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Research Article

Introduction

In Korea, the survival rate for patients with cancer has been 
increasing for decades.1 Despite positive outcomes in conven-
tional medicine, cancer is still the number one cause of death 
in Korea.2 Therefore, cancer patients who received or planned 
to receive conventional cancer treatment tended to seek and 
choose as optional treatments various alternative therapies 
recommended by family members and acquaintances, in 
books, and on the internet.3 To alleviate cancer-related symp-
toms and to increase quality of life, about 78% of cancer 
patients in Korea and 91% in the United States have used 
complementary and alternative medicine (CAM) at least once 
after chemotherapy or radiation therapy.4 Cancer survivors 

often seek integrative cancer treatment on their own or on the 
recommendation of conventional health providers to alleviate 
cancer-related and conventional treatment–related symptoms 
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Abstract
Background: The combination of herbal medicine with conventional treatment increases the survival rate of cancer 
patients, but the effect is not great. Hyperthermia may have a synergistic effect with herbal medicine alongside conventional 
medicine. Objective: To monitor the efficacy of hyperthermia together with Gun-Chil-Jung (GCJ) capsule for event-free 
survival (EFS) and overall survival (OS) for the treatment of various cancers. Methods: We collected data retrospectively 
on 54 cancer patients of all stages. They were divided into 4 groups according to each hyperthermia or GCJ treatment 
period. Hyperthermia with 0.46 MHz radiofrequency wave was applied a power of 50 to 100 W for 70 minutes. GCJ 
capsules were administered orally 3 times a day. Results: The median follow-up was 13.4 months, and 25 (55.6%) patients 
showed disease-related events. Hyperthermia with GCJ treatment was administered in combination group (n = 36, 66.7%) 
and traditional Korean medicine–only group (n = 17, 31.5%). The median EFS was 190 days, and the median OS was 390 
days. The group of hyperthermia 7 times or fewer and GCJ more than 28 days showed longer EFS and OS. The analysis of 
superiority between hyperthermia and GCJ showed no significant difference (EFS, P = .55; OS, P = .364). Conclusions: 
The combination of hyperthermia 1 to 2 times a week with GCJ treatment may improve survival of cancer patients treated 
or being treated with conventional cancer therapies.
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and to enhance immune function.5 These facts indicate that 
the trend of cancer treatment is gradually moving toward an 
integrative approach.5 When herbal medicine treatment is 
combined with chemotherapy or radiation therapy, it sup-
presses tumor progression, increases the sensitivity of con-
ventional cancer treatment, prevents damage to normal cells 
following conventional therapy, ensures immune function, 
and reduces the side effects from conventional treatment.6 In 
a prospective, randomized, controlled, multicentered study, 
add-on treatment of traditional Chinese herbal medicine to 
chemotherapy for patients with advanced lung cancer showed 
better outcomes for progression-free survival (PFS) than che-
motherapy alone.7 Conventional treatment combined with 
herbal medicine, such as Herba Hedyotidis diffusa and Xiang-
sha-Liu-Jun-Zi-Tang, showed an increased median overall 
survival (OS) of 4.5 months for patients with pancreatic  
cancer.8 Also, transarterial chemoembolization (TACE) com-
bined with herbal medicine granules showed a better median 
OS of 3.3 months for patients with an inoperable hepatocel-
lular carcinoma.9 However, in the CATLA study, the pro-
longed median PFS was only 3.5 months, and in another 2 
studies, the median OS increased by only 3 to 5 months.7-9 
Furthermore, when cancer patients have distant metastasis, 
their PFS and OS would be significantly decreased.10

As part of integrative cancer treatment, an increasing 
number of institutions or hospitals are looking at hyper-
thermia as a treatment modality for patients with cancer.11 
Radiofrequency hyperthermia is a potent add-on approach 
to various cancer therapies and has also been used and 
studied as a chemo- and radiosensitizer since the 1970s.12 
Hyperthermia has been shown to kill tumor cells, but not 
normal cells, because of its selective heat-trap mechanism 
for malignant cells.13-15 In vitro studies have shown that 
hyperthermia selectively inhibits the proliferation of 
malignant tumor cells and has little cytotoxic effect on 
normal cells in the same organ.16,17 Combined hyperther-
mia and radiation therapy for patients with advanced rec-
tal and cervical cancers improved the local tumor control 
rate and the OS.18,19 Such combined therapy showed sig-
nificant increases in the PFS and the OS for patients with 
glioblastoma muliforme,20 as well as improved PFS, OS, 
or complete response rate in patients with a wide range of 
malignancies, including head and neck cancer,21-23 lung 
cancer,24 breast cancer,25 pelvic malignancies,18,19,26,27 and 
skin cancer.28 Moreover, the use of hyperthermia with che-
motherapy to treat patients with a high-risk soft tissue sar-
coma, superficial bladder cancer, or esophageal cancer 
showed better PFS, disease-free survival, and OS than 
chemotherapy therapy alone.29-33 Over 20 randomized 
clinical trials have shown the benefits of using hyperther-
mia combined with radiation therapy or chemotherapy to 
treat patients with a wide range of cancers, including 
breast cancer, head and neck cancer, esophageal cancer, 
melanoma, and so on.34

While many hyperthermia studies have focused on rela-
tively high temperatures, such as 43 to 45 °C, mild-tempera-
ture radiofrequency therapy has also shown positive effects 
for cancer treatment when combined with radiation therapy. 
Hyperthermia treatment at a mild temperature of 41.5 °C 
given on consecutive days increased radiosensitization by 
causing physiological changes in the tumor’s microenviron-
ment.35 Generally, the selective heat-trap mechanism of the 
above 42 °C hyperthermia treatment on cancer cells results in 
an antiangiogenesis effect by causing deterioration of the 
tumor’s oxygenation status and consequently by activating 
apoptosis.15,36 Oxygenation is an important factor in the sur-
vival of malignant tumor cells and has an important impact 
on the progression of cancer due to oxygen transport to and 
distribution in tumor tissue.37 Relatively low frequencies are 
also known to be more advantageous in malignant tumor cell 
selectivity, and that higher selectivity increases the amount of 
energy absorbed by the target lesion.38 As we know, angio-
genesis is a critical element for tumor growth, invasion, and 
distant metastasis.39 In contrast to high-temperature hyper-
thermia, which inhibits angiogenesis, mild-temperature 
hyperthermia might increase tumor perfusion and cause 
reoxygenation when combined with radiation therapy or che-
motherapy.40 This aspect of mild-temperature radiofrequency 
therapy might contribute to radio- or chemosensitization.

Gun-Chil Jung (GCJ) is a Korean herbal medicine cap-
sule extracted from the plant Rhus verniciflua Stokes (RVS) 
and has been traditionally prescribed for detoxifying and 
resolving blood stasis and masses.41 RVS extracts have been 
known to exhibit anticancer efficacy through the activation 
of cancer cell apoptosis, antiangiogenesis, and the growth-
inhibitory mechanism.42 RVS extracts also have an antipro-
liferative and apoptotic effect on tumor cells, including the 
malignant cells of breast and colorectal cancers and those in 
hepatocellular carcinomas, osteosarcomas, and lympho-
mas.43-46 RVS extracts are also known to have anti-inflam-
matory, antioxidant, and immunomodulatory effects, in 
addition to their antitumor effect.47 GCJ mainly consists of 
several compounds, such as fisetin, sulfuretin, and fustin, 
which have apoptotic effects on various cancer cells.

The aim of this retrospective study on combined treat-
ment with mild-temperature hyperthermia and the herbal 
medicine GCJ capsule was to investigate its effect on sur-
vival for patients treated or being treated with chemother-
apy or radiation therapy. Furthermore, we wanted to figure 
out which treatment would affect the survival of patients 
because of the economic burden of combination treatment 
of hyperthermia with GCJ.

Materials and Methods

Eligibility Criteria

A retrospective study was conducted to identify all patients 
who had visited and been treated at 2 Integrative Cancer 
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Treatment Clinical Centers, East-West Cancer Center 
(EWCC), located in Dunsan and Cheonan, from June 1, 
2015, to August 31, 2017. The treatment periods for hyper-
thermia and GCJ at the EWCC were the same during that 
period. Follow-up on cancer-related events and death after 
treatment ended on August 31, 2018.

A retrospective review of the Registry of Patients was 
conducted based on electronic medical records. Inclusion 
criteria were as follows: patients who had a primary or met-
astatic malignant tumor and had visited Dunsan or Cheonan 
Daejeon University Korean medical hospitals, had visited 
the EWCC at least once as an inpatient/outpatient, patients 
who had been treated with chemotherapy or radiation ther-
apy after having been diagnosed with various cancer types, 

and patients who had been treated with both hyperthermia 
and GCJ therapies at the EWCC. The following patients 
were excluded: patients with end-stage cancers whose life 
expectancies were less than 3 months or Eastern Cooperative 
Oncology Group (ECOG) performance status was more 
than 3, patients diagnosed with hematologic malignancies 
like lymphomas, patients with multiple peritoneal tumor 
seeding, and patients in complete remission at the time of 
first visit to the EWCC. From June 2015 to August 2018, 
patients treated with hyperthermia and GCJ were screened 
in 2 Korean medical hospitals; 54 of these patients met the 
inclusion criteria and were enrolled in the study (Dunsan n 
= 46, Cheonan n = 8; Figure 1). Data were evaluated from 
first visit to the EWCC until death or last follow-up.

80 patients screened from the medical record from 
June 2015 to August 2017

(Dunsan n=67, Cheonan n=13)

22 patients were excluded:
Patients with end stage cancers whose 
life expectancies were less than 3 
months or ECOG performance status 
was more than 3 (n=14)
Patients with multiple peritoneal tumor 
seeding (n=6)
Patients in complete remission at the 
time of first visit (n=2)

54 patients were included in the analysis
(Dunsan n=46, Cheonan n=8)

4 patients were excluded: borderline 
tumor (n=1)
missing data (n=3)

14 patients were 
treated with 
hyperthermia ≥ 8, 8, 
GCJ ≥ 28days

9 patients were 
treated with 
hyperthermia ≥ 
GCJ ≤ 27days

13 patients were 
treated with 
hyperthermia ≤ 7, 
GCJ ≥ 28days

18 patients were 
treated with 
hyperthermia ≤ 7, 
GCJ ≤ 27days

Figure 1. Patient recruitment flow chart in this retrospective study.
Abbreviations: ECOG, Eastern Cooperative Oncology Group Performance Status; GCJ, Gun-Chil-Jung.
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All available medical records on the history of conven-
tional therapy (chemotherapy, radiation therapy, and sur-
gery), metastasis, progression, times of hyperthermia, 
period of GCJ treatment, and clinical laboratory test 
results were reviewed without contacting any of the 
patients. This retrospective study was approved by the 
Institutional Review Board of Dunsan Korean Medicine 
Hospital of Daejeon University (DKMHDU; Approval 
Number: DJDSKH-18-E-11-2).

Data Collection and Patient Classification

The basic and the clinical characteristics of patients included 
in this study included sex, age, date of first visit, patient’s 
history of cancer (primary site, numbers of metastatic extra-
nodal lesions, ECOG, period from diagnosis of cancer to 
start of treatment, cancer stage, surgery, conventional ther-
apy), treatment received at the EWCC (hyperthermia, GCJ 
therapy), and clinical laboratory test results for safety mea-
sures. Radiofrequency hyperthermia treatment was applied 
using a REMISSION 1 °C device (AdipoLABs Company, 
Seoul, Korea), which produced a 0.46-MHz radiofrequency 
wave. Hyperthermia was applied to the abdomen or the 
chest, depending on the site of the tumor, and each treat-
ment time was 70 minutes by a doctor. Two 12-cm-diameter 
electrode terminals were applied to front and the back sides 
of tumor’s location. The hyperthermia was performed by a 
single practitioner, and the electrical power was increased 
gradually from 50 to 100 W because of patients’ different 
tolerances to the heat or navel pain often induced by hyper-
thermia. The Korean medicine doctors at the EWCC gener-
ally recommend hyperthermia to various types of cancer 
patients who are undergoing chemotherapy or radiation 
therapy because of its supposedly positive add-on effect to 
conventional therapies. However, patients with difficult 
economic circumstances tended to be reluctant to receive 
hyperthermia as an add-on treatment option.

Gun-Chil Jung capsule is an oral herbal medicine, RVS, 
which contains several bioactive ingredients, such as fise-
tin, fustin, butein, sulfuretin, and urushiol. The allergy-
inducing compound urushiol was removed from RVS to 
avoid severe contact dermatitis in patients with sensitivities 
to urushiol. GCJ is a water extract of RVS with urushiol 
removed and is composed of fustin, fisetin, and sulfuretin 
(600 mg total per capsule). At the EWCC, the Korean medi-
cine doctors routinely prescribe GCJ 3 times per day orally 
to various cancer patients because of its broad spectrum of 
antitumor and antimetastatic activities. In this study, all 
patients received the same daily dose of GCJ.

Three researchers independently collected, coded, and 
integrated all medical records data, after which they cross-
checked one another’s data. To evaluate the effect of com-
bination treatment and to determine which treatment was 
more effective, we classified the patients according to 

treatment period. At first, we hypothesized that EFS and/or 
OS would be improved if the patients received hyperther-
mia or GCJ treatment for more than 4 weeks. Therefore, we 
established the treatment protocol as 8 treatments with 
hyperthermia and 28 days of GCJ treatment over a 4-week 
period; a factor in this decision was the fact that the patients 
usually received hyperthermia twice per week. The included 
patients were divided into 4 groups: hyperthermia more 
than 8 times and GCJ more than 28 days (group A), hyper-
thermia more than 8 times and GCJ 27 days or fewer (group 
B), hyperthermia 7 times or fewer and GCJ more than 28 
days (group C), and hyperthermia 7 times or fewer and GCJ 
27 days or fewer (group D).

Outcome Measures and Statistical Analysis

For demographic and clinical characteristics, cross tabula-
tions of demographic variables and test results for patients 
were analyzed to determine relative mortality rates and 
relative event incidence rates. The 95% confidence inter-
vals of the median survivals were calculated and presented 
based on the EFS and the OS for each group. Kaplan-
Meier’s method was used to estimate the survival distribu-
tion of each group and the log-rank test was used to 
compare the survival distributions between groups. 
CTCAE (Common Terminology Criteria for Adverse 
Events) version 5.0 was used to classify the type and the 
intensity of any adverse event. Statistical significance was 
defined as a P value of <.05.

Results

Demographic and Clinical Characteristics

A total of 54 patients met the criteria and were included in 
this retrospective study. The median follow-up was 13.4 
months. Table 1 shows for each group and the characteris-
tics. In this study, 55.6% of the patients were male and 
44.4% were female, and 59.3% were younger than 60 years. 
Of the included patients, 57.4% had fewer than 2 extranodal 
metastasis sites compared with 33.3% with more than 2 
sites. The majority of the patients (98.1%) had an ECOG 
grade 2 performance status, and for 61.1%, the time from 
first diagnosis to hyperthermia and GCJ treatment was less 
than 600 days, compared with 38.9%, for whom that time 
was more than 600 days. Primary tumor sites were the lungs 
(10, 18.5%), colon (6, 11%), liver (6, 11%), rectum (6, 
11%), breast (5, 9%), pancreas (5, 9%), bile duct (4, 7.4%), 
cervix (2, 3.7%), esophagus (2, 3.7%), ovary (2, 3.7%), 
stomach (2, 3.7%), bladder (1, 1.8%), bone (1, 1.8%), max-
illa (1, 1.8%), and kidneys (1, 1.8%).

Table 2 shows the hazard ratio (HR) for an EFS and OS 
according to conventional cancer treatments. Of the included 
patients, 57.4% had been treated with only chemotherapy, 
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compared with 3.7% who had been undergone only radia-
tion therapy and 38.9% who had undergone both chemora-
diation therapies. The category of conventional cancer 
treatment in this study included TACE therapy for patients 
with inoperable hepatocellular carcinoma. About two thirds 
of patients were included in the combination treatment 
group (n = 36, 66.7%), and about one third were included 
in the only traditional Korean medicine (TKM) group (n = 
17, 31.5%). The combination treatment group is defined as 

concurrent use of conventional treatment with TKM treat-
ment during a treatment period at EWCC. The prevention 
group is a patient who was diagnosed as complete remission 
after the first visit at EWCC who terminated conventional 
treatment but continued EWCC treatment. The majority 
(74.1%) of patients who visited the EWCC had stage IV can-
cer, while 13% presented with cancer in stages I to III.  
Table 3 shows the HR for an EFS and OS according to 
divided treatment group.

Table 1. Demographic Characteristics of the Sample Patients Plus EFS and OS Risks for Demographic Variables.

Characteristics No. of patients % of Patients EFS, HR (95% CI) P OS, HR (95% CI) P

Sex
 Male 30 55.6 1 (0.69-0.97) .160 1 (0.49-0.85) .756
 Female 24 44.4 0.81 (0.46-0.87) 0.94 (0.42-0.83)  
Age (year)
 ≤60 32 59.3 1 (0.48-0.83) .033 1 (0.35-0.71) .030
 >60 22 40.7 1.38 (0.78-1.04) 1.55 (0.64-0.99)  
Stage
 I to III 7 13 1 (0.08-1.07) .423 1 (0.07-0.92) .434
 IV 40 74.1 1.40 (0.67-0.93) 1.58 (0.52-0.83)  
 Unknown 7 13 1.25 (0.26-1.17) 1.65 (0.26-1.17)  
Number of extranodal sites
 <2 31 57.4 1 (0.54-0.88) .620 1 (0.43-0.79) .716
 ≥2 18 33.3 1.17 (0.64-1.02) 1.10 (0.43-0.91)  
 Unknown 5 9.3 1.13 (0.24-1.36) 1.31 (0.24-1.36)  
ECOG
 2 53 98.1 1 (0.63-0.87) .578 1 (0.51-0.77) .467
 1 1 1.9 1.33 1.56  
Diagnosis to 0 period (days)
 <600 33 61.1 1 (0.60-0.91) .972 1 (0.46-0.81) .824
 ≥600 21 38.9 1 (0.56-0.96) 1.04 (0.45-0.89)  

Abbreviations: EFS, event-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ECOG, Eastern Cooperative Oncology Group 
performance status.

Table 2. Treatment History of the Sample Patients Plus EFS and OS Risks for Demographic Variables.

Treatments No. of patients % of patients EFS, HR (95% CI) P OS, HR (95% CI) P

Surgery
 Yes 36 66.7 1 (0.60-0.90) .826 1 (0.44-0.78) .430
 No 18 33.3 1.04 (0.56-0.99) 1.18 (0.49-0.95)  
Conventional treatment history
 Only chemotherapy 31 57.4 1 (0.62-0.93) .650 1 (0.50-0.85) .433
 Only radiation treatment 2 3.7 1.30 (1.00-1.00) 1.47 (1.00-1.00)  
 Both treatments 21 38.9 0.92 (0.50-0.92) 0.84 (0.34-0.80)  
EWCC treatment group
 Combination group 36 66.7 1 (0.60-0.90) .176 1 (0.47-0.80) .363
 TKM-only group 17 31.5 1.09 (0.62-1.03) 1.11 (0.46-0.95)  
 Prevention group 1 1.9 0 0  

Abbreviations: EFS, event-free survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; EWCC, East-West Cancer Center;  
TKM, traditional Korean medicine.
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Survival Analysis
At the end of the study follow-up (August 31, 2018), 25 
patients (55.6%) showed disease-related events including 
tumor progression, recurrence, metastasis, and death. Of 
the 54 total patients, 26 (57.8%) had expired before the 
last follow-up. The data on patients who survived until the 
last follow-up were censored. The median EFS time of the 
54 patients was 190 days, and the median OS time was 390 
days. The results of the Kaplan-Meier analyses are pre-
sented in figures. Figures 2 and 3 show the EFS and OS 
time according to the treatment period of GCJ for patients 
treated with hyperthermia 7 times or fewer during the 
treatment period. The primary endpoint of this study is 
EFS, and surrogate endpoints are OS and natural killer 
(NK) cell test results for assessing immune function 
improvement. All patients included in this retrospective 
study had residual tumors at the start of EWCC treatment. 

Therefore, we did not consider disease-free survival, 
which means the duration of tumor remission status, to be 
an appropriate endpoint. Thus, we set EFS as the primary 
endpoint, which is an indicator that includes all events 
related to cancer, such as recurrence, metastasis, tumor 
progression, and death. Recently, EFS, rather than tradi-
tional OS, was used in the approval of targeted chemo-
therapeutic drugs such as panitumumab.48

Statistically significant improvements in the EFS and 
the OS were noted in patients who had received GCJ treat-
ment for more than 28 days versus 27 days or fewer 
(Figures 2 and 3; P = .03 and P = .001). Figure 4 shows 
that the OS for patients treated with hyperthermia more 
than 8 times and with GCJ for more than 28 days (group 
A) was higher than that for patients treated with hyperther-
mia 7 times or fewer and with GCJ for 27 days or fewer 
(group D). Furthermore, no statistically significant differ-
ence was observed in the EFS between patients treated 

Table 3. The HR for EFS and OS of the Groups.

No. of patients % of patients EFS, HR (95% CI) P OS, HR (95% CI) P

Hyperthermia ≥8
 GCJ ≥28 14 60.9 1 (0.65-1.07) .301 1 (0.36-0.93) .372
 GCJ ≤27 9 39.1 0.78 (0.28-1.05) 0.69 (0.04-0.85)  
Hyperthermia ≤7
 GCJ ≥28 13 41.9 1 (0.22-0.85) .028 1 (0.15-0.78) .008
 GCJ ≤27 18 58.1 1.65 (0.73-1.05) 1.93 (0.73-1.05)  
GCJ ≥28
 Hyperthermia ≥8 14 51.9 1 (0.65-1.07) .075 1 (0.36-0.93) .363
 Hyperthermia ≤7 13 48.1 0.63 (0.22-0.85) 0.72 (0.15-0.78)  
GCJ ≤27
 Hyperthermia ≥8 9 33.3 1 (0.28-1.05) .174 1 (0.04-0.85) .012
 Hyperthermia ≤7 18 66.7 1.33 (0.73-1.05) 2.02 (0.73-1.05)  

Abbreviations: HR, hazard ratio; EFS, event-free survival; OS, overall survival; CI, confidence interval; GCJ, Gun-Chil-Jung.

Figure 2. Event-free survival according to the treatment 
period. Abbreviation: GCJ, Gun-Chil-Jung.

Figure 3. Overall survival according to the treatment period. 
Abbreviation: GCJ, Gun-Chil-Jung.
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with hyperthermia more than 8 times and with GCJ for 
more than 28 days (group A) and those treated with hyper-
thermia 7 times or fewer and with GCJ for 27 days or 
fewer (group D; Figure 5; P = .669).

When the 4 groups were analyzed according to the 
duration of treatment, patients treated with hyperthermia 
more than 8 times and with GCJ for more than 28 days 
(group A) did not show the best outcome for the OS 
(Figure 6; P = .002). The same analysis for the EFS time 
showed no statistically significant difference (Figure 7;  
P = .162). The most improved OS was seen for patients 
treated with hyperthermia 7 times or fewer and with GCJ 
for more than 28 days (group C).

In the Figure 6, when comparing the OS between the 4 
groups according to the duration of treatment, the OS time 

of patients who had been treated with hyperthermia 7 times 
or fewer and with GCJ for more than 28 days (group C) was 
superior to the other 3 groups. The OS for patients treated 
with hyperthermia more than 8 times and with GCJ for 
more than 28 days (group A), which was expected to be the 
highest, was found to be the second highest followed by 
group C. As expected, the OS for the patients who had been 
treated with hyperthermia 7 times or fewer and with GCJ 
for 27 days or fewer (group D) was the lowest. Although 
one of our aims was to identify which treatment of hyper-
thermia and GCJ predominantly influences the EFS time or 
the OS time for patients with cancer, the results showed no 
statistically significant differences (Figures 8 and 9; P = 
.55 and P = .364).

Adverse Effects and Safety

Assessable NK cell activity test results were collected only 
in 7 patients (13%), but even those showed no statistically 
significant changes. Clinical laboratory test results, such as 
aspartate transaminase (AST), alanine aminotransferase 
(ALT), creatinine, and blood urea nitrogen (BUN), were 
insufficient to assess the significance of changes between 
before and after treatment. Adverse events occurred during 
treatment in 4 patients were the following: burns, pruritus, 
abdominal pain, and right chest pain. Except for pruritus, 
the other 3 side effects were considered to be adverse events 
of hyperthermia. All adverse events were assessed grade 1 
according to CTCAE version 5.0, without sequelae.

Discussion

The results of this retrospective study showed that the 
patients who visited the EWCC mainly presented with stage 

Figure 4. Overall survival according to the treatment period. 
Abbreviation: GCJ, Gun-Chil-Jung.

Figure 5. Event-free survival according to the treatment 
period. Abbreviation: GCJ, Gun-Chil-Jung.

Figure 6. Overall survival according to the treatment period. 
Abbreviation: GCJ, Gun-Chil-Jung.
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IV cancer rather than cancer in relatively early stages. They 
also showed that combination treatment of hyperthermia 
with GCJ might have better survival benefits. When hyper-
thermia was administered 7 times or fewer and GCJ 28 days 
or more (group C), the EFS time and the OS time were bet-
ter than they were when hyperthermia was administered 7 
times or fewer and GCJ 27 days or fewer (group D). By 
contrast, when hyperthermia treatment was administered 
more than 8 times, no statistically significant difference in 
survival was noted between the patients who were adminis-
tered GCJ for 27 days or fewer (group B) and those who 
were administered GCJ for more than 28 days (group A). 
Also, when GCJ was administered 27 days or fewer, no sta-
tistically different results were found for the EFS time and 

the OS time between the patients who had undergone hyper-
thermia 7 times or fewer (group D) and those who had 
undergone hyperthermia more than 8 times (group B). The 
tendency of positive outcomes for the patients who had 
taken GCJ for more than 28 days may not be free from bias 
because that medicine may have had more long-term use in 
patients with good prognosis and physical status.

Moreover, analyses that were conducted to determine 
which treatment of the 4 resulted in superior EFS and OS 
times showed no statistically significant difference between 
the patients treated with hyperthermia more than 8 times 
and with GCJ for 27 days or fewer (group B) and those 
treated with hyperthermia 7 times or fewer and with GCJ 
for more than 28 days (group C).

Hyperthermia has been recognized as a potential add-
on treatment option for conventional cancer treatment 
because of its convincing clinical results, including those 
of several phase III trials for cancer patients.29,36,49,50 
Adding hyperthermia to conventional cancer treatment 
has been considered to have a radio-, chemo-, or radio/
chemosensitization effect. The mechanisms of synergistic 
cytotoxicity include enhanced perfusion, intracellular 
chemotherapeutic drug accumulation, S-phase cell cycle 
arrest, and reversal of chemotherapeutic agent or radia-
tion therapy resistance.34 Mild-temperature hyperthermia 
also increased radiosensitization and, thus, increased 
cytotoxicity, which was not seen with mild-temperature 
hyperthermia monotherapy.15 Hyperthermia has the 
advantage of lowering the effective temperature when 
combined with radiation therapy.15 Hyperthermia also 
showed chemosensitization effects on alkylating agents, 
such as cyclophosphamide and ifosfamide, and on plati-
num-based agents, such as cisplatin, bleomycin, and 
nitrosourea.51 Hyperthermia combined with various 

Figure 7. Event-free survival according to the treatment 
period. Abbreviation: GCJ, Gun-Chil-Jung.

Figure 8. Event-free survival according to the treatment 
period. Abbreviation: GCJ, Gun-Chil-Jung.

Figure 9. Overall survival according to the treatment period. 
Abbreviation: GCJ, Gun-Chil-Jung.
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chemotherapeutic drugs showed a chemosensitization 
effect at different temperatures of hyperthermia52 and was 
more effective when administered at different time inter-
vals, depending on the type of chemotherapeutic drug.15

Combination treatment of herbal medicines and radia-
tion therapy showed that some herbal medicines inhibited 
antiapoptotic proteins against caspase or bcl-2 activity dur-
ing radiation therapy, thereby increasing radiosensitiza-
tion.53 Thus, although not concurrently implemented, 
synergistic effects are expected only when hyperthermia 
and GCJ are merged into chemotherapy or radiation therapy 
with various time differences.

One of the active ingredients of GCJ capsule, fisetin, 
showed apoptotic activity for colon, prostate, and pancre-
atic cancer cells54-56 and showed a synergistic effect with 
chemotherapeutic drugs in triple-negative breast cancer, 
lung cancer, and melanoma cells.57-59 Sulfuretin, also an 
active ingredient of GCJ, showed an apoptotic effect on 
breast cancer cells through inhibiting the NF-κB signaling 
pathway and on leukemia cell through the Fas-mediated 
caspase-8–dependent pathway.60,61

The combined use of herbal medicine with hyperthermia 
may have an increased growth inhibitory effect on tumors. 
Marsdenia tenacissima herb extracts, which have shown 
inhibitory effects on lung, gastric, esophageal, and liver 
cancer cells,62-64 showed synergistic growth inhibitory and 
proapoptotic effects when combined with hyperthermia.13 
Combining traditional Chinese medicine (TCM) and hyper-
thermia improves immune functions, such as CD3+, 
CD4+, and NK cells, compared with TCM alone or hyper-
thermia monotherapy, thereby contributing to a synergistic 
effect when used with conventional cancer therapies.65 
Celastrol, the major bioactive ingredient of the herbal medi-
cine Tripterygium wilfordii, activates heat-shock transcrip-
tion factor 1 in various cancer cells, and heat-shock protein 
(HSP) exerts a chaperone effect. Therefore, when celastrol 
is combined with hyperthermia, a positive effect on the acti-
vated tumor’s immune function is expected.66

In general, many studies have reported the results of 
combined cancer therapy for high-temperature hyperther-
mia with chemotherapy or radiation therapy. Moreover, 
predictive mechanisms that can produce sufficiently posi-
tive antitumor effects even at mild temperatures have also 
been studied, and those results are consistent with the 
results of our study. High-temperature hyperthermia 
causes hypoxia mainly through direct injury to the blood 
vessels of the tumor, causing apoptosis, whereas mild-
temperature hyperthermia increases blood perfusion and 
causes reoxygenation of the tumor.67 This mechanism, 
which is expressed differently from high-temperature 
hyperthermia, may result in increased radiosensitization 
when combined with radiation therapy by maintaining 
tumor vascular perfusion, while radiation therapy inhibits 
DNA repair of the malignant tumor.35 The combination of 

mild-temperature hyperthermia with chemotherapeutic 
agents has a synergistic effect of delaying tumor growth 
when combined with docetaxel, irinotecan, gemcitabine, 
and oxaliplatin.68 This result may also be due to mecha-
nisms that ensure vascular perfusion of the tumor to allow 
the chemotherapeutic drugs to be better delivered with 
less drug resistance.

The temperature of the Remission 1 °C hyperthermia 
device used in this study was found to increase to 41.3 °C 
in direct measurement of the core temperature of 3 
Yorkshire swine at a relatively low frequency of 0.43 MHz 
(data not shown). Therefore, the results of our study can 
be interpreted in terms of this mechanism which mild-
temperature hyperthermia has. In addition, HSP, which is 
expressed when hyperthermia is applied to the body, is 
known to act as a chaperokine against cell damage caused 
by various stressors.69-71 However, growing evidence 
shows that HSP has an antigen-presenting activity, which 
plays an immunomodulating role in tumor cells, causing a 
positive effect when used to treat cancer.69-72 Thus, these 
various cellular immune responses induced by HSP can 
activate tumor immunity, allowing hyperthermia to con-
tribute to cancer treatment. Hyperthermia also has the 
effect of activating dendritic cells and NK cell function 
through upregulating expression of HSP.73

A study on mild-temperature hyperthermia showed bet-
ter outcome for tumor growth delay when intermittent 
hyperthermia was given in combination with radiation ther-
apy rather than when daily hyperthermia was given, sug-
gesting the possibility of an intermittent hyperthermia 
schedule being more effective in reoxygenation.35 Thus, we 
can speculate that this mechanism, which has not yet been 
completely identified, may be related to the better outcomes 
for survival when patients received hyperthermia treatment 
7 times or fewer, as shown in our study.

However, in the analysis of the groups receiving hyper-
thermia treatment more than 8 times, the numbers of 
patients assigned to the groups were too small for any 
statistically significant result to be obtained satisfactorily. 
Therefore, concluding prematurely that hyperthermia 
treatment for 7 times or fewer has a positive influence 
survival outcomes is not possible, although this definitely 
needs more study. Thus, further research should be car-
ried out with a large number of patients. In this retrospec-
tive study, because of the conditions that chemo- or 
radiation therapy with hyperthermia could not be admin-
istered concurrently and that the intervals between 
chemo- or radiation therapy and hyperthermia were very 
diverse, calculating the benefits of the combined treat-
ment was difficult; thus, the hyperthermia treatment in 
this study may have played the role of only monotherapy 
especially in TKM-only group. However, for this reason, 
this analysis including the herbal medicine antiangio-
genic prescription GCJ capsule has meaning.
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Conclusions

In conclusion, combination of hyperthermia 1 to 2 times a 
week with GCJ treatment may improve EFS and OS of 
cancer patients treated or being treated with conventional 
cancer therapies. Further studies with a large-scale, pro-
spective design in a multiclinical setting are required to 
clarify the benefits of this combination treatment for 
patients with cancer.
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