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Introduction

Abstract

The safety of weekly regional hyperthermia performed with 8 MHz radiofre-
quency (RF) capacitive heating equipment has been established in rectal cancer.
We aimed to standardize hyperthermia treatment for scientific evaluation and
for assessing local tumor response to RF hyperthermia in rectal cancer. Forty-
nine patients diagnosed with rectal adenocarcinoma were included in the study.
All patients received chemoradiation with intensity-modulated radiation therapy
5 days/week (dose, 50 Gy/25 times) concomitant with 5 days/week for five
times of capecitabine (1700 mg/m” per day) and once a week for five times of
50 min irradiations by an 8 MHz RF capacitive heating device. Thirty-three
patients underwent surgery 8 weeks after treatment. Three patients did not
undergo surgery because of progressive disease (PD) and 13 refused. Eight
(16.3%) patients had a pathological complete response (ypCR) after surgery.
Among patients without surgery, 3 (6.1%) had clinical complete response (CR)
and 3 (6.1%) had local CR but distant PD (CRPD). Ninety percent of
ypCR + CR patients were shown in 6.21 W min ' m™*/treatment or higher
group of average total accumulated irradiation output with 429°C min~' m™>
or higher group of total accumulated thermal output. However, a patient with
CRPD was in the higher total accumulated thermal output group. We propose
a new quantitative parameter for the hyperthermia and demonstrated that
patients can benefit from mild irradiation with mild temperature. Using these
parameters, the exact output, optimal thermal treatment, and contraindications
or indications of this modality could be determined in a multi-institutional,
future study.

has become the standard treatment for locally advanced
cancer worldwide, except in Japan. Many studies have

In rectal cancer, the higher recurrence rate, especially the
higher local recurrence rate after surgery compared to
colon cancer, is a major problem. Since the National
Comprehensive Cancer Network Practice Guidelines for
treatment of stage II and III primary rectal cancer were
specified in 2009, neoadjuvant chemoradiotherapy (CRT)

demonstrated that neoadjuvant CRT increases local con-
trol, but has no effect on overall survival [1, 2].

Bosset et al. recently reported that adjuvant fluoroura-
cil-based chemotherapy after preoperative radiotherapy
(with or without chemotherapy) does not affect disease-
free survival or overall survival [3]. New treatment
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strategies incorporating neoadjuvant therapy are required
for rectal cancer.

Although hyperthermia has a long history as an onco-
logical treatment and is widely used in clinical practice in
several medical fields, unfortunately, this treatment
modality has not been accepted widely in cancer therapy,
because of an absence of strong scientific proof and sta-
ble, reproducible treatment quality. Since multicenter
studies were difficult to perform, the clinical effect of
hyperthermia was questioned [4, 5]. One of the reasons
for these problems is the lack of standardized parameters
for evaluation of the efficacy of this modality, that is,
there is no reference point for this therapy. Consequently,
interdisciplinary scientific analyses cannot be performed.
In general, hyperthermia performed over five times was
better in combination with chemotherapy, with or with-
out radiation therapy than each modality or surgery
alone. However, there was no indication whether each
hyperthermic treatment was of the same quality. More-
over, troublesome problems such as the “hot-spot phe-
nomenon” (specific acute to subacute side effects caused
by the electrical interface) are reported to be present in
up to 60% of cases, and cause pain during radiofrequency
(RF) hyperthermia treatment. As a result, treatment can-
not be continued without lowering the output [6].

We reported previously that in locally advanced rectal
cancer, 5-fluorouracil-based CRT concomitant with RF
hyperthermia can be performed safely and can improve
the pathological complete response (ypCR) rate as well as
tumor downstaging [7, 8].

The aims of this study, which was from the perspective
of thermotherapy, were to define the quantitative parame-
ters for standardized treatment and to evaluate the effects
of RF hyperthermia device condition on local tumor con-
trol in rectal cancer patients who were treated with preop-
erative hyperthermochemoradiation therapy (HCRT).

Materials and Methods

Forty-nine consecutive patients diagnosed with rectal ade-
nocarcinoma between December 2011 and January 2014
were included in this study. All patients received pre- and
posttreatment diagnostic examinations at Hidaka Hospi-
tal. Staging for distant metastases was determined with
computed tomography (CT) or positron emission tomog-
raphy/computed tomography (PET/CT) of the abdomen
and thorax, while tumor and node stage was classified
mainly by magnetic resonance imaging (MRI). The extent
and location of the tumor were classified according to
tumor node metastasis (TNM) staging [9]. All patients
underwent preoperative HCRT at Hidaka Hospital. CRT
consisted of intensity-modulated radiotherapy (IMRT)
five times weekly at a dose of 50 Gy/25 times and oral
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administration of capecitabine 1700 mg m® per day,
5 days/week for five times. Five thermotherapies were
performed once a week with 8 MHz RF capacitive heating
equipment (Thermotron RF-8; Yamamoto Vinita Co.,
Ltd., Japan). The study was approved by the ethics com-
mittee of the Hidaka Hospital and Gunma University,
and each patient gave written informed consent.

Chemoradiotherapy

IMRT was administered conventionally once daily five
times/week using TomoTherapy® (Hi—Art® Treatment
System ACCURAY®, Accuray, Sunnyvale, CA, USA).
Radiotherapy consisted of 50 Gy delivered to the poster-
ior pelvis in 25 fractions of 2 Gy. The planning target
volume included the clinical target volume plus a 2.5 cm
caudal margin and a 1.5 cm ventrodorsal margin. Con-
current preoperative chemotherapy was delivered in 5-day
courses during the first to fifth weeks of radiotherapy.
Capecitabine was administered orally at a dose of
1700 mg/m* of body surface area per day.

Hyperthermia

Hyperthermia was administered after radiation. RF hyper-
thermia using an 8 MHz RF capacitive heating device was
applied five times for 5 weeks with 50 min irradiation.
From December 2011 to November 2012, 19 patients retro-
spectively received hyperthermic therapy by Thermotron
RF-8. The output was increased until complications such as
pain occurred, following which output was decreased and
subsequently, increased when pain subsided. Consequently,
the output varied patient by patient. This no-rule method
of irradiation was not standard. From November 2012 to
January 2014, 30 patients prospectively received standard-
ized increasing output (we called this neothermia) based
on preceding data, which were dependent on patients’
characteristics before treatment, such as body mass index,
thickness of the fat of the abdominal wall and internal
organs fat area, total fat area, subcutaneous fat area, etc. Fat
thickness of the abdominal wall and internal organs fat
area, total fat area, and subcutaneous fat area were evalu-
ated using CT. From retrospective data about complica-
tions, we had noticed that patients with complication
showed bigger thickness of the abdominal wall, internal
organs fat area, and total fat area than those without com-
plications. Therefore, we classified patients into two groups
as follows: (A) patients with <16-mm thickness of the
abdominal wall fat, 100 cm® internal organ fat area, and
190 cm? total fat area, and (B) patients with any one of the
factors previously described. For patients in group A, the
output increase was 50 W/min, while in those in group B,
it was 50 W/2 min. The operator started from 200 W and
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increased the output until complications occurred and then
decreased the output by 100 W. Most patients did not
complain and continued the first irradiation treatment.
Subtracting 100 W output was judged as the optimal out-
put dose without complications. From the second to fifth
irradiation treatment, this output was applied for 50 min.
We think these our methods were the first time in hyper-
thermia community. First of all, by using the quartiles of
frequencies procedure by SPSS (IBM, Armonk, NY, USA),
we simply applied to the classification of patients into four
groups according to the average total accumulated irradia-
tion output (TAIO; average W min ' m */treatment).
These were average TAIO of 6.2 or lower, 6.21-8.4, 8.41—
10.43, and 10.44 or higher. Based on total accumulated
thermal output (TATO; °C min~ ' m™?) patients were clas-
sified into four groups as follows: 428 or lower, 429-466,
467-548, 549, or higher. Finally, we concluded to be
enough to be two to three groups of TAIO and TATO in
clinical setting.

A sensor catheter with four temperature points was
placed in the rectum in 12 patients while it was attached to
the skin on the lateral abdominal side in 30 patients who
received standardized therapy and in seven who did not.
The accumulated surface skin thermal output of four tem-
perature points was calculated from the estimated internal
temperature of patients during the 50 min of each irradia-
tion. An increased thermometry scale of the skin was added
to the pretreatment axillar temperature of the patients to
obtain a hypothetical internal body temperature that may
be the possible core temperature. TATO was considered
the heat effect of each treatment. Both temperature and
output curves were recorded at 1-min intervals from 1 to
50 min. Body surface area was calculated by the DuBois for-
mula (BSA = W*** x H*"* x 0.007184) [10]. Figure 1

Preteatment examination |
CT
MRI
PET/CT
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summarizes the protocol of this study. All patients received
the same CRT and hyperthermic therapy with or without
neothermia.

Evaluation of objective response

Each resected specimen was examined for histological
changes after HCRT according to the histological criteria of
the Japanese Classification of Colorectal Carcinoma [9].

Pathology

In resected specimens (n = 30), according to the Japanese
Classification of Colorectal Carcinoma, grade la tumors
show denaturation and necrosis of cancer cells in approx-
imately <1/3 of the cancer; grade 1b have denaturation
and necrosis in <2/3 of cancer cells plus fusion in >1/3 of
the cancer; grade 2 shows significant denaturation, necro-
sis, fusion, and loss in >2/3 of the cancer; and in patho-
logical complete response (ypCR), no cancer cell is
observed in both primary and regional lymph nodes [9].

In nonresected/nonoperation cases (n = 19), the tumor
size of rectal cancer was defined by Response Evaluation
Criteria in Solid Tumors [11]. We classified patient
response at 8 weeks after HCRT as follows: complete
response (CR), that is, total disappearance of the lesions;
partial response (PR), that is, 30% decrease in the sum of
diameters of the lesions; stable disease (SD), that is,
between 30% decrease and 20% increase; and progressive
disease (PD), that is, 20% increase in the sum of diame-
ters of the lesions or new distant metastasis. The CRPD
(complete response, PD) group included patients where
local tumors showed CR, but new distant metastasis
appeared during HCRT.

‘Objective response

CT Resected
MRI specimens
PET/CT

‘Sdays‘ ‘SdaySHSdays H SdaysHS days‘

Chemotherapy

Capecitabine 1700 mg/m2/day

‘5 days‘ |5 days H 5 days ‘ }5 days ‘ ‘5 days‘
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IMRT 2Gy/day

Neothermia (-)

(Dec.2011-Nov.2012)
Hyperthermia I

Neothermia (+)

(Nov.2012-Jan.2014)

50 min/treatment/week

(8 Week after treatment)

LI B | [N

v/ »
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Figure 1. Protocol of this study. CT, computed tomography; MRI, magnetic resonance imaging; PET/CT, positron emission tomography/computed

tomography; IMRT, intensity-modulated radiation therapy.
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The main endpoint of this pilot study was the patho-
logical and clinical response after 8 weeks of treatment.
Adverse effects were evaluated according to the common
terminology criteria for adverse events [12].

Results

Patient characteristics are shown in Table 1. All patients
tolerated HCRT treatment without major adverse effects.
One grade 3 patient had perianal dermatitis. Only two
patients wanted to decrease the dose of capecitabine
(complete treatment in 47/49 [95.9%] patients). No com-
plication was observed in 64.9% patients during RF irra-
diation, but 29.7% suffered pain, and 2.1% had
subcutaneous induration.

Thirty-three patients underwent surgery 8 weeks after
HCRT, mainly at the Department of General Surgical Sci-
ence, Gunma University, and the Division of Surgery at
Hidaka Hospital. Each resected specimen was evaluated
histologically at the Department of Pathology, Gunma

Table 1. Patients’ characteristics.

Number of cases (%)

Age (y)

Median 62

Range 33-89
Gender

Female 12 (24.5)

Male 37 (75.5)
Stoma

(-) 41 (83.7)

) 8(16.3)
Primary tumor

T2 8 (16.3)

T3 36 (73.5)

T4 5(10.2)
Regional lymph node

N(—) 29 (59.2)

N(+) 20 (40.8)
Distant metastasis

MO 44 (89.8)

M1 5(10.2)
TNM stage'

| 6 (12.2)

I (42.9)

Il 17 (34.7)

\Y 5(10.2)
Tumor differentiation

Well differentiated 26 (53.1)

Moderately differentiated 20 (40.8)

Poorly differentiated 3(6.1)

TNM, tumor node metastasis; CT, computed tomography; MRI, mag-
netic resonance imaging.
"Tumor staging was clinical, if available, by CT and MRI.

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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University. Average and median anal verge distance were
2.76 cm and 3.0 cm, respectively. Abdominoperineal
resection was performed in seven (14.3%) patients. One
patient could not have the main tumor resected, 5 did
not have surgery because of PD, and 11 refused surgery.

Table 2 summarizes the patients’ status after 8 weeks
of treatment. Local control of the tumor including CRPD
was seen in 14 (18.5%) of 49 patients and in 17 (34.7%)
patients with grade 3 or 2 cancer in this pilot study.
Patients with less advanced tumors showed ypCR. In
patients with preoperative stoma, which meant foreign
matter was present in the radiation field, had an unfavor-
able outcome.

In all, 75% specimens showed a change from T2 to TO,
69.4% showed a change from T3 to T2 or TO, and 100%
showed a change from T4 to T2 or T3. In all, 10.3% spec-
imens showed a change from NO to N1, and 70.0%
showed a change from N1 or N2 to NO. Furthermore,
9.1% showed a change from MO to M1 and 0% showed a
change from M1 to MO.

Figure 2 shows the results of the correlation between
objective response and average TAIO in 36 patients.
Patients showed ypCR in 5 (19.2%) of 26 cases over 6.21
TAIO. In middle and higher TAIO patients, ypCR was
seen, and one case of CRPD was seen in higher output
patients. In 6.2 or lower and 6.2 or higher TAIO, histo-
logical grade 3 + 2 plus clinical CR were 2 (18.2%) and
20 (52.6%), others 5 (45.5%) and 15 (39.5%), and PD 4
(36.4%) and 3 (7.9%), respectively. There was a signifi-
cant difference among them (P = 0.028).

Figure 3 shows the results of correlation between objec-
tive response and TATO in 36 patients. PD patients
including CRPD and grade 2, 1b PD were observed in the
lowest and highest TATO patients. There was no signifi-
cant difference among them.

Figure 4 shows the correlation among objective
response, TAIO and TATO in 35 patients. Consequently,
ypCR patients were present in the middle TAIO and
TATO group, while PD patients in lowest TAIO group.
In 6.2 or lower TAIO and 429 or higher TATO, ypCR
plus CR was shown in only one case, while 10 (27.0%) in
6.21 or higher TAIO, and also 9 (90%) patients of total
10 ypCR plus CR patients were shown in patients with
6.21 or higher TAIO and 429 or higher TATO. From
these data, we think that 6.21 or higher TAIO and 429 or
higher TATO are proper output and thermal dose.

Figure 5 shows the changes of possible body tempera-
ture during 50 min irradiation according to the correla-
tion between TAIO (Fig. 5A: 10.44, Fig. 5B: 6.21-10.43,
Fig. 5C: 6.2) and objective response. Patients received
over 10.44 TAIO irradiation, and their body temperature
increased, their outcomes were ypCR, but not increased,
their outcome was CRPD (Fig. 5A).
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Table 2. Summary of patients’ outcomes.
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Grade 3 (%) Grade 2, 1b, 1a (%) CR (%) PR, SD (%) D (CRPD-grade 2, 1b PD-PD) (%) Total
Total no. 8(16.3) 20 (40.8) 3(6.1) 11 (22.4) 7 (3-2-2) (14.3) 49
Female 2(16.7) 2(16.7) 1(8.3) 4 (33.3) 3 (2-0-1) (25.0) 12
Male 6(16.2) 18 (48.6) 2 (5.4) 7(18.9) 4 (1-2-1) (10.8) 37
Age
-63 2(7.7) 14 (53.8) 1(3.8) 6 (23.1) 3(1-1-1) (11.5) 26
64— 6 (26.1) 6 (26.1 2(8.7) 5(21.7 4(2-1-1) (17.4) 23
Tumor differentiation
Well differentiated 4 (15.4) 9 (34.6) 1(3.8) 8 (30.8) 4 (2-1-1) (15.4) 26
Moderately differentiated 3 (15.0) 11 (55.0) 2 (10.0) 2 (10.0) 2 (0-1-1) (10.0) 20
Poorly differentiated 1(33.3) 0 (0.0) 0 (0.0) 1(33.3) 1 (1-0-0) (33.3) 3
Location of tumor
Ra 1(20.0) 0 (0.0) 0(0.0) 2 (40.0) 2 (1-1-0) (40.0) 5
Rb 5(17.2) 14 (48.3) 2 (6.9) 5(17.2) 3(0-1-2) (10.3) 29
RbP 2 (14.3) 6 (42.9) 0(0.0) 4 (28.6) 2 (2-0-0) (14.3) 14
P 0 (0.0) 0(0.0) 1(100.0 0(0.0) 0 (0-0-0) (0.0) 1
Primary tumor
T2 3(37.5) 3(37.5) 2 (25.0) 0 (0.0) 0 (0-0-0) (0.0) 8
T3 5(13.9) 15 (41.7) 1(2.8) 8(22.2) 7 (3-2-2) (19.4) 36
T4 0(0.0) 2 (40.0) 0 (0.0) 3 (60.0) 0 (0-0-0) (0.0) 5
Regional lymp
7 (24.1) 9(31.0) 4(13.8) 6 (20.7) 3(1-1-1) (10.3) 29
N(-)
N(+) 1(5.0) 10 (50.0) 1(5.0) 4 (20.0) 4 (3-1-0) (20.0) 20
Distant metast
MO 8(18.2) 19 (43.2) 3(6.8) 10 (22.7) 4 (1-2-1) (9.1) 44
M1 0(0.0) 1(20.0) (0.0) 1(20.0) 3 (2-0-1) (60.0) 5
TNM stage'
Stage 1 (T1, T2, NO) 3 (50.0) 1(16.7) 2 (33.3) 0 (0.0) 0 (0-0-0) (0.0) 6
Stage 2 (T3, T4, NO) 4(19.0) 8(38.1) 1(4.8) 6 (28.6) 2 (0-1-1) (9.5) 21
Stage 3 (N+) 1(5.9) 10 (58.8) 0 (0.0) 4 (23.5) 2 (1-1-0) (11.8) 17
Stage 4 (M+) 0(0.0) 1(20.0 0 (0.0) 1(20.0 3 (2-0-1) (60.0) 5
Stoma
8 (19.5 18 (43.9 2(4.9 8(19.5) 5(2-1-2) (12.2) 41
()
(+) 0(0.0) 2 (25.0) 1(12.5) 3(37.5) 2 (1-1-0) (25.0) 8
Operation
LAR? 0 (0. 2 (66.7) 0 (0.0) 1(33.3) 0 (0-0-0) (0.0 3
sLAR® 5 (45 5) 5 (45.5) 0 (0.0 0 (0.0) 1 (0-1-0) (9.1) 11
iSR* 1(12.5) 6 (75.0) 0 (0.0) 1(12.5) 0 (0-0-0) (0.0) 8
APR® 0(0.0) 6 (85.7) 0 (0.0) 1(14.3) 0 (0-0-0) (0.0) 7
Partial resection 2 (66.7) 1(33.3) 0 (0.0) 0 (0.0) 0 (0-0-0) (0.0) 3
No resection 0 (0.0) 0(0.0) 0 (0.0) 0(0.0) 1 (0-1-0) (100.0) 1
No operation 0(0.0) 0 (0.0) 3(18.8) 8 (50.0) 5 (3-0-2) (31.3) 16
Tumor staging was clinical, if available, by CT and MRI.
2Low anteriol resection.
3Super low anteriol resection.
“4Intersphincteric resection.
>Abdominoperineal resection.
Figure 6 shows changes in body temperature during Discussion

50 min irradiation according to the correlation between
TATO (Fig. 6A: 549, Fig. 6B: 429-548, Fig. 6C: 428) and
objective response. In patients in whom body temperature
increased, consequently had a good outcome (Fig. 6B),
and patients in whom body temperature did not increase,

still had a good outcome from this modality (Fig. 6C).

838

In the pilot study presented here, we demonstrated that 8
(24.2%) of 33 patients who underwent surgery and 16.3%
of total patients experienced ypCR and local CR, 6
(37.5%) of 16 patients who were not operated showed
local tumor control, 14 (28.6%) of 49 showed ypCR, CR,

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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Figure 2. Correlation between objective response and average total accumulated irradiation output (TAIO) in 36 patients. Pathological complete
response (ypCR) grade 3 and local complete response with distant progressive disease (CRPD) were seen in patients who could irradiate over 6.21
average TAIO, but not in those with 6.2 or lower average TAIO. ypCR was seen in 5 (19.2%) of 26 cases with over 6.21 TAIO. PR, partial
response; SD, stable disease.

10
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Figure 3. Correlation between objective response and total accumulated thermal output (TATO) in 36 patients. Local complete response with
distant progressive disease (CRPD), grade 2, 1b progressive disease (PD), and PD were seen in patients with 6.2 or lower and 525.1 or higher
TATO, but not in those with 433.1-525 TATO. PR, partial response; SD, stable disease.

® Grade 3 m Grade 2,1b,la =~ CR PR,SD CRPD wm grade 1b PD mPD

No. of case

429-548 429-548 549— ‘ —-428 429-548 549—

-6.2 6.21-10.43 10.44—

Figure 4. Correlation among objective response, total accumulated irradiation output (TAIO) and total accumulated thermal output (TATO) in 35
patients. In patients with 6.2 or lower TAIO, local complete response with distant progressive disease (CRPD), grade 2, 1b progressive disease
(PD), and PD were seen, while in those with 10.44 or lower TAIO, one CRPD patient was present in those with 549 or higher TATO. PR, partial
response; SD, stable disease.
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Figure 5. Changes in possible body temperature during 50 min irradiation based on the correlation between total accumulated irradiation output
(TAIO) (A: 10.44, B: 6.21-10.43, C: 6.2) and objective response. In patients with 6.21-10.43 TAIO pathological complete response (ypCR)
patients showed lower temperature (B), while in those with 10.44 or higher TAIO, ypCR patients showed higher temperature, but a CRPD patient
showed lower temperature (A). Data in the figure are presented as means with standard error (SEM).
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Figure 6. Changes in possible body temperature during 50 min irradiation according to the correlation between total accumulated thermal
output (TATO) (A: 549, B: 429-548, C: 428) and objective response. In patients with 429-548 TATO, patients with pathological complete
response (ypCR) showed significant increase in temperature (B), but there was no increase in those with 428 or lower TATO (C). Data in the

figure are presented as means with standard error (SEM).

or CRPD, and 7 (14.3%) of 49 had clinical PD. In 11
patients who received surgery and could be 6.21 or higher
TAIO and 429-548 TATO showed 4 (36.4%) ypCR
patients. Moreover, 90% of ypCR plus CR patients show
6.21 or higher TAIO and 429 or higher TATO.

We concluded that patients with less advanced cancer
(T2 > T3, T4) and those who could be treated with mild
hyperthermia such as 6.21-10.43 TAIO and 429-548
TATO could be beneficial from RF hyperthermic treat-
ment. But, because this study is a small sample, a conclu-
sion has a limit.

840

All medical treatments are quantitatively characterized
by defined parameters. It is essential to identify a parame-
ter to quantify the effect of hyperthermia, as noted in
other treatment modalities. If thermometry of one cancer
cell is possible in a clinical setting, the true intracellular
temperature can be measured, but this is impossible pres-
ently. Even in chemotherapy, the drug concentration in
one cancer cell is impossible to determine because of
tumor heterogeneity; consequently, the true intracellular
drug concentration cannot be evaluated in relationship
with its efficacy at present. As a result, the parameter in

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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chemotherapy, and in radiotherapy, mg/m® and Gy,
respectively, is used for standardized treatment as a refer-
ence point. In clinical setting, multi-institute studies on
both chemotherapy and radiotherapy have been per-
formed using these parameters. Even the surgical treat-
ment has no reference. For a long time, there was also no
research for reference points in hyperthermic therapy.

Efforts had been made to standardize dosimetric mea-
sures of microwave/RF exposure as Watts per kilogram
(W/kg) in 1981 by the National Council on Radiation
Protection and Measurement [13], but there has been no
new study until now.

We propose TAIO (W min~' m™?) as a quantitative
parameter of the RF hyperthermia device, which can be
used to determine the exact dose (output) of a RF hyper-
thermia device, contraindications or indications of this
treatment, conditions of optimal thermal treatment, limits
of the treatment, and treatment efficacy by multi-institu-
tional studies. As for the thermal factor, a thermometer
was placed on the skin on the lateral abdominal side for
simple and reproducible assessment of body temperature
in patients and the new parameter of TATO (°C min™*
m ) was defined as the hypothetical heat dosage in
patients. In terms of hyperthermia therapy, the most
important factor is the intratumor temperature of 42°C
during treatment [14]. However, due to tumor heteroge-
neity, even adequate intratumor temperature is not
enough to kill all cancer cells with heat. Hyperthermia
itself has several cellular effects that should be synergistic
with radiation-induced tumor cell death. Therefore, tar-
geting a combination of tumor-specific and DNA repair
pathways will not only enhance heat-induced radiosensiti-
zation in both chemotherapy and radiotherapy but will
also decrease the overall level of normal tissue toxicity
during radiotherapy, which could eventually help to
improve the sequential use of heat and radiation treat-
ment to obtain a better clinical outcome [15].

The term “mild” or “physiological range hyperthermia”
is found sporadically in basic research, but there are no
data regarding this in a clinical setting. Mace et al.
reported that antigen-specific activation of naive CD8" T
cells and their differentiation into effector cells are tem-
perature-sensitive events [16, 17]. These reports and our
results have shown positive effects of mild/physiological
hyperthermia on tumors when used along with chemora-
diation. However, from our results, temperature is liable
to depend on individuals. Our data suggest that certain
individuals may be able to increase the set point of core
temperature according to the output of RF irradiation.

On the other hand, side effects of hyperthermia are
caused by large reflections at the interfaces between soft
tissue and bone or air, which causes severe complications,
including pain, unpleasant sensations, and burns, in

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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5-16% patients, and even prevents treatment from being
efficacious [18-21]. It is necessary to accumulate high-
quality evidence by performing a multicenter study to
evaluate the relationship between adequate device condi-
tion, adequate total radiation dose, and adequate chemo-
therapeutic regimes and dose in cancer patients together
with a study of prophylaxis for complications.

Radiation therapy has become a treatment modality for
many types of cancer, but is associated with long-term
adverse effects. Therefore, good local tumor control with-
out good survival has been reported in patients after radi-
ation therapy [22]. Gérard et al. [6] summarized four
randomized trials of neoadjuvant treatment for rectal can-
cer, with ypCR ranging from 13% to 20% and grade 3
ranging from 6% to 25%. Chemotherapy consisting of
oxaliplatin has also shown to increase ypCR rate and
grade 3 toxicity [23-25]. Huang et al. [26] recently sum-
marized the results from previously published studies on
the efficacy of preoperative radiotherapy plus capecitabine
(825-850 mg/m” twice daily, 5 days/week) in the treat-
ment of locally advanced rectal cancer showing ypCR
rates ranging from 6.7% to 31% and grade 3+ acute tox-
icities were noted in 5-15% of patients.

In this study, we used TomoTherapy® for treatment,
which has potential advantages for rectal cancer patients,
such as confirmation of the exact shape and location of a
colorectal tumor, and decreased treatment-related side
effects by minimizing damage to nearby healthy tissue. De
Ridder et al. [27] first reported the efficacy of helical To-
moTherapy® (23 fractions of 2 Gy within 5 weeks) on rec-
tal cancer, with which only one patient developed grade 3,
and this modality might decrease gastrointestinal toxicity.

The positive outcome of IRMT plus capecitabine was
shown in ypCR rates ranging from 14.1% to 30.6% with
grade 3 rates from 11.1% to 17.6% [26,28], but these
reports did not mention PD cases. Lu et al. [29] only
reported a ypCR of 20% with grade 3 at 22%, and PD in
17% of cases. Reports of controlled trials also did not
mention PD. Thus, it is likely that PD cases were missed
in these studies. Consequently, good local control out-
comes did not correlate with good survival in patients.
The timing of surgery after chemoradiation must be
reconsidered in the future.

From our results and reports, the following two ques-
tions are raised:

1 Why did the body temperature of ypCR patients
increase in patients who could be irradiated with a
TAIO of 10.44 and higher, but not in CRPD patients?

2 Why was ypCR not seen in cases of a TAIO of 6.2 or
lower?

Based on published literature, ypCR rate is less at 10—
15% for rectal cancer patients treated with neoadjuvant
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CRT. RF therapy may offset the chemoradiation effect in
these patients.

In the former patients, those with low body tempera-
ture showed ypCR. This result may be help to predict the
response of patients to hyperthermia. The set point of
core temperature in an individual will be a key in predict-
ing the RF response.

As for the latter, we must have fully defined strategies
such as shifting patients who received low output irradia-
tion because of complication at present to those with
more output irradiation by preventing complications.

We conclude that standardization of RF hyperthermia
using an 8 MHz RF capacitive heating device can be
established as a potential new treatment for rectal cancer
concomitant with chemoradiation therapy.

Adding RF hyperthermia has shown good local control
and low toxicity [30], and if the aforementioned prob-
lems are solved, this new combined modality provides
another potential treatment in patients with rectal cancer.
A randomized control study can be planned for the future
using a new strategy, which consists of lower Gy and
lower chemotherapeutic dose than that currently concom-
itant with neothermia, which can lead to good survival of
patients with rectal cancer.

Acknowledgment

We thank all participating patients and also radiological
technicians, S. Suda, K. Sugawara, and K. Jinbo for their
assistance.

Conflict of Interest

None declared.

References

1. Bosset, J. F., L. Collette, G. Calais, L. Mineur, P. Maingon,
L. Radosevic-Jelic, et al. 2006. Chemotherapy with
preoperative radiotherapy in rectal cancer. N. Engl. J. Med.
355:1114-1123.

2. Gerard, J. P., T. Conroy, F. Bonnetain, O. Bouché¢, O.
Chapet, and M. T. Closon-Dejardin, et al. 2006.
Preoperative radiotherapy with or without concurrent
fluorouracil and leucovorin in T3—4 rectal cancers:
results of the FFCD 9203. J. Clin. Oncol. 24:4620-4625.

3. Bosset, J. F., G. Calais, L. Mineur, P. Maingon, S.
Stojanovic-Rundic, R. J. Bensadoun, et al. 2014.
Fluorouracil-based adjuvant chemotherapy after
preoperative chemoradiotherapy in rectal cancer: long-term
results of the EORTC 22921 randomised study. Lancet
Oncol. 15:184-190.

4. Roussakow, S.. 2013. The history of hyperthermia rise
and decline. P. 40 in Conference Papers in Medicine.

842

10.

11.

12.

13.

14.

15.

16.

H. Shoiji et al.

Volume 2013, Article ID 428027. Available at http://
dx.doi.org/10.1155/2013/428027/ (accessed 24 January
2015).

. Roussakow, S. 2013. Critical analysis of randomized trials

on hyperthermia: dubious effect and multiple biases. P. 31
in Conference Papers in Medicine. Volume 2013. Article
ID 412186. Available at http://dx.doi.org/10.1155/2013/
412186/ (accessed 24 January 2015).

. Gérard, J. P., D. Azria, S. Gourgou-Bourgade, I. Martel-

Lafay, C. Hennequin, P. L. Etienne, et al. 2012. Clinical
outcome of the ACCORD 12/0405 PRODIGE 2
randomized trial in rectal cancer. J. Clin. Oncol. 30:4558—
4565.

. Asao, T., H. Sakurai, K. Harashima, S. Yamaguchi, S.

Tsutsumi, T. Nonaka, et al. 2006. The synchronization of
chemotherapy to circadian rhythms and irradiation in pre-
operative chemoradiation therapy with hyperthermia for
local advanced rectal cancer. Int. J. Hyperthermia 22:399—
406.

. Tsutsumi, S., Y. Tabe, T. Fujii, S. Yamaguchi, T. Suto, R.

Yajima, et al. 2011. Tumor response and negative distal
resection margins of rectal cancer after
hyperthermochemoradiation therapy. Anticancer Res.
31:3963-3967.

. Japanese Colon Cancer Association. 2013. Japanese

classification of colon carcinoma. 8th ed. Kanehara, Tokyo,
Japan.

DuBois, D., and E. F. DuBois. 1916. A formula to estimate
the approximate surface area if height and weight be
known. Arch. Intern. Med. 17:863-871.

Therasse, P., S. G. Arbuck, E. A. Eisenhauer, J. Wanders, R. S.
Kaplan, L. Rubinstein, et al. 2000. New guidelines to evaluate
the response to treatment in solid tumors: European
Organization for Research and Treatment of Cancer,
National Cancer Institute of the United States, National
Cancer Institute of Canada. J. Natl. Cancer Inst. 92:205-216.
U.S. National Cancer Institute, Cancer Therapy Evaluation
Program. 2014. Common terminology criteria for adverse
events (CTCAE). Available at http://ctep.cancer.gov/
protocolDevelopment/electronic_applications/ctc.htm
(accessed 19 August 2014).

Michaelson, S. M. 1982. The influence of radiofrequency/
microwave energy absorption on physiological regulation.
Br. J. Cancer Suppl. 5:101-107.

Cavaliere, R., E. C. Ciocatto, B. C. Giovanella, C.
Heidelberger, R.O. Johnson, M. Margottini, et al. 1967.
Selective heat sensitivity of cancer cells. Biochemical and
clinical studies. Cancer 20:1351-1381.

Pandita, T. K., S. Pandita, and S. R. Bhaumik. 2009.
Molecular parameters of hyperthermia for
radiosensitization. Crit. Rev. Eukaryot. Gene Expr. 19:235—
251.

Mace, T. A., L. Zhong, C. Kilpatrick, E. Zynda, C.T. Lee,
M. Capitano, et al. 2011. Differentiation of CD8+ T cells

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.


http://dx.doi.org/10.1155/2013/428027/
http://dx.doi.org/10.1155/2013/428027/
http://dx.doi.org/10.1155/2013/412186/
http://dx.doi.org/10.1155/2013/412186/
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm
http://ctep.cancer.gov/protocolDevelopment/electronic_applications/ctc.htm

H. Shoji et al.

17.

18.

19.

20.

21.

22.

23.

into effector cells is enhanced by physiological range
hyperthermia. J. Leukoc. Biol. 90:951-962.

Xu, Y., J. Choi, B. Hylander, A. Sen, S. S. Evans, W. G.
Kraybill, et al. 2007. Fever-range whole body hyperthermia
increases the number of perfused tumor blood vessels and
therapeutic efficacy of liposomally encapsulated
doxorubicin. Int. J. Hyperthermia 23:513-527.

Van der Zee, J., B. Van der Holt, P. J. M. Rietveld, P. A.
Helle, A. J. Wijnmaalen, W. L. van Putten, et al. 1999.
Reirradiation combined with hyperthermia in recurrent
breast cancer results in a worthwhile local palliation. Br. J.
Cancer 79:483—490.

Hiraoka, M., S. Jo, K. Akuta, Y. Nishimura, M. Takahashi,
M. Abe. 1987. Radiofrequency capacitive hyperthermia for
deep-seated tumors II. Effect of thermoradiotherapy.
Cancer 60:128-135.

Lee, C. K., C. W. Song, J. G. Rhee, J. A. Foy, S. H. Levitt.
1995. Clinical experience using 8 MHz radiofrequency
capacitive hyperthermia in combination with radiotherapy:
results of a phase I/II study. Int. J. Radiat. Oncol. Biol.
Phys. 32:733-745.

Woust, P., H. Stahl, J. Loffel, M. Seebass, H. Riess, R. Felix.
1995. Clinical, physiological and anatomical determinants
for radiofrequency hyperthermia. Int. J. Hyperthermia
11:151-167.

Gerard, J. P., Y. Rostom, J. Gal, D. Benchimol, C.
Ortholan, C. Aschele, et al. 2012. Can we increase the
chance of sphincter saving surgery in rectal cancer with
neoadjuvant treatments: lessons from a systematic review
of recent randomized trials. Crit. Rev. Oncol. Hematol.
81:21-28.

Ricardi, U., P. Racca, P. Franco, F. Munoz, L. Fanchini, N.
Rondi, et al. 2013. Prospective phase II trial of
neoadjuvant chemo-radiotherapy with oxaliplatin and
capecitabine in locally advanced rectal cancer
(XELOXART). Med. Oncol. 30:581.

© 2015 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

24.

25.

26.

27.

28.

29.

30.

Hyperthermia for Rectal Cancer

Landry, J. C., Y. Feng, S. J. Cohen, C. A. Staley 3rd, R.
Whittington, E.R. Sigurdson, et al. 2013. Phase 2 study of
preoperative radiation with concurrent capecitabine,
oxaliplatin, and bevacizumab followed by surgery and
postoperative 5-fluorouracil, leucovorin, oxaliplatin
(FOLFOX), and bevacizumab in patients with locally
advanced rectal cancer: ECOG 3204. Cancer 119:1521—
1527.

Passoni, P., C. Fiorino, N. Slim, M. Ronzoni, V. Ricci, S.
Di Palo, et al. 2013. Feasibility of an adaptive strategy in
preoperative radiochemotherapy for rectal cancer with
image-guided tomotherapy: boosting the dose to the
shrinking tumor. Int. J. Radiat. Oncol. Biol. Phys. 87:67—
72.

Huang, M. Y., C. F. Chen, C. M. Huang, H. L. Tsai, Y.
S. Yeh, C. J. Ma, et al. 2014. Helical tomotherapy
combined with capecitabine in the preoperative
treatment of locally advanced rectal cancer. Biomed. Res.
Int. 2014:352083.

De Ridder, M., K. Tournel, Y. Van Nieuwenhove, B.
Engels, A. Hoorens, H. Everaert, et al. 2008. Phase II study
of preoperative helical tomotherapy for rectal cancer. Int.
J. Radiat. Oncol. Biol. Phys. 70:728-734.
Hernando-Requejo, O., M. Ldpez, A. Cubillo, A.
Rodriguez, R. Ciervide, J. Valero, et al. 2014. Complete
pathological responses in locally advanced rectal cancer
after preoperative IMRT and integrated-boost
chemoradiation. Strahlenther. Onkol. 190:515-520.

Ly, J. Y, Y. Xiao, H. Z. Qiu, B. Wu, G. L. Lin, L. Xu,

et al. 2013. Clinical outcome of neoadjuvant
chemoradiation therapy with oxaliplatin and capecitabine
or 5-fluorouracil for locally advanced rectal cancer. J. Surg.
Oncol. 108:213-219.

Berdov, B. A., and G. Z. Menteshashvili. 1990.
Thermoradiotherapy of patients with locally advanced
carcinoma of the rectum. Int. J. Hyperthermia 6:881-890.

843



