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Abstract: Introduction. This study aims to  investigate 
the potential effects of regional hyperthermia combined 
with chemotherapy (RHCT) as a treatment strategy for 
advanced gastric cancer (AGC).

Method. 118 AGC patients were randomly divided into 
treatment plans with chemotherapy (CT) alone or with 
RHCT. The prognostic value of clinicopathologic charac-
teristics was assessed in terms of overall survival of AGC 
patients. 

Results. The disease control rate was determined to be 
70.9% and 46.0% for the RHCT and CT group, respectively 
(P = 0.006). The median survival was determined to be 
23.5 months for the RHCT group and 14.0 months for the 
CT group (P = 0.010). The 3-year survival rate for the RHCT 
group was 11.4% and 0% for the CT group (P = 0.018). No 
difference in grade 3 or 4 adverse events was observed 
between the two groups (P > 0.05). Multivariate analysis 
showed that hyperthermia, disease stage, Glasgow prog-
nostic score, and abdominal metastasis were closely asso-
ciated with the prognosis of these AGC patients.

Conclusion. The study suggests that combination treat-
ment with RHCT for AGC  has clinical potential for both 

short- and long-term curative effects without compromis-
ing toxicity.  
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1  Introduction

Gastric cancer is one of the world’s leading malignant 
cancers, ranking the second highest in morbidity and 
fourth in highest mortality. More than 950,000 patients are 
newly diagnosed every year [1], and epidemiologic studies 
have showed a high incidence in Asia [2]. In clinical prac-
tice, most patients were diagnosed at an advanced stage, 
with a median survival less than 12 months [3]. Chemo-
therapy has been used for treating gastric cancer since the 
1980s, and the most commonly used anticancer drugs are 
fluorouracil, platinum, anthracycline, paclitaxel, campto-
thecin. However, the clinical outcomes with use of these 
chemotherapy drugs remains unsatisfactory [4-6].

Hyperthermia is a therapeutic procedure used to raise 
the temperature of a region of the body affected by cancer. 
It not only acts directly on the tumor target but has also 
shown synergistic effects on chemotherapy [7-9]. However, 
it is not clear whether regional hyperthermia combined 
with with chemotherapy (RHCT) could have clinical value 
for the treatment of AGC. In fact, several clinical studies 
have evaluated the therapeutic potential of RHCT, but the 
results remained discrepant. In this study, we investigated 
clinical outcomes of RHCT in a clinical trial with a total 
of 118 patients, and the results showed that RHCT could 
benefit AGC patients receiving traditional chemotherapy.
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2  Patients and methods

2.1  Study Population

This randomized, single-center, open-label, phase 2 trial 
was carried out between May 2012 and June 2016. Eligi-
ble patients with pathologically confirmed stage III-IV 
gastric cancer according to the 7th edition of the American 
Joint Committee on Cancer staging criteria were enrolled 
in this trial. All patients showed no obvious liver, kidney, 
or heart disease, with a Karnofsky score ≥70 points. Eligi-
ble patients were randomly allocated to treatment groups 
receiving RHCT or CT, and no significant contraindica-
tions to hyperthermia were observed in these patients 
during the clinical treatment.

All patients provided written, informed consent 
before the study. The study was approved by the Scientific 
Research Board of Zhejiang Xiaoshan Hospital, and the 
clinical procedure for each patient was closely managed 
in accordance with the Declaration of Helsinki, local laws, 
and applicable regulatory requirements.

2.2  Procedures

Patients in the CT group received  oral S-1, 80 mg/m2 , 
for 14 consecutive days, and 130 mg/m2 of oxaliplatin 
was delivered intravenously on day 1. The regimen was 
repeated every 3 weeks. The entire treatment process was 
carried out for at least 3 cycles. Patients in the RHCT group 
received the same chemotherapy regimen and simultane-
ously received abdominal regional hyperthermia twice a 
week from the start to the end of the chemotherapy. Com-
puted tomographic data for each patient was inputted 
into a computer in order to determine where the heating 
treatment should focus. Heat was provided with a heating 
device (NRL-002 type, Jilin Maida Co., Jilin, China) that 
uses 36.40 MHz waves as the heat source. The input power 
on this device is 2000 W, with an output power that ranges 
from 600–800 W. Heat was applied around the navel, with 
an effective heating area greater than 25 cm in diameter. 
Thermometer probes were placed in the abdominal cavity 
via abdominocentesis and on the surface of the skin in 
the hyperthermia area of the rectum. The intra-abdom-
inal temperature was expected to prevail. During hyper-
thermia, the temperature was monitored in real time. In 
general, the tumor center temperature rose to the target 
range in 10-15 min, T90 was 42~43 °C, and the heating 
lasted for 60 minutes.

2.3  Outcomes

The primary endpoint of this clinical trial was the pro-
portion of patients who achieved an objective response 
rate (ORR, the percentage of patients with complete 
response [CR] or partial response [PR]), and the propor-
tion of patients who achieved a disease control rate (DCR, 
including the percentage of patients with the best overall 
response of CR, PR, or stable disease[SD]). The secondary 
key endpoint is overall survival (OS) (time from random-
ization to death from any cause). Other secondary end-
points include therapy safety.

2.4  Follow-up

Adverse events (AE) were assessed throughout the study 
and were documented with guidelines of the National 
Cancer Institute Common Terminology Criteria for Adverse 
Events version 3.0. Severity of all AEs was graded with 
these criteria. Tumors were assessed by computed tomog-
raphy or magnetic resonance imaging scan every 6 weeks 
for the first 48 weeks, then subsequently every 12 weeks 
until the disease progressed objectively or other cancer 
treatment was started. Brain imaging and bone scans were 
performed when they were clinically needed. All patients 
were followed up until the data was analyzed or patients 
died. Follow-up time ranged from 3 to 60 months, with an 
average of (36.0 ± 3.2) months.

2.5  Statistical analysis

Statistical analyses and data visualization were performed 
with IBM SPSS version 22.0 (IBM SPSS, Inc., Chicago, 
IL, USA) and Graph Pad Prism, Version 6.01 (Graph Pad 
Software Inc., San Diego, CA, USA). The Chi-square test 
was used for the comparison of enumeration data. The 
Kaplan-Meier method was used for univariate analysis. P 
values less than 0.05 were considered significant. All of 
the tests were performed two-sided. 

3  Results

3.1  Patient characteristics

One hundred-twenty patients with gastric cancer were 
screened. After exclusion of 2 ineligible patients, a total 
of 118 patients were enrolled in this study (Figure 1). The 
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patients were randomly assigned to the RHCT (n=55) or CT 
group (n=63; Table 1). The median age of enrolled patients 
was 62.5 years (28 to 92 years), with 87 (73.7%) male 
patients and 31(26.3%) female patients; of these patients, 
60 patients were diagnosed with stage III cancer, and 58 
patients with stage IV cancer (49.2%).Patient characteris-
tics of each group are illustrated in Table 1.

3.2  Treatment efficacy

The DCR in the RHCT group was 70.9% (39/55 cases), 
which was superior to that of the CT group (46.0%, 29/63 
cases) with statistical significance (P = 0.006) (Table 2). 
The OS of the RHCT group was 16.2 months on average, 
with the median OS determined to be 23.5 months. The 
median OS for the CT group was 9.0 months (95%CI: 6.1 
to 11.9 months), while the median OS for RHCT was 14 
months (95%CI: 8.7 to 19.3 months). Statistical signifi-
cance was observed for the OS of these two groups (P = 
0.010) (Figure 2).

3.3  Safety and tolerability

The most common AEs observed in the patients during 
the clinical trial were bone marrow suppression, gastroin-
testinal reactions, and liver/kidney damage. Of note, the 
incidence of AEs for patients enrolled in these two groups 
showed no statistical significance (P> 0.05) (Table 3).

3.4  Univariate and multivariate analysis

The study indicated the treatment with RHCT had an 
improved therapeutic response and provided prolonged 

Table 1: Clinical characteristics (n=118)

Total RHCT CT P value

Age, years 0.236
Median 62.5 61 64
Range 28-92 32-86 28-92
 ≥60 69 29 40
<60 49 26 23

Gender 0.516
Male 87 39 48
Female 31 16 15

Pathology 0.068
Non-SRC 107 47 60
SRC 11 8 3

Curative surgery 0.909
Yes 38 18 20
No 80 37 43

Tumor Stage 0.646
III 36 32 34
IV 52 23 29

Metastasis 0.732
Abdomen 71 34 37
Non-abdomen 47 21 26

RHCT regional hyperthermia with chemotherapy, CT chemotherapy 
alone, SRC signet-ring cell carcinoma, abdomen metastasis in 
abdomen or abdominal organ

Figure 1: The scheme of this study. RHCT regional hyperthermia with 
chemotherapy; CT chemotherapy

Figure 2:  Survival curves of patients in RHCT and CT group. RHCT 
regional hyperthermia with chemotherapy; CT chemotherapy

Table 2: Comparisons of treatment response in the two groups

CR PR SD PD

RHCT 0 4 35 16
CT 0 3 26 34

RHCT regional hyperthermia with chemotherapy, CT chemothe-
rapy alone, CR complete response, PR partial response, SD stable 
disease, PD progression disease.
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survival for AGC patients. Clinically, several factors have 
been found to influence the prognosis of AGC, including 
tumor stage, inflammation index (Glasgow Prognostic 
Score, GPS), and tumor markers. In this study, we also 
calculated GPS according to C-reactive protein (CRP) and 
albumin (Alb) with criteria of score 0 indicating normal 
for both CRP and Alb, score 1 indicating that either 
CRP or Alb was abnormal, and score 2 indicating ele-
vated CRP levels with Alb [10]. The multivariate analy-
sis further showed that hyperthermia, disease stage, GPS, 
and abdominal metastasis were independent prognostic 
factors for these patients, as shown in Figure 2.

4  Discussion
Gastric cancer patients have a poor prognosis as they 
often have AGC at the time of first diagnosis. In addition, 
the rate of recurrence and metastasis remain very high, 
even following surgery [11]. 

Hyperthermia is a form of physical treatment, which 
functions to raise the temperature of tumor-loaded tissue 
to 41–45 °C and is utilized as an adjunctive therapy along-
side chemotherapy [7-9, 12]. Hyperthermia has been shown 
to strengthen anticancer effects for many types of cancers 
through synergistic interactions when combined with 
chemotherapy. Issels et al. [13] reported the clinical out-
comes of an open-label, phase 3 randomized clinical trial, 
involving 329 patients with soft tissue sarcoma, aiming 
to evaluate the efficacy of regional hyperthermia plus 
neoadjuvant chemotherapy. They found that the addi-
tion of regional hyperthermia to chemotherapy resulted 
in an increased overall survival (HR = 0.73; 95% CI, 0.54-
0.98;  P = 0.04), as well as local progression-free survival 
(HR = 0.65; 95% CI, 0.49-0.86; P = 0.002). Colombo et al. 

[14] also reported long-term efficacy of regional hyperther-

mia for 83 patients with chemotherapy for bladder cancer, 
and results showed that the recurrence rate following 
RHCT was 40%, compared to 80% in the CT group, and 
the 10-year disease-free survival was 53% for RHCT group, 
while 15% for CT group (P < 0.001). These data demon-
strated the efficacy of hyperthermia for bladder cancer in 
long-term follow-up. However, no study so far has been 
reported for the therapeutic potential of RHCT for AGC. 

Our results showed in this study that, compared with 
chemotherapy alone, RHCT significantly improved both 
short-term effects and long-term survival, indicating that 
RHCT could result in a survival benefit for AGC patients. 
The observed AEs in patients enrolled in both groups were 
primarily grade 1/2 bone marrow suppression and grade 
1/2 gastrointestinal reaction, with no statistical signifi-
cance. We also noticed, however, one case of IV° bone 
marrow suppression appeared in the CT group. These 
observations demonstrated the clinical safety and feasi-
bility of RHCT strategy for AGC patients. 

Studies have revealed that tumor node metastasis 
(TNM) stage is related to the prognosis of gastric cancer. 
In this study, however, we found that only M stage is asso-
ciated with prognosis. Clinically, the majority of patients 
with gastric cancer at a pathologic stage of T2 or higher 
have already had metastasis of the cancer to the lymph 
nodes or distant organs [1]. However, the patients enrolled 
in this study were at stage III or IV, with a higher T stage 
and N stage. Therefore, it is still not clear whether the 

Figure 3: Multivariate analysis of overall survival. RHCT regional 
hyperthermia with chemotherapy; CT chemotherapy; SRC signet-
ring cell carcinoma; GPS Glasgow Prognostic Score

Table 3: Comparisons of adverse reactions in the two groups

RHCT CT χ2 value P value

Bone marrow 
suppression 
I°

22 21 1.169 0.974

II° 11 13
III° 5 6
IV° 0 1
Gastrointestinal 
reactions
I°

16 12 1.611 0.469

II° 8 9
III° 1 3
IV° 0 0
Liver / 
kidney damage
I°

15 13 0.038 0.846

II° 5 5
III° 0 0
IV° 0 0

RHCT regional hyperthermia with chemotherapy, CT chemotherapy 
alone
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T and N stage may be associated with the prognosis for 
gastric cancer patients with early stage of tumors when 
patients receive comparable RHCT and CT. Clinicopatho-
logic features also play important roles in determining the 
prognosis of AGC. However, it is difficult to access these 
data for patients with unresectable tumors. Instead, the 
use of easily obtainable and simple biomarkers, including 
tumor markers, inflammatory factors, nutrition indexes, 
and coagulation factor, may provide the guidelines for 
selection of patients for appropriate treatment strate-
gies. For example, inflammation associated with tumors 
is a critical part of the tumor microenvironment, and this 
inflammatory microenvironment is one of the top ten 
characteristics of the tumor. This demonstrates the criti-
cal role that inflammation plays in the development of the 
tumor. In recent years, a series of systemic inflammation 
indexes, including CRP, Neutrophil-to-Lymphocyte ratio, 
platelet to lymphocyte ratio and GPS, have been identi-
fied to reflect the body inflammation state. These indexes 
have gradually drawn greater attention from researchers 
within the field [15, 16]. Sierzega [16] summarized exten-
sive research regarding the relationships between inflam-
matory indexes and the prognosis of cancer. In this study, 
we determined the potential prognostic value of serum 
biomarkers CA199, CA724 and CA242, and found no signif-
icant s correlations of these biomarkers with the clinical 
outcome of the AGC patients. However, multivariate anal-
ysis of this study demonstrated that GPS showed strong 
correlation with the prognosis of these AGC patients. 

Hyperthermia generally is regarded as a potent 
enhancer to the effects of chemotherapy. Our study 
showed that RHCT could improve the therapeutic effi-
ciency of chemotherapy for AGC, with significantly pro-
longed OS. Our data suggests a potential clinical impact of 
regional hyperthermia for adjuvant therapy of AGC, which 
could benefit patients with aggressive AGC.
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