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Background: The aim of this study was to investigate the clinical efficacy analysis and tolerance 
observation of hyperbaric oxygen combined with chemotherapy in postoperative patients with advanced 
gastric cancer. 
Methods: A total of 56 patients from June 2014 to June 2015 with advanced gastric cancer postoperative 
chemotherapy were collected. These patients were randomly divided into the experimental group of  
22 patients treated with hyperbaric oxygen combined with chemotherapy, and the control group of  
23 patients treated with conventional chemotherapy. The results of imaging evaluation, tumor index, adverse 
reaction of chemotherapy and quality of life (QOL) were compared between the two groups. 
Results: The recurrence rate of 1 year imaging was 4.54% and 26.0% respectively in the experimental 
group and the control group, and the two groups had statistical differences (P=0.046); The persistent 
abnormal index of CA199, showed in the experimental group and the control group, accounting for 13.6% 
and 43.4% severally, which showed statistical differences (P=0.027); Compared with the control group, the 
incidence of hemocytopenia, thrombocytopenia, nausea and vomiting and peripheral nervous reaction were 
reduced in the experimental group, and there was a statistically significant difference between the two groups 
(P<0.05); The Quality of Life-Core 30 Questionnaire (QLQ-C30) score of the experimental group was 
42.32±16.20, the control group was 79.53±18.54, and the life quality score of the experimental group was 
significantly lower than that of the control group (P<0.0001). There was no statistical difference between the 
two groups in hemoglobin and diarrhea (P>0.05). 
Conclusions: Hyperbaric oxygen combined with chemotherapy applied to postoperative chemotherapy 
for gastric cancer achieved good clinical effect, which reduced the recent local recurrence rate and the toxic 
side reaction, significantly improved the safety and tolerance of chemotherapy in patients.
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Introduction

The incidence of gastric cancer is increasing year by year, 
clinical patients are mostly diagnosed with advanced gastric 
cancer. The effect of surgical treatment is often limited, it 
is necessary to be further treated with chemotherapy, but 
the overall effect is still unsatisfactory. How to improve 
the sensitivity of cancer cells on chemotherapy drugs and 
simultaneously reduce the damage of chemotherapy drugs 
on normal tissue cells has become an important research 
topic. Much progress of hyperbaric oxygen on malignant 
tumor treatment has been made, and the sensitization 
mechanism that hyperbaric oxygen treats malignant 
tumors has been proved in the experiment, which has a 
good prospect in the adjuvant therapy of malignant tumor; 
however, the clinical application in gastric cancer after 
operation has not been reported. In this paper, we combined 
gastric cancer postoperative with hyperbaric oxygen 
therapy to explore the clinical application in postoperative 
chemotherapy for advanced gastric cancer.

Methods

The general information

A total of 56 patients from June 2014 to June 2015 with 
advanced gastric cancer postoperative chemotherapy were 
collected, and the method of random number tables was 
used to randomly divided 56 patients into the experimental 
group and the control group. There were 22 cases in the 
experimental group, including 10 males and 12 females, 
aged 40 to 79 years, and the median age was 66.4 years. 
In the control group, there were 23 cases, 11 males and  
12 females, aged 46 to 80 years, and the median age was  
64.4 years. All patients were completed gastric cancer 
D2 radical surgery, the cases were diagnosed with gastric 
cancer stage II, IIIa and IIIb by postoperative pathological 
histology, and assessed more than 60 points with Karnofsky 
Performance Status (KPS), the patients were expected to 
survive more than 3 months, no more than 80 years old, 
with normal blood picture, liver and kidney function, 
without vital organ lesions history of other malignancies and 
contraindications of chemotherapy and hyperbaric oxygen 
therapy. The study was approved by the Ethics Committee 
of Renji Hospital and informed consents were obtained 
from all patients. There was no statistically significant 
difference in general information between the two groups 
of patients, as shown in Table 1. 

The postoperative chemotherapy regimen

D2 gastric cancer radical surgery was done by the same 
leading physicians, and routine chemotherapy for 3–4 weeks 
were done after surgery. The project of capecitabine and 
oxaliplatin for 3-week was adopted: carpeyabine 1,000 mg/m2  
was taken orally twice a day from day 1 to day 14, and 
oxaliplatin 130 mg/m2 was intravenously injected for 2 hours. 
A period consists of 3 weeks, and there are eight periods. 
If serious adverse reactions occurred or markers of tumor 
markers are increased in patients during chemotherapy, the 
chemotherapy regimen will be changed according to the 
situation. The methoxyclopamine and dexamethasone were 
used to prevent nausea and vomiting during chemotherapy.

High pressure oxygen solution

Hyperbaric oxygen combined with chemotherapy were 
performed in the experimental groups. The medical 
hyperbaric oxygen chamber with pure O2 was used to 
treatment, the pressure is 2.0–2.5 absolute atmosphere 
(ATA), the patient absorbed oxygen 20 min ×4, and 
absorbed air discontinuously 5 min ×3. Hyperbaric oxygen 
is absorbed five times before chemotherapy, once a day, 
and then the hyperbaric oxygen and chemotherapy were 
performed simultaneously. The chemotherapy was started at  
15–30 min after the absorption of oxygen, the pure saturated 
oxygen was absorbed for 1 hour after chemotherapy, the 
hyperbaric oxygenation was continued to absorbed 10 times 
and once a day during the interval chemotherapy.

Observation standards and indicators

Two groups of patients were expected to complete eight 
chemotherapy periods, the imaging evaluation results 
of two groups of patients in the experimental group and 
the control group were compared, the upper abdominal 
enhancement computed tomography (CT) were used 
to evaluate tumor recurrence and enlarged lymph node 
status, the changes of tumor indicators (CEA and CA199) 
in two groups of chemotherapy patients were observed, 
the chemotherapy adverse reaction were classified into  
0 (no), I (mild), II (moderate), III (severe) and IV (heavy) 
according to the WHO evaluation standard. Quality 
of Life-Core 30 Questionnaire (QLQ-C30) developed 
by EORTC was performed to evaluated life quality of 
patients. The questionnaire was completed by the patients, 
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and the questionnaire content was presented the patients 
with dyslexia by the doctor or their family members who 
answered the questionnaire according to the patient's 
answers, as the basis for the evaluation of the clinical 
application effect.

Statistical method

SPSS13.0 software was used to analyze data statistics. 
The metering information are presented as mean ± SD. 
Differences between means were determined by Student’s 
t-test with in two groups the counting data were indicated 
by the adoption rate (%) and the χ2 test is adopted. P<0.05 
was set as a significant criterion.

Result

Comparison of general data before chemotherapy

The age, nutritional status, gender and pTNM stage of the 
two groups were not statistically significant (P>0.05) (Table 1).

Imaging indicators evaluation

Experimental group and control group 1-year image 
evaluation for recurrence or lymph node metastasis were 
1 case (4.54%) and 6 cases (26.0%) respectively; the 
recurrence rate of the experimental group was significantly 
lower than that in the control group, and the difference 
between the two groups was statistically significant 

(χ2=3.972, P=0.046).

Comparison of tumor markers

The changes of tumor markers CEA and CA199 in the 
serum of the two groups after treatment were observed. In 
the period of chemotherapy, there were 7 patients in the 
experimental group who showed persistent abnormality 
of CEA, accounting for 31.8%, 9 patients in the control 
group, accounting for 39.1%, and no statistically significant 
difference between the two groups (χ2=0.262, P=0.609). 
During chemotherapy, there were 3 patients in the 
experimental group showed persistent abnormality of 
CA199, accounting for 13.6%, 10 patients in the control 
group, accounting for 43.4%, and the differences between 
the two groups were statistically significant (χ2=4.874, 
P=0.027).

Comparison of adverse reactions

There were different degrees of reaction of blood system, 
digestive system and peripheral nervous system in the two 
groups after treatment. There was a statistical difference 
between the experimental group and the control group in 
hemocytopenia, thrombocytopenia, nausea and vomiting, 
and peripheral nerves reaction, which was statistically 
significant (P<0.05). However, there was no significant 
difference in hemoglobin reduction and diarrhea (P>0.05) 
(Table 2).

Table 1 The age, nutritional status, gender and pTNM stage of the two groups

General information Experimental group Control group t/χ2 P

Total number 22 23 – –

Prealbumin (mg/L) 302.8±75.5 310.2±68.8 0.344 0.733

Age (years, mean ± SD) 66.4±10.3 64.4±10.8 0.635 0.529

Gender 0.025 0.873

Male 10 11

Female 12 12

pTNM 1.628 0.653

IIA 8 9

IIB 5 3

IIIA 6 5

IIIB 3 6
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Quality of life (QOL) ratings

The QLQ-C30 score was 42.32±16.20 in the experimental 
group, 79.53±18.54 in the control group, the t value was 
7.156, P<0.0001. The QOL in the experimental group was 
significantly lower than that in the control group, and the 
difference was statistically significant (P<0.05).

Discussion

Gastric cancer is one of the most common malignancies. It 
is reported by the world health organization’s “world cancer 
report 2014” that the number of new cases of gastric cancer 
and the number of deaths in China are the highest in the 
world. Shanghai is the region with high incidence of gastric 
cancer, and the incidence is increasing year by year. Patients 
with clinical diagnosis are mostly in advanced progress and 
the prognosis is poorer (1). At present, the radical operation 
and postoperative chemotherapy for gastric cancer is 
standard treatment, the study has shown that compared 
with separate surgery, 3-year survival rate, progression-free 

survival and recurrence rate were improved by postoperative 
adjuvant chemotherapy (2). CLASSIC study results provide 
important evidence for the value of postoperative adjuvant 
chemotherapy for gastric cancer. A total of 1.035 II–III 
stage gastric cancer patients after surgery were randomly 
assigned into the group of capecitabine combined with 
oxaliplatin (XELOX project) group (n=520) or observation 
group (n=515), the results showed that postoperative 
adjuvant chemotherapy increased the survival rate from 
59% to 74% (HR =0.56; 95% CI: 0.44–0.72; P<0.0001) (3). 
Postoperative chemotherapy is an important treatment of 
gastric cancer, the purpose is to control the local recurrence 
and eliminate tiny metastases, thus improve postoperative 
disease-free survival and overall survival, but the overall 
therapeutic effect of gastric cancer is still unsatisfactory. The 
unsatisfactory effect of chemotherapy in advanced gastric 
cancer is an important factor for postoperative recurrence, 
multidrug resistance of chemotherapy drugs is responsible 
for unideal chemotherapy effect (4). How to improve the 
sensitivity of cancer cells to chemotherapy drugs and reduce 
the damage of chemotherapy drugs to normal tissue cells 

Table 2 Statistical differences between the test group and the control group

Adverse reactions Experimental group Control group χ2 P

Hemocytopenia 4.199 0.040

I–II 22 19

III–IV 0 4

Thrombocytopenia 4.056 0.044

I–II 21 16

III–IV 1 7

Haemoglobin reduction 0.178 0.673

I–II 20 20

III–IV 2 3

Nausea and vomiting 4.148 0.042

I–II 17 11

III–IV 5 12

Peripheral nervous reaction 6.133 0.013

I–II 21 17

III–IV 1 6

Diarrhea 0.505 0.477

I–II 19 18

III–IV 3 5
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has become an important research topic. 
Hypoxia is one of the basic characteristics of the 

microenvironment of solid tumor, that the tumor tolerates 
hypoxia is important mechanism of enhancement ability 
in the tumor development and tumor transfer, it also 
can induce multi-drug resistance, which leads to poor 
chemotherapy effect (5). Hypoxia can induce gene 
expression related to blood vessel formation and hypoxia 
metabolism, and hypoxia-inducible factor-1 (HIF-1) plays 
a very important role (6,7). The application of hyperbaric 
oxygen as a sensitizer and disinfectant for malignant tumor 
chemotherapy has been recognized. Hyperbaric oxygen 
can improve oxygen levels of hypoxic cells within tumors, 
it enhanced the sensitivity of tumor cells to chemotherapy 
drugs by down-regulating the expression of HIF-1, the 
drug concentration in the tumor was increased. In this 
way, the effect of hyperbaric oxygen on the sensitization 
of chemotherapy was achieved (8). In this study, 1-year 
image evaluation for recurrence or lymph node metastasis 
in experimental group and control group are 1 case (4.54%) 
and 6 cases (26.0%) respectively, the recurrence rate in the 
experimental group was significantly lower than that in the 
control group, and the difference between the two groups 
was statistically significant (χ2=3.972, P=0.046). Hyperbaric 
oxygen combined with chemotherapy can reduce tumor 
recurrence in the near future and prolonged the patient’s 
survival period, which could be applied to clinical practice.

Postoperative adjuvant chemotherapy of gastric cancer is 
efficient in clinic, but it is accompanied by some problems. 
The main problem is associated complications caused by 
chemotherapy, such as different degree adverse reactions 
of the digestive system, blood system, nervous system, 
chemotherapeutic drugs cause the complications occurrence 
of the hemocytopenia, haemoglobin reduction and 
thrombocytopenia resulted by myelosuppression, nausea and 
vomiting, diarrhea, hand foot syndrome and so on (9,10). 
The adverse reaction of chemotherapy was significantly 
reduced after the application of hyperbaric oxygen, for 
instance, myelosuppression, gastrointestinal reaction and 
hair loss in hyperbaric oxygen group improved markedly. 
The treatment of hyperbaric oxygen combined with 
chemotherapy has improved the efficacy of chemotherapy 
while reducing the adverse reaction of chemotherapy, which 
has been proved in experiments (11,12). However, the 
clinical application in postoperative gastric cancer has not 
been reported. There was a statistical difference between 
the experimental group and the control group in the 
hemocytopenia thrombocytopenia, nausea and vomiting, 

and peripheral nervous reaction (P<0.05), but there was no 
significant difference in hemoglobin reduction and diarrhea 
(P>0.05). Meanwhile, QLQ-C30 was performed to compare 
the life quality score in two groups. EORTCQLQ-C30 
scale is used widely in the world, which can reflect the 
multidimensional structure of the life quality, it is applicable 
to determine the life quality of cancer patients in China (13).  
The results showed that the QLQ-C30 score of the 
experimental group was 42.32±16.20, the control group 
was 79.53±18.54, and the score of life quality in the 
experimental group was significantly lower than that in the 
control group, the QOL in the experimental group was 
significantly improved. 

Conclusions

In this study, the application of hyperbaric oxygen combined 
with chemotherapy in the treatment of postoperative 
gastric cancer reduced the recent local recurrence rate and 
the side reaction, the safety, tolerance of chemotherapy 
and postoperative survival time of patients were markedly 
improved. The small sample is the main deficiency in the 
study, so it is not sufficient to evaluate the effect factors of 
postoperative adjuvant chemotherapy. Long-term survival 
was not assessed the follow-up time was not long enough. 
The long-term survival rate was not assessed as the follow-
up time was not long enough. Further information was 
needed to improve the analysis of clinical efficacy and 
tolerance in postoperative chemotherapy patients and the 
specific mechanism in clinical application still needs to be 
further investigated.
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