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Introduction

For patients with localized but non-early (T2 or higher) 
upper third gastric cancer (GC) and gastroesophageal 
junction (GEJ) cancer with limited esophageal extension, 
total gastrectomy (TG) with D2 lymph node (LN) 
dissection is considered the standard surgical treatment (1,2). 
However, 5–50% of patients who undergo TG experience 
post-gastrectomy syndrome, which consists of dumping 
syndrome due to lack of food reservoir, weight loss due 
to impaired appetite and oral intake, and anemia due to 
intrinsic factor loss and vitamin B12 malabsorption (3). 

Proximal gastrectomy (PG) can theoretically mitigate these 
problems by preserving stomach functions such as the food 
reservoir and gastric endocrine function (4-6). However, 
PG has been known to be associated with high incidence 
of postoperative reflux esophagitis (20–65%) and impaired 
quality of life (QOL) (7-10). For these reasons, PG is not 
commonly performed in Western countries.  

In East Asia, surgeons developed novel reconstruction 
techniques to prevent post-PG reflux esophagitis, such as 
double-tract reconstruction and the double-flap technique 
(11-16), and PG has been commonly performed for early 
(clinical T1N0) upper third GC in recent years (1,2). 
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However, there is still no global consensus on the oncologic 
and nutritional benefits of PG compared with TG, and 
the optimal anti-reflux reconstruction technique after PG 
remains unknown.

In the present article, we review available evidence 
for the use of PG for GC and GEJ cancer, including 
oncologically appropriate patient selection for PG, potential 
functional benefits of PG over TG, and various types of 
reconstructions that can be performed after PG, as well as 
future research on the use of PG. 

Oncologically appropriate patient selection for PG

Achieving margin-negative resection and clearance of 
potentially metastatic LNs is critical to provide the best 
possible oncologic outcomes after gastrectomy for patients 
with GC. This section describes evidence-based safe 
indications for PG, focusing on LN dissection for upper 
third GC and GEJ cancer.

Upper third GC 

For early (T1) upper third GC, where the incidence of 
LN metastasis is negligible (17), PG with perigastric LN 
dissection is widely accepted as an oncologically safe surgical 
treatment option (1,2). For example, in Japanese guidelines, 
the indication for PG is defined as early upper third GC 
(cT1a/1bN0) in which at least half of the stomach can be 
preserved and for which endoscopic submucosal dissection 
is not indicated (1). Equivalent recurrence and survival 
rates have been consistently reported between patients who 
underwent PG and those who underwent TG for early 
upper third GC. One prospective randomized controlled 
trial also reported similar postoperative complication rates 
between PG and TG (12,14,18-20).

For advanced (T2 or higher) upper third GC, safety of 
PG is still controversial owing to the substantial risk of LN 
metastasis, and TG with conventional D2 LN dissection 
is considered standard therapy (1,2). However, for patients 
with negligible risks of peripyloric LN (#4d, #5, #6) and 
proper hepatic artery LN (#12) metastases, conventional D2 
LN dissection may not be required (21) and these patients 
can undergo PG with appropriate LN dissection without 
increasing the risk of regional recurrence (13,22). Indeed, 
the frequency of peripyloric LN metastasis in advanced 
GC localized in the upper third of the stomach has been 
consistently reported to be low. Yura et al. investigated 
the frequency of metastasis at the peripyloric and hepatic 

artery LNs (i.e., LNs within the extent of conventional D2 
LN dissection but that cannot be cleared by PG) and the 
therapeutic index [calculated by multiplying the frequency 
of metastasis at each LN station and the 5-year survival 
rate for those with positive LNs at that station (23)] in 202 
patients with advanced upper third GC [pathologic T2–3 
(pT2–3)] (24). The incidence rates of metastasis at #4d 
(distal greater curvature) and #12a (proper hepatic artery) 
were very low (0.99% and 0.006%, respectively), and the 
incidence of metastasis at #5 (supra-pyloric) and #6 (infra-
pyloric) was zero. As a result, therapeutic indices for #4d, 
#5, #6, and #12a were zero, indicating no survival benefit 
from removing these LN stations in patients with pT2–3 
upper third GC (24). 

Lee et al. investigated risk factors for peripyloric LN 
metastasis in 878 patients with pT2–4 upper third GC who 
underwent TG. The incidence rate of metastasis at any 
peripyloric LN (#4d, #5, or #6) was 11.5%. Multivariable 
analysis showed that tumor epicenter >30 mm from the 
GEJ (P<0.001), tumor size >70 mm (P<0.001), macroscopic 
Borrmann type IV tumor (P=0.022), and serosal invasion 
(pT4; P<0.001) were independent risk factors for peripyloric 
LN metastasis, and the incidence rate of peripyloric 
LN metastasis among patients without these risk factors  
was 0.8% (25). 

Ri et al. analyzed the frequency of peripyloric and 
hepatic artery LN metastasis in 167 patients with clinical 
T2–4 (cT2–4) upper third GC, and they reported similar 
results. The overall incidence of peripyloric #4d, #5, and #6 
metastasis was 4.8%, and the incidence of #12 metastasis 
was zero. The therapeutic indices at #4d, #5, #6, and #12a 
were extremely low (<1.4) (26). 

Given the very low reported incidence of peripyloric and 
proper hepatic artery LN metastases from non-early upper 
third GC, the oncologic benefit of prophylactic dissection 
of these LNs with TG is likely negligible, unless tumors are 
bulky, accompanied by serosal invasion, or infiltrating into 
the mid-lower body of the stomach. 

GEJ cancer 

The optimal surgical procedure for GEJ cancers, 
particularly for Siewert type II tumors, has not been 
standardized, and selection of esophagectomy, TG, 
or PG greatly differs among nations, institutions, and 
individual surgeons by specialty (thoracic surgeons, surgical 
oncologists, and general/gastrointestinal surgeons) (27,28). 
A recent large Japanese multicenter study prospectively 
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examined the incidence rates of metastasis at mediastinal 
and abdominal LN stations, stratified by the length of 
esophageal extension of the tumor, in patients with cT2–4 
GEJ cancer. That study enrolled a total of 371 patients with 
Siewert type II GEJ cancer who underwent esophagectomy 
(38%) or gastrectomy (62%) with extended LN dissection. 
The incidence of metastasis at each peripyloric LN 
(#4d, #5, #6) and hepatic artery LN (#12a) was less than 
5%. However, for tumors with a diameter ≥6 cm, the 
incidence rate of overall peripyloric LN metastasis was 
11%. In addition, the incidence of metastasis for the lower 
mediastinum LN (#110) was greater than 10% if the 
esophageal extension exceeded 2 cm (29). Although survival 
outcomes are not yet available, these results indicate that 
PG can be safely performed in patients with GEJ cancer 
with an esophageal extension length of <2 cm and tumor 
diameter <6 cm. 

Similarly, Mine et al. retrospectively analyzed 288 patients 
with pT2–4 GC and investigated the association between the 
length of the gastric extension of tumor and the incidence 
of abdominal LN metastasis. They found that in patients 
in whom the gastric extension was >5 cm, the overall 
incidence of LN metastasis in the distal greater curvature 
and peripyloric LNs (#4sb, #4d, #5, and #6) was as high as 
20% (30). This result supports the criteria described above 
for oncologically safe indications of PG for GEJ cancer.

Potential functional benefits of PG

Before encouraging widespread use of PG to treat select 
patients with upper third GC and GEJ adenocarcinoma, 
the functional benefits of PG over TG should be 
established. Theoretically, PG has a functional advantage 
over TG by preserving the distal half of the stomach. 
The main problem with TG is decreased postoperative 
food intake and weight loss, which is driven by the lack of 
food reservoir and decreased appetite after surgery (3). A 
relationship between the volume of the remnant stomach 
and nutritional outcomes after distal gastrectomy (DG) 
has been consistently reported. For example, Nomura et al. 
investigated the postoperative food intake of 176 patients 
who underwent laparoscopic DG. The patients were given 
a survey once in the 6- to 12-month postoperative period 
assessing their postoperative food intake. In patients who 
had a smaller gastric remnant after DG (i.e., those who 
underwent gastrectomy of two-thirds of the stomach 
compared with half of the stomach), postoperative food 
intake was significantly decreased from preoperative food 

intake (67.5% compared with 80% of pre-DG intake, 
P=0.031) (31). 

Although data remain limited, a similar trend has been 
reported after PG. Ri et al. studied the relationship between 
remnant stomach volume and the incidence of skeletal 
muscle loss (≥10%) in 158 patients who underwent PG. The 
remnant stomach volume was estimated by performing a 
postoperative abdominal X-ray after contrast intake. Results 
showed that a remnant stomach volume of approximately two-
thirds of the original stomach was associated with a lower 
incidence of skeletal muscle reduction after PG compared 
with smaller remnant stomach volumes (32). Yamasaki et al. 
prospectively investigated the impact of surgical procedure 
on postoperative weight loss in 252 patients with upper 
third GC who underwent PG or TG. The percentage of 
body weight loss at 1 year after surgery in the PG group 
was significantly less than that of the TG group (−12.8% 
compared with −16.9%, P=0.0001) (10). 

In addition to mechanical volume of the remnant 
stomach as a food reservoir, another advantage of PG over 
TG is maintained endocrine secretion of ghrelin, the so-
called appetite hormone (33). Ghrelin is secreted mainly 
from the gastric body (fundic gland), and approximately 
70% of the ghrelin in the circulating blood is produced 
by the stomach (34). Preserved ghrelin secretion from 
the remnant stomach may help maintain appetite and 
body weight. Takiguchi et al. reviewed 13 previous reports 
investigating the relationship between gastrectomy and 
postoperative ghrelin levels. Across these studies, ghrelin 
levels were immediately reduced to 12–29% of the 
preoperative level after TG, compared with 39–71% of 
the preoperative level after DG. In addition, ghrelin levels 
gradually recovered to the preoperative level within a few 
years in most patients after DG, whereas such recovery 
after TG was rare (35). Kizaki et al. examined postoperative 
plasma ghrelin levels in 74 patients after TG, DG, PG, 
or pylorus-preserving gastrectomy. They reported that 
postoperative ghrelin levels were preserved after stomach-
preserving procedures such as DG, PG, and pylorus-
preserving gastrectomy compared with TG (36). Although 
ghrelin-producing cells are present in higher densities in the 
proximal stomach than in the distal stomach, the results of 
these studies suggest that PG would preserve postoperative 
ghrelin secretion and contribute to improved appetite level, 
oral intake, weight retention, and QOL.

PG may also result in improved nutritional metrics 
compared with TG. Ushimaru et al. retrospectively analyzed 
192 patients who underwent PG or TG. Postoperative 
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body weight loss was significantly smaller in the PG group 
than in the TG group at all observation points (3, 6, 12, 
24, and 36 months after surgery), and total protein (at 3, 
6, and 12 months after surgery) and serum albumin values 
(at 3 months after surgery) were significantly higher in 
the PG group than in the TG group (37). Hayami et al. 
investigated 90 patients with GC and compared short-
term outcomes between those who underwent PG and 
those who underwent TG. They found that 12-month 
postoperative body weight (P=0.003), hemoglobin levels 
(P=0.003), and total protein levels (P<0.001) were higher in 
the PG group than in the TG group (16). A meta-analysis 
by Xu et al. showed that postoperative total cholesterol was 
better and total protein levels were higher in the PG group 
than in the TG group at 1 year after surgery, although 
these values became equivalent between the two groups at  
2 years after surgery. However, the TG group had higher 
loss of bodyweight and lower hemoglobin levels than the 
PG group, and these values did not recover over time (38). 

Anemia is frequently reported after TG (in 60–90% of 
patients). The iron deficiency is due to decreased gastric 
acid and lack of food exposure to the duodenum after Roux-
en-Y reconstruction, as well as vitamin B12 deficiency 
due to intrinsic factor loss (3,39,40). The South Korean 
KLASS-05 randomized control trial (NCT02892643) (6) 
compared hemoglobin and vitamin B12 levels at 2 years 
after gastrectomy between patients who underwent TG 
with those who underwent PG in 137 patients with cT1N0 
upper third GC. Results showed no difference in decreased 
levels of hemoglobin between the groups (P=0.349), but 
the PG group contained a lower proportion of patients who 
required vitamin B12 supplementation (15% compared with 
58%, P<0.001) (41). 

These  re su l t s  ind ica te  tha t  PG may  mi t iga te 
postoperative weight loss, malnutrition, and incidence 
of anemia (or need for vitamin B12 supplementation) by 
maintaining gastric function better than TG.

Reconstruction after PG

Direct esophagogastrostomy (EG) anastomosis is the 
most straightforward anastomosis after PG and had been 
performed conventionally. However, performing direct 
EG without an anti-reflux procedure has been reported to 
cause severe postoperative reflux esophagitis in 10–30% of 
patients (18,42). Postoperative reflux esophagitis is associated 
with body weight loss, anastomotic stricture, and impaired 

QOL (43), and this is the main reason why PG is not 
recommended in the United States. To reduce incidence of 
reflux esophagitis, surgeons developed various post-PG anti-
reflux reconstruction techniques, such as the double-flap 
technique (DFT), double-tract reconstruction (DTR), jejunal 
interposition, gastric conduit, and fundoplication (7). Among 
these, DFT and DTR are the two anti-reflux procedures 
most commonly performed after PG in recent years, and 
promising outcomes have been reported.

DFT

DFT is a modified EG anti-reflux reconstruction technique 
(Figure 1). Surgeons create an H-shaped seromuscular flap 
on the anterior wall of remnant stomach, and this flap is 
used to reinforce the hand-sewn EG anastomosis, creating 
a one-way valve to prevent reflux (44). DFT has advantages 
over direct EG reconstruction, such as physiologic 
alignment by which all food intake flows through the 
duodenum, but DFT is technically challenging, particularly 
when performed at a high level within the mediastinum by 
laparoscopic approach. In addition, the remnant stomach 
is disconnected from the vagus nerve distribution, thus 
leading to the risk of delayed gastric emptying (43,45,46). 

Hayami et al. retrospectively compared outcomes of 
laparoscopic PG with DFT and laparoscopic TG with 
Roux-en-Y reconstruction in 90 patients with GC (16). 
Patients who underwent laparoscopic TG had reflux 
esophagitis (Los Angeles classification grade B or higher) 
more frequently than those who underwent laparoscopic 
PG with DFT (14.9% vs. 2.3%, P=0.06) within 12 months 
after surgery. 

Kuroda et al. conducted a multicenter retrospective study 
in 464 patients who underwent PG with DFT [81 patients 
(17%) underwent laparoscopic DFT]. The overall incidence 
of reflux esophagitis was 11%, and the incidence of Los 
Angeles classification grade B or higher reflux esophagitis 
was 6% (15). The incidence of anastomotic leakage was 
2%, and anastomotic strictures occurred in 6% of patients, 
indicating that the procedure was safe in general. However, 
the use of a laparoscopic DFT procedure was found to 
be an independent risk factor for anastomosis-related 
complications (odds ratio =3.93, 95% confidence interval: 
1.93–7.80, P=0.0003). The authors concluded that DFT 
may prevent reflux esophagitis compared with simple EG, 
but laparoscopic DFT should be carried out by or under the 
supervision of experienced surgeons. 
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DTR

Although it requires three anastomoses (esophagojejunostomy, 
gastrojejunostomy, and jejunojejunostomy; Figure 1), DTR 
is reported a technically safe and effective reconstruction 
technique (11,13,47,48). DTR avoids direct EG anastomosis 
by using the Roux-limb to provide interposition between the 
esophagus and stomach to prevent reflux while maintaining 
flow through the Roux-limb, which may alleviate symptoms 
of delayed gastric emptying if it occurs. Technical details such 
as the ideal distance between EG and gastrojejunostomy to 
effectively prevent reflux and the size of gastrojejunostomy that 
allows adequate flow to the gastric remnant are still unknown, 
and further studies are needed. 

DTR can reduce reflux esophagitis than simple EG 
by creating an interposition between the esophagus and 
the remnant stomach. Ahn et al. retrospectively reported 
short-term outcomes 43 patients with GC who underwent 
laparoscopic PG with DTR. Postoperative reflux was 
reported in 5% of patients, and anastomotic stricture 
was reported in 5% (47). Ji et al. retrospectively analyzed 
the short-term outcomes of 64 patients with early GC 

who underwent PG with DTR or PG with direct EG 
reconstruction without an anti-reflux procedure, and the 
rate of postoperative reflux esophagitis was lower in the 
PG-DTR group (8% vs. 31%, P=0.032) (49).

Yamasaki et al. conducted a multicenter prospective study 
of 252 patients comparing the short-term outcomes of TG 
and PG with various modern reconstruction techniques. 
Postoperative reflux esophagitis rates were 5% in patients 
who underwent TG followed by Roux-en-Y reconstruction, 
7% in patients who underwent PG followed by DTR, 7% 
in patients who underwent PG with jejunal interposition, 
and 19% in patients who underwent PG with direct EG 
(the details of use of anti-reflux techniques in this group 
are unknown). Rates of anastomotic stenosis were 5% in 
the TG with Roux-en-Y group, 0% in the PG with DTR 
group, 0% in the PG with jejunal interposition group, and 
9% in the PG with direct EG group (10). 

The short-term results of the above-mentioned 
prospective KLASS-05 study (LTG compared with LPG 
in 137 patients with cT1N0 upper third GC) showed 
no anastomosis-related complications in either group, 
and the Visick scores for postprandial symptoms at  

Total gastrectomy  
Roux-en esophagojejunostomy

Proximal gastrectomy  
Double Flap Technique

Proximal gastrectomy  
Double tract reconstruction

Figure 1 Reconstruction methods of total gastrectomy and proximal gastrectomy. 
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2 weeks after surgery, including reflux symptoms, were not 
significantly different between the two groups (P=0.749) (14).  
These results suggest that DTR results in lower rates of 
postoperative reflux than does direct EG, at a similar rate to 
that observed after TG, and that DTR is potentially safer 
than DFT when implemented as minimally invasive surgery.

In conclusion, both DTR and DFT appear to be safe, 
feasible, and effective anti-reflux reconstruction methods 
after PG; however, it remains unclear which method is safer 
and provides better nutritional and symptomatic outcomes. 
Although several studies have compared DFT and DTR and 
reported that DFT is nutritionally superior (50-52), all of 
these were single-center retrospective studies. In addition, 
because of the most of these reports are from Eastern 
countries, whether these techniques are safe and effective 
for Western patients is unknown.  Large, international 
multicenter prospective studies are warranted, to determine 
the optimal reconstruction after PG.

Postoperative QOL

All potential benefits of PG discussed above, including 
nutritional and hematologic metrics and incidence of reflux 
esophagitis measured by endoscopic findings, are clinically 
important and meaningful only when they improve patients’ 
symptoms and QOL. Most of the studies reviewed here 
lack or have very limited patient-reported outcomes data to 
quantify symptoms and QOL. For example, the presence of 
reflux esophagitis as an endoscopic finding may not reflect 
patients’ subjective symptoms, and if the patient does not 
experience symptoms, such an endoscopic finding is not 
clinically important (43,53). 

Kunisaki et al. conducted a PGSAS NEXT survey study of 
patients with upper third GC who underwent TG or PG (5), 
using a questionnaire developed in Japan for patients who 
had undergone gastrectomy (PGSAS-45) (4,54). Kunisaki 
et al. enrolled 1,020 TG patients and 518 PG patients. 
Reconstruction methods used with PG included direct EG 
(58%; details regarding anti-reflux procedures unknown), 
DTR (33%), jejunal interposition (6%), and jejunal pouch 
interposition (3%). PG patients had significantly better 
scores in several main outcome measures (weight loss, 
dumping syndrome, necessity for additional meals, ability to 
work, dissatisfaction with working, and dissatisfaction with 
daily life subscales; all P<0.05) and generally better scores 
on the reflux subscale than those who underwent TG. The 
main limitation of the study was its cross-sectional design, in 
which timing of survey completion was not standardized. 

Karanicolas et al. (8) evaluated postoperative QOL in  
134 patients with GC who underwent TG, DG, or PG 
using the European Organization for Research and 
Treatment of Cancer generic cancer (QLQ-C30) and gastric 
cancer (QLQ-STO22) modules (55,56). The reconstruction 
method with PG was direct EG without specific anti-reflux 
procedures. In that study, patients who underwent PG more 
frequently reported reflux esophagitis, nausea/vomiting, and 
global QOL impairment than did patients who underwent 
DG or TG (8), and the authors concluded that PG with 
direct EG should be avoided. 

Park et al. compared postoperative QOL between 
patients who underwent laparoscopic TG and those who 
underwent laparoscopic PG followed by DTR in 80 GC 
patients, using QLQ-C30 and QLQ-STO22 administered 
longitudinally after surgery (every 3 months during the first 
year after surgery, every 6 months for 3 years after surgery, 
and every 12 months for up to 5 years after surgery). Results 
showed no statistical difference in QOL scores between the 
two groups (57). 

In summary, the advantage of PG over TG in terms of 
postoperative QOL is not defined, and it may depend on 
the reconstruction method and survey timing after surgery. 
The cross-sectional studies lack longitudinal data on 
patient-reported QOL to assess changes in symptoms over 
time. A prospective study analyzing longitudinal changes in 
patient-reported outcomes with standardized reconstruction 
approaches is warranted.

To determine the postoperative QOL benefit and safety 
of minimally invasive PG, we have recently initiated a 
trans-Pacific international multicenter prospective study 
comparing patient-reported outcomes after minimally 
invasive TG with those of minimally invasive PG. In this 
study, we are enrolling 60 patients who undergo minimally 
invasive PG followed by DTR or DFT reconstruction or 
minimally invasive TG, and we will prospectively collect 
short-term surgical and nutritional outcomes, including 
ghrelin levels and patient-reported outcomes, longitudinally 
(1, 3, 6, and 12 months after surgery) using the modified 
MD Anderson Symptom Inventory Gastrointestinal 
Cancer Module (MDASI-GI) (58). The primary outcome 
will be appetite level at 3 months after surgery. MDASI-
GI is a validated questionnaire with only 24 question items 
requiring less than 5 min to complete, assessing symptoms 
for the past 24 h. We will use a web-based system to 
distribute the survey and collect results, which will make 
it feasible to collect patient-reported outcomes frequently. 
We expect that this pilot study will quantify the impact of 
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minimally invasive PG on patient QOL and its changes 
over time, to provide data to support future larger trials 
(NCT05205343). 

Conclusions

PG has the potential for expanded indications for the 
treatment of advanced upper third GC and GEJ cancer 
while preserving stomach function. Preserving the stomach 
may also improve postoperative QOL; however, a well-
designed prospective study is needed to verify the impact 
of this functional benefit. Postoperative reflux esophagitis, 
the most common disadvantage of PG, could potentially 
be overcome by improving the anastomosis technique, but 
international standardization is also warranted.
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