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Abstract
Purpose Proximal gastrectomy (PG) offers advantages over total gastrectomy (TG) in enhancing the postoperative 
nutritional status of patients with proximal gastric cancer (PGC), yet its effect on long-term quality of life is still 
debated. This study aims to thoroughly compare postoperative health condition outcomes between PG and TG.

Methods We conducted a systematic search of English-language articles from the PubMed, Web of Science, and 
Cochrane Library databases, covering studies published up to February 2023. Key evaluation endpoints included 
surgical outcomes and postoperative health condition, assessed using the Post-Gastrectomy Syndrome Assessment 
Scale-45 (PGSAS-45).

Results Six retrospective cohort studies were included in the analysis. The PG group demonstrated no significant 
negative impact on surgical outcomes compared to the TG group. Notably, patients who underwent PG experienced 
a superior postoperative health condition, characterized by fewer gastroesophageal reflux symptoms (WMD = -0.106, 
95% CI -0.183 to -0.029, P < 0.01), less weight loss (WMD = 4.440, 95% CI 3.900 to 4.979, P < 0.01), and reduced dietary 
dissatisfaction (WMD = -0.205, 95% CI -0.385 to -0.025, P = 0.03).

Conclusion This study provides compelling evidence that PG is superior to TG in enhancing postoperative health 
condition for patients with proximal gastric cancer, without compromising surgical outcomes. However, further 
rigorous randomized controlled trials are necessary to inform surgical decision-making more effectively.
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Introduction
Gastric cancer is the third leading cause of cancer-related 
deaths, with over 10,000 new diagnoses globally each 
year. Recently, the incidence of proximal gastric cancer 
(PGC) has increased worldwide [1], even as the overall 
incidence of gastric cancer declines in some regions [2]. 
PGC, located primarily in the upper stomach, presents 
significant challenges due to its proximity to the gastro-
esophageal junction. Choosing the appropriate surgical 
approach involves careful consideration of factors such 
as tumor location, extent, and patient-specific variables. 
Nevertheless, the optimal treatment strategy is still 
debated.

Total gastrectomy (TG), which entails complete 
removal of the stomach, has been the standard surgi-
cal approach for proximal gastric cancer. This method 
ensures thorough tumor removal and adequate lymph 
node dissection. However, it often leads to changes in 
digestive physiology, resulting in postoperative compli-
cations such as malabsorption, dumping syndrome, and 
nutritional deficiencies [3].

Proximal gastrectomy (PG) is an alternative surgi-
cal procedure that preserves more than half of the distal 
stomach [4]. While PG is advantageous for organ and 
function preservation, it is associated with more severe 
reflux esophagitis and anastomotic stricture compared 
to TG [5]. Recent studies indicate that alternative pro-
cedures such as jejunal interposition (JI), jejunal pouch 
interposition (JPI), and double-tract reconstruction 
(DTR) can significantly reduce these complications and 
enhance postoperative nutritional outcomes [6].

Long-term survival rates following radical gastrec-
tomy have improved due to enhanced early detection and 
surgical techniques. Consequently, surgeons’ focus has 
shifted from merely achieving surgical success to con-
sidering the long-term postoperative health condition of 
patients, including postoperative symptoms, life status, 
and quality of life (QOL). However, this area remains 
controversial, as measuring subjective and physical 
symptoms poses challenges, leading to a lack of uniform 
evaluation criteria [7]. Previous generic QOL question-
naires, such as the QLQ-30, provide primary quantitative 
assessments but lack gastrointestinal specificity [8].

This meta-analysis employs the Post-Gastrectomy 
Syndrome Assessment Scale-45 (PGSAS-45) to sys-
tematically review and analyze the postoperative health 
condition of patients with proximal gastric cancer who 
underwent TG and PG. It evaluates postoperative symp-
toms, life status, and QOL while comparing the surgi-
cal outcomes of both procedures. The findings from this 
study may help clinicians choose the most suitable sur-
gical approach for proximal gastric cancer, taking into 
account both oncological outcomes and postoperative 
health condition.

Methods
Search strategy and data sources
This meta-analysis adhered to the Preferred Report-
ing Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [9]. A thorough literature search 
was performed across PubMed, Web of Science, and 
Cochrane Library databases, covering all publications 
from their inception to February 2023. The search uti-
lized Medical Subject Headings (MeSH) terms such as 
“stomach neoplasms,” “gastrectomy,” and “quality of life,” 
along with relevant keywords in titles and abstracts.

Inclusion and exclusion criteria
Studies were included if they met the following crite-
ria: (1) comparison of PG and TG; (2) presentation of 
tumor stage or depth of invasion for PGC; and (3) inclu-
sion of surgical outcomes or quality of life data based on 
PGSAS-45 statistics. In cases where two studies utilized 
the same cohort, the study with more comprehensive 
outcomes was chosen.

Studies were excluded based on the following crite-
ria: (1) absence of necessary statistics, such as variance; 
(2) non-English publications; (3) posters, review articles, 
commentaries, and abstract-only papers; (4) lack of data 
on tumor stage and depth of invasion; (5) inclusion of 
heterogeneous surgical types; (6) inability to convert 
quality of life data because the PGSAS-45 was not used 
or did not provide essential outcome measures. The study 
by Tanizawa, which compared the effects of TG and PG 
on postoperative health condition using PGSAS-45, was 
excluded as it focused solely on dumping syndrome indi-
cators without presenting data on other relevant out-
comes [10].

Data extraction and bias assessment
Data extraction for the included studies was conducted 
independently by two authors (X.Y.Y and Z.L.Z). The 
extracted data encompassed: (1) study background 
(authors, year of publication, study design, national-
ity, and cohort size); (2) cohort characteristics (age, 
sex, BMI, type of surgery, anastomosis type, and tumor 
stage); (3) symptoms (esophageal reflux, abdominal pain, 
meal-related distress, indigestion, diarrhea, constipa-
tion, dumping, and total symptom score); (4) life status 
(changes in body weight, amount of food ingested per 
meal, need for additional meals, quality of ingestion, and 
ability for working); (5) QOL (dissatisfaction with symp-
toms, dissatisfaction with the meal, dissatisfaction at 
work, dissatisfaction for daily life, physical component 
summary [PCS], mental component summary [MCS]).

The PGSAS-45 is a detailed questionnaire designed 
to assess post-gastrectomy syndrome [11, 12]. It com-
prises 45 questions, including 8 items from the Short 
Form Health Survey (SF-8) [13], 15 items from the 
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Gastrointestinal Symptom Scale [14, 15], and 22 items 
deemed clinically important and newly selected by gas-
tric surgeons [14, 15] (Supplementary Table S1).

Additionally, the 23 items related to postoperative 
symptoms were categorized into 7 subscales: esophageal 
reflux, abdominal pain, meal-related distress, indigestion, 
diarrhea, constipation, and dumping. The 19 primary 
outcome measures were then consolidated and organized 
into 3 domains: symptoms, life status, and QOL (Supple-
mentary Table S2).

The quality of the included studies was assessed using 
the Newcastle-Ottawa Quality Assessment Scale (NOS), 
which has a scoring range from 0 (worst) to 9 (best) [16]. 
The NOS evaluation focused on three quality parameters: 
selection of study populations, comparability between 
groups, and outcome measures. Studies scoring 6 or 
higher were deemed high quality, while those below 6 
were classified as low quality (Supplementary Table S3). 
Funnel plots were utilized to evaluate publication bias, 
and no bias was detected (Supplementary Figure S1).

Statistical analysis
Analyses were conducted using R language version 4.2.1. 
Dichotomous variables were represented as odds ratios 
(ORs), while continuous variables were presented as 
weighted mean differences (WMDs). All results included 
95% confidence intervals (CIs) calculated using the 
Mantel-Haenszel method [17]. Given the high hetero-
geneity among the studies, a random-effects model was 
employed; otherwise, a fixed-effects model was applied 
[18]. When only median and interquartile range data 
were available, estimates were derived from the mean 
and standard deviation [19]. Means and standard devia-
tions were calculated based on the median, interquar-
tile range, and study sizes. All tests were two-sided, with 
P < 0.05 indicating statistical significance. Cochran Q and 
I² statistics assessed between-study heterogeneity [20]. 
Sensitivity analyses involved removing individual studies 
to evaluate their impact on overall outcomes and identify 
sources of significant heterogeneity.

Results
Study characteristics
A total of 2,290 potential studies were identified across 
PubMed, Web of Science, and Cochrane Library data-
bases, resulting in 6 eligible studies without duplica-
tion [7, 21–25]. These studies included 2,929 patients, 
with 904 undergoing PG and 1,604 receiving TG (Fig. 1; 
Table 1). Five studies were conducted in Japan, and one 
in Korea. Surgical approaches varied between open and 
laparoscopic methods, with three studies using laparo-
scopic techniques. Three studies did not impose restric-
tions on the gastrointestinal tract (GI), while the others 
employed various reconstruction methods, including 

esophagogastrostomy (EG), JI, JPI and DTR. Notably, 
Lee, SW analyzed the postoperative health condition of 
PG patients separately for EG and DTR reconstruction 
subgroups. Table  1 summarizes the characteristics of 
the included studies, with sample size, age, gender, and 
tumor stage presented as mean ± standard deviation or 
median (interquartile range).

Patient’s clinicopathologic features
Analysis of patient characteristics revealed a signifi-
cant age difference (WMD = 1.061, 95% CI 0.269 to 
1.852, P < 0.01). No significant differences were found 
in gender (OR = 1.039, 95% CI 0.990 to 1.090, P = 0.12) 
or preoperative BMI (WMD = -0.031, 95% CI -0.296 to 
0.233, P = 0.82) (Table  2). There was no notable differ-
ence in D1+ lymph node dissection between patients 
in the PG and TG groups (OR = 1.315, 95% CI 0.812 to 
2.130, P = 0.27). The TG group had a higher proportion of 
combined cholecystectomies compared to the PG group 
(OR = 0.411, 95% CI 0.318 to 0.531, P < 0.01) (Table 2).

Surgical outcomes
Three studies assessed surgical outcomes. The PG group 
had a shorter operative time compared to the TG group 
(WMD = -34.719, 95% CI -44.396 to -25.042, P < 0.01). 
No significant differences were observed in other out-
comes, including intraoperative bleeding (WMD = 
-36.51, 95% CI -172.72 to 99.69, P = 0.19) and postopera-
tive complications (OR = 0.656, 95% CI 0.369 to 1.167, 
P = 0.15) (Table 2).

Postoperative symptoms
The analyses of postoperative symptoms included esoph-
ageal reflux, abdominal pain, meal-related distress, 
indigestion, diarrhea, constipation, dumping and total 
symptom score. As shown in Table 2; Fig. 2, no significant 
difference was found in the total symptom score between 
the PG and TG groups (WMD = -0.056, 95% CI -0.117 
to -0.006, P = 0.08). However, the PG group reported sig-
nificantly lower scores for esophageal reflux (WMD = 
-0.106, 95% CI -0.183 to -0.029, P < 0.01), diarrhea (WMD 
= -0.360, 95% CI -0.640 to -0.079, P = 0.01) and dumping 
(WMD = -0.433, 95% CI -0.773 to -0.093, P = 0.01) com-
pared to the TG group. Other postoperative symptom 
scores showed no significant differences between the 
groups (Table 2; Fig. 2).

Postoperative living status
The meta-analysis of operative outcomes assessed sev-
eral factors, including change in body weight, ingested 
amount of food consumed per meal, necessity for addi-
tional meals, quality of ingestion, and ability for working. 
Results indicated that the change in body weight was sig-
nificantly less in the PG group compared to the TG group 
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(WMD = 4.440, 95% CI 3.900 to 4.979, P < 0.01) (Table 2; 
Fig. 3).

Furthermore, the PG group demonstrated a signifi-
cantly lower need for additional meals than the TG group 
(WMD = -0.240, 95% CI -0.383 to -0.096, P = 0.01), indi-
cating a potential improvement in postoperative nutri-
tion for PG patients. However, the ingested amount of 
food per meal (WMD = 0.143, 95% CI -0.005 to 0.290, 
P = 0.06), quality of ingestion (WMD = -0.130, 95% CI 
-0.319 to 0.059, P = 0.18), and the ability for working 
(WMD = 0.125, 95% CI -0.096 to 0.346, P = 0.27) did not 
show significant differences between the two groups 
(Table 2; Fig. 3).

Postoperative QOL
The analysis of postoperative quality of life (QOL) 
focused on six areas: dissatisfaction with symptoms, 
dissatisfaction at the meal, dissatisfaction at working, 

dissatisfaction for daily life, and the physical and mental 
component summaries of the SF-8. Patients who under-
went PG were less likely to experience dissatisfaction 
at the meal compared to those who had TG (WMD = 
-0.205, 95% CI -0.385 to -0.025, P = 0.03), supporting the 
notion of improved nutritional status with PG (Table 2; 
Fig. 4).

Dissatisfaction in other areas was comparable between 
the two groups, as detailed in Table 2. Besides, there were 
no differences in the ph ysical component summary of 
SF-8 (WMD = -0.717, 95% CI -2.098 to 0.663, P = 0.31) 
or the mental component summary (WMD = -0.751, 
95% CI -1.798 to 0.296, P = 0.16) between the two groups 
(Table 2; Fig. 4).

Fig. 1 Flow diagram for the meta-analysis
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Discussion
This study summarizes the current evidence comparing 
PG and TG as treatment options for PGC. We utilized 
the PGSAS-45 scale to assess postoperative health condi-
tion and compare surgical outcomes. Given the absence 
of prospective or randomized controlled studies on this 
topic, our analysis included only retrospective studies, 
which may introduce various biases. Nonetheless, this 
is the first meta-analysis to employ the PGSAS-45 to 
evaluate postoperative health condition in gastric can-
cer patients who underwent PG and TG, providing new 
insights for clinicians in selecting appropriate surgical 
approaches.

Research on the postoperative nutritional status fol-
lowing PG and TG has shown the advantages of PG [26]. 
However, the absence of standardized criteria for assess-
ing postoperative health condition underscores the need 
for further exploration in this area. Long-term health 
condition post-gastrectomy is increasingly recognized 
as essential. Previous studies relied on generic quality 
of life questionnaires, such as the QLQ-30, which lack 
gastrectomy-specific items and may not fully capture the 
nuances of postoperative health condition [23, 27]. Our 
study employed the PGSAS-45, validated for gastric can-
cer patients, which includes specific items relevant to 
gastrectomy [10].

Our findings indicate that patients who underwent PG 
experience fewer symptoms of diarrhea and dumping 
syndrome compared to those undergoing TG, consistent 
with prior research [28, 29]. The mechanisms behind this 
observation may relate to the preservation of the pyloric 
sphincter and stomach’s reservoir function, which could 
slow food passage through the digestive tract.

Additionally, the extent of gastroesophageal reflux dis-
ease (GERD) in PG group was less severe to that in TG 
group. Interestingly, prior studies reported a high inci-
dence of postoperative anastomotic strictures and reflux 
symptoms in PG patients, attributed to the disruption 
of anti-reflux structures and vagus nerve severance dur-
ing surgery [30, 31]. The discrepancies in findings may 
reflect advancements in PG anti-reflux techniques. Vari-
ous measures, including DTR, JI, JPI, and the double-flap 
technique (DFT), have been developed to enhance reflux 
outcomes while maintaining the benefits of PG [32, 33]. 
Our analysis included studies utilizing different improved 
anastomosis techniques, such as DFT, JI, JPI, and DTR. 
We excluded the study by Nishigori et al. due to its lapa-
roscopic hand-sewn technique affecting subjective reflux 
assessments, and subsequent analysis showed similar 
reflux symptoms (WMD = -0.069, 95% CI -0.152 to 0.014, 
P = 0.10). This suggests that PG-EG with effective anti-
reflux measures may not adversely affect reflux symp-
toms. However, given the limited studies and ongoing 
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debates about gastrointestinal reconstruction, further 
research is necessary to clarify these results.

Our analysis indicated that patients undergoing PG 
experienced less weight loss than those undergoing TG, 
leading to a better nutritional profile. This aligns with 
previous studies [28, 29, 34, 35]. One hypothesis is that 
proximal gastrectomy preserves ghrelin-producing cells 
in the stomach, which stimulate appetite and promote 
food intake; this remaining ghrelin may help maintain 
appetite and reduce the risk of weight loss.

While preserving distal gastric function is thought to 
result in better QOL, our analysis found almost no sig-
nificant differences in QOL section between the PG 
and TG groups, particularly in the physical and psycho-
logical components. The only notable difference was 
the reduced need for additional meals in the PG group, 

further supporting the improved nutritional profile asso-
ciated with PG. We speculate that the preservation of 
the stomach’s reservoir function and pyloric sphincter in 
proximal gastrectomy may help regulate food intake and 
maintain a sense of fullness.

Nevertheless, PG is a recommended surgical option 
for gastric cancer patients due to its lower invasiveness, 
reduced postoperative anemia, and better vitamin B12 
levels [26, 36]. Additionally, DTR is preferentially rec-
ommended for gastrointestinal reconstruction after PG, 
as it offers superior anti-reflux effects while preserving 
some digestive and storage functions, enhancing nutrient 
absorption, including vitamin B12 [23, 37].

We also examined the impact of surgical approach on 
treatment outcomes in PGC. Our analysis revealed that 
the PG and TG groups had comparable perioperative 

Table 2 Subgroup meta-analysis of comparison between PG and TG
Subgroup No. of

studies
OR/WMD 95% CI p value Heterogeneity (I2) Effect model

Basic characteristics
 Age 6 1.061 0.269, 1.852 < 0.01 0% Fixed
 Gender (male) 6 1.039 0.990, 1.090 0.12 0% Fixed
 BMI (kg/m2) 6 -0.031 -0.296, 0.233 0.82 0% Fixed
 Stage I 6 1.472 1.414, 1.533 < 0.01 100% Random
 D1 + lymphnode dissection 4 1.315 0.812, 2.130 0.27 99% Random
 Combined cholecystectomy 4 0.411 0.318, 0.531 < 0.01 0% Fixed
Surgical outcomes
 Operation time(minutes) 3 -34.719 -44.396, -25.042 < 0.01 0% Fixed
 Intraoperative blood loss (ml) 3 -36.51 -172.72, 99.69 0.19 95% Random
 Postoperative complications 3 0.656 0.369, 1.167 0.15 0% Fixed
Postoperative symptoms
 Esophageal reflux SS 5 -0.106 -0.183, -0.029 < 0.01 43% Fixed
 Abdominal pain SS 5 0.076 -0.162, 0.314 0.53 93% Random
 Meal-related distress SS 5 -0.185 -0.482, 0.112 0.22 89% Random
 Indigestion SS 5 -0.134 -0.292, 0.023 0.09 74% Random
 Diarrhea SS 5 -0.360 -0.640, -0.079 0.01 88% Random
 Constipation SS 5 0.073 -0.129, 0.274 0.48 73% Random
 Dumping SS 5 -0.433 -0.773, -0.093 0.01 90% Random
 Total symptom score 5 -0.056 -0.117, 0.006 0.08 39% Fixed
Postoperative living status
 Change in BW (%) 5 4.440 3.900, 4.979 < 0.01 95% Random
 Ingested amount of food per meal 5 0.143 -0.005, 0.290 0.06 5% Fixed
 Necessity for additional meals 5 -0.240 -0.383, -0.096 0.01 71% Random
 Quality of ingestion SS 5 -0.130 -0.319, 0.059 0.18 74% Random
 Ability for working 5 0.125 -0.096, 0.346 0.27 83% Random
Postoperative QOL
 Dissatisfaction with symptoms 5 -0.225 -0.649, 0.199 0.30 97% Random
 Dissatisfaction with the meal 5 -0.205 -0.385, -0.025 0.03 68% Random
 Dissatisfaction at working 5 -0.032 -0.293, 0.230 0.81 83% Random
 Dissatisfaction for daily life SS 5 -0.162 -0.422, 0.099 0.22 90% Random
 Physical component summary 5 -0.718 -2.099, 0.664 0.31 85% Random
 Mental component summary 5 -0.751 -1.798, 0.296 0.16 71% Random
PG, proximal gastrectomy; TG, total gastrectomy; OR, odds ratio; WMD, weighted mean difference; CI, confidence interval; SS, subscale; BW, body weight; QOL, 
quality of life



Page 7 of 12Yang et al. BMC Cancer         (2024) 24:1282 

Fig. 2 Forest plots for comparing postoperative symptoms between proximal gastrectomy and total gastrectomy. (A) esophageal reflux subscale, (B) 
diarrhea subscale, (C) dumping subscale, (D) total symptom score
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Fig. 3 Forest plots for comparing postoperative living status between proximal gastrectomy and total gastrectomy. (A) change in BW (%), (B) the neces-
sity for additional meals, (C) ingested amount of food per meal, (D) quality of ingestion
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outcomes, with no significant differences in intraopera-
tive blood loss or postoperative complications. However, 
the PG group had a shorter operative time, likely due 
to its simpler surgical steps. It is worth noting that Tsu-
mura’s study reported paradoxically more bleeding in the 
PG group, which was attributed to misclassifying gastric 
fluid spillage as blood loss. Consequently, we excluded 
this study from the analysis of intraoperative blood loss 
[25].

While PG improves postoperative health condition 
compared to TG, the development of remnant gastric 
cancer (RGC) after PG remains a critical concern, sig-
nificantly affecting long-term survival. RGC refers to 

new cancers arising in the remaining gastric tissue after 
gastrectomy for benign or malignant conditions, with an 
overall incidence of around 2.6% [38]. After PG, however, 
the incidence is notably higher, ranging from 5.0–8.9% 
[4, 39–42]. Risk factors for RGC include smoking, Heli-
cobacter pylori infection, and atrophic gastritis [39, 43]. 
To ensure early detection and treatment, annual gastros-
copy is recommended for at least five years following 
surgery [44]. Some researchers advocate extending this 
follow-up to 20 years to enhance early detection [45]. 
Special attention should be given during gastroscopy 
to the pseudo-fundus, which is often obscured by food 
debris, potentially delaying the diagnosis of RGC at more 

Fig. 4 Forest plots for comparing postoperative QOL between proximal gastrectomy and total gastrectomy. (A) dissatisfaction with the meal, (B) physical 
component summary of SF-8, (C) mental component summary of SF-8
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advanced stages [46]. Therefore, thorough cleaning of 
this area is crucial to prevent missed diagnoses.

Early-stage RGC, like primary gastric cancer, can often 
be managed with endoscopic treatments, while advanced 
cases may require additional surgery [44, 47]. Advances 
in laparoscopic techniques now allow laparoscopic com-
pletion total gastrectomy to be as effective as open sur-
gery, providing a safe and viable option for patients with 
advanced RGC [48]. Moreover, there is evidence suggest-
ing that patients with RGC may benefit from adjuvant 
chemotherapy and immunotherapy [49, 50]. However, as 
most current studies are retrospective, further prospec-
tive research is needed to provide clearer guidance on the 
management and surveillance of RGC following PG.

Despite adhering to strict inclusion and exclusion cri-
teria, several limitations should be acknowledged. The 
number of included studies was limited, primarily due 
to varying quality of life assessment scales, which com-
plicated the inclusion of literature with consistent effect 
sizes. The reliance on retrospective cohort studies, with-
out prospective cohorts or randomized controlled trials, 
increases the potential for bias, weakening the strength 
of the evidence. While the funnel plot did not show pub-
lication bias, its presence cannot be completely ruled 
out. Additionally, variations in surgical techniques, par-
ticularly the reconstructive methods used after PG (EG, 
JI, and DTR), may have affected the outcomes, making 
direct comparisons more difficult. Subgroup analyses 
on different anastomosis methods should be considered 
when sufficient studies are available. Lastly, the lack 
of specific postoperative time settings in the included 
studies increased variability in outcome measurements, 
thereby reducing the reliability of our conclusions.

Conclusion
In conclusion, proximal gastrectomy is a preferred surgi-
cal option over total gastrectomy for patients with proxi-
mal gastric cancer, as it offers improved postoperative 
health condition regarding nutrition and dietary factors 
without significantly compromising surgical outcomes. 
Future randomized controlled trials should compare 
reconstruction modalities, including DTR, EG, and JI, to 
identify the optimal approach for long-term health con-
dition following PG.

Abbreviations
PGC  Proximal gastric cancer
TG  Total gastrectomy
PG  Proximal gastrectomy
JI  Jejunal interposition
JPI  Jejunal pouch interposition
DTR  Double-tract reconstruction
PGSAS-45  Post-Gastrectomy Syndrome Assessment Scale-45
QOL  Quality of life
PRISMA  Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses
MeSH  Medical Subject Headings

PCS  Physical component summary
MCS  Mental component summary
SF-8  8 items from the Short Form Health Survey
NOS  Newcastle-Ottawa Quality Assessment Scale
WMD  Weighted mean difference
CI  Confidence interval
GI  Gastrointestinal tract
EG  Esophagogastrostomy
GERD  Gastroesophageal reflux disease
DFT  Double-flap technique
RGC  Remnant gastric cancer

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/s12885-024-13046-3.

Supplementary Material 1

Supplementary Material 2

Supplementary Material 3

Acknowledgements
We express our gratitude to the researchers and study participants for their 
valuable efforts.

Author contributions
All authors made substantial contributions to the intellectual content 
of this paper and reviewed the manuscript. XYY was responsible for 
conceptualization, design, data collection, processing, analysis, visualization, 
interpretation, and manuscript drafting. ZLZ and ZYL participated in analysis, 
visualization and manuscript drafting. CYZ, HYW and HJW performed 
manuscript editing. SC, WZL and XSL provided resources, supervision and 
critical review. All authors approved the final manuscript.

Funding
This research was funded by the Anhui University of Traditional Chinese 
Medicine High Level Talent Support Program Project (Nos. 2021rcyb005), 
Basic and Applied Basic Research Foundation of Guangdong Province 
(2024A1515010982) and China Postdoctoral Science Foundation 
(2023M740780).

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details
1Department of Traditional Chinese Medicine, Jiangxi Maternal and Child 
Health Hospital, Nanchang  330006, Jiangxi, China
2Department of Gastroenterology and Hepatology, The Second Affiliated 
Hospital of Chongqing Medical University, No.76 Linjiang Road, Yuzhong 
District, 400010 Chongqing, China
3Department of Breast Oncology, The Second Affiliated Hospital of 
Guangzhou University of Chinese Medicine, Guangzhou 510120, 
Guangdong, China
4Post-Doctoral Research Center, Guangdong Provincial Hospital of 
Chinese Medicine, Guangzhou 510120, Guangdong, China
5College of Traditional Chinese Medicine, Anhui University of Chinese 
Medicine, Hefei, China

https://doi.org/10.1186/s12885-024-13046-3
https://doi.org/10.1186/s12885-024-13046-3


Page 11 of 12Yang et al. BMC Cancer         (2024) 24:1282 

6Central Laboratory, The First Affiliated Hospital of Hebei North University, 
Zhangjiakou 075000, Hebei, China
7Jiangxi Provincial Key Laboratory of Female Reproduction Integrated 
Traditional Chinese and Western Medicine, Jiangxi Maternal and Child 
Health Hospital, Nanchang  330006,  Jiangxi, China
8School of Pharmaceutical, Guangzhou University of Chinese Medicine, 
Guangzhou, Guangdong, China

Received: 14 July 2024 / Accepted: 8 October 2024

References
1. Smyth EC, Nilsson M, Grabsch HI, Van Grieken NC, Lordick F. Gastric cancer. 

Lancet. 2020;396:635–48.
2. Thrift AP, El-Serag HB. Burden of gastric Cancer. Clin Gastroenterol Hepatol. 

2020;18:534–42.
3. Ota M, Ikebe M, Shin Y, Kagawa M, Mano Y, Nakanoko T, et al. Laparoscopic 

total gastrectomy for remnant gastric Cancer: a single-institution experience 
and systematic literature review. Vivo. 2020;34:1987–92.

4. Jung DH, Ahn S-H, Park DJ, Kim H-H. Proximal gastrectomy for gastric Cancer. 
J Gastric Cancer. 2015;15:77.

5. Lu S, Ma F, Zhang Z, Peng L, Yang W, Chai J, et al. Various kinds of Functional 
Digestive Tract Reconstruction methods after Proximal Gastrectomy. Front 
Oncol. 2021;11:685717.

6. Ying K, Bai W, Yan G, Xu Z, Du S, Dang C. The comparison of long-term onco-
logical outcomes and complications after proximal gastrectomy with double 
tract reconstruction versus total gastrectomy for proximal gastric cancer. 
World J Surg Oncol. 2023;21:101.

7. Kunisaki C, Yoshida K, Yoshida M, Matsumoto S, Arigami T, Sugiyama Y, et al. 
Effects of Proximal Gastrectomy and various clinical factors on postoperative 
quality of life for Upper-third gastric Cancer assessed using the Postgastrec-
tomy Syndrome Assessment Scale-45 (PGSAS-45): a PGSAS NEXT Study. Ann 
Surg Oncol. 2022;29:3899–908.

8. Qedair JT, Al Qurashi AA, Alamoudi S, Aga SS, Hakami Y. Assessment of 
Quality of Life (QoL) of Colorectal Cancer patients using QLQ-30 and QLQ-CR 
29 at King Abdulaziz Medical City, Jeddah, Saudi Arabia. Int J Surg Oncol. 
2022;2022:1–8.

9. Shamseer L, Moher D, Clarke M, Ghersi D, Liberati A, Petticrew M, et al. 
Preferred reporting items for systematic review and meta-analysis proto-
cols (PRISMA-P) 2015: elaboration and explanation. BMJ. 2015;349(jan02 
1):g7647–7647.

10. Tanizawa Y, Tanabe K, Kawahira H, Fujita J, Takiguchi N, Takahashi M, et al. 
Specific features of dumping syndrome after various types of Gastrectomy as 
assessed by a newly developed Integrated Questionnaire, the PGSAS-45. Dig 
Surg. 2016;33:94–103.

11. Nakada K, Ikeda M, Takahashi M, Kinami S, Yoshida M, Uenosono Y, et al. Char-
acteristics and clinical relevance of postgastrectomy syndrome assessment 
scale (PGSAS)-45: newly developed integrated questionnaires for assessment 
of living status and quality of life in postgastrectomy patients. Gastric Cancer. 
2015;18:147–58.

12. Nakada K, Takahashi M, Ikeda M, Kinami S, Yoshida M, Uenosono Y, et al. 
Factors affecting the quality of life of patients after gastrectomy as assessed 
using the newly developed PGSAS-45 scale: a nationwide multi-institutional 
study. World J Gastroenterol. 2016;22:8978.

13. Turner-Bowker DM, Bayliss MS, Ware JE, Kosinski M. Usefulness of the SF-8 
Health Survey for comparing the impact of migraine and other conditions. 
Qual Life Res Int J Qual Life Asp Treat Care Rehabil. 2003;12:1003–12.

14. Kulich KR, Madisch A, Pacini F, Piqué JM, Regula J, Van Rensburg CJ, et al. Reli-
ability and validity of the gastrointestinal Symptom Rating Scale (GSRS) and 
quality of life in reflux and dyspepsia (QOLRAD) questionnaire in dyspepsia: a 
six-country study. Health Qual Life Outcomes. 2008;6:12.

15. Jan Svedlund, Sjödin I, Dotevall G. GSRS?A clinical rating scale for gastrointes-
tinal symptoms in patients with irritable bowel syndrome and peptic ulcer 
disease. Dig Dis Sci. 1988;33:129–34.

16. Norris JM, Simpson BS, Ball R, Freeman A, Kirkham A, Parry MA, et al. A modi-
fied Newcastle-Ottawa Scale for Assessment of Study Quality in Genetic 
Urological Research. Eur Urol. 2021;79:325–6.

17. Mantel N, Haenszel W. Statistical aspects of the analysis of data from retro-
spective studies of disease. J Natl Cancer Inst. 1959;22:719–48.

18. Borenstein M, Hedges LV, Higgins JPT, Rothstein HR. A basic introduction to 
fixed-effect and random-effects models for meta-analysis. Res Synth Meth-
ods. 2010;1:97–111.

19. Hozo SP, Djulbegovic B, Hozo I. Estimating the mean and variance from the 
median, range, and the size of a sample. BMC Med Res Methodol. 2005;5:13.

20. Higgins JPT. Measuring inconsistency in meta-analyses. BMJ. 
2003;327:557–60.

21. Lee S-W, Kaji M, Uenosono Y, Kano M, Shimizu H, Noguchi T, et al. The 
evaluation of the postoperative quality of life in patients undergoing radical 
gastrectomy for esophagogastric junction cancer using the Postgastrectomy 
Syndrome Assessment Scale-45: a nationwide multi-institutional study. Surg 
Today. 2022;52:832–43.

22. Nishigori T, Okabe H, Tsunoda S, Shinohara H, Obama K, Hosogi H, et al. Supe-
riority of laparoscopic proximal gastrectomy with hand-sewn esophagogas-
trostomy over total gastrectomy in improving postoperative body weight 
loss and quality of life. Surg Endosc. 2017;31:3664–72.

23. Park JY, Park KB, Kwon OK, Yu W. Comparison of laparoscopic proximal 
gastrectomy with double-tract reconstruction and laparoscopic total gastrec-
tomy in terms of nutritional status or quality of life in early gastric cancer 
patients. Eur J Surg Oncol. 2018;44:1963–70.

24. Takiguchi N, Takahashi M, Ikeda M, Inagawa S, Ueda S, Nobuoka T, et al. 
Long-term quality-of-life comparison of total gastrectomy and proximal 
gastrectomy by Postgastrectomy Syndrome Assessment Scale (PGSAS-45): a 
nationwide multi-institutional study. Gastric Cancer. 2015;18:407–16.

25. Tsumura T, Kuroda S, Nishizaki M, Kikuchi S, Kakiuchi Y, Takata N, et al. 
Short-term and long-term comparisons of laparoscopy-assisted proximal 
gastrectomy with esophagogastrostomy by the double-flap technique and 
laparoscopy-assisted total gastrectomy for proximal gastric cancer. PLoS ONE. 
2020;15:e0242223.

26. Lee I, Oh Y, Park S-H, Kwon Y, Park S. Postoperative nutritional outcomes and 
quality of life-related complications of proximal versus total gastrectomy for 
upper-third early gastric cancer: a meta-analysis. Sci Rep. 2020;10:21460.

27. Karanicolas PJ, Graham D, Gönen M, Strong VE, Brennan MF, Coit DG. Quality 
of Life after Gastrectomy for Adenocarcinoma: a prospective cohort study. 
Ann Surg. 2013;257:1039–46.

28. Yabusaki H, Kodera Y, Fukushima N, Hiki N, Kinami S, Yoshida M, et al. Com-
parison of postoperative quality of life among three different Reconstruction 
methods after Proximal Gastrectomy: insights from the PGSAS Study. World J 
Surg. 2020;44:3433–40.

29. Yamasaki M, Takiguchi S, Omori T, Hirao M, Imamura H, Fujitani K, et al. Multi-
center prospective trial of total gastrectomy versus proximal gastrectomy for 
upper third cT1 gastric cancer. Gastric Cancer. 2021;24:535–43.

30. Im MH, Kim JW, Kim WS, Kim J-H, Youn YH, Park H, et al. The impact of Esopha-
geal Reflux-Induced symptoms on quality of life after gastrectomy in patients 
with gastric Cancer. J Gastric Cancer. 2014;14:15.

31. Oh HJ, Choi M-G, Park JM, Song KY, Yoo HM. Acid secretion and its relation-
ship to Esophageal Reflux Symptom in patients with Subtotal Gastrectomy. 
Dig Dis Sci. 2018;63:703–12.

32. Aizawa M, Ishida M, Kodera Y, Kanazawa T, Fukushima R, Akashi Y, et al. A com-
parison of the effects of anti-reflux procedures during esophagogastrostomy 
after proximal gastrectomy on the postoperative quality of life. Surg Today. 
2023;53:182–91.

33. Wang S, Lin S, Wang H, Yang J, Yu P, Zhao Q, et al. Reconstruction methods 
after radical proximal gastrectomy. Med (Baltim). 2018;97:e0121.

34. Irfan A, Yang T, Bowring M, Blair AB, Duncan M. Proximal vs. total gastrectomy: 
is there a difference in quality of life for patients? Am Surg. 2023;89:401–6.

35. Schrope B, Coons B, Rosario V, Toledano S. Proximal gastrectomy is a viable 
alternative to total gastrectomy in early stage proximal gastric Cancer. JSLS J 
Soc Laparosc Robot Surg. 2021;25:e2021.00017.

36. Aoyama T, Maezawa Y, Cho H, Saigusa Y, Tamura J, Tsuchida K, et al. Phase II 
study of a multi-center Randomized Controlled Trial to evaluate oral vitamin 
B12 treatment for vitamin B12 Deficiency after total gastrectomy in gastric 
Cancer patients. Anticancer Res. 2022;42:3963–70.

37. Park DJ, Han S-U, Hyung WJ, Hwang S-H, Hur H, Yang H-K, et al. Effect of 
laparoscopic proximal gastrectomy with double-Tract Reconstruction vs 
total gastrectomy on hemoglobin level and vitamin B 12 supplementation 
in Upper-Third Early gastric Cancer: a Randomized Clinical Trial. JAMA Netw 
Open. 2023;6:e2256004.

38. Mak TK, Guan B, Peng J, Chong TH, Wang C, Huang S, et al. Prevalence and 
characteristics of gastric remnant cancer: a systematic review and meta-
analysis. Asian J Surg. 2021;44:11–7.



Page 12 of 12Yang et al. BMC Cancer         (2024) 24:1282 

39. Ishida M, Kuroda S, Choda Y, Otsuka S, Ueyama S, Tanaka N, et al. Incidence 
of Metachronous Remnant Gastric Cancer after Proximal Gastrectomy with 
the double-flap technique (rD-FLAP-rGC study): a Multicenter, Retrospective 
Study. Ann Surg Oncol. 2023;30:2307–16.

40. Kinami S, Aizawa M, Yamashita H, Kumagai K, Kamiya S, Toda M, et al. The 
incidences of metachronous multiple gastric cancer after various types of 
gastrectomy: analysis of data from a nationwide Japanese survey. Gastric 
Cancer. 2021;24:22–30.

41. Iwata Y, Ito S, Misawa K, Ito Y, Komori K, Abe T, et al. Incidence and treatment 
of metachronous gastric cancer after proximal gastrectomy. Surg Today. 
2018;48:552–7.

42. Nozaki I, Hato S, Kobatake T, Ohta K, Kubo Y, Kurita A. Long-term outcome 
after Proximal Gastrectomy with Jejunal Interposition for Gastric Cancer 
compared with total gastrectomy. World J Surg. 2013;37:558–64.

43. Nakane K, Fujiya K, Terashima M, Kawabata T, Matsumoto Y, Kamiya S, et al. 
Detection of secondary upper gastrointestinal tract cancer during follow-up 
esophagogastroduodenoscopy after gastrectomy for gastric cancer. Ann 
Gastroenterol Surg. 2022;6:486–95.

44. Japanese Gastric Cancer Association. Japanese gastric Cancer Treatment 
guidelines 2021 (6th edition). Gastric Cancer. 2023;26:1–25.

45. Han ES, Seo HS, Kim JH, Lee HH. Surveillance Endoscopy guidelines for Post-
gastrectomy patients based on risk of developing remnant gastric Cancer. 
Ann Surg Oncol. 2020;27:4216–24.

46. Ishizu K, Hayashi T, Ogawa R, Nishino M, Sakon R, Wada T, et al. Characteristics 
of Metachronous Remnant Gastric Cancer after Proximal Gastrectomy: a 
retrospective analysis. J Gastric Cancer. 2024;24:280.

47. Tsuda K, Tanaka S, Yoshizaki T, Yamamoto Y, Ose T, Ishida T, et al. Long-term 
outcomes of endoscopic submucosal dissection for early remnant gastric 
Cancer: a retrospective Multicenter Study. Digestion. 2023;104:381–90.

48. Zhong Q, Wu D, Jiang Y-M, He Q-L, Dang X-Y, Xu D-B, et al. The safety, feasibil-
ity, and oncological outcomes of laparoscopic completion total gastrec-
tomy for remnant gastric cancer: a prospective study with 3-year follow-up 
(FUGES-004 study). Int J Surg Lond Engl. 2024;110:3382–91.

49. Okamura R, Aoyama R, Tsunoda S, Yamashita Y, Hata H, Kinjo Y, et al. Manage-
ment challenges and the role of adjuvant chemotherapy in remnant gastric 
cancer: an analysis of 313 patients from the KEGG multicenter observational 
study. Gastric Cancer. 2024. https://doi.org/10.1007/s10120-024-01544-z.

50. Ramos MFKP, Pereira MA, De Castria TB, Ribeiro RRE, Cardili L, De Mello ES, et 
al. Remnant gastric cancer: a neglected group with high potential for immu-
notherapy. J Cancer Res Clin Oncol. 2020;146:3373–83.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in 
published maps and institutional affiliations. 

https://doi.org/10.1007/s10120-024-01544-z

	Comparison of proximal gastrectomy and total gastrectomy in proximal gastric cancer: a meta-analysis of postoperative health condition using the PGSAS-45
	Abstract
	Introduction
	Methods
	Search strategy and data sources
	Inclusion and exclusion criteria
	Data extraction and bias assessment
	Statistical analysis

	Results
	Study characteristics
	Patient’s clinicopathologic features
	Surgical outcomes
	Postoperative symptoms
	Postoperative living status
	Postoperative QOL

	Discussion
	Conclusion
	References


