proximal
gastric cancer. Both procedures can be accomplished safely.
Therefore, proximal gastrectomy could be an alternative to
total gastrectomy even in locally advanced proximal gastric
cancer which is adequately downstaged by NACT, and pro-
vided the tumor size and location permit preservation of an
adequate remnant of stomach without compromising oncolog-
ic principles.
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