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Abstract

Purpose While regarded as function-preserving gastrectomy, few prospective longitudinal clinical trials have addressed the
postoperative quality of life (QOL) after pylorus-preserving gastrectomy (PPG). We prospectively compared chronologi-
cal changes in postoperative body weight and the QOL between PPG and distal gastrectomy (DG) for pathological Stage |
gastric cancer (GC).

Methods We conducted a multi-institutional prospective study (CCOG1601) to evaluate patients who underwent DG and
PPG. The QOL was examined using the European Organization for Research and Treatment of Cancer Quality of life
questionnaire-C30 (EORTC QLQ-C30) and the Post-Gastrectomy Syndrome Assessment Scale-37 (PGSAS-37). A total
of 295 patients were enrolled from 15 institutions, and propensity score matching was performed to adjust for the essential
variables for comparison analyses.

Results After propensity score matching, 25 pairs of patients were identified. In the first postoperative month, DG achieved
a superior nausea and vomiting score (EORTC QLQ-C30) and meal-related distress, indigestion, and dumping scores
(PGSAS-37). No significant differences were noted between DG and PPG in the long-term QOL. Postoperative body weight
loss was similar in both groups.

Conclusions This prospective observational study failed to demonstrate the superiority of PPG over DG in terms of postop-
erative body weight changes and the QOL.
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Introduction

Although the incidence of gastric cancer (GC) continues
to decline in Japan, it remains the main cause of cancer-
related death worldwide [1, 2]. The improvements in can-
cer screening programs and diagnostic techniques enable
early detection and a prolonged survival after gastrectomy,
facilitating the application of less invasive and more func-
tion-preserving procedures to maintain postoperative body
weight and improve the quality of life (QOL) [3-5].

Function-preserving pylorus-preserving gastrectomy
(PPG) aims to preserve the QOL of patients with early
cancer of the middle portion of the stomach [6]. PPG was
first reported by Maki et al. as an option for treating benign
gastric disease [7]. Preservation of the pylorus and vagal
nerve branches confers several advantages over distal
gastrectomy (DG) with Billroth I reconstruction (DGB1),
such as prevention of dumping syndrome, lowering
the incidence of bile reflux, and facilitating recovery
from body weight loss [8]. Theoretically, less invasive
laparoscopic PPG (LPPG) should achieve favorable
outcomes.

However, the disadvantages of PPG include delayed
gastric emptying or gastric stasis, which causes nausea,
vomiting, and postprandial fullness during the early
postoperative period in 3%-8% of patients [3, 6, 9].
Furthermore, PPG is technically more demanding
than DG, particularly when a laparoscopic approach is
employed, because of the requirements for identifying and
preserving the hepatic and celiac branches of the vagal
nerve, infrapyloric artery, and vein. Nevertheless, limited
evidence is available to support the implementation of
PPG to achieve a good long-term postoperative QOL and
sufficient body composition.

Therefore, we designed a multi-institutional
prospective, longitudinal study to evaluate the hypothesis
that PPG confers a greater benefit than DG in mitigating
postoperative body weight loss and improving the
QOL. PPG is only recommended for clinical stage I GC
according to the Japanese Treatment Guidelines; therefore,
we limited our analysis to this subset of patients.

Methods

Study design and ethics

We conducted a multi-institutional prospective study to
compare the postoperative QOL between patients who

underwent DG and PPG for pathological Stage I GC. The
internal review boards of all participating institutions
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reviewed and approved the scientific and ethical
validity of the protocol (University Hospital Medical
Information Network (UMIN) Clinical Trial Registry,
UMINO000021131 [(http://www.umin.ac.jp/ctr/index.
htm]).

Patient selection

The patient selection criteria were as follows: (1)
histologically confirmed stomach adenocarcinoma; (2)
clinical Stage TA (TINO) or IB (T1N1, T2NO) with a
tumor as defined by the Japanese Classification of Gastric
Carcinoma [10]; (3) planned DG or PPG as defined by the
Japanese Gastric Cancer Treatment Guidelines; (4) not
indicated for endoscopic mucosal resection or endoscopic
submucosal dissection (EMR/ESD); (5) age range
20-80 years old; (6) Eastern Cooperative Oncology Group
Performance Status O or 1; (7) no history of gastrointestinal
surgery; and (8) written informed consent provided.

The exclusion criteria were as follows: (1) patients
undergoing salvage surgery after EMR or ESD, (2) patients
with other active malignancies, (3) simultaneous surgery
other than cholecystectomy, and (4) any other condition
judged unsuitable for inclusion at the investigator’s
discretion. Patients diagnosed with pathological Stages
II-IV were excluded. The eligibility criteria were amended
as of March 2017 to include patients with pathological stage
II-11I GC.

Surgical procedure and perioperative treatment

The surgical procedure was selected based on institutional
policy as well as the patient’s choice. PPG was performed
for cTINO tumors located in the middle portion of
the stomach when the distal tumor border was >4 cm
proximal to the pyloric ring according to the Japanese
Gastric Cancer Treatment Guidelines in all institutions
The final decision regarding the application of DG or
PPG was made at the surgeon’s discretion during surgery.
D1 +lymphadenectomy was performed for clinical TINO
GC, and D2 lymphadenectomy was performed for clinical
T2NO or TIN1 GC, as defined by the Japanese Gastric
Cancer Treatment Guidelines 2021 (ver.6) [11]. In the case
of PPG, the infrapyloric artery (IPA) and vein (IPV), right
gastric artery (RGA) and vein (RGV), and hepatic and
pyloric branches of the vagal nerve (IPN) were preserved.
Preoperative blood transfusions were not administered,
and the study protocol did not include oral intake or post-
operative nutritional support. Follow-up included physical
examinations, blood cell counts, biochemical blood tests,
tumor marker analyses, and diagnostic imaging. Patients
underwent ultrasonography or computed tomography and


http://www.umin.ac.jp/ctr/index.htm
http://www.umin.ac.jp/ctr/index.htm

Surgery Today

endoscopy at 6- and 12-month intervals, respectively, until
postoperative year 5.

Assessing the body weight and QOL

Body weight was measured before surgery and annually for
three years after surgery. Patients who required conversion
from DG to PPG were included in the PPG group. We used
the EORTC QLQ-C30 and PGSAS-37 questionnaires to
assess the baseline and postoperative QOL. Patients were
asked to complete the questionnaires before surgery and at
1, 3, 6, 12, and 36 months after surgery. The postoperative
QOL was compared according to changes in preoperative
values. Postoperative QOL surveillance was performed at
the registration center. Questionnaires were sent directly
from the data center to all patients after surgery and returned
to the registration center after completion.

The EORTC QLQ-C30 comprises the global health
status, functional scales, and symptom scales [12]. All raw
scales were converted into scores ranging from 0 to 100
[12]. A high score on a functional scale represents a high
and healthy functional level, and a high score for the global
health status and QOL represents a favorable QOL. In
contrast, a high score on a symptom scale or item indicates
a high level of symptoms and associated problems [12].

PGSAS-37 is an integrated questionnaire specifically
designed to assess the postoperative symptoms and QOL
after gastrectomy. Main outcome measures of the PGSAS-37
comprise symptom subscales, living-status scales, and QOL
scales [13—15]. The total symptom score was calculated
based on the average of the seven symptom scales. High
PGSAS-37 questionnaire scores represent favorable
outcomes regarding ingested amount of food per meal and
the quality of ingestion subscale, whereas low scores on
symptom subscales, such as the necessity for additional
food, the ability to work, and QOL scales, indicate favorable
outcomes.

Propensity score matching (PSM)

We used PSM to adjust for the essential variables for the
comparative analyses that followed. Propensity scores were
estimated using a logistic regression model based on age,
sex, tumor localization (L or other), clinical T (T1 or others),
clinical N (0 or others), and reconstruction method (Billroth
I or others). One-to-one matching without replacement was
performed with a 0.1 caliper width, and the resulting score-
matched pairs were used in the subsequent analyses.

Study endpoints

The primary objective was an exploratory comparison
between the PPG and DG of the dumping subscale after

surgery using the PGSAS-37 questionnaire. The other
exploratory endpoints included the following variables:
other patient-related outcomes evaluated through the QLQ-
C30 and PGSAS-37, body weight loss rates compared
with baseline, operating time, blood loss, postoperative
complication rates stated in the Clavien-Dindo classification
[16], and the number of harvested lymph nodes.

Sample size

The present exploratory study employed a 30/group sample
size, which we considered the maximum number that could
be acquired during the enrollment period.

Statistical analyses

Comparisons of continuous variables were conducted
using Student’s #-test, and Fisher’s exact test was used to
compare the values of categorical variables. Statistical
adjustments for multiplicity were not performed because
this was a hypothetical exploratory analysis. P <0.05
indicated a significant difference between the datasets.
Cohen’s d was calculated according to the guidelines of
the PGSAS program. Interpretation of effect sizes was as
follows: < 0.2 =small, 0.2 to <0.5 =medium, and 0.5 to
0.8 =1large in Cohen’s d.

Statistical analyses were performed using the JMP
software program (ver. 16; SAS Institute, Inc., Cary, NC,
USA) and SAS (ver. 9.4; SAS Institute, Inc., Cary, NC,
USA) as well as R version 4.2.2.

Results
Patients

Between March 2016 and September 2019, 295 patients
from 15 institutions were enrolled, including 263 and 32
patients planned for DG or PPG, respectively (Fig. 1). We
excluded 49 patients from those planned for DG for the fol-
lowing reasons: 19 were diagnosed with pathological stages
II-IV before the protocol amendment, 17 did not submit
questionnaires, 4 experienced disease recurrence, 2 were
converted to total gastrectomy, 2 received postoperative
adjuvant chemotherapy, and 5 did not fulfill the eligibility
criteria. In addition, surgery for three patients were con-
verted to PPG. Six patients were excluded from the patients
who were planned for PPG (three did not submit question-
naires, data were not collected for two, and one patient
experienced disease recurrence). Thus, we analyzed 211
patients who eventually underwent DG (the DG group) and
29 patients who underwent PPG (the PPG group). Table 1
summarizes the baseline characteristics of the patients
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Fig. 1 A study flow-chart

Patients registered in CCOG1601
- cStage I gastric cancer
-Undergoing distal or pylorus-preserving gastrectomy

(n=295)

|
| |

Distal gastrectomy group

Pylorus-preserving gastrectomy group

(n=263) (n=32)
Ineligible for the study
(n=4)
Convert to total gastrectomy »>
(n=2) Convert to pylorus-
Combined treatment of CBD preserving gastrectomy
stones (n=3)
(n=1)
Postoperative adjuvant
chemotherapy
(n=2)
Pathological stage 11
(n=14)
Pathological stage 111 Recurrence
(n=4) (n=1)
Pathological stage IV Questionnaire uncollected
(n=1) —| > (n=3)
Recurrence Data uncollected
(n=4) (n=2)
Questionnaire uncollected
(n=17)
A4

Distal gastrectomy group
(n=211)

Pylorus-preserving gastrectomy group
(n=29)

1:1 propensity score matching |

| !

group

Patients analyzed for distal gastrectomy

(n=25)

Patients analyzed for pylorus-preserving
gastrectomy group
(n=25)

before and after PSM. After matching, patients with tumors
located in the L region, cT1/cNO, and reconstruction using
the Billroth I method were included in the DG group, and 25
pairs of patients were used in subsequent analyses (Fig. 1,
Table 1 and Supplemental Table 1).

Perioperative factors

Supplemental Table 1 shows the surgical approach,
intraoperative findings, postoperative outcomes, and
pathological stages after matching. All patients underwent
laparoscopic surgery, and D1 + lymphadenectomy was
performed in 24 patients (96%) in both the groups. The
operation time was longer in the PPG group than in the DG
group (303.4 +60.3 min and 265.2 +63.6 min, P =0.034,
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respectively). There were no significant differences
in blood loss, resected lymph nodes, postoperative
complications, or postoperative hospital stay between
the two groups (Supplemental Table 1). Operative PPG
data were collected for 23 patients (92%). Regarding
the size of the proximal gastric remnant, 4 patients
(17%) retained more than half of the stomach, 18 (78%)
retained approximately one-third of the stomach, and 1
(5%) retained less than one-quarter of the stomach. In
terms of the length of the pyloric cuff, 4 patients (17%)
had <3.0 cm, 11 (48%) had 3.1-4.9 cm, and 8 (35%)
had > 5.0 cm. The celiac branch of the vagal nerve was
preserved in 3 patients (13%), and the hepatic branch
of the vagal nerve was preserved in 17 patients (74%)
(Supplemental Table 2).
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Table 1 Patient baseline characteristics

Unmatched comparison

Matched comparison

Characteristic Pylorus-preserving Distal pP* Pylorus-preserving Distal p*
gastrectomy group gastrectomy group gastrectomy group gastrectomy
n=29) (n=211) (n=25) group (n=25)
Demographic characteristics
Age (years), mean+SD 61.3+10.8 64.3+10.7 0.151 62.4+11.2 66.4+10.5 0.202
Sex male/female 15/14 130/81 0.307 15/10 15/10 1
Body mass index, mean+SD  22.6+3.2 22.7+3.1 0.84 22.8+3.1 23.8+2.7 0.265
Performance status
0 29 (100%) 210 (99%) 0.71 25 (100%) 25 (100%) 1
1 0 (0%) 1 (1%) 0 (0%) 0 (0%)
Blood test

WBC (/pL), mean +SD
Hb (g/dl), mean +SD
Albumin (g/dl), mean +SD
CEA (ng/mL), mean +SD
CA19-9 (IU/mL), mean+ SD
Tumor size (cm), mean+SD
Tumor location
Upper
Middle
Lower
Tumor type
0-1
0-Ila
0-IIb
0-IIc
0-I11
1
2
3
Clinical T stage
cTla
cT1b
cT2
Clinical N stage
cNO
cN1
Clinical stage
cStage [A
cStage 1B

6268.6 +2070.4
13.1+1.8
43+0.2
24+1.7
15.0+14.6
29+4.5

0 (0%)
28 (96%)
1 (4%)

0 (0%)
1 (3%)
0 (0%)
27 (94%)
0 (0%)
0 (0%)
1 (3%)
0 (0%)

9 31%)
20 (69%)
0 (0%)

29 (100%)
0 (0%)

29 (100%)
0 (0%)

5781.7+1511.8  0.123 6435.6+2125.3 5969.6+1683.9 0.394

13.5+1.6 0.23 132+17 13.9+1.3 0.134
42403 0692  43+02 42403 0.447
22415 0.52 25+18 22+14 0.506
124+115 0286  155+155 14.1+10.2 0715
3.0+2.0 0.805  3.1+4.7 32423 0.958
7 (3%) <0.001 0 (0%) 0 (0%) <0.001
124 (59%) 24 (96%) 0 (0%)
80 (38%) 1 (4%) 25 (100%)
1 (1%) 0.787  0(0%) 1 (4%) 0.095
16 (7%) 1 (4%) 3(12%)
6 (3%) 0 (0%) 4 (16%)
165 (78%) 23 (92%) 17 (68%)
1 (1%) 1 (4%) 0 (0%)
3(2%) 0 (0%) 0 (0%)
14 (6%) 0 (0%) 0 (0%)
502%) 0 (0%) 0 (0%)

0.1
61 (29%) 6 (24%) 7 (28%) 0.747
121 (57%) 19 (76%) 18 (72%)
29 (14%) 0 (0%) 0 (0%)

0.358
205 (97%) 25 (100%) 25 (100%) 1
6 (3%) 0 (0%) 0 (0%)

0.02
177 (84%) 25 (100%) 25 (100%) 1
34 (16%) 0 (0%) 0 (0%)

* A comparison between the distal gastrectomy and pylorus-preserving gastrectomy groups

SD standard deviation

Postoperative changes in body weight

Figure 2 shows the postoperative changes in body weight
before and after PSM. Body weight loss was more

prominent among patients in the DG group before matching
than PPG, and the differences were significant at postopera-
tive years (POY) 1 and 2. The body weights of both groups
declined to their lowest levels on POY 3. After matching,
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Table2 A comparison of scores of EORTC QLQ-C30 parameters after propensity score matching between the PPG and DG groups

1 month after surgery 6 months after surgery 3 years after surgery
Parameters Coefficient ~ 95% P Coefficient ~ 95% P Coefficient ~ 95% P

(PPG) Confidence (PPG) Confidence (PPG) Confidence

Interval Interval Interval

Global health status -9.7 -27.2-7.8 0273 33 —-17.3-24.0 0.747 -6.7 —-27.6-143  0.526
Physical functioning -0.5 —-11.4-104 0922 -53 —14.5-3.8 0248 -1.1 —13.1-11.0  0.860
Role functioning -8.7 —24.8-7.5 0286 2.0 —-11.8-158 0773 =27 -17.2-11.9 0.714
Emotional functioning  —10.3 -21.5-0.9 0.069 —6.7 —-17.9-4.6 0239 =70 -21.0-7.0 0.321
Cognitive functioning ~ —6.0 —16.8-4.8 0272 -40 —16.6-8.6 0.526 -93 —25.7-7.0 0.257
Social functioning -14.0 —-29.4-14 0075 -87 -21.9-4.6 0.195 -93 —23.245 0.183
Fatigue 7.6 -6.5-21.6 0287 =09 —-155-13.7 0903 -09 —18.3-16.6 0919
Nausea and vomiting 11.3 0.5-22.1 0.040 6.7 -5.1-18.4 0259 8.0 -1.7-17.7 0.104
Pain 8.0 -3.7-19.7 0.176 0.7 -9.9-11.2 0.899 0.0 —-11.9-11.9  1.000
Dyspnea 4.0 —-11.1-19.1 0598 -8.0 —22.6-6.6 0277 -13 —-15.8-13.1 0.854
Insomnia 4.0 —11.4-194 0.605 4.0 -9.9-17.9 0.566 4.0 —-10.9-189  0.593
Appetite loss 10.7 -9.9-313 0303 6.7 —11.7-25.0 0.468 8.0 -7.6-23.6 0.308
Constipation 14.7 —-7.0-36.4 0.180 0.0 -20.7-20.7  1.000 2.7 —-19.5-248  0.810
Diarrhea 9.3 -3.0-21.7 0.135 -53 -23.6-13.0 0561 —-4.0 —-243-163  0.694
Financial difficulties 9.3 —-6.6-25.3 0245 4.0 —12.0-20.0 0.619 53 —-11.5-222  0.528

EORTC QLQ-C30 European Organization for Research and Treatment of Cancer Quality of life questionnaire-C30; PPG pylorus-preserving
gastrectomy; DG distal gastrectomy

a % POY 1 POY 2 POY 3

0
-5 L!J l LH I
Before -10 ‘ J :] PPG group (n =27)

matching -15 - DG group (n = 182)

* P < 0.05; Comparison between PPG and DG group.

b % POY 1 POY 2 POY 3
0 = - -

After = :I PPG group (n = 25)
matching -6 - DG group (n = 25)

-12

Fig. 2 Postoperative changes in body weight (% change compared with the baseline)

the body weights of both groups declined to the lowest A comparison of postoperative changes in the QOL
levels at POY 1 (POY 1;-4.7%+6.7% and —5.7% +5.8%,  after matching

P=0.624, respectively) and recovered to the preoperative
level at POY 2. No significant postoperative differences  Figure 3 shows that the nausea and vomiting scores of the
were observed between the groups at any time point. EORTC QLQ-C30 declined to their lowest levels on POM
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(a) Social functioning

(b) Nausea and vomiting
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(d) Meal-related distress subscale
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2
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= Distal gastrectomy group
"""" Pylorus-preserving gastrectomy

0 e

-1.5

baseline 1M 3M 6M 1Y 3Y baseline 1M

o
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Fig.3 Time-dependent changes in the social functioning a and nausea and vomiting b level assessed using EORTC QLQ-C30 and the esopha-
geal reflux subscale ¢ and meal-related distress subscale d level assessed using PGSAS-37

1 and recovered by POY 3 in both groups. The PGSAS-
37 scores of the esophageal reflux and meal-related dis-
tress subscales declined to their lowest levels on POM 1.
The scores subsequently recovered, although they did not
reach the baseline level on POY 3 in either group (Fig. 3).
Table 2 summarizes the comparison of the scores of the
EORTC QLQ-C30 parameters after PSM at POM 1, 6,
and POY 3. The EORTC QLQ-C30 scores for social and
emotional functioning on POM 1 tended to be higher (i.e.
a better QOL) in the DG group than in the PPG group.
Nausea and vomiting scores on POM 1 were lower (i.e. a
better QOL) in the DG group than in the PPG group. There
were no significant postoperative differences between the
groups at 6 months or 3 years. The results of the PGSAS-
37 symptom survey after PSM at POM 1, 6, and POY 3
are summarized in Table 3. The meal-related distress, indi-
gestion, and dumping subscales were higher (i.e. a worse
QOL) in the PPG group at POM 1 than in the DG group.
The esophageal reflux subscale score tended to be higher
(i.e. a worse QOL) in the PPG group at POM 1 than in the
DG group (P =0.069).

Discussion
Recent advances in the management of GC have led

investigators in the Far East to seek improvements in QOL
outcomes after curative surgery for GC, as well as safety and

oncological issues. Park et al. reported that postoperative
complications and mortality were comparable in patients
who underwent laparoscopic PPG (LPPG) and laparoscopic
DG (LDG) in a multicenter RCT trial [17]. In the present
study, we employed the EORTC QLQ-C30 and PGSAS-37
assessment questionnaires to investigate the benefit of PPG,
a function-preserving surgery, compared with conventional
DG, through the evaluation of the postoperative QOL.
However, we failed to detect a benefit of PPG associated
with various QOL-related scores, including dumping
subscale scores, which were a major interest of the current
study, particularly in view of the current understanding that
PPG preserves the pyloric function and prevents symptoms
associated with dumping syndrome.

According to the Japanese Gastric Cancer Treatment
Guidelines, PPG is recommended for cT1NO tumors located
in the middle portion of the stomach when the distal tumor
border is >4-cm proximal to the pyloric ring [11]. We
expected to identify several advantages of PPG over DG, as
the former is clearly a technically more demanding surgical
procedure than the latter. In the present study, the operating
time of PPG was 12 min longer than that of DG, although
the incidence of postoperative complications (any grade)
after PPG and DG did not differ significantly (7% and 8%,
respectively). There were no significant differences in blood
loss, resected lymph nodes, or length of postoperative hospi-
tal stay between the two groups. However, it was found that
important clinical characteristics (e.g. tumor location and
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Table 3 A comparison of scores of PGSAS-37 Symptom parameters after propensity score matching between the PPG and DG groups

1 month after surgery

6 months after surgery

3 years after surgery

Parameters Coefficient 95% Confidence P Coefficient 95% Confidence P Coefficient 95% Confidence P
(PPG) Interval (PPG) Interval (PPG) Interval

Esophageal reflux 0.5 0.0-1.1 0.069 0.1 —-0.4-0.5 0.767 0.0 —-0.5-0.5 0.968
subscale

Abdominal pain subscale 0.4 -0.2-1.0 0.156 —0.1 -0.7-04 0.568 —-0.2 -0.8-04 0.447

Meal-related distress 0.9 0.2-1.7 0.015 0.2 -0.5-0.9 0.579 0.1 -0.7-0.8 0.802
subscale

Indigestion subscale 0.6 0.1-1.1 0.023 04 -0.3-1.0 0.271 0 —0.6-0.6 0.974

Diarrhea subscale 0.1 —-0.6-0.7 0.875 -0.5 -1.3-0.3 0.225 -0.1 —-1.0-0.7 0.729

Constipation subscale 0.1 —-0.8-0.9 0.871 -0.3 —-1.3-0.6 0491 0 -0.8-0.8 0.948

Dumping subscale 0.6 0.0-1.1 0.048 -0.3 —-0.9-0.2 0.231 0 -0.7-0.7 0.938

Total symptom score 0.5 0.0-0.9 0.064 -0.1 —-0.6-04 0.714 0 -0.6-0.5 0.868

Ingested amount of food —0.3 —-19-1.3 0.716 0.0 —-1.6-1.6 1.000 0.5 —-13-23 0.596
per meal

Necessity for additional 0.6 -0.2-14 0.166 —-0.1 -0.8-0.6 0.823 -0.1 —-0.9-0.7 0.847
food

Quality of ingestion 0.4 -0.3-1.0 0.255 0.2 -1.0-0.6 0.615 0.1 -0.9-1.0 0.886
subscale

Ability to work 0.6 —-04-1.7 0.210 0.7 -0.1-14 0.069 0.4 —-0.5-1.2 0.387

PGSAS-37 Post-Gastrectomy Syndrome Assessment Scale-37; PPG pylorus-preserving gastrectomy; DG distal gastrectomy

clinical stage) for assessing the postoperative QOL and body
weight changes were unexpectedly different between the DG
and PPG groups. Furthermore, it is reasonable to compare
patients who underwent reconstruction using the same route
of food passage. Therefore, we performed PSM to adjust for
essential variables including age, sex, tumor localization (L
or the other), clinical T (T1 or the others), clinical N (0 or
the others), and reconstruction method (Billroth I or others)
for the comparison analyses. Matching successfully enabled
a comparison between the DG and PPG groups with similar
clinical characteristics.

PPG generally involves preservation of the pyloric cuff,
which helps the stomach maintain its role as a reservoir
and prevents postgastrectomy syndrome that occurs owing
to the rapid transport of ingested food into the jejunum
[3]. However, the pylorus may not necessarily function as
desired in the early postoperative phase. For example, Imada
et al. reported that caloric intake after PPG significantly
increased one year after surgery compared to one month
postoperatively, suggesting that oral food intake may initially
be adversely affected by delayed gastric emptying (DGE)
inherent to PPG [18]. Furthermore, evidence indicates that
the size of the remnant stomach and its reservoir function
contribute to reduced body weight loss after PPG compared
to DG [19]. However, in this study, there were no significant
differences in the postoperative body weight changes
between the PPG and DG groups at any time point. In
addition, the superiority of the postoperative long-term QOL
in PPG cases compared to DG has not been demonstrated.
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The advantages of preserving the vagal nerve branches
and infrapyloric vessels during PPG have been discussed
in previous studies. Nunobe et al. revealed that preserving
the vagal nerve helped avoid DGE [20]. In contrast, Furu-
kawa et al. reported that the incidence of postoperative DGE,
observed early after PPG, did not depend on whether or not
the vagal nerve branches were preserved [18, 21]. Namikawa
et al. reported that preservation of the pyloric branch of the
vagal nerve leads to complaints of nausea, whereas patients
who do not receive preservation tend to complain of late
dumping symptoms [22]. Other retrospective studies postu-
late that preserving the infrapyloric vein avoids venous stasis
and effectively prevents DGE because edema of the antrum
due to venous stasis and inflammation causes DGE [23, 24].

Thus, many researchers agree that preservation of rel-
evant nerves and vessels could contribute to the avoidance
of postoperative gastric dysfunction, dumping syndrome,
and other unpleasant symptoms [3]. In the present study,
the IPA, TPV, and IPN were sacrificed in a significant pro-
portion of patients who underwent PPG (data not shown),
which induced DGE and likely resulted in the inferior scores
associated with esophageal reflux and meal-related distress
at POM 1 [25]. However, these symptoms are transient and
do not manifest as differences in scores after postoperative
month three.

If the preoperative scores of functions fluctuate, there is a
risk that postoperative functions may be over- or underesti-
mated. Therefore, we enrolled patients who underwent gas-
trectomy for clinical Stage I GC so that most patients were
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expected to be asymptomatic. Accordingly, we evaluated
the QOL scores at each time point according to the changes
compared with the preoperative values.

Several limitations associated with the present study war-
rant mention. First, this study was prospective and obser-
vational, and the surgical procedures were selected at the
discretion of the surgeons. Second, PPG is indicated for clini-
cal T1-stage cancers in the middle-third of the stomach and
is only conducted in specialized centers, which may intro-
duce potential selection bias because surgeons with greater
expertise in GC surgery may favor PPG. Third, preservation
of the hepatic and pyloric branches of the vagus, IPA, and
IPV during PPG was not prescribed in the present study’s
protocol. Consequently, the surgical technique for PPG may
not be uniform, and some surgeries may have been subop-
timal. Fourth, the nutritional status was evaluated based on
body weight only. More detailed measurements are there-
fore required. Fifth, body weight data were collected only at
baseline and one, two, and three years postoperatively in the
CCOG1601 study. Finally, adjustments for multiplicity were
not conducted because of the exploratory analysis. A larger
sample size is required to perform this adjustment.

Conclusions

There was little benefit of PPG compared to DG regarding
postoperative body weight loss and the long-term QOL,
including dumping syndrome.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00595-024-02881-3.
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