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Despite advances in the multimodal approach for rectal cancer, treatment-related side effects remain an important issue. 
From this perspective, a prospective trial was performed to investigate the feasibility of modulated electro-hyperthermia 
(mEHT) as a concomitant boost to preoperative chemoradiation in locally advanced rectal cancer.  Seventy-six patients with 
cT3-4 or cT2N+ rectal cancer were enrolled consecutively. Whole pelvic radiotherapy of 40 Gy was delivered with a 2-Gy 
daily fraction. mEHT with 13.56 MHz frequency was boosted on a twice-weekly schedule concurrently with intravenous 
5-fluorouracil or oral capecitabine. Surgical resection was planned 6-8 weeks after radiotherapy. The primary endpoint 
was the non-inferior treatment response rate assessed by pathologic downstaging and tumor regression. The secondary 
endpoint was acceptable toxicity during the preoperative treatment period. Sixty patients completed the planned treatment 
schedule. T- and N-downstaging was demonstrated in 40 patients (66.7%) and 53 patients (88.3%), respectively. Pathologic 
complete response was noted in 15.0% (9 patients) and 76.7% (46 patients) for T-stage and N-stage, respectively. Total or 
near total tumor regression was observed in 20 patients (33.3%). Grade ≥3 toxicity occurred only in hematologic assess-
ment; one case (1.7%) of leukopenia and one case (1.7%) of anemia. Sixteen patients (26.7%) developed thermal toxicity, 
which was mostly Grade 1 (15 patients, 93.8%). The relatively low dose of 40 Gy radiation showed comparable pathologic 
treatment outcomes and tolerable toxicity profiles with the addition of mEHT, which may potentially replace part of the 
radiation dose in neoadjuvant treatment for rectal cancer. 
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Preoperative chemoradiotherapy followed by total 
mesorectal excision is the treatment of choice for locally 
advanced rectal cancer [1]. An increase in radiation dose can 
enhance local tumor control, but the problem of increased 
toxicity cannot be overlooked.

The non-thermal effect of modulated electro-hyper-
thermia (mEHT) has been reported to be potentially helpful 
in loco-regional tumor control [2–4]. In particular, mEHT 
has therapeutic properties that do not stick to tempera-
ture alone [2, 5]. Thus, it is expected that effective tumor 
control will be achieved while minimizing the heat-related 
side effects commonly seen in conventional hyperthermia. 
Since it is difficult to deliver sufficient radiotherapy without 
causing toxicity, mEHT can be added to limited-dose radia-
tion in order to enhance the treatment response. Combining 
these methods, tumor control is expected to be effectively 
enhanced using a minimal dose of radiation for intestinal 
tissue, which has a low tolerance for radiation. Therefore, the 

assessment of a mEHT boost in preoperative chemoradiation 
is a timely attempt.

In the previous conventional hyperthermia studies, 
thermal burns were frequent especially during the treatment 
period [6, 7]. Also, the temperature measurements for the 
tumor core were fundamentally limited due to invasiveness, 
which would require local anesthesia [8–12]. In most pelvic 
tumor treatments, temperature measurement was depen-
dent on peri-tumor temperature, which is less accurate. 
Even at a relatively low temperature of 39°C, a certain level 
of local therapeutic effect has been confirmed [13]. It is thus 
necessary to assess the treatment response focusing on the 
non-thermal effects out of the concept of temperature only.

As we identify the significance of mEHT, the non-thermal 
effects in clinical cases need to be examined to better 
understand the clinical significance of the treatment. This 
prospective phase 2 study was designed to assess the efficacy 
and safety of concurrent boost of mEHT in a preoperative 
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chemoradiotherapy platform of non-aggressive radiation 
dose for locally advanced rectal cancer.

Patients and methods

Patient selection and pretreatment evaluation. Patients 
with histologically proven rectal adenocarcinoma requiring 
preoperative treatment were screened for eligibility. Inclu-
sion criteria were age of 19 to 85 years, primary tumor located 
within 15 cm from anal verge, clinical T3–4 or N+ staged by 
magnetic resonance (MR) and computed tomography (CT) 
imaging, Eastern Cooperative Oncology Group performance 
status ≤2, no prior pelvic irradiation, and proper function 
of the bone marrow, kidney, and liver. The major exclusion 
criteria were past disease history of the rectum, hereditary 
colorectal cancer, chronic inflammatory bowel disease, 
bowel stenosis, active infection, severe cardiac condition, 
pregnancy or nursing, simultaneously unresectable colon 
cancer, thermal hypersensitivity, too much subcutaneous fat 
expected to cause severe thermal toxicity in the abdominal 
and pelvic area.

This non-inferiority phase 2 trial was approved by the 
Institutional Review Board of Wonju Severance Christian 
Hospital (Approval number: CR313035). Before enrollment, 
written informed consent was obtained from all patients. This 
study is registered with ClinicalTrials.gov (study number 
NCT02546596).

The initial diagnosis was made by colonoscopy and biopsy. 
Clinical staging was done mainly by MR and CT imaging 
with additional transrectal ultrasonography or 18F-fluoro-
deoxyglucose positron emission tomography. Lymph node 
positivity was defined as a lymph node with a short axis 
length of 0.5 cm or more on MR or CT imaging. Labora-
tory tests included complete blood cell count, liver and renal 
function tests, carcinoembryonic antigen, and carbohydrate 
antigen 19-9.

Preoperative treatment schedule. A total dose of 40 Gy 
was delivered via a daily fraction of 2 Gy, with five fractions per 
week. Either 5-fluorouracil/leucovorin or oral capecitabine 
was administered concurrently as systemic chemotherapy. 
5-fluorouracil/leucovorin was injected intravenously with 
bolus for 3 days at the 1st and 5th week after initiation of radio-

therapy at doses of 400 and 20 mg/m2/day for 5-fluorouracil 
and leucovorin, respectively. Oral capecitabine was admin-
istered at a dose of 825 mg/m² from the 1st day of radiation 
during the virtual period of the conventional 28-fraction 
schedule. In addition to this slightly modified concur-
rent chemoradiation course, eight sessions of mEHT were 
combined twice weekly during scheduled radiation therapy. 
Typically, 6–8 weeks after the completion of the radiotherapy, 
curative resection with lymph node dissection was planned 
to be performed. In principle, sphincter preservation was 
intended but ultimately determined by the surgeon’s discre-
tion considering tumor location, sphincter function, or 
clinical response to the preoperative treatment. Transient 
conversion loop ileostomy or colostomy was performed in all 
patients. The overall preoperative treatment outline is illus-
trated in Figure 1.

Radiation therapy. Preoperative radiation was delivered 
by the technique of external beam X-ray from a linear accel-
erator (Elekta Synergy, Elekta, Stockholm, Sweden). The 
beam energy was 6–15 MV. Three-dimensional planning 
was performed following a planning CT (Aquillion LB, 
TSX-201A, Toshiba Medical Systems Corporation, Otawara, 
Japan) scan. Three- or four-field technique in the supine 
position was used depending on the location and the extent 
of the disease. The clinical target volume included the tumor, 
the mesorectum, the internal iliac nodes, and presacral 
nodes up to the sacral promontory level. During treatment, 
all patients underwent weekly medical examinations with a 
complete blood count check. The Pinnacle system (ADAC 
Laboratories, Mil pitas, CA, USA) was used for treatment 
planning and tumor volume measurement.

Modulated electro-hyperthermia. mEHT was 
performed on a twice-weekly schedule during the radio-
therapy period using 13.56 MHz capacitive coupled device 
(EHY2000, Oncotherm GmbH, Troisdorf, Germany). 
All patients were treated in the supine position. A 30 cm 
diameter sized electrode was applied as an upper pole, 
whose center was located on the middle of the clinical target 
volume to cover the tumor and elective pelvic lymph node 
area. The duration of mEHT treatment was 60 minutes and 
the radiotherapy of that day followed immediately within 
one hour. At the beginning of treatment, the power was 
started at 100 W during the first 20 min, maintained at least 
at 120 W for the next 20 min, and fixed at 140 W for the last 
20 min. From the subsequent treatment session, the power 
was constantly fixed at 140 W if there were no toxicity 
problems. The patients’ heat sense and tolerance were 
monitored in real time. The power was partially adjusted 
when heat-related discomforts were recognized. Separate 
temperature measurements were not performed consid-
ering the inherent limits of approach for primary tumors 
and lymph nodes.

Clinical outcome evaluation. The primary endpoint was 
preoperative therapeutic response assessed by pathologic 
downstaging and tumor regression grade. The secondary Figure 1. Overall preoperative treatment outline.
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endpoint was maximum treatment toxicity during the 
preoperative treatment period. The initial clinical stage 
and the postoperative pathologic stage were determined 
according to the American Joint Committee on Cancer 
staging system, 7th edition [14]. Downstaging was assessed 
by comparing these two stages. Tumor regression grade 
was evaluated by a standardized 5-point grading system 
described by Dworak et al. [15]. Treatment-related toxicities 
were assessed using the National Cancer Institute Common 
Terminology Criteria for Adverse Events (CTCAE), version 
3.0 (NCI, Bethesda, MD, USA). The mEHT-related toxicity 
was evaluated separately according to the scoring system 
proposed by the Berlin group [6].

Statistical analysis. This study was a single arm, 
non-inferiority trial to evaluate whether the therapeutic 
response corresponding to conventional preoperative treat-
ment could be achieved by a conservatively lower radiation 
dose plus mEHT boost. According to previous studies of 
similar contexts, a sample size of 65 patients was required to 
ensure a 40% tumor regression rate, a 10% margin of error, 
and a 90% confidence level [16]. Assuming a 10% dropout 
rate, we planned to enroll a total of 72 patients in this study. 
Statistical analyses were mainly composed of descriptive 
contents and were performed using SPSS Statistics software 
version 23 (IBM, Armonk, NY).

Results

Patient enrollment and clinical characteristics. Finally, 
a total of 76 patients were enrolled due to a higher than 
expected rate of dropouts. The total recruitment period was 
from March 2014 to March 2017. Sixteen patients dropped 
out; 13 patients withdrew their consent before or immediately 
after the beginning of the treatment for personal reasons, 
and 3 patients changed their minds not to undergo surgery 
after completion of preoperative treatment. Ultimately, 60 
individuals completed the trial and were included in the 
analysis. The patients had a median age of 59 (range 33–83) 
years and were predominantly male (n=45, 75%). The initial 
lymph node status was positive for all cases. The median 
clinical tumor volume was 52.7 cm3 (range 22.4–233.1 cm3). 
The patient characteristics before preoperative treatment are 
shown in Table 1.

All analyzed patients completed the preoperative treat-
ment and curative surgery. The median overall radiotherapy 
treatment time was 27 days (range 24–43 days). The median 
total energy of mEHT was 3902 Joules (range 2704‒4429 J). 
The operation performed was a low anterior resection for 
50 patients (83.3%) and abdominoperineal resection for 4 
patients (6.7%). There was one total exenteration and one 
intersphincteric resection case, which was associated with 
vaginal and cervical invasion of the primary tumor. One case 
of transanal excision was performed, though not originally 
planned, reflecting an excellent response to the preopera-
tive treatment. In all other cases except this case, the median 

number of lymph node dissection was 16 (range 4–52). 
Factors associated with preoperative treatment and the 
surgical outcomes are displayed in Table 2.

Downstaging and tumor regression. After surgery, 
T-downstaging was observed in 40 patients (66.7%). 
Regarding the lymph nodes, N-downstaging occurred in 
53 patients (88.3%). The proportion of pathologic complete 
response for T-stage (ypT0) and N-stage (ypN0) was 15.0% 
(9 patients) and 76.7% (46 patients), respectively. The patient 
number of minimal, moderate, near total, and total regres-
sion grade for primary tumors was 9 (15.0%), 31 (51.7%), 
11 (18.3%), and 9 (15.0%), respectively. The distribution of 
postoperative stages according to initial clinical stages is 
displayed in Table 3.

Table 1. Patient characteristics before preoperative treatment (n=60).

Characteristic Value
Age (year)

Median (range) 59 (33–83)
Sex

Male 45 (75.0%)
Female 15 (25.0%)

Pathologic diagnosis
Adenocarcinoma 57 (95.0%)
Mucinous adenocarcinoma 2 (3.3%)
Tubular adenocarcinoma 1 (1.7%)

Differentiated
Well 8 (13.3%)
Moderately 49 (81.7%)
Poorly 3 (5.0%)

Primary tumor location from the anal verge (cm)
≤5 23 (38.3%)
>5, ≤10 29 (48.3%)
>10, ≤15 8 (13.3%)

Primary tumor volume (ml)
Mean 63.2±39.8
Median (range) 52.7 (22.4–233.1)

T stage (%)
T3 46 (76.7%)
T4 14 (23.3%)

N stage (%)
N1 28 (46.7%)
N2 32 (53.3%)

Carcinoembryonic antigen (ng/ml)
≤5 39 (65.0%)
>5 21 (35.0%)
Median (range) 2.8 (0.9–148.2)

Carbohydrate antigen 19-9 (U/ml)
≤ 37 50 (83.3%)
> 37 9 (15.0%)
Not evaluated 1 (1.7%)
Median (range) 11.8 (0.6–869.1)
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our therapeutic combination resulted in favorable toxicity 
profiles with non-inferior treatment response compared 
to conventional methods in terms of downstaging, tumor 
regression grade, and pathologic complete response.

In gastrointestinal tract malignancy, including rectal 
cancer, limitations of toxicity are inevitable even with high-
precision radiotherapy techniques such as the intensity-
modulation method due to the vulnerability of bowel, the 
irradiation target itself [17, 18]. For rectal cancer, radio-
therapy may adversely affect anorectal function after total 
mesorectal excision, especially in patients with distal tumors. 
In previous studies on preoperative radiotherapy, poorer 
functional outcome was observed after low anterior resec-
tion with coloanal anastomosis [19–21]. In this respect, it is 
of great importance to minimize the radiation dose.

On the other hand, the possibility of decreased local 
control may arise by reducing the radiation dose. In a study 
comparing radiation dose levels by Wiltshire et al. [22], the 
higher doses seemed to show mildly better local control. 
However, this result is only partially due to higher radiation 
doses, because longer treatment periods resulted in more 
5-fluorouracil doses as well. With respect to wound compli-
cations, high radiation doses were associated with more 
complications after surgery. In our study, a radiation dose 
of 40 Gy was applied to reduce complications as much as 
possible with the mEHT as an additional adjuvant treatment. 
Our dose level resulted in a generally acceptable toxicity 

Table 2. Factors associated with preoperative treatment and surgical out-
come (n=60).
Characteristic Value
Overall radiotherapy period (day)

Mean 27.8±2.7
Median (range) 27 (24–43)

Radiotherapy to surgery interval (day)
Mean 52.0±7.2
Median (range) 52 (41–70)

Chemotherapy regimen
5-fluorouracil/leucovorin 4 (6.7%)
Capecitabine 55 (91.7%)
Others 1 (1.7%)

Total mEHT energy (Joule)
Mean 3848.5±236.2
Median (range) 3902 (2704–4429)

Surgery type
Low anterior resection 50 (83.3%)
Abdominoperineal resection 4 (6.7%)
Hartmann’s procedure 3 (5.0%)
Total exenteration 1 (1.7%)
Transanal excision 1 (1.7%)
Intersphincteric resection 1 (1.7%)

Proximal resection margin (cm)*
Mean 19.3±9.1
Median (range) 18 (6–50)

Distal resection margin (cm)*
Mean 2.2±1.8
Median (range) 1.9 (0–8)†

Circumferential resection margin (cm)*
Mean 0.59±0.62
Median (range) 0.3 (0–1.9)†

*The cases of total regression were not included. 
†The length for positive resection margin was defined as ‘0’.

Toxicity. Treatment-related toxicities were easily tolerated. 
Hematologic toxicity of Grade 2 or higher was mainly found 
as leukopenia in 16 patients (26.7%) and neutropenia in 6 
patients (10.0%). In the cases of anemia, Grade 2 or higher 
was observed in 7 patients (11.7%). Genitourinary toxicity 
was generally low (only one Grade 2 or higher patient), 
which presented as non-infective cystitis related symptoms. 
Nineteen patients (31.7%) experienced Grade 2 or higher 
gastrointestinal toxicities presenting as pelvic pain, nausea, 
or diarrhea. There was no Grade 3 or higher non-hemato-
logic toxicity. For heat-related toxicity, the highest was Grade 
2 in only one case. The details of toxicity distribution are 
shown in Table 4.

Discussion

This study was designed to confirm the role of mEHT 
boost in a reasonably low radiation dose setting. mEHT was 
expected to play a role in the preoperative treatment and 

Table 3. Distribution of postoperative pathologic T- and N-downstaging 
according to each initial clinical stage (n=60).

cT3 (n=46) cT4 (n=14)
ypT0 9 (19.6%) 0 (0.0%)
ypT1 4 (8.7%) 1 (7.1%)
ypT2 14 (30.4%) 5 (35.7%)
ypT3 18 (39.1%) 7 (50.0%)
ypT4 1 (2.2%) 1 (7.1%)

cN1 (n=28) cN2 (n=32)
ypN0 25 (89.3%) 21 (65.6%)
ypN1 2 (7.1%) 7 (21.9%)
ypN2 1 (3.6%) 4 (12.5%)

Table 4. Distribution of treatment-related toxicities (n=60).
Toxicity Grade 0 Grade 1 Grade 2 Grade 3 Grade 4
Leukopenia 24 20 15 1 0
Neutropenia 43 11 6 0 0
Anemia* 44 9 6 1 0
Thrombocytopenia 58 1 1 0 0
Genitourinary 47 12 1 0 0
Gastrointestinal 20 21 19 0 0
Heat-related† 44 15 1 0 0

*Bleeding due to the disease itself seems to have some effect. 
†This was evaluated separately according to the scoring system proposed by 
the Berlin group [6].
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pattern. This may be due to the relatively reduced radiation 
administration alongside mEHT, which allowed for accept-
able anti-tumor effects without severe toxic side effects. Thus, 
considering the locoregional control and related toxicities, 
our radiation dose strategy seems to be valid.

Conventional hyperthermia has been shown to produce 
good treatment response and local control in rectal cancer 
treatment [7, 10, 11, 23, 24]. However, its application has 
been limited due to frequent heat-related toxicities. Typically, 
the number of hyperthermia sessions was restricted during 
radiotherapy. In a phase 2 study by Rau et al. [6], as much as 
40.5% of patients experienced Grade 3 toxicities resulting in 
early cessation of hyperthermia. These findings were repeated 
in another retrospective study by Schroeder et al. [7], which 
found that 34% of patients discontinued treatment within the 
1st three hyperthermia sessions. Most of these toxicities and 
discomforts are related to temperature, directly or indirectly.

At this point, non-temperature dependent approaches 
such as mEHT are needed. As shown in the treatment of pelvic 
area by mEHT, treatment response by immune response and 
increase of blow flow can be expected with the peri-tumor 
temperature of 38.5 ± 0.8°C [13]. For colorectal carcinoma, 
mEHT produced more tumor necrosis than conventional 
hyperthermia regardless of temperature [5]. In our study, the 
thermal toxicity was remarkably low and treatment response 
was excellent especially for pelvic lymph nodes, which are 
independent of temperature measurement.

This lymph node reactivity is known to be associated 
with the overall prognosis. According to Maluta et al. [10], 
the lower ypTN stage correlated with better survival after 
intensified preoperative chemoradiation and regional hyper-
thermia. In another relatively large-scale retrospective study, 
pN0 was highly associated with better survival regardless of 
the clinical N stage [25]. In our study, ypN0 from initially 
positive lymph nodes was shown in 76.7% of patients despite 
relatively low radiation dose. This ypN0 ratio is generally 
high compared with previous studies whose ratio was mostly 
lower than 50% (Table 5). In this regard, further study is 
needed on the immunological relevance of mEHT.

An important factor determining the utility of hyper-
thermia is its efficacy. Compared with other reports, our 
study was characterized by a uniformly high number of 
hyperthermia sessions for all patients (Table 5). This means 
that mEHT was potent enough to supplement the relatively 
insufficient radiation dose. In our study, a sufficient number 
of mEHT sessions were performed with little thermal toxicity, 
leading to satisfactory treatment response. The significance 
of our protocol may be explained by clinical confirmation of 
the non-thermal effect.

This study has some limitations. First, temperature measure-
ments were not performed in terms of the non-thermal effect 
at <39°C. This was due to the inherent inability to measure 
the temperature of the tumor itself, especially the lymph 
nodes. Second, the chemotherapy regimen was not uniform. 

Table 5. Previous preoperative thermoradiotherapy studies in which the pretreatment-to-pathological N stage profile tracking was available.

References
Patient  
enroll-
ment

No. of 
patients who 

received 
preoperative 
thermoradio-

therapy

No. of cases with 
positive pre-

treatment lymph 
nodes among 
preoperative 
thermoradio-

therapy patients

Radiation dose Hyperthermia 
machine

No. of hyper-
thermia session

ypN0 proportion 
after preoperative 

treatment among the 
pretreatment lymph 

node positive patients

Rau et al., 1998 [6] Phase 2 37 18 45 Gy / 25 times BSD-2000 Once a week  
(1-5 times) 44.40%

Maluta et al., 2010 [10] Phase 2 76 41
60 Gy (50 Gy + 
10 Gy boost) / 

30 times
BSD-2000 Once a week  

(5 times) 48.90%

Tsutsumi et al., 2011 [26] Retrospective 93 Unknown* 50 Gy / 20 times Thermotron 
RF-8

Once a week  
(2-5 times) N downstaging: 58.1%†

Kang et al., 2011 [25]‡ Retrospective 98 36

Group A: 39.6 
Gy / 22 times, 
Group B: 45.0 
Gy / 25 times

Cancermia 
GHT-RF8

Twice a week 
(1-11 times)

75.0% (Group A: 72.2%, 
Group B: 77.8%)

Schroeder et al., 2012 [7] Retrospective 61 50 50.4 Gy / 28 
times BSD-2000 Once or twice a 

week (1-9 times) 48.00%

Kato et al., 2014 [27] Retrospective 48 Unknown* 50 Gy / 20 times Thermotron 
RF-8

Once a week  
(2-5 times) N downstaging: 43.8%†

Current study Phase 2 60 60 40 Gy / 20 times Oncothermia 
EHY-2000

Twice a week  
(8 times) 76.70%

*This specific number was not presented due to the characteristics of the study. †The proportion of total N downstaging was displayed as an alternative 
because the number of the patients whose N stage was changed from clinically positive to ypN0 was unknown. ‡There was no toxicity report in this study 
and a maximum of 11 hyperthermia sessions were performed twice weekly for 4.5 - 5 weeks of radiotherapy. This suggests that hyperthermia was continued 
beyond the radiotherapy period. Therefore, the ypN0 proportion, which is similar to ours, is presented as a reference rather than a direct comparison.



682 S. H. YOU, S. KIM

However, this was considered acceptable because the hetero-
geneity of chemotherapeutic agents is generally known to 
have no difference in treatment outcome or toxicity grade for 
preoperative treatment. Third, the feasibility of mEHT was 
assessed without adequate control groups, which may be insuf-
ficient in terms of the comparison of therapeutic outcomes. 
Alternatively, for appropriate reference, we describe brief 
results of a conventional method without mEHT as follows: 
thirty-eight patients at the same hospital received 50.4 Gy 
of radiotherapy on a conventional schedule; general patient 
characteristics such as age, sex, pathology, and chemotherapy 
regimen were not statistically different from those in our 
current study group; initial clinical stage was relatively low in 
this non-mEHT group without statistical significance; ypT0 
and ypN0 was seen in 4 patients (10.5%) and 24 patients 
(63.2%), respectively; despite no statistical significance, 
the non-mEHT group tended to show low proportion in 
downstaging, tumor regression, ypT0, and ypN0 compared to 
the current mEHT group (data not shown); based upon these 
findings, we are planning more systematic studies including 
proper control groups. We hope that these limitations will be 
complemented in future clinical trials.

In summary, non-inferior primary tumor regression and 
excellent lymph node response are sufficient to indicate 
the mEHT boosts as a useful option for rectal cancer treat-
ment. Radiation was shown to be sufficiently supplemented 
by mEHT, with acceptable toxicity levels and feasibility 
in multimodality management. Therefore, mEHT can be 
combined as a boosting method with radiation. More active 
mEHT application needs to be attempted with various 
approaches to improve clinical outcomes from the perspec-
tive of non-thermal effects. 
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