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Abstract. Modulated electro‑hyperthermia (mEHT) is a new 
treatment modality developed to overcome the problems asso‑
ciated with traditional hyperthermia; mEHT uses a precise 
impedance‑matched system and modulated radiofrequency 
current flow to malignant tumors. It selects the malignant cells 
based on their biophysical differences, due to their high meta‑
bolic rate, individual (autonomic) behavior and membrane 
status. The aim of the present study was to report the outcomes 
of mEHT in the treatment of advanced breast cancer. mEHT 
was examined in 10 patients with advanced metastatic breast 
cancer and recurrent disease, who were considered incurable by 
standard therapy protocols. Of the 10 patients, partial response 
was achieved in  3, disease stability in  3, and progressive 
disease in 4; however, their quality of life was improved based 
on their subjective reports. No adverse effects were observed 
in any of the 10 patients. The present study demonstrated the 
feasibility of mEHT as a possible therapy for advanced breast 
cancer cases when standard therapies fail. Moreover, mEHT 
had no side effects and may be combined with various treat‑
ments for long‑term therapy.

Introduction

For patients with locally advanced and/or recurrent breast 
cancer, many multidisciplinary approaches, including 
hormonal therapy  (1), irradiation  (2), surgery  (3), chemo‑
therapy  (4) and molecular target treatment  (5), are used. 
However, patients with advanced breast cancer receiving 
prolonged periodic standard treatments may become refrac‑
tory to many of them, thereby limiting the application of 
these therapeutic modalities. Moreover, the adverse effects of 

therapy, such as general fatigue, multiple organ failure (lung, 
liver, kidney, bone, etc.) and/or pancytopenia (particularly 
neutrophil and platelet deficiency) may affect the general 
condition of the patient. As a result, it may be difficult or 
impossible to continue curative therapy. In case of widespread 
metastases, the risk is even higher.

Hyperthermia is one of the conventional forms of cancer 
therapy that forces the tumor to become necrotic due to absorbed 
heat. The dose is expressed in cumulative equivalent min for 
necrotic processes at 43˚C (CEM43˚CTx) (6) and is calibrated for 
necrotic cell death at 43˚C in x percentage of the homogeneity 
of the actually measured T temperature. The missing technology 
of the isothermal heating of the heterogenic tumor mass and the 
necessity of performing in‑depth temperature measurements 
of the tumor makes the treatment complicated, and insufficient 
results prevent its widespread acceptance in the clinic  (7). 
Therefore, our hospital conducts clinical studies using modulated 
electro‑hyperthermia (mEHT) as one of the new options for the 
multidisciplinary treatment of advanced cancer. mEHT (8,9), is a 
new treatment modality developed to overcome the problems of 
traditional hyperthermia; it uses a precise impedance‑matched 
system and modulated radiofrequency current flow to malignant 
tumors (10), which select the malignant cells based on their 
biophysical differences, due to their high metabolic rate, indi‑
vidual (autonomic) behavior and membrane status (11).

mEHT has been successfully used for the treatment of 
patients with various stages and forms of breast cancer, 
including in a retrospective study with 103  patients  (12), 
a case of primary leiomyosarcoma of the breast following 
salvage hyperthermia and pazopanib therapy (13), and a case 
of long‑term survival of a breast cancer patient with extensive 
liver metastases upon immunotherapy and virotherapy (14).

The aim of this study was to present a clinical study of 
patients with advanced metastatic breast cancer who fail to 
respond to standard conventional therapies.

Patients and methods

Patients. Ten patients with advanced or recurrent breast 
cancer participated in the present study since November 2015. 
All patients had undergone conventional therapies following 
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standard protocols for breast cancer. Patients received 
hormonal therapy, external irradiation, surgery, various 
chemotherapies, targeted molecular treatment, and other 
available state of the art therapies (15). The selected patients 
were treated with mEHT coupled with adjuvant therapies 
(chemotherapy, hormone therapy or irradiation) when possible 
(6 cases); in case of complete failure of conventional methods, 
monotherapy was used (4 cases). The adjuvant therapies were 
trastuzumab emtansine (TDM‑1; 1 case), mammalian target 
of rapamycin (mTOR; 3 cases), eribulin (1 case), irradiation 
(1 case) and fulvestrant (1 case). The study was approved by the 
local ethics committee of the University of Toyama (approval 
no. 26‑13), and the patients provided written consent for the 
treatment, as well as for the research and publication of their 
data and images.

Procedure of mEHT. mEHT was performed twice a week in 
7 patients and thrice a week in the other 3. The session lasted 
for ~60 min, with at least 1 day in between. The treatment was 
performed using the EHY2000+ device (Oncotherm Kft.). The 
electrode used was 30 cm in diameter. Patients were placed 
in the supine position on the water mattress of the treatment 
bed. A step‑up heating protocol was used, starting with 60 W, 
which was then increased to 140 W. The average number of 
treatments performed per patient was 48.6 (range, 8‑90). The 
average dose of 374.6 (range, 371‑376) kJ was administered.

Procedure and display of the analytical results. The endpoint 
of the study was local control (response rate). A follow‑up 
examination of local control was conducted via inspec‑
tion, computed tomography (CT), or magnetic resonance 
imaging, and was compared with that at baseline before 
the start of the mEHT treatment process. The age, estrogen 
receptor (ER)/progesterone receptor (PgR)/human epidermal 
growth factor receptor type 2 (HER2) status, actual status 
of metastases, and pretreatment for each patient are shown 
in Table I. The number and duration of mEHT sessions and 
the total amount of mEHT energy delivered to each patient 
are summarized in Table II. The complementary therapies and 
local responses are shown in Table III. The statistical analysis 
results are shown in Table IV.

Statistical analysis. The comparison of the distribution 
between the two groups of partial response (PR)+stable disease 
(SD) cases and progressive disease (PD) cases was conducted 
using unpaired t‑test for continuous variables [age, total mEHT, 
mEHT/w, mEHT period, mEHT dose, pre‑treatment, pre‑CT, 
pre‑carcinoembryonic antigen (CEA) and post‑CEA] and the 
Mann‑Whitney test for categorical variables (Stage). P<0.05 
was considered to indicate a statistically significant difference. 
All analyses were performed using the JMP15.0 software.

Results

Statistics of mEHT. Out of the 10 cases registered, 5 were 
stage 3 or 4 preoperatively (Table I). The ER status was positive 
in all cases, and HER2 was positive in 1 case. In 9/10 cases, 
some treatments were performed before mEHT; however, 
due to the lack of a satisfactory antitumor effect, mEHT was 
performed or combined with other treatments (Table I). Case 2 

received the most treatments prior to mEHT, including two 
types of postoperative adjuvant chemotherapy, 5  types of 
chemotherapy for tumor recurrence, two types of hormone 
therapy, and irradiation. In addition, Case 2 received two types 
of chemotherapy in combination with mEHT (Table III). On 
the other hand, Case 10 received no treatment prior to mEHT, 
following the patient's request. The statistics of the mEHT are 
shown in Table II. As a result, 8‑90 mEHTs were performed. 
The decision to discontinue was entirely based on the request 
of the patient; the most common reason identified was diffi‑
culty in continuing the treatment. Case 7 underwent mEHT 
only 8 times. The reason for this was that the combined use 
of irradiation and mEHT reduced the metastatic skin cancer 
to PR; the patient hoped that mEHT would be terminated at 
the same time as the termination of irradiation. There were no 
apparent complications during mEHT.

Clinical estimation of the PD case. A summary of the local 
responses is presented in Table III. Patients felt comfortable 
with warming around the targeted area during treatment. The 
elevated body temperature observed was mild, and some patients 
presented with sweating without discomfort. In addition, there 
were no adverse effects, such as skin blisters, erythema, or 
dermatitis. PR was achieved in 3/10 (30%) patients, and so was 
SD. A total of 4/10 patients (40%) showed PD. All 3 patients 
(cases 2, 4 and 6) that were treated with a combination of mEHT 
and mTOR achieved PD. They had multiple‑organ metastases 
from the breast cancer and had undergone multiple sessions of 
mEHT (46‑90). Only case 2 received anthracycline and taxane 
for the treatment of breast cancer. Cases 4 and 6 refused chemo‑
therapy and only approved the use of mTOR, which has relatively 
few side effects, such as hair loss and malaise. Therefore, these 
cases might have deviated from the usual treatment for advanced 
breast cancer and do not indicate a low therapeutic effect of the 
combination of mEHT and mTOR. However, 2/3 PR patients 
exhibited a re‑increase in tumor size after the follow‑up period. 
By contrast, another patient recovered and underwent curative 
surgery. At the time of writing, she was still alive with no signs 
of recurrence (9 months after initial mEHT therapy). A total 
of 4 patients judged as PD exhibited worsening of the local 
tumor and metastases. Three patients died of cancer during 
(2 patients) or after the completion of mEHT (1 patient). Case 2 
was a 66‑year‑old woman. Bt+Ax was performed in the right 
breast. After administering two types of postoperative adjuvant 
chemotherapy, hormone therapy was performed. Five years 
after the operation, lung, liver and bone metastases occurred. 
Following recurrence, seven types of treatment were performed 
(five types of chemotherapy, one type of hormone therapy, and 
radiation therapy). In addition, case 2 received two types of 
chemotherapy in combination with 90 sessions of mEHT for 
30 weeks. The tumor did not grow until 24 weeks after the start 
of treatment, but thereafter, lung metastasis gradually wors‑
ened, with the eventual occurrence of pleural effusion. Due 
to dyspnea, the patient could not visit the hospital; therefore, 
mEHT was discontinued. Three months later, the patient died of 
cancerous pleurisy. Case 5 was a 74‑year‑old woman. Bt+SLN 
was performed for left breast cancer. She continued hormone 
therapy following surgery. Three years after the operation, 
liver, bone and lymph node metastases occurred. Two types of 
chemotherapy, activated autologous lymphocyte therapy and 
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dendritic cell vaccine therapy were then performed; however, 
tumor growth was observed. At her request, mEHT alone was 
performed for 24 weeks and 73 times without chemotherapy. 
The symptoms of cough and dyspnea gradually worsened, 
and mEHT was discontinued due to difficulty in visiting the 
hospital. One month later, the patient died of cancerous pleu‑
risy. Case 7 was a 75‑year‑old man with skin metastasis, lung. 
Preoperative chemotherapy was performed for stage IV breast 
cancer. Although lung metastasis was reduced, skin metastasis 
did not change. Eight sessions of mEHT+radiation therapy were 
performed, and a reduction in skin metastasis was observed 
(PR). Following treatment, he was recommended to undergo 
surgery but refused. Two months after the follow‑up, chest CT 
revealed an exacerbation of lung metastases. Although anti‑
cancer drug treatment was restarted, progressively worsening 
lung metastases and dyspnea were observed. The patient even‑
tually died of cancerous pleurisy 6 months after the completion 
of mEHT.

mEHT monotherapy. A total of 4 patients were treated with 
mEHT alone, following their request. As a result, one patient 
showed PR, two showed SD, and one showed PD. Case 3 had 
undergone breast cancer surgery and postoperative chemo‑
therapy 22 years ago, and a recurrence of lung metastases 
was observed 19 years later. Hormone therapy was continued; 
however, an exacerbation of lung metastases was observed. 
Nevertheless, this time, the patient refused to receive anti‑
cancer drug treatment and only mEHT was performed 
47 times. During that time, chest CT revealed no exacerbation 
of lung metastases; therefore, the patient was judged to be 
SD. Case 5 had undergone breast cancer surgery 5 years ago; 
2 years later, she was diagnosed with liver, bone and lymph 
node metastases and received chemotherapy, hormone therapy 
and activated dendritic cell therapy. This time, the patient 
refused to receive anticancer drug treatment; therefore, only 
mEHT was performed 73 times. During that time, the level 
of the tumor marker CEA was elevated and an abdominal CT 

Table I. Patient statistics and metastasis.

Case	 Age, years	 Surgery	 Stage	 ER	 PgR	 HER2	 Metastasis	 CT	 HT	 RT	 Total

  1	 58	 Bp+Ax	 2A	 +	 +	 +	 Skin, lung, LN	 4	 1	 1	 6
  2	 66	 Bt+Ax	 3A	 +	 +	 ‑	 Lung, liver, bone	 7	 2	 1	 10
  3	 63	 Bt+Ax	 2B	 +	 +	 ‑	 Lung, LN	 0	 2	 0	 2
  4	 45	 Bp+Ax	 2B	 +	 +	 ‑	 Bone, LN	 1	 2	 2	 5
  5	 74	 Bt+SLN	 1	 +	 +	 ‑	 Liver, bone, LN	 2	 1	 0	 3
  6	 68	 (‑)	 4	 +	 ‑	 ‑	 Lung, liver, bone	 0	 4	 2	 6
  7	 75	 (‑)	 4	 +	 ‑	 ‑	 Skin, lung	 3	 0	 1	 4
  8	 49	 Bt+Ax	 4	 +	 +	 ‑	 Lung	 0	 2	 0	 2
  9	 66	 Bt+Ax	 2A	 +	 ‑	 ‑	 Lung, liver, bone	 4	 2	 1	 7
10	 71	 Bt+Ax	 3A	 +	 +	 ‑	 Skin, muscle	 0	 0	 0	 0

Bp, partial mastectomy; Bt, total mastectomy; Ax, axillary lymph node dissection; SLN, sentinel lymph‑node; ER, estrogen receptor; 
PgR, progesterone receptor; LN, lymph‑node involvement; CT, chemotherapy; HT, hormone therapy; RT, irradiation therapy; HER2, human 
epidermal growth factor receptor type 2; (‑), no surgical treatment; +, positive; ‑, negative.

Table II. Statistics of the mEHT treatments.

Case	 Total mEHT, n	 mEHT/w, n	 mEHT period, weeks	 mEHT dose, kJ

  1	 36	 3	 12	 13,464
  2	 90	 3	 30	 33,660
  3	 47	 2	 23.5	 17,578
  4	 87	 2	 43.5	 32,538
  5	 73	 3	 24.3	 27,302
  6	 46	 2	 23	 17,204
  7	 8	 2	 4	 2,992
  8	 40	 2	 20	 14,960
  9	 15	 2	 7.5	 5,610
10	 44	 2	 22	 16,456

Total mEHT, total number of mEHT; mEHT/w, number of mEHT per week; mEHT period, periods of mEHT (weeks); mEHT dose, total doses 
of mEHT (kj); mEHT, modulated electro‑hyperthermia.
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revealed aggravation of liver metastases; therefore, the patient 
was judged as PD. Case 8 had multiple lung metastases on 
preoperative chest CT; however, the patient refused any treat‑
ment other than surgery; therefore, only mEHT was performed 
40 times after mastectomy. During the treatment period, no 
obvious subjective symptoms were observed and chest CT 
revealed no exacerbation of lung metastases. Therefore, the 
patient was considered to be SD. Details regarding the status 
of case 10 are provided later.

Statistical evaluation of mEHT. Univariate analysis of the 
number of various treatments performed before mEHT and 
their therapeutic effects are shown in Table IV. PD patients 
received more types of treatments before mEHT than PR+SD 
patients. CEA levels before and after mEHT were significantly 
higher in PD patients than in PR+SD patients (P=0.017, 0.009), 
and mEHT was performed in patients with more advanced 
cancer. Statistical analysis of the various parameters of mEHT 
and their therapeutic effects are shown in Table  IV. The 
average number of treatments for PR+SD patients (6 cases) 
was 31.6 times, and the treatment period 14.8 weeks, which 
was significantly less than that for PD cases (number of treat‑
ments, 74.0; treatment period, 30.2 weeks; P=0.002). There 
were many advanced cancer patients with PD, and mEHT was 
often performed in combination with chemotherapy (75%); 
however, no clear mEHT‑related side effects were observed, 
and treatment for long periods was possible.

Clinical estimation of the PR cases. Showing the details, 2 PR 
cases are described. The PR cases 1, 7 and 10 had progres‑
sion‑free survival rates of 2, 7 and 9 months, respectively.

Case 1. Seven years ago, a 58‑year‑old woman visited our 
hospital due to left breast cancer recurrence. The TNM classi‑
fication was T1N1M0 stage IIA at that time. Breast‑conserving 
operation and additional dissection of left axillary lymph 
nodes were performed. However, the patient (then aged 
65 years old) developed lung, skin and lymph node metastases. 
She was positive for the expression of HER2, ER and PgR. 
Postoperative radiation therapy (55 Gy) was performed on 

the left residual breast tumor area, and 50 Gy radiotherapy 
on the left clavicular region. Hormone therapy (aromatase 
inhibitor) was continued after the completion of radiation 
therapy. A fluorodeoxyglucose‑positron emission tomography 
scan revealed left chest wall skin invasion (or metastasis). Left 
cervical, subclavian and right axillary lymph node metastases 
were also observed. Although intravenous chemotherapy of 
trastuzumab was administered, metastatic skin lesions did not 
respond to these treatments. Combination chemotherapy with 
trastuzumab, pertuzumab and docetaxel was administered; 
however, intolerable diarrhea occurred. Since an exacerbation 

Table III. Complementary therapies and local responses.

Case	 Combination	 Response	 CEA1, ng/ml	 CEA2, ng/ml

  1	 TDM‑1	 PR	 8.1	 5.1
  2	 mTOR, PTX+BV	 PD	 292.8	 209.8
  3	 (‑)	 SD	 3.6	 4.5
  4	 mTOR, Erib., PTX+BV	 PD	 115.1	 262.7
  5	 (‑)	 PD	 12.9	 45.1
  6	 mTOR	 PD	 145.5	 624.8
  7	 irradiation	 PR	 3.7	 3.8
  8	 (‑)	 SD	 3.2	 3.5
  9	 AI, Fulvestrant	 SD	 3.9	 4.0
10	 (‑)	 PR	 10.6	 2.1

mTOR, mammalian target of rapamycin; TDM‑1, Trastuzumab emtansine; Erib, Eribulin; PTX, Pacritaxel; BV, Bevasitsuzumab; AI, Aromatase 
inhibitor; PR, partial remission; SD, stable disease; PD, progressive disease; CEA, Carcinoembryonic antigen; (‑), no combination therapy.

Table IV. Results of statistical analysis.

Factor	 PR+SD	 PD	 P‑value

Age, years	 63.6	 63.3	 0.953
Stage			   0.737
  1	 0	 1	
  2	 3	 1	
  3	 1	 1	
  4	 2	 1	
Total mEHT, n	 31.6	 74.0	 0.006
mEHT/w, n	 2.0	 2.5	 0.312
mEHT period, weeks	 14.8	 30.2	 0.002
mEHT dose, kJ	 11,843	 27,676	 0.002
Pre‑treat, total	 3.5	 6.0	 0.199
Pre‑CT, n	 1.8	 2.5	 0.689
Pre‑CEA, ng/ml	 5.51	 141.5	 0.017
Post‑CEA, ng/ml	 3.85	 285.6	 0.009

Total mEHT, total number of mEHT; mEHT/w, number of mEHT per 
week; mEHT period, periods of mEHT (weeks); mEHT dose, total 
doses of mEHT (kj); pre‑treat, number of treatments before mEHT; 
pre‑CT, number of chemotherapies before mEHT; pre‑CEA, CEA 
before of mEHT; post‑CEA, CEA after mEHT; PR, partial remis‑
sion; SD, stable disease; PD, progressive disease; mEHT, modulated 
electro‑hyperthermia.
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of skin metastasis was observed after this treatment, the drug 
was changed to TDM‑1. However, there was no improvement 
in the skin lesions (Fig. 1A). Finally, mEHT was used for 
adjuvant therapy using TDM‑1. As a result of the combination 
of anticancer drug treatment (TDM‑1) once every 3 weeks and 
mEHT thrice a week, a marked improvement in skin invasion 
and metastases was observed (Fig. 1B). During mEHT, right 
axillary lymph node metastasis was also reduced without direct 
intervention. However, the tumor re‑increased after 2 months 
of post‑treatment evaluation. The tumor metastasized to the 
brachial plexus. The patient was alive with disease 1.2 years 
after the final mEHT treatment.

Case 10. A 71‑year‑old woman had observed the presence of 
a mass in her right breast for >15 years but decided to ignore 
it. Two years ago, she was referred to our university hospital 
for the assessment of apparent discharge and bleeding from 
the protruding right breast mass. The definite diagnosis was 
breast cancer. The patient was recommended to undergo 
chemotherapy, hormone therapy and radiation therapy, but she 
rejected these treatment plans, out of fear of developing adverse 
effects. Therefore, she was followed up without any treatment. 
However, after the tumor increased in size with exudation and 
a foul‑smelling odor, she accepted mEHT monotherapy. At the 
start of mEHT, an initial blood test showed a CEA level of 
10.4 ng/ml and cancer antigen 15‑3 (CA 15‑3) of 132 U/ml. 
CT and magnetic resonance imaging revealed the presence 
of a massive tumor measuring 15 cm in diameter in the right 
breast (Fig. 2A). Swelling of the axillary lymph nodes was 
also observed; however, distant metastasis to other organs was 
not detected. mEHT therapy was continued twice a week for 
6 months, resulting in tumor shrinkage, as observed by CT; 
therefore, the patient was judged to have achieved PR (Fig. 2B). 
The preoperative diagnosis was T4cN3bM0 stage IIIB, which 
was an indication for right mastectomy (combined resection 
of the chest skin and partial large pectoral muscle), right 
axillary dissection, and second‑stage skin transplantation. 
Intraoperative findings revealed that infiltration into the large 
pectoral muscle was mild and that it was possible to avoid total 
resection of the chest muscle. The skin with changed color was 
excised, and the tumor resection margin was histologically 

negative. The axillary lymph nodes were dissected to level II, 
and it was evaluated that only level I lymph node was positive 
for metastasis. The postoperative course was unremarkable, 
and she was discharged on postoperative day 14. The patho‑
logical diagnosis of the resected specimen was pT3N1 (level I, 
2/24; level II, 0/14; level III, 0/2) M0 stage IIIA. The tumor 
was removed at the curative margin, due to the effectiveness 
of mEHT. After 3 weeks, the artificial dermis was affixed to 
the mastectomy part and grafting was performed from the 
thigh part of the patient. Postoperatively, the tumor did not 
reccur. The CEA level normalized to 2.1 ng/ml 1 month after 
the surgery. CA15‑3 also normalized to 18.6 U/ml 3 months 
after the surgery. Nine months after the surgery, she showed 
no evidence of the disease (Fig. 2C).

Discussion

As the general lifestyle of people changes, the type and 
structure of malignant diseases also changes. The clinical 
course of cancer and its treatments have diversified. 
Furthermore, the growing of available open‑access informa‑
tion has allowed patients to select their preferred therapies. 
The widely published adverse effects deter some individuals 
from receiving conventional therapies and favor conservative 
treatments with the hope of maintaining a normal life despite 
the occurrence of cancer. Hyperthermia is considered a less 
aggressive antitumor treatment strategy and sometimes could 
be applied even in patients who are unresponsive to conven‑
tional treatments (surgery, radiation or chemotherapy), as well 
as to new cancer immunotherapies, such as checkpoint inhibi‑
tors, cancer‑specific cytotoxic T  lymphocytes or chimeric 
antigen receptor‑T‑cell therapy.

In general, cancer cells proliferate autonomously and 
randomly. The cytoskeleton and genomic structure of malig‑
nant cells have an inherent instability; therefore, they are more 
sensitive to heat than normal cells (16). Utilizing this feature, 
the concept of hyperthermia has been established and various 

Figure 1. A representative case. (A) Exacerbation of skin metastasis from the 
breast cancer is presented before mEHT treatment. (B) Skin lesions responded 
very well to the treatment, whereas the tumor invasively penetrated into the 
large pectoral muscle. mEHT, modulated electro‑hyperthermia. Figure 2. A second representative case. (A) CT showing the presence of a 

large tumor 15 cm in diameter. (B) Following mEHT treatment (twice a 
week), the tumor reduced in size after 6 months. (C) The tumor was removed 
at the curative margin due to the effectiveness of mEHT. Ten months after 
the surgery, the patient exhibit no evidence of disease. mEHT, modulated 
electro‑hyperthermia.
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therapeutic approaches have been developed (17), including 
heating the lesion isothermally. Most hyperthermia methods 
use bio‑electromagnetic energy‑absorption heating of the 
cancer tissue of up to 43˚C or higher temperatures to kill them, 
mainly by inducing local necrosis, such as the hyperthermia 
dose (CEM43˚CTx) calibrated in  vitro. Moreover, many 
experimental studies have shown that the obviously hetero‑
genic solid tumors and their blood flow derail the developed 
temperature distribution, despite the use of iso‑dose focusing. 
The usual vasodilatation that occurs in the vivid part of the 
tumor and its healthy neighborhood increases blood flow, 
possibly facilitating the delivery of chemotherapeutic drugs 
and increasing the reaction rate, as well improving the efficacy 
of ionization radiation therapies by delivering oxygen (18). 
Despite the advantages of high blood flow, it has several disad‑
vantages, including delivering nutrients that support tumor 
growth and helping the dissemination of the malignant cells by 
the blood stream, thereby increasing the incidence of distant 
metastases  (19). On the other hand, the heavily developed 
tumors have neo‑angiogenetic vessels that form vasocontrac‑
tion, increasing the severity of hypoxia and assisting rapid 
temperature growth in that part of the tissue (20,21). This is 
the reason why local control is significantly good following the 
use of this method; however, overall survival is decreased due 
to metastases (22‑26).

Due to the complex physiological feedback and the attempt 
to re‑establish thermal homeostasis by increasing blood flow, 
as well as by other methods, the effects of conventional hyper‑
thermia are not stable and mostly insufficient for a lifetime 
increase in blood flow. At the end of the 20th day of treat‑
ment, the clinical results for local control following radiation 
therapy alone vs. treatment with radiation+hyperthermia 
for advanced, recurrent breast cancer were reported to be 
41 vs. 59%, respectively (26). Therefore, many patients and 
medical doctors who continue to treat various types of cancer, 
including advanced pancreatic cancer and other advanced 
cases, without further conventional treatment options are 
looking for a more effective therapeutic method, including the 
safe and secure hyperthermia treatment. Based on these back‑
grounds, mEHT is conducted in accordance with basic and 
clinical research data, which is based on the cellular selection 
of tumor cells, inducing programmed cell death (apoptosis), 
in various cancer cells by causing a temperature gradient and 
prompting extrinsic pathways to produce damage‑associated 
molecular patterns (27) and immunogenic cell death (28,29), 
thereby producing tumor‑specific immune reactions (30) and 
an abscopal effect (31). The inhibition of protective autophagy 
via sublethal hyperthermia in hepatocellular carcinoma has 
been shown to enhance hyperthermia‑induced apoptosis via 
the ATP/AMPK/mTOR signaling pathway (32). Furthermore, 
it has been reported that the inhibition of protective autophagy 
could be a therapeutic strategy for RAS‑induced pancreatic 
cancer  (33). Unfortunately, the combination therapy with 
mTOR inhibitor and mEHT used in the present study resulted 
in PD in all cases; however, it is possible to continue long‑term 
treatment for advanced breast cancer cases with multiple 
organ metastases. More studies with more cases are needed 
to explore the combined treatment of mTOR inhibitor and 
mEHT. The following clinical advantages have been reported 
from this therapeutic principle: i) Very high heating efficiency 

for cancer with a low power (150  W)  (34); ii)  modulated 
electromagnetic waves do not result in burns on the skin (35), 
and (3) these waves adequately reach tumors deep within the 
body, such as those in the pancreas (36), lung (37), liver (32) 
and cervix (38).

Due to the lack of awareness and delay in discovery, elderly 
patients with breast cancer are sometimes at a very progres‑
sive stage, with skin invasion or other metastases upon first 
diagnosis. Therefore, it is essential to consider the risks and 
benefits of surgery and anticancer drug treatment for these 
patients. When conventional therapies with standard protocols 
fail, only palliative care is selected after informed consent. 
However, mEHT is recommended as a valid option with few 
adverse effects for patients with advanced cancer.

In conclusion, it was reported in the present study that 
the use of mEHT is feasible for advanced or recurrent meta‑
static breast cancer where pretreatment is ineffective. The 
results suggested that mEHT has no side effects and could be 
combined with various treatments for a long time.
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