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Abstract
Background Several efforts have been made to alleviate harms and symptoms after gastrectomy for gastric cancer. We 
previously conducted a randomized controlled trial (CCOG1101) to compare quality of life (QOL) and nutritional status 
between Roux-en-Y (RY) and aboral pouch (AP) reconstructions for up to 1 year after total gastrectomy. However, long-term 
outcomes after AP reconstruction remain unclear.
Methods A prospective multicenter observational study was conducted to compare QOL, body composition, and nutri-
tional indicators between the RY and AP reconstructions at 5 years after surgery among patients who were enrolled in the 
CCOG1101 trial. QOL was assessed by the PGSAS-37 questionnaires as well as the EORTC QLQ-C30 and STO22.
Results Sixty patients (31 for RY and 29 for AP) were recruited for analysis. There were no significant differences in baseline 
and perioperative characteristics between the two groups. No significant differences were found in the EORTC QLQ-C30 
global health status and functional scales. Regarding symptom scales in the QLQ-C30 and STO22, a more favorable score 
for the diarrhea scale was observed in the AP group. Diarrhea was also the only item in the PGSAS-37 questionnaires in 
which significant benefit of AP was observed. Body weight and lean body mass continued to decrease throughout the post-
operative 5 years in both groups. None of the conventional nutritional indicators using the serum samples showed significant 
difference between the two groups.
Conclusions Long-term observation suggested little benefit of AP reconstruction after total gastrectomy other than in alle-
viating diarrhea.
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Introduction

Almost one million new cases of gastric cancer (GC) were 
estimated to have occurred in 2012, making it the fifth most 
common malignancy in the world [1]. Surgical resection 
is the mainstay of treatment for patients with GC and total 
gastrectomy is mandatory to achieve curative resection of 
tumors invading the upper part of the stomach. Roux-en-Y 
(RY) has long been the commonest type of reconstruction 
after total gastrectomy worldwide [2]. However, the loss 
of reservoir capacity is one of the main reasons for post-
gastrectomy symptoms that lead to the deteriorated quality 
of life (QOL) and nutritional status [3–5], and RY in theory 
does not overcome this deficit.

Jejunal pouch has been proposed as a method to compen-
sate for the loss of reservoir capacity and reportedly reduced 
the incidence of early and late dumping symptoms leading 
to increase of the serum total protein [6, 7]. However, pouch 
reconstruction is more expensive and is sometimes asso-
ciated with food stasis and excessive pouch dilatation [8]. 
More recently, aboral pouch (AP) reconstruction, in which 
a jejunal pouch is created in the Y limb of the RY recon-
struction, has attracted attention due to its simplicity. In the 
original report by Horvath [9] that compared AP with RY, 
significantly higher serum cholesterol levels and superior 
postoperative quality of life in terms of the Gastrointestinal 
Quality of Life Index (GIQL1) score were observed in the 
AP group. Since this study was a single-center comparison 
analyzing short-term QOL with no data on body composi-
tion, we conducted a prospective multicenter randomized 
trial to compare nutritional status and QOL assessed by the 
European Organization for Research and Treatment of Can-
cer (EORTC) Quality of Life Questionnaire-Core 30 (QLQ-
C30) and Stomach Module (STO22) [10] between the two 
groups (CCOG1101 / UMIN - CTR 000006155) [11], but 
failed to show benefit of AP over RY within 12 months post-
operatively. We hypothesized, however, that the reconstruc-
tion procedure could still influence the QOL and nutritional 
outcomes in the long term [12]. Moreover, Postgastrectomy 
Syndrome Assessment Scale (PGSAS) [13], new integrated 
questionnaires to more specifically address the issue of QOL 
after gastrectomy, have recently emerged and shown promise 
in several observational studies [14–16].

To explore the long-term outcomes after AP reconstruc-
tion, we conducted a prospective multicenter observational 
study to compare QOL and nutritional status between the 
RY and AP reconstruction at 5 years after surgery among 
patients who were enrolled in the CCOG1101 trial, using the 
PGSAS-37 in addition to the EORTC QLQ-C30 and STO22.

Materials and methods

This prospective observational study was approved by an 
internal review board at 10 participating institutions after 
review of the scientific and ethical validity of the proto-
col and was registered in the University Hospital Medical 
Information Network (UMIN) Clinical Trial Registry as 
UMIN000037443 (http://www.umin.ac.jp/ctr/index .htm).

Patient eligibility

Patients who were registered and analyzed in the 
CCOG1101 study, and from whom written informed con-
sent was obtained for this observational study were eligible. 
Patients who had apparent recurrent disease were ineligi-
ble. Patients who were unable to complete the question-
naires due to advanced age or other reasons were excluded. 
Briefly, eligibility criteria of the CCOG 1101 trial included 
patients aged 20–80 years who underwent total gastrec-
tomy for histologically confirmed adenocarcinoma of the 
stomach. Patients with cancer of the gastric remnant, those 
who failed to undergo R0 resection, those who were under 
systemic administration of corticosteroids and those with 
uncontrolled diabetes mellitus or other severe systematic 
diseases were excluded [11].The schemas of the RY and 
AP reconstruction were depicted in Supplemental Fig. 1. 
Although patients with other malignancies were excluded 
in the CCOG1101 trial, it was not prescribed in a study pro-
tocol of the current study.

Study parameters

The patients were asked to fill in the EORTC QLQ-C30, 
STO22, and PGSAS-37 questionnaires at 5 years after sur-
gery. Body weight, body fat mass, and lean body mass were 
measured using the Body Composition Analyzer DC-320 
(TANITA, Tokyo, Japan). Serum total protein, albumin, 
total cholesterol, triglyceride, calcium, iron, total lympho-
cyte count, and hemoglobin were measured as nutritional 
indicators. All data of body composition and blood testing 
were collected at 5 years after surgery.

Assessment of postoperative QOL

The EORTC QLQ-C30 is composed of the global health 
status, 5 functional scales (physical, role, cognitive, emo-
tional, and social), and 9 symptom scales (fatigue, pain, 
nausea and vomiting, dyspnea, sleep disturbance, appetite 
loss, constipation, diarrhea, and financial difficulties) [10, 
14]. The STO22 is an additional questionnaire specific for 
GC patients that is composed of 22 items [17–19]. The items 
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are categorized into 5 symptom scales (dysphagia, abdomi-
nal pain, reflux, eating restriction, and anxiety) and 4 sin-
gle items (dry mouth, taste problems, body image, and hair 
loss). Missing data were processed according to the EORTC 
scoring manuals [20]. All scales were transformed to scores 
of 0 to 100 [10]. The PGSAS-37 is a newly developed set of 
integrated questionnaires specifically designed for assess-
ment of postoperative symptoms and QOL after gastrectomy. 
Main outcome measures of the PGSAS-37 are composed 
of 7 symptom scales (Esophageal reflux, abdominal pain, 
meal-related distress, indigestion, diarrhea, constipation, and 
dumping), 4 living status scales (ingested amount of food 
per meal, necessity for additional food, quality of ingestion, 
and ability for working), and 1 QOL scale (dissatisfaction 
for daily life). Total symptom score is calculated by the aver-
age of 7 symptom scales. In the EORTC questionnaire, high 
scores denoted favorable outcomes regarding global health 
status and functioning scales, whereas low scores on the 
symptom scales and items indicated favorable outcomes. In 
the PGSAS-37 questionnaire, high scores denoted favorable 
outcomes regarding ingested amount of food per meal and 
quality of ingestion, whereas low scores on the symptom 
scales, necessity for additional food, ability for working, and 
dissatisfaction for daily life indicated favorable outcomes. 
The questionnaire sheets were sent directly from the data 
center to the patient at 5 years after surgery and returned to 
the data center after completion by the patients.

Endpoints and data integration

The primary endpoint was comparison of the QOL 5 years 
after total gastrectomy between the RY and AP reconstruc-
tion groups. The secondary endpoints were changes in body 
weight, body fat mass, lean body mass, and levels of nutri-
tional indicators measured by the blood tests. Data on the 
EORTC QLQ-C30, STO22, body composition, and nutri-
tional indicators before surgery (baseline), and at postopera-
tive year (POY) 1 were retrieved from case report forms of 
the CCOG1101 trial.

Statistical analysis

Comparisons of the continuous variables were made using 
the t-test. The Fisher’s exact test was used to compare cat-
egorical variables. No statistical adjustments for multiplic-
ity were conducted because of a hypothesis exploratory 
analysis. P value < 0.05 was considered to be statistically 
significant. In the case of P < 0.1, Cohen’s d was calculated. 
Interpretation of effect sizes were 0.2 < small, 0.5 < medium, 
and 0.8 < large in Cohen’s d. Statistical analysis of the data 
was performed using a JMP software program (version 13, 
SAS Institute, Inc, Cary, NC).

Results

Patients and perioperative factors

As shown in the flowchart, 83 patients (41 for the RY 
group and 42 for the AP) underwent QOL analysis at 12 
months after surgery in the CCOG1101 study (Fig. 1). 
In the RY group, 4 patients died from other diseases, 3 
patients were lost to follow-up, 2 patients had a recur-
rence of gastric cancer, and a physician in charge failed to 
ask the patient for participation in one patient. In the AP 
group, 4 patients died from other diseases, 3 patients were 
deemed to be ineligible by physicians due to cognitive 
impairment, 2 patients refused to be enrolled, one patient 
was lost to follow-up, one patient had a recurrence of gas-
tric cancer, and the physicians in charge failed to ask the 
patient for participation in 2 patients. Eventually, written 
informed consent to participate in the current study was 
obtained from 60 patients, and these patients were eligible 
for the current data analysis between January 2016 and 
November 2017. The completion rates of the question-
naires were 90.3% and 100% in the RY and AP group, 
respectively (Supplemental Table 1).

Patient baseline characteristics and perioperative data 
were summarized in Table 1. There were no significant 
differences in gender, preoperative body weight, preopera-
tive body mass index, extent of lymphadenectomy, sple-
nectomy, postoperative complication rates, pathological 
stage, and adjuvant chemotherapy between the two groups. 
The patients in the AP group tended to be older. There 
were two patients who underwent surgery for cancer (lung 
cancer in the RY group and esophageal cancer in the AP 
group) during the surveillance period. In the RY group, 
seven patients underwent postoperative adjuvant S-1 
monotherapy. In the AP group, postoperative adjuvant S-1 
monotherapy was performed in three patients and capecit-
abine plus oxaliplatin was performed in two patients. Thus, 
the proportion of patients who underwent chemotherapy 
was comparable between the groups.

EORTC QLQ‑C30

When compared with POY1, no improvement at POY5 
was observed for either groups regarding the scores for the 
EORTC QLQ-C30 global health status and physical, role, 
and social functioning (Fig. 2). The scores for emotional 
functioning were gradually improved over baseline level at 
5 years postoperatively in both groups. The scores for cogni-
tive functioning declined at POY 5 compared to POY 1 in 
both groups. There were no significant differences between 
the two groups in any of these parameters at POY 5.
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As for the QLQ-C30 symptoms scale, the diarrhea 
score, as indicated by % change from baseline, showed 
significant improvement in the AP group compared to RY 
group at POY 5 (6.90 ± 20.66 and 21.43 ± 30.83, respec-
tively; P = 0.032). The scores for sleep disturbance, appe-
tite loss, and constipation were improved at POY 5 com-
pared to POY 1 only in the AP group (Fig. 3).

EORTC STO22 symptom scales

The chronological changes in scores of the EORTC STO22 
symptom scales are shown in Fig. 4 The AP group tended to 
have better scores for abdominal pain and taste problem, but 
the differences did not reach statistical significance (Fig. 4).

PGSAS‑37 symptom scores

PGSAS-37 symptom scores at POY 5 were listed in Table 2. 
Consistent with results in the EORTC QLQ-C30, the diar-
rhea score of PGSAS-37 was significantly lower in the AP 
group compared to the RY group (1.93 ± 0.87 and 2.60 ± 1.49, 

respectively; P = 0.044). Cohen’s d of diarrhea score between 
two groups was 0.55 and the effect size was intermediate.

Changes in body compositions and nutritional 
indicators

The body weight, body fat mass, and lean body mass were 
equivalently decreased at POY 1 both in the RY and AP 
groups. Overall, the levels of body weight and lean body 
mass continued to decrease from POY 1 to POY 5, while the 
body fat mass was observed to recover marginally at POY 5 
(Table 3).

With respect to nutritional indicators determined by blood 
tests, there were no significant differences between the RY 
and AP reconstruction groups. Most of the indicators, with the 
exception of total lymphocyte count and serum iron, remained 
below the baseline levels at POY 5 both in the RY and AP 
groups (Table 3).

Fig. 1  CONSORT flow diagram
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Discussion

Although various reconstruction procedures have been 
proposed and evaluated, identification of the optimal mode 
of reconstruction following total gastrectomy remains an 
unsolved task. Reconstruction with a jejunal pouch after 
total gastrectomy reportedly confers patients with enhanced 
food intake and decreased symptoms related to dumping syn-
drome and reflux, resulting in improvements in the QOL [12, 
21]. Nevertheless, several surgeons avoid creating a jeju-
nal pouch because of complexity in surgical procedure and 
expense (an additional surgical stapler costs approximately 
$300, in Japan). Furthermore, we were unable to prove ben-
efit of a pouch procedure in our previous randomized trial. 
We nevertheless conducted a prospective multicenter obser-
vational study to look at QOL and nutritional status 5 years 
after surgery with the patients who had participated in our 
previous trial, with a hope that some benefits may be found 

with the pouch reconstruction in the long term. However, no 
differences in the body composition and nutritional status 
in favor of AP were observed, and superiority of the AP 
reconstruction was denied from these viewpoints. Another 
important finding in this additional follow-up was that the 
body composition and nutritional indicators did not recover 
to the baseline levels even at POY 5 regardless of the recon-
struction methods.

Of note, improvement in the diarrhea scale between POY 
1 and 5 was observed exclusively in the AP group both 
through measurement of the EORTC QLQ-C30 symptoms 
scale and the PGSAS-37 score. In addition, scores for sleep 
disturbance showed a similar trend and led us to speculate 
that decreased frequency of diarrhea relieved patients of 
sleep disturbance. Insertion of the jejunal pouch with irreg-
ular or suppressed motility pattern as well as the enlarged 
reservoir capacity could have contributed to prevent diar-
rhea by slowing down the food passage through the small 

Table 1  Baseline characteristics 
and perioperative data

SD standard deviation, OTG open total gastrectomy, LTG laparoscopic total gastrectomy
a All grades according to the Clavien-Dindo classification

Characteristic RY group (n = 31) AP group (n = 29) P

Demographic characteristics
 Age (years), mean ± SD 64.6 ± 9.0 67.6 ± 6.7 0.145
 Sex, male/female 22/9 18/11 0.465

Preoperative body weight (kg) 58.8 ± 11.5 56.0 ± 8.5 0.301
Preoperative body mass index, mean ± SD 22.1 ± 7.9 21.1 ± 6.5 0.640
Operative approach
 OTG 19 (61%) 18 (62%) 0.951
 LTG 12 (39%) 11 (38%)

Conversion to OTG from LTG 1 (3%) 1 (3%) 0.962
Lymphadenectomy
 D1+ 21 (68%) 16 (55%) 0.400
 D2 10 (32%) 13(45%)

Splenectomy
 Yes 10 (32%) 11 (38%) 0.645
 No 21 (68%) 18 (62%)

Operation time (min), mean ± SD 290.0 ± 65.1 278.0 ± 72.8 0.504
Blood loss (ml), mean ± SD 275.3 ± 239.6 214.1 ± 202.4 0.292
Intraoperative transfusion 2 (6%) 1 (3%) 0.590
Pathological T stage
 pT1 20 (65%) 18 (63%) 0.884
 pT2 4 (13%) 3 (10%)
 pT3 3 (9%) 5 (17%)
 pT4 4 (13%) 3 (10%)

Pathological stage
 pStage I 21 (68%) 20 (69%) 0.230
 pStage II 8 (26%) 4 (14%)
 pStage III 2 (6%) 5 (17%)

Postoperative  complicationa 7 (23%) 4 (14%) 0.509
Adjuvant chemotherapy 7 (23%) 5 (17%) 0.750
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intestines [9]. Further studies are warranted to uncover the 
influence of the AP on digestive functions through analyses 
of lipid absorption and stool fat content in a larger cohort. 
Nevertheless, diarrhea was the only symptom scale in which 
the AP group demonstrated a superior outcome. Since the 
AP procedure confers a definite disadvantage in terms of 
cost for an additional surgical stapler, RY should remain a 
standard reconstruction method after total gastrectomy.

In the original study reported by Harvest et al. a jejuno-
jejunostomy in the RY reconstruction was completed by 
a simple side-to-end hand-sewn anastomosis [9]. On the 
other hand, a jejuno-jejunostomy of the RY group in the 
current study was created by side-to-side anastomosis using 
a 75-mm linear stapler, and that actually resulted in crea-
tion of a small pouch-like structure. This may have marred 
the effect conferred by the 12-cm pouch created in the AP 
group and could have been a reason that we failed to detect 
the differences in favor of the AP group in the current study.

One potentially serious adverse event caused by the pouch 
is delayed emptying of the pouch, which gives a sensation of 
epigastric fullness or nausea and leads to poor food intake 
[23, 24]. Chronic accumulation of a large amount of food 

residue can result in dysfunctional dilatation of the pouch. 
Ikeda et al. even postulated that the pouch should be made 
smaller than what is actually intended, taking into considera-
tion its future dilatation, and disclosed their recommendation 
of the optimal length of jejunal pouch to be placed between 
the esophagus and duodenum [25]. In the current study, the 
Y limb in the AP group was to be created into a 12-cm pouch 
by side-to-side anastomosis using two 75-mm linear staplers. 
We consider size of the jejunal pouch to have been appropri-
ate, since there was no case with serious complaints in this 
regard among patients who were recruited for this study.
Ongoing postoperative care, such as nutritional support and 
daily life guidance, is advisable over the long period for 
patients who underwent total gastrectomy.

The current study has several limitations. First, the 
sample size was relatively small and was not calculated 
based on any hypothesis. This was attributable to the 
fact that the study had not been preplanned and the data 
were derived from extended observation of patients who 
were recruited in a prospective randomized trial. Thus, 
some patients were excluded from the original cohort due 
to lack of either the will or ability to participate in this 

Fig. 2  Chronological changes in the EORTC QLQ-C30 global and functional scales. Error bars indicated standard error of mean. P value is the 
comparison between RY and AP group at 5 years after surgery
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study, sometimes because of aging. Second, the PGSAS-37 
scores at baseline and 1POY were unavailable since this 
instrument had not been used in the previous randomized 
study. Third, a larger sample size is required to perform 
statistical adjustments for multiplicity, which has not been 
carried out in the current study. Last, since absence or 
presence of other malignancies was not prescribed in the 
a study protocol of the current study (CCOG1505), two 

patients (3.3%) who underwent surgery for cancer diag-
nosed during the surveillance period were included in the 
analysis.

In summary, we conducted 5-year observation to com-
pare long-term QOL and nutritional status between the 
RY and AP reconstruction and found little benefit in the 
AP group with the exception that the diarrhea scores were 
favorable both in terms of EORTC QLQ-C30 symptoms 
scale and PGSAS-37 questionnaires.

Fig. 3  Chronological changes in the EORTC QLQ-C30 symptom scale Error bars indicated standard error of mean. P value is the comparison 
between RY and AP group at 5 years after surgery
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Fig. 4  Chronological changes in the EORTC STO22 scale. Error bars indicated standard error of mean. P value is the comparison between RY 
and AP group at 5 years after surgery

Table 2  Scores of the PGSAS-
37 symptom at 5 years after 
surgery

Values are indicated by mean ± standard deviation

Parameters RY group (n = 31) AP group (n = 29) P Cohen’s d value

Esophageal reflux 1.79 ± 0.81 1.93 ± 1.33 0.621
Abdominal pain 1.54 ± 0.72 1.71 ± 1.17 0.498
Meal-related distress 2.63 ± 1.08 2.83 ± 1.36 0.548
Indigestion 2.24 ± 0.82 2.36 ± 1.06 0.633
Diarrhea 2.60 ± 1.49 1.93 ± 0.87 0.044 0.55
Constipation 2.01 ± 1.02 2.10 ± 1.47 0.786
Dumping 1.73 ± 1.51 1.51 ± 1.70 0.609
Total symptom score 2.08 ± 0.77 2.05 ± 1.06 0.928
Quality of ingestion 3.70 ± 0.93 3.52 ± 0.99 0.472
Ingested amount of food per meal 6.64 ± 2.02 5.96 ± 2.32 0.243
Necessity for additional food 2.43 ± 0.84 2.38 ± 0.78 0.818
Ability for working 2.11 ± 0.19 2.10 ± 0.19 0.989
Dissatisfaction for daily life 2.19 ± 1.00 2.15 ± 1.12 0.887
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Albumin (g/dl) 4.3 ± 0.4 4.1 ± 0.2 (95.3) 4.0 ± 0.4 (93.0) 4.3 ± 0.3 4.2 ± 0.3 (97.7) 4.0 ± 0.4 (93.0) 0.751
Total cholesterol (mg/

dl)
199 ± 32.4 165 ± 26.7 (82.9) 171 ± 45.2 (85.9) 189 ± 32.5 176 ± 32.3 (93.1) 169 ± 33.1 (89.4) 0.880

Triglyceride (mg/dl) 155 ± 123.0 76.0 ± 22.5 (49.0) 75.5 ± 37.4 (48.7) 147 ± 95.0 90.7 ± 27.8 (61.7) 87.3 ± 47.8 (59.4) 0.307
Calcium (mg/dl) 9.3 ± 0.9 9.3 ± 0.3 (100.0) 8.9 ± 1.0 (95.7) 9.4 ± 0.5 9.4 ± 0.4 (100.0) 9.1 ± 0.4 (96.8) 0.278
Iron (µg/dl) 98.8 ± 48.9 100.5 ± 37.5 (101.7) 83.5 ± 41.5 (84.5) 82.1 ± 41.5 101.0 ± 35.5 (123.0) 85.8 ± 54.8 (104.5) 0.861
Total lymphocyte count 

(/mm3)
1761 ± 596 1765 ± 863 (100.0) 1823 ± 814 (103.5) 1954 ± 736 1670 ± 690 (85.5) 1800 ± 781 (92.1) 0.912

Hemoglobin (g/dl) 13.6 ± 1.7 12.6 ± 1.2 (92.6) 12.3 ± 1.3 (90.4) 13.6 ± 1.5 12.5 ± 1.1 (91.9) 11.8 ± 1.3 (86.8) 0.186
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