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Purpose: The benefits of laparoscopic gastrojejunostomy (LGJ) combined with conversion 
therapy for malignant gastric outlet obstruction (GOO) caused by incurable advanced gastric 
cancer (AGC) are unclear. This study aimed to examine the feasibility and efficacy of LGJ 
followed by enteral nutrition and conversion therapy in malignant GOO.
Patients and Methods: The clinical outcomes for 66 patients with GOO due to incurable 
AGC were retrospectively evaluated. The patients were classified into multimodal therapy (LGJ, 
enteral nutrition, and chemotherapy, n = 35) and chemotherapy alone (n = 31) groups. 
Conversion surgery was defined as surgery aimed at R0 resection in initially incurable tumours.
Results: Compared to the chemotherapy group, multimodal therapy patients had improved 
oral intake, more chemotherapy cycles, better nutritional indices, less sarcopenia, and 
improved quality of life (QOL) post-treatment. Conversion surgery was performed in 17 
multimodal therapy patients, with no perioperative mortality, and R0 resection achieved in 15 
patients (88.2%). The median survival time of multimodal therapy patients was 16.7 months, 
compared to 4.5 months for chemotherapy patients. Multimodal therapy patients with con-
version surgery had significantly longer overall survival than those without surgery (44.2 vs 
8.5 months, respectively, P< 0.001). Multivariate analysis identified multimodal therapy and 
improved or stable QOL as independent prognostic factors.
Conclusion: Multimodal therapy was associated with better nutritional and metabolic 
status, a safely induced high conversion surgery rate with a high R0 resection rate, and 
a good prognosis. LGJ with enteral nutrition and conversion therapy may improve long-term 
survival in obstructive incurable AGC.
Keywords: gastric cancer, gastrojejunostomy, conversion therapy, metabolism, enteral 
nutrition

Introduction
Gastric cancer is frequently diagnosed at an incurable advanced stage with dismal 
prognosis.1 The therapeutic treatment for such patients may be palliative chemother-
apy. In recent times, growing literature has reported improved life expectancy for those 
who responded to chemotherapy and underwent surgery aimed at R0 resection, or 
“conversion surgery”.2–5 Unfortunately, gastric outlet obstruction (GOO) is the most 
detrimental feature ofAGC. As a result, patients’ nutritional status and metabolic 
patterns deteriorate, depriving them of the opportunity for conversion therapy.6 Thus, 
eliminating obstruction and improving nutritional status and metabolic patterns play 
a key role in the application of conversion therapy on obstructive incurable AGC.
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Gastrojejunostomy is the standard surgical option to ame-
liorate GOO. Several studies have revealed that gastrojeju-
nostomy can restore oral intake and enhance compliance with 
anticancer chemotherapies.7,8 In addition, laparoscopic gas-
trojejunostomy (LGJ) is a promising treatment option with 
multiple advantages, such as small incisions, reduced immu-
nosuppression, and early gastrointestinal peristalsis 
recovery.7 However, nutritional status and metabolic pattern 
changes among patients who underwent LGJ followed by 
enteral nutrition have yet to be fully evaluated. Moreover, 
little is known regarding the feasibility and efficacy of LGJ 
when it is combined with conversion therapy in these 
patients.

Accordingly, the purpose of the present study was to 
clarify the feasibility and efficacy of multimodal therapy 
with LGJ followed by enteral nutrition and conversion 
therapy in patients with GOO caused by incurable AGC.

Materials and Methods
Patient Selection
We reviewed all cases of gastric outlet obstruction caused by 
incurable AGC treated in Fujian Provincial Hospital between 
January 2016 and September 2019. Eligibility criteria 
included histologic confirmation of gastric adenocarcinoma; 
presence of a non-curable factor;5 pyloric stenosis revealed 
by endoscopy and difficulty in oral intake due to stenosis; age 
between 20–80 years; surgical fitness with adequate organ 
function; Eastern Cooperative Oncology Group (ECOG) 
performance status (PS) score 0–2; no prior chemotherapy, 
targeted therapy or radiotherapy. Patients with gastric cancer 
perforation or active bleeding requiring urgent surgery, pylo-
ric stenosis caused by other diseases, other malignant 
tumours, or changes in chemotherapy regimens were 
excluded, as well as those who completed less than two 
chemotherapy cycles. This study was reviewed and approved 
by the Ethics Committee of Fujian Provincial Hospital. The 
data are anonymous, and the requirement for informed con-
sent from patients was waived. All study procedures were 
performed in accordance with the Helsinki Declaration of 
1964 and later versions.

Treatment Regimes
Patients with scores of 0/1 on the gastric outlet obstruction 
scoring system (GOOSS) were categorized into multimodal 
therapy with LGJ before conversion therapy, while those 
with a GOOSS score of 2 were categorized in chemotherapy 
group. For patients receiving LGJ, operating trocars (5 or 

12 mm in diameter) were inserted for staging laparoscopy 
and cytological examination. Subsequently, the greater 
omentum, along the greater curvature, was dissected. Small 
incisions were created on the greater curvature, 5 cm prox-
imal to the oral side of tumour and 15 cm distal to the 
ligament of Treitz on the antimesenteric side of the jejunum. 
The greater curvature was inosculated to the jejunum as side- 
to-side anastomosis, using a linear stapler.

After LGJ, enteral nutrition was initiated, combined with 
early parenteral nutrition. Patients were encouraged to drink 
a small amount of water on awakening after the surgery. On 
postoperative day 1, patients started drinking 500–1000 mL 
clear fluid. The amount of fluid intake was increased gradually 
according to patients’ tolerance. Parenteral nutrition was dis-
continued when oral intake reached 2000–2500 mL/d. During 
hospitalization, all patients (both groups) received nutrition 
(protein 4.0 g, fat 3.9 g, carbohydrate 12.1 g, caloric value 
1.0 kcal/mL) at a temperature of 40°C. The energy supply 
ranged between 25 and 30 kcal/kg/day, and protein intake was 
1–2 g/kg/day, supplemented by parenteral nutrition. For 
patients with severe malnutrition based on the Patient- 
Generated Subjective Global Assessment score (PG-SGA 
category C),9 the initial energy supply was limited to 5–10 
kcal/kg/day, and energy intake increased slowly over 4–7 days 
until substitution of requirements was reached.10 Patients were 
allowed oral intake as tolerated after discharge.

Patients who underwent LGJ began palliative therapy 7–14 
days after surgery. Palliative therapy in the multimodal therapy 
group and the chemotherapy group included EOX therapy, 
consisting of oral fluoropyrimidine capecitabine (825 mg/m2, 
twice daily on days 1–14), intravenous oxaliplatin (130 mg/m2 
on day 1), and intravenous epirubicin (100 mg/m2 on day 1). 
These treatments were generally continued for 6–8 cycles, 
until the occurrence of unacceptable toxicity, patients’ refusal, 
or evidence of a resectable tumour. Patients received abdom-
inal enhanced CT after every 2 cycles of chemotherapy. 
A multidisciplinary team assessed potentially resectable 
cases to determine the best timing of gastrectomy. After con-
version surgery, patients started adjuvant chemotherapy 
according to the attending physician’s judgment.

Data Collection
Data were retrospectively collected on patients’ baseline 
characteristics, including the GOOSS, Nutritional Risk 
Screening 2002 (NRS-2002)11 and PG-SGA assessments, 
nutritional and metabolic status, body composition, response 
to chemotherapy, and postoperative overall survival. Patients 
with a GOOSS score of ≤ 2 were considered to have an 

https://doi.org/10.2147/CMAR.S322569                                                                                                                                                                                                                               

DovePress                                                                                                                                              

Cancer Management and Research 2021:13 6848

Wang et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


eating disorder.7 Body composition12 was analysed by 
ImageJ2 software (The National Institutes of Health, 
Bethesda, MD, USA) to achieve the skeletal muscle area at 
diagnosis and after 2 chemotherapy cycles. The skeletal 
muscle index (SMI) was calculated by normalizing the ske-
letal muscle area for height (cm2/m2). Sarcopenia was set at 
SMI lower than 43 cm2/m2 in patients with a body mass 
index (BMI) < 25 kg/m2 and SMI lower than 53 cm2/m2 with 
BMI > 25 kg/m2 in males; in females, sarcopenia was defined 
as SMI < 41 cm2/m2, as reported in previous literature1,13 

(Figure 1). Nutritional and metabolic status were estimated 
by Onodera’s prognostic nutritional index (PNI) and the 
neutrophil to lymphocyte ratio (NLR).14,15 Quality of life 
(QOL) was evaluated with the Spitzer QOL-Index.16,17

Treatment responses were classified according to the 
response evaluation criteria in solid tumours guideline 
(version 1.0)18 after every 2 cycles of chemotherapy. 
Toxicity was assessed according to the Common Toxicity 
Criteria for Adverse Events (version 3.0).19 The patholo-
gical response to chemotherapy was classified according to 
the National Comprehensive Cancer Network (NCCN) 
clinical practice guidelines in oncology for gastric 
cancer.20 Complications were recorded until discharge 
after conversion surgery according to Clavien et al.2

Statistical Analysis
Continuous data were analysed using the Wilcoxon rank- 
sum test. Categorical variables were analysed using the 

chi-square test or Fisher’s exact test when appropriate. 
When P values < 0.05, the differences were considered 
significant. Overall survival (OS) was recorded as the 
duration from the date of initial chemotherapy to that of 
death or the latest follow-up. The OS was analysed by 
Kaplan-Meier method with Log rank test. Univariate and 
multivariate analyses for survival were performed using 
Cox’s regression analysis. All statistical analysis was per-
formed by SPSS software (IBM SPSS Statistics for 
Windows, version 22.0, Armonk, NY, USA).

Results
Baseline Characteristics
There were 101 patients treated for gastric outlet obstruc-
tion caused by incurable AGC during the study period. 
A total of 35 patients were excluded due to other treat-
ments (n = 8), missing data (n = 8), changes in chemother-
apy regimens (n = 10), less than 2 chemotherapy cycles (n 
= 9), leaving 66 patients for analysis. There were 35 
patients who underwent multimodal therapy and 31 
patients who underwent chemotherapy.

The baseline characteristics of all eligible patients are out-
lined in Table 1. The median age was 58 years (range, 28–80 
years), and 43 were male. There were 34 patients in poor 
general condition (PS of 2). Further, 35, 65, 62, 48, and 46 
patients had worse GOOSS (0 or 1), nutritional risk (NRS 
2002 scale > 3), severe malnutrition (PG-SGA category C), 
PNI < 45, and NLR ≥ 2.5, respectively. The median overall 

Figure 1 Example of transverse computed tomography images at 3rd lumbar vertebra. a: skeletal muscles area (between green and purple lines) b: abdominal perimeter (red 
line).
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QOL of all patients was 6. Thirty one (47.0%) patients had > 1 
non-curable factors. The primary reasons for unresectability 
included infiltration to adjacent organs (n = 7, 10.6%), perito-
neal metastasis (n = 35, 53.0%, including 3 patients with 

positive peritoneal lavage cytology determined by staging 
laparoscopy), hepatic metastasis (n = 16, 24.2%), and distant 
lymph node (LN) metastasis (n = 39, 59.1%, including 32 
para-aortic, 6 mediastinal, and 1 Virchow’s LN).

The baseline demographic and clinical characteristics 
of the multimodal therapy and chemotherapy groups are 
compared in Table 2. No significant differences were 
detected in age, sex, PS, NRS 2002 scale, PG-SGA cate-
gory, overall QOL score, body composition, clinical stage, 
or non-curable factors. Baseline GOOSS was better in the 
multimodal therapy group in comparison to the che-
motherapy group (P <0.001).

Patient Treatment Outcomes
Clinical outcomes were collected after 2 cycles of che-
motherapy (Table 3). Most patients resumed solid food 
intake 7 days after LGJ. In the multimodal therapy group, 
34 (97.1%) patients had a GOOSS score of 3 after che-
motherapy. Of note, the rates of nutritional risk, severe mal-
nutrition, and PNI < 45 were significantly lower in the 
multimodal therapy group than in the chemotherapy group 
(17.1% vs 96.8%, 0 vs 96.8%, and 28.6% vs 80.6%, respec-
tively, P < 0.001). Further, the overall QOL was also sig-
nificantly higher in multimodal therapy patients (16.7 months 
vs 4.5 months, P < 0.001). However, no significant difference 
was observed in the NLR scores between the groups 
(P=0.454). More than half (54.8%) of the patients in the 
chemotherapy group had sarcopenia after treatment, in con-
trast to only 25.6% of the patients in the multimodal therapy 
group (P=0.030).

Among those who received multimodal therapy, 17 
patients (48.6%) displayed a major response (3 complete 
responses and 14 partial responses), which was signifi-
cantly better than the response rate in the chemotherapy 
group (P < 0.001). Multimodal therapy patients received 
more cycles of chemotherapy (6 cycles vs 3 cycles, P < 
0.001). The non-curable factors disappeared after che-
motherapy for 17 patients (48.6%) in the multimodal ther-
apy group, and these patients all underwent subsequent 
gastrectomy. None of the chemotherapy group patients 
had resolution of non-curable factors. No significant dif-
ferences were observed between the groups in chemother-
apy-related toxicities.

Surgery and Pathologic Results
Conversion surgery was performed in 17 (48.6%) multi-
modal therapy patients, whereas none of chemotherapy 
patients received the conversion surgery. All patients 

Table 1 Baseline Patient Characteristics

Characteristics N=66

Age, (years)* 58(28–80)

Sex, (male/female) 43/23 (65.2%/34.8%)

Performance status, (0/1/2) 4/28/34 (6.1%/42.4%/51.5%)

GOOSS, (0/1/2) 15/20/31 (22.7%/30.3%/47.0%)

NRS 2002 scale
≤3 1 (1.5%)

>3 65 (98.5%)

PG-SGA category

B 4 (6.1%)

C 62 (93.9%)

PNI

<45 48 (72.7%)
≥45 18 (27.3%)

NLR
<2.5 20 (30.3%)

≥2.5 46 (69.7%)

Overall QOL* 6(4–9)

Body composition
BMI (kg/m2)* 21.7(17.3–26.4)

SMI (cm2/m2)* 48.8(33.4–65.4)

Sarcopenia 24 (36.4%)

cT

T3 6 (9.1%)
T4 60 (90.9%)

cN(+) 66 (100%)

Non-curable factor

Tumour infiltration to adjacent 
organs

7 (10.6%)

Peritoneal metastasis 35 (53.0%)

Hepatic metastasis 16 (24.2%)
Distant lymph nodes metastasis 39 (59.1%)

Laparoscopic gastrojejunostomy
Present 35 (53.0%)

Absent 31 (47.0%)

Note: *Median (range). 
Abbreviations: GOOSS, gastric outlet obstruction scoring system; 0, no oral 
intake; 1, liquids only; 2, soft food, 3, solid food; NRS 2002, Nutrition Risk 
Screening 2002; PG-SGA, Patient-Generated Subjective Global Assessment; PNI, 
Prognostic Nutritional Index; NLR, Neutrophil to lymphocyte ratio; QOL, Quality 
of life; BMI, body mass index; SMI, skeletal muscle index.
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underwent distal gastrectomy and D2 LN dissection, fol-
lowed by postoperative chemotherapy. R0 resection was 
achieved in 15 (88.2%) while R1/ R2 resection in 2 
(11.8%) (Table 4) patients. Among the 7 patients with 
peritoneal metastasis, staging laparoscopy was performed, 
confirming the disappearance of metastasis. Additional 
radiofrequency ablation was applied to hepatic metastasis 
of 4 patients, resulting in complete disappearance of meta-
static lesions. In the 3 patients with infiltration to adjacent 
organs, the metastatic lesions disappeared after 

chemotherapy. The pathologic responses were tumour 
regression grade (TRG) 0, 1, 2, and 3 in 3, 4, 6, and 4 
patients, respectively. Operation-related complications 
were observed in 2 (11.8%) patients, which were all 
cured by conservative treatments.

Survival Analyses
The median survival time (MST) was 7.5 months in terms 
of all patients (Figure 2). The MST in the multimodal 
therapy group was 16.7 months, compared to 4.5 months 

Table 2 Comparison of Baseline Characteristics for Multimodal Therapy and Chemotherapy Groups

Characteristics Multimodal Therapy (n=35) Chemotherapy (n=31) P value

Age, (years)* 63(35–80) 57(28–74) 0.131

Sex, (male/female) 25/10(71.4%/28.6%) 18/13(58.1%/41.9%) 0.255

Performance status, (0/1/2) 2/17/16(5.7%/48.6%/45.7%) 2/11/18(6.5%/35.5%/58.0%) 0.377

GOOSS, (0/1/2) 15/20/0(42.9%/57.1%/0) 0/0/31(0/0/100%) <0.001

NRS 2002 scale 0.530
≤3 1(2.9%) 0(0)

>3 34(97.1%) 31(100%)

PG-SGA category 0.603

B 3(8.6%) 3(9.7%)

C 32(91.4%) 28(90.3%)

PNI 0.801

<45 25(71.4%) 23(74.2%)
≥45 10(28.6%) 8 (25.8%)

NLR 0.389
<2.5 9(25.7%) 11(35.5%)

≥2.5 26(74.3%) 20(64.5%)

Overall QOL* 6(4–9) 6(4–8) 0.123

Body composition
BMI (kg/m2)* 21.2(17.3–26.4) 22.3(18.2–24.3) 0.230

SMI (cm2/m2)* 49.5(36.5–65.4) 48.6(30.0–65.4) 0.979

Sarcopenia 14(40.0%) 10(32.3%) 0.514

cT 0.442

T3 2(5.7%) 3(9.7%)
T4 33(94.3%) 28(90.3%)

cN (+) 35(100%) 31(100%) 1

Non-curable factor

Infiltration to adjacent organs 3(8.6%) 4(12.9%) 0.431
Peritoneal metastasis 20(57.1%) 15(48.4%) 0.477

Hepatic metastasis 8(22.9%) 8(25.8%) 0.780

Distant lymph nodes metastasis 19(54.3%) 20(64.5%) 0.399

Note: *Median (range). 
Abbreviations: GOOSS, gastric outlet obstruction scoring system; NRS 2002, Nutrition Risk Screening 2002; PG-SGA, Patient-Generated Subjective Global Assessment; 
PNI, Prognostic Nutritional Index; NLR, Neutrophil to lymphocyte ratio; QOL, Quality of life; BMI, body mass index; SMI, skeletal muscle index.
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for the chemotherapy group. Further, the 1- and 3-year OS 
rates in the multimodal therapy group were 68.6% and 
37.1%, respectively, compared to 6.5% and 0% in the 
chemotherapy group. Furthermore, the MST of patients 
receiving conversion surgery was significantly better than 
that of patients without surgery (44.2 months vs 8.5 
months, respectively, P < 0.001). The 15 patients 
(88.2%) who achieved R0 resection had a higher 3-year 

OS rate of 86.7% (MST 45.8 months), while the 2 patients 
who achieved R1/R2 resection had a 3-year OS rate of 
0%. During follow-up, recurrence in the liver was 
observed in 2 patients treated by conversion therapy, the 
OS was 14.3 months and 18.3 months respectively. 
Complete remission was achieved in 3 patients (peritoneal 
metastasis only, n = 1; distant LN metastasis only, n = 1; 
peritoneal and LN metastasis, n = 1), all of whom 

Table 3 Treatment Outcomes for Multimodal Therapy and Chemotherapy Groups

Characteristics Multimodal Therapy (n=35) Chemotherapy (n=31) P value

GOOSS 3 achieved 34(97.1%) 0 (0) <0.001

Chemotherapy cycles* 6 (2–10) 3(2–6) 0.005

NRS 2002 scale <0.001

≤3 29(82.9%) 1(3.2%)
>3 6(17.1%) 30(96.8%)

PG-SGA category <0.001
A 15(42.9%) 0(0)

B 20(57.1%) 1(3.2%)

C 0(0) 30(96.8%)

PNI <0.001

<45 10(28.6%) 25(80.6%)
≥45 25(71.4%) 6(19.4%)

NLR 0.454
<2.5 23(65.7%) 23(74.2%)

≥2.5 12(34.3%) 8(25.8%)

Overall QOL* 9(7–10) 6(4–9) <0.001

Body composition
BMI (kg/m2)* 20.8(17.4–27.0) 21.6(17.9–25.4) 0.183

SMI (cm2/m2)* 49.1(39.3–66.2) 42.3(30.0–69.2) 0.036

Sarcopenia 10(25.6%) 17(54.8%) 0.030

Response

Complete response 3(8.6%) 0(0)
Partial response 14(40.0%) 2(6.5%)

Stable disease 8(22.8%) 17(54.8%)

Progressive disease 10(28.6%) 12(38.7%)
ORR 48.6% 6.5% <0.001

Adverse events (grade 3/4)
Anemia 6(17.1%) 4(12.9%) 0.448

Neutropenia 18(51.4%) 15(48.4%) 0.805

Thrombocytopenia 4(11.4%) 4(12.9%) 0.574
Elevated ALT 2(5.7%) 0(0) 0.277

Elevated AST 2(5.7%) 0(0) 0.277

Diarrhea 1(2.9%) 2(6.5%) 0.454

Subsequent resection 17(48.6%) 0(0) <0.001

Note: *Median (range). 
Abbreviations: GOOSS, gastric outlet obstruction scoring system; NRS 2002, Nutrition Risk Screening 2002; PG-SGA, Patient-Generated Subjective Global Assessment; PNI, 
Prognostic Nutritional Index; NLR, Neutrophil to lymphocyte ratio; QOL, Quality of life; BMI, body mass index; SMI, skeletal muscle index; ORR, Objective Response Rate.
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subsequently underwent surgery, achieving a 3-year OS 
rate of 100%.

Univariate analysis of all patients identified multimodal 
therapy as a significant prognostic factor. Other variables, 
such as BMI, PS, and overall QOL were not significant 
prognostic factors. Multivariate analysis identified multi-
modal therapy and improved or stable overall QOL as 
independent factors for OS (Table 5).

Discussion
Clinically relevant prognostic factors for LGJ combined 
with conversion therapy in patients with GOO caused by 
incurable AGC have not been well elucidated. To the best 
of our knowledge, this study is the first to investigate these 
factors and assess the feasibility and efficacy of this multi-
modal therapy. The results of this study demonstrated 
a marked improvement in eating function after LGJ, simi-
lar to a previous study,7 suggesting that LGJ is an effective 
therapeutic method to restore oral intake. The nutritional 
status, QOL, and response to chemotherapy in the multi-
modal therapy group was markedly better than that in the 

chemotherapy group. Further, the multimodal therapy 
group had less muscle loss after treatment than the che-
motherapy group, leading to more cycles of chemotherapy. 
The MST of multimodal therapy group was also higher 
than that of chemotherapy group, especially in patients 
receiving conversion surgery. Multivariate analysis identi-
fied multimodal therapy and improved or stable overall 
QOL as independent factors for OS. This phenomenon 
may be related to better nutritional and metabolic status 
after restoration of enteral nutrition. These findings sug-
gest that this multimodal therapy is potentially beneficial 
for the long-term prognosis in such patients.

Previous studies on treatment therapy for malignant 
GOO caused by AGC have assessed palliative gastrect-
omy, stent, and gastrojejunostomy. The REGATTA trial 
revealed that palliative gastrectomy had no survival benefit 
over chemotherapy alone,21 which may have been due to 
impaired compliance with chemotherapy after gastrect-
omy. Furthermore, Jonathan et al22 reported that cancer 
cells might disseminate via haematogenous and lymphatic 
routes after palliative surgery. Similar findings were 
reported in many investigations,23,24 suggesting poor prog-
nosis with palliative surgery. However, Sunguk et al8 

observed that gastrojejunostomy could result in longer 
survival. With the introduction of laparoscopic technique, 
LGJ would be the first choice to improve survival in GOO 
patients.25 Interestingly, in this study, no significant differ-
ences were observed in baseline inflammatory and nutri-
tional status, whereas the multimodal therapy group had 
lower GOOSS. This phenomenon may be related to early 
detection owing to severe gastric outlet obstruction.

Furthermore, many investigators2–4,18 demonstrated 
that long-term survivors were observed in patients who 
received conversion surgery. Kazuya et al3 reported that 
the median survival time was extended to 41.3 months in 
R0 resected patients. Most conversion trials have targeted 
patients without GOO, and conversion therapy may not 
achieve such positive outcomes in these patients. A study 
by Tsuyoshi et al7 included only 4 patients (13.3%) who 
underwent radical gastrectomy after conversion che-
motherapy in GOO caused by incurable AGC. This may 
be due to malnutrition and metabolic disorder caused by 
a lengthy period without oral feeding in GOO patients. 
Therefore, the present study used various indicators to 
explore changes in nutritional and metabolic status after 
restoring oral intake, verifying the reliability and potenti-
ality of this multimodal therapy.

Table 4 Surgical and Pathological Findings for Conversion 
Surgery Patients

n %

Resection margin

R0 15 88.2

R1/R2 2 11.8

Pathological response

0 3 17.7
1 4 23.5

2 6 35.3
3 4 23.5

pT
T0 3 17.7

T3 2 11.8

T4a 12 70.5

pN

N0 14 82.4
N1 3 17.6

pM
M0 17 100

Complications
Wound infection 1 5.9

Leakage 1 5.9

Postoperative chemotherapy

Present 17 100
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The present study revealed that patients had 
a significantly lower rate of nutritional risk, severe mal-
nutrition, and PNI < 45 after multimodal therapy as com-
pared to chemotherapy alone. The NRS2002, PG-SGA, 

and PNI are the most frequently used scales in nutritional 
risk screening and assessment for gastric cancers. These 
comprehensive screening methods are well-correlated with 
treatment and survival.11,26–28 Previous research has 

Table 5 Univariate and Multivariate Analyses for Overall Survival

Variable Hazard Ratio 95% CI P value

Univariate analysis

Multimodal therapy (present/absent) 5.966 3.138–11.342 <0.001

Age (≥65/<65)* 1.321 0.765–2.280 0.318
BMI (≥18.5/<18.5)* 1.039 0.413–2.612 0.935

Performance status (2/0 or 1)* 0.802 0.475–1.354 0.410

PG-SGA category (B/C)* 1.055 0.378–2.946 0.918
PNI (≥45/<45)* 0.922 0.517–1.642 0.782

NLR (≥2.5/<2.5)* 1.331 0.762–2.325 0.314

Overall QOL (improved or stable/decreased) 0.679 0.291–1.587 0.371
Sarcopenia (yes/no)* 0.872 0.508–1.497 0.619

Multivariate analysis
Multimodal therapy (present/absent) 8.199 4.076–16.492 <0.001

Age(≥65/<65)* 1.098 0.631–1.910 0.742

Overall QOL (improved or stable/decreased) 0.366 0.152–0.878 0.024
Sarcopenia (yes/no)* 0.717 0.410–1.254 0.243

Note: *Data at baseline. 
Abbreviations: BMI, body mass index; GOOSS, gastric outlet obstruction scoring system; PG-SGA, Patient-Generated Subjective Global Assessment; PNI, Prognostic 
Nutritional Index; NLR, Neutrophil to lymphocyte ratio; QOL, Quality of life.

Figure 2 Survival curve of all patients enrolled in the current analysis. The MST of the patients with LGJ combined with conversion therapy (Multimodal therapy) was 16.7 
months, and it was 4.5 months in those with chemotherapy only (Chemotherapy). The MST of resected patients (Resected) was 44.2 months, and the MST of unresected 
patients in multimodal therapy (Unresected) was 8.5 months.
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reported that 40–80% of patients with malignant tumours 
experience malnutrition because of tumour growth and 
inappetence.27 GOO and subsequent treatment undoubt-
edly exacerbate malnutrition, accelerating disease progres-
sion. Sa-Hong et al25 revealed that patients could tolerate 
chemotherapy longer after LGJ. This may be due to 
resumption of oral intake. AGC is characterized by 
chronic malnutrition, impairing the quality of life and 
survival. Resumption of oral intake could not only ame-
liorate malnutrition but also repair the gastrointestinal 
barrier, prevent migration of bacteria, and restore atrophic 
mucosa.29

Another major concern in AGC is systemic inflamma-
tion. Tumours have been considered as “wounds that do not 
heal”, as a systemic inflammatory response would be 
initiated by stromal inflammatory mediators in the systemic 
circulation.28 A previous study29 indicated that enteral nutri-
tion could alleviate inflammatory response through regulat-
ing gastrointestinal immune system. However, our findings 
revealed no difference in the two treatment groups in terms of 
NLR. The reason may be that cytotoxic anticancer che-
motherapy has myelosuppressive effects, especially 
neutropenia,30 at the initiation of therapy.

Numerous analyses have reported that patients with 
excellent nutritional status could be more treatment compli-
ant, with higher rates of chemotherapy and operation.12,31–34 

A propensity score-matched analysis of gastrojejunostomy 
revealed that most patients were able to consume normal diet 
intake (95% achieved a GOOSS score of 3), and found 
improved oral intake to be a significant prognostic factor.6 

Moreover, a study of LGJ combined with conversion che-
motherapy for patients with GOO reported that the MST for 
these patients was superior than that in the best supportive 
care group (35.9 months vs 12.2 months).7 Therefore, LGJ 
followed by enteral nutrition might be a promising treatment 
for conversion therapy for incurable obstructive gastric 
cancers.

In this study, non-curative factors disappeared in 17 
patients (48.6%) in the multimodal therapy group, and 
these patients were subsequently able to receive conver-
sion surgery. In comparison, no patients received conver-
sion surgery in the chemotherapy group. In addition, the 
objective response rate was high in the multimodal therapy 
group, similar to previous research results.18 The propor-
tion of resected patients in the multimodal therapy group 
was 48.6%, with a high pathological response rate of 
76.5% (TRG 0–2). These response rates may have resulted 
in a good prognosis, and the MST of resected cases was 

44.2 months, which was significantly higher than that of 
both the chemotherapy cases (4.5 months) and the unre-
sected cases in the multimodal therapy group (8.5 months). 
This observation highlights the vital role that the multi-
modal therapy could play in the future, as these patients 
were originally best considered for supportive care only, 
without any hope of long-term survival.

Conversion therapy necessitates careful observation of 
chemotherapy toxicity, especially in patients with sarcope-
nia. Cancer cachexia, diminished food intake, and activa-
tion of catabolic pathways will contribute to muscle loss.35 

Sherif et al33 revealed that over half of patients with 
esophagogastric cancer had sarcopenia prior to chemother-
apy, and even more patients were affected on completion 
of chemotherapy. In our study, we observed that the pro-
portion of patients with sarcopenia was significantly lower 
in the multimodal therapy group than in the chemotherapy 
group. It is a reminder that adequate nutritional support 
may prevent or even reverse muscle loss. Aoife et al35 and 
Tan et al34 had demonstrated that sarcopenia increases the 
risk of toxicity. Our study revealed that multimodal treat-
ment therapy was associated with fewer adverse events, 
and especially less neutropenia, than inoperable gastric 
cancers with conversion therapy alone in a previous 
study.18 However, no significant differences were observed 
between our 2 treatment groups, probably due to the lower 
number of chemotherapy cycles in the chemotherapy 
group. The postoperative complications rate (9.6%) in 
our study was lower than that in gastric cancer patients 
receiving conversional radical surgery in a previous 
research,36 which may result from better nutritional status. 
In summary, these findings demonstrate that this multi-
modal therapy is safe and feasible.

Several limitations of the present study are worth not-
ing. First, the study analysed a relatively small sample 
size. Moreover, it was limited by its retrospective explora-
tory design. Previous studies also had these limitations, 
due to the rarity of GOO in gastric cancer. However, this 
study included a comprehensive analysis of multiple dis-
ease indicators. Second, we did not assess the nutritional 
status and survival of patients with less than 2 chemother-
apy cycles or without treatment. Since the target patients 
had obstructive incurable AGC, many patients declined 
further treatment. Difficulties were also associated with 
obtaining sequential data in these patients. Finally, the 
follow-up period in this study was not long enough to 
determine the 5-year survival rate.
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Conclusion
This study analysed multiple clinical outcomes to demon-
strate that multimodal therapy with LGJ followed by ent-
eral nutrition and conversion therapy was feasible and 
effective in treating GOO caused by incurable AGC. 
A large-scale randomized prospective study is needed to 
confirm the therapeutic usefulness and extend the applica-
tion scope of this multimodal therapy.
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