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HYPERTHERMIA COMBINED WITH RADIATION THERAPY FOR PRIMARILY
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The value of adjuvant hyperthermia to radiotherapy in the treatment of locally advanced colorectal cancers was
investigated. Between 1981 and 1989, 71 primarily unresectable or recurrent colorectal tumors were treated with
radiotherapy at the Department of Radiology, Kyoto University Hospital. Of the 71 tumors, 35 were treated with
radiotherapy plus hyperthermia (group I), while 36 tumors (group II) were unsuitable for hyperthermia mainly
because of difficulties with the insertion of temperature probes or the thickness of the patient’s subcutaneous fat
(> 2 cm). The mean total radiation dose was 58 Gy and 57 Gy for groups I and II, respectively. Thirty deep-seated
pelvic tumors were treated with an 8 MHz radiofrequency capacitive heating device, and five subsurface tumors
were treated with a 430 MHz microwave hyperthermia system. Hyperthermia was given following radiotherapy
for 30-60 min for a total of 2-14 sessions (mean 5.7). In 32 of the 35 tumors heated, direct measurement of tumor
temperature was performed. For the five tumors treated with the microwave heating device, the means of the mean
maximum, average, and minimum measured intratumoral temperatures were 45.4°C, 43.3°C, and 40.6°C, respec-
tively. The corresponding values were 42.2°C, 41.3°C, and 40.3°C for the 27 tuimors treated with the capacitive
heating device. Effective heating of deep-seated pelvic tumors was more difficult than heating of abdominal wall
or perineal tumors. The local control rate at 6 months after the treatment, which was defined as absence of local
progression of the tumors, was 59% (17/29) and 37% (11/30) for groups I and 11, respectively. The objective tumor
response rate (complete regression plus partial response) evaluated by computed tomography was 54% (19/35) in
group I, whereas it was 36% (10/28) in group II. A better response rate of 67% was obtained in the 15 tumors with
a mean average tumor temperature of > 42°C. Although limitation of our current heating devices exist, the com-
bination of hyperthermia with radiotherapy is a promising treatment modality in the treatment of locally advanced

colorectal cancer.

Locally advanced colorectal cancer, Regional hyperthermia, Radiation therapy.

INTRODUCTION

Approximately 10%-20% of patients-with colorectal can-
cer have locally advanced unresectable tumors when first
diagnosed, and patients with these tumors have a very
poor prognosis for survival unless the lesions can be made
resectable (3, 12, 14, 20). In these patients with primarily
unresectable colorectal cancer, preoperative radiation
therapy (RT) has been reported to result in resectability
in 39% to 68% of the patients in six different series (3, 12,
14, 20, 22). Unfortunately, however, many patients who

were resected for cure still failed in the pelvic region, and
the survival for those who could not be resected was dis-
mal. The use of adjuvant hyperthermia (HT) with pre-
operative RT should be tested in patients with unresect-
able tumors in an attempt to improve the resectability
and local control.

An additional situation for a trial of adjuvant HT is in
patients with recurrent colorectal cancer. The local re-
currence rate following radical surgery for tumors of the
rectum and the rectosigmoid colon is 30%-50% if there
is tumor extension through the bowel wall or in combi-
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nation with nodal involvement (22, 23). The results of
RT alone in recurrent colorectal cancer are extremely
poor. Ciatto and Pacini reported only three percent 5-
year survival rate in 108 patients with post-surgical re-
currence in the pelvis following RT alone (4). An apparent
dose relationship has been demonstrated for control of
recurrent colorectal cancers by RT (19), and doses must
be increased to 60 to 70 Gy or more if long-term control
of disease or possible cure is desired (6). The radiation
tolerance of adjacent normal tissues may limit the ability
to deliver such high tumoricidal doses. Therefore, the ad-
dition of HT to RT may aid in obtaining local control.

One of the most serious problems in performing clinical
HT tnals is the difficulty in heating deep-seated tumors
including locally advanced or recurrent colorectal cancers
(5). Our group has developed potential deep-heating de-
vices by using a radiofrequency (RF) capacitive method
(1), and has reported that they can heat various tumor
sites to a therapeutic range in selected patients (8). In
addition to the RF capacitive heating devices, a 430 MHz
microwave (MW) hyperthermia system using a lens ap-
plicator, which can heat subsurface tumors with a max-
imum tumor depth of 5-6 cm, was developed recently
(15, 17). By using the two types of heating devices, we
have treated locally advanced or recurrent colorectal can-
cers with adjuvant HT in conjunction with RT. We report
here the results of regional HT plus RT for unresectable
or recurrent colorectal cancers, together with an analysis
of the thermometry, tumor response, and toxicity. The
results were compared with those for advanced rectal can-
cers treated with RT alone during the same period.

METHODS AND MATERIALS

Patients population

Between January 1981 and May 1989, 74 patients with
primarily unresectable or locally recurrent colorectal can-
cer were registered at the Department of Radiology, Kyoto
University Hospital. Although prophylactic RT following
radical resection of rectal cancer and RT for metastatic
lesions from colorectal cancer were undertaken during
the same period, these patients were not included in this
study. Of the 74 patients, five patients could not receive
more than 30 Gy of irradiation because of their poor gen-
eral condition, four patients received postoperative RT
after resection of locally recurrent rectal cancer, and three
patients received intraoperative RT after resection of pri-
marily unresectable or locally recurrent colorectal cancer.
These 12 patients were excluded from this analysis. Thus,
the remaining 62 patients were enrolled in this study.

Of the 62 patients, seven patients received re-irradiation
to the recurrent tumors after initial RT to recurrent co-
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lorectal cancers, one patient received re-irradiation to a
pelvic wall recurrence after RT to an unresectable rectal
cancer, one patient received re-irradiation to a recurrent
tumor in the hip after RT to a perineal recurrent tumor,
and one patient received re-irradiation to a pelvic recur-
rence after prophylactic RT following curative resection
of a rectal cancer. Because all the 10 patients had received
definitive dose irradiation to the pelvic region (50-78 Gy),
re-irradiation was limited to gross disease with various
techniques to minimize the dose to normal tissues. A
mean total radiation dose of 46.7 Gy (range: 40-51 Gy)
was given. Four of the 10 tumors were treated with RT
plus HT at re-irradiation. An average interval between
initial RT and re-irradiation was 12 months (range: 5-20
months).

The 71 tumors treated include 10 re-irradiated tumors,
and 35 tumors in 33 patients were treated with HT in
conjunction with RT (Group I). The remaining 36 tumors
in 33 patients were treated with RT alone (Group II).
Four patients were entered into both treatment groups
because treatment modalities were different at initial
treatment and re-irradiation. This study was not a ran-
domized one, and the selection of patients for the com-
bined treatment was based mainly on the feasibility of
HT treatment. Reasons for excluding HT in group II pa-
tients were as follows: five patients were treated before
the installation of an 8 MHz radiofrequency (RF) capa-
citive heating device® in 1983; eight patients had pelvic
subcutaneous fat which exceeded 2 ¢cm in thickness, and
were not treated with HT because of potential of over-
heating the subcutaneous fat tissue by the RF capacitive
device; nine patients had relatively small tumors that were
located deep in the true pelvis which precluded the in-
sertion of temperature probes into the tumors; seven pa-
tients were excluded because of poor general condition,
disseminated disease, or advanced age (> 80 y.o.). Three
patients refused HT after one trial HT session. All the
three HT sessions were terminated within 30 min at the
patient’s request, and tumor temperatures had not reached
the therapeutic temperature range, so these tumors were
classified into Group II.

Table 1 shows the characteristics of the tumors in the
two groups. All tumors were adenocarcinoma. Group I
included seven patients with primarily unresectable co-
lorectal cancers, while Group II included two patien.. with
primarily unresectable rectal cancers. All patients with
primarily unresectable colorectal cancers had been re-
ferred to our department after an exploratory laparotomy
and colostomy had found the tumors were unresectable.

- All 10 patients with colon cancers were entered into the

combined modality group. All the unresectable or recur-

~ rent colon tumors that invaded the adjacent abdominal

wall, and readily permitted the percutaneous insertion of

* Thermotron RF8, Yamamoto Vinyter Co., Ltd. Osaka,
Japan.
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Table 1. Characteristics of the tumors treated

RT + heat RT alone
(Group I) (Group II)
No. of tumors 35 36
No. of patients 33 33
State of tumors :
Primary rectal ca. 5 . 2
Recurrent rectal ca. 20 34
Primary colon ca. 2 0
Recurrent colon ca. 8 0
Tumor volume (cm?) 195 +37* 49 + gt
Total RT dose (Gy) 58 £ 1.7 57+ 1.3
(range) (40-70) (40-70)
Previous RT 4 6
(range, Gy) (59-78) (50-67)
No. of hyperthermia 57+ 04 —
(range) (2-14)
Chemotherapy 3 3

RT = Radiation therapy.
* Mean * standard error.
* Group I vs. Group II; p < 0.001.

temperature probes safely and easily, were treated with
HT. These mostly subsurface tumors could be easily
heated to therapeutic temperatures by our heating devices.
Therefore, all these colon tumors were treated with HT.
The mean tumor volume in Group I was significantly
larger than that in Group II (p < 0.001). This difference
was attributable to the difficulties with the insertion of
temperature probes into the small tumors. The mean total
radiation doses in the two groups were quite similar, and
all the tumors received more than 40 Gy irradiation. Four
tumors in Group I and six tumors in Group Il were re-
irradiation cases as mentioned above.

Both groups included three patients each who were
treated with concomitant chemotherapy during the course
of RT, although no specific chemotherapy protocol ex-
isted. For one patient with primarily unresectable rectal
cancer in group I, 50 mg of cisplatinum (CDDP), 6 mg
of mitomycin-C(MMC), and 250 mg of 5-fluorouracil
(5FU) were administered during HT treatment, with an
additional 500 mg of SFU given in the following 2 days.
For another patient with recurrent colon cancer in group
I, 10 mg of adriamycin (ADR), 3 mg of MMC, and 500
mg of SFU were administered on the day of HT, and the
same regimen was repeated again | week later. For the
remaining patient in group I, 10 mg of MMC was given
during the course of RT, but not on the day of HT. For
group II, one patient received two courses of combining
chemotherapy of 8 mg of MMC and 2400 mg of SFU.
SFU was administered by continuous drip infusion for
72 hr in this patient. Another patient in group II received
four courses of 50 mg of CDDP with 1 week interval
between doses. The remaining patient in group II was

treated with 15 mg of ADR and 3 mg of MMC once
during the course of RT.

Hyperthermia equipment

Two different devices were used in this study. An 8
MHz RF capacitive heating device, which has two metal
plates placed on opposite side of the tissue volume to be
heated and connected to an 8 MHz RF generator, was
used in the treatment of the pelvic deep-seated tumors
(1). In most cases, a 25-cm electrode was paired opposite
either a 25-cm or 21-cm electrode. An overlay bolus,
through which salt solution controlled at 5°C was per-
fused, was inserted between the electrodes and the body
to avoid the edge heating effect and excessive heating of
subcutaneous fat (24). :

For more superficial sites, for example abdominal wall
recurrence of colorectal cancer, a 430 MHz microwave
(MW) hyperthermia system with a lens applicator’ was
used. The MW hyperthermia device was installed at our
department in 1988, and five recent subsurface tumors
were treated with it. This heating system was developed
to increase the penetration depth of MW by use of a lens
applicator. A four-aperture lens applicator with total ap-
erture size of 21 X 8 cm with three metal plate inside it
was used. These metal plates control the phase of the elec-
tromagnetic field in the aperture, and produce a conver-
gent MW effect (15, 17). Our initial clinical results with
the 430 MHz MW hyperthermia system revealed good
heating of localized subsurface tumors with a maximum
tumor depth of 5-6 cm (17).

Hyperthermia and temperature measurement

Hyperthermia was applied 10-30 min after RT once a
week for a total of 2 to 14 sessions (mean 5.7 sessions),
although in some early cases HT was applied twice weekly.
We intended to treat tumors with at least five HT sessions.
However, 10 tumors were treated with less than five ses-
sions because of a short total treatment period in five
cases, inadequate heating in four cases, and patient’s re-
fusal in one case. In each HT session, we tried to maintain
all monitored tumor temperatures above 42°C for 30-40
min. However, it was not possible to achieve the intended
treatment temperature in most cases. Therefore, we ad-
ministered HT at the maximum power tolerable by the
patient, and terminated after the power had been on for
40-60 min. The blood pressure and pulse rate were mon-
itored during HT.

For the 35 tumors in group I, 178 HT sessions were
performed using the RF capacitive heating device for 32
tumors, and 23 HT sessions were done by the MW heating
device for five tumors. Two abdominal wall recurrent tu-
mors were treated with the RF heating device initially.
However, the two patients refused treatment by the device

t HTS-100, Tokimec, Tokyo, Japan.



762 1. J. Radiation Oncology @ Biology @ Physics

because of heat pain after one or two HT sessions, re-
spectively. So, the following five or four HT sessions for
the tumors were given by the MW heating device. These
two tumors were classified as tumors treated by the MW
heating device in the evaluation of tumor response.

Temperature was measured using a single-point or
multipoint microthermocouple sensor, which was inserted
into the tumor through a 21-gauge catheter. Because most
tumors were located deep in the pelvic cavity, it was clin-
ically impossible to insert many catheters into the tumors.
Therefore, only one or two catheters were inserted into a
tumor as deeply as possible either transcutaneously or
through the anus, with the aid of ultrasound, computed
tomography (CT), or by palpation. For two patients with
unresectable or recurrent colorectal cancers, catheters for
thermometry were inserted at laparotomy.

Of the total 201 HT sessions, direct measurements of
intratumoral temperature were performed in 169 HT
(84%) sessions for 32 tumors. During 115 of the 169 HT
sessions, the thermal distribution within the tumor was
obtained by moving a thermal sensor (87 sessions) or a
multipoint sensor (28 sessions). On the other hand, only
one point in a tumor was monitored in the remaining 54
sessions.

For the MW heating device, tumor temperatures were
monitored every 24 seconds at 3-6 points (mean 4.3) by
multipoint sensors (17). However, for most HT treatments
by the RF heating device, a single-point sensor was used.
In this case, a temperature of the deepest point from the
surface was monitored continuously, and thermal distri-
bution within a tumor and the surrounding normal tissue
was obtained by moving the sensor at 1 cm intervals along
each catheter track. Temperature maps were usually ob-
tained twice at 15-25 min after the start of treatment and
at the end of treatment because tumor temperatures
equilibrated within 20 min of the treatment in most cases.
Thermal maps were done immediately after turning off
the RF power, because most insertion points of thermal
probes were covered by the large electrodes and the over-
lay bolus. Therefore, frequent thermal mapping was not
possible in this study. The mean and standard deviation
of the intratumoral mapping points for each treatment
were 5.8 + 3.1 with a range of 2 to 17.

Definition of thermal parameters

For the analysis of thermal data obtained, several ther-
mal parameters were defined as follows.

1. Tmax; Tmin, and Tav are the maximum, minimum
and average temperatures of all recorded intratumoral
temperatures during a steady state and at the end of treat-
ment. A steady state was defined 10 min after the start of
HT for the MW heating device, and 20 min after the start
of HT for the RF heating device, even if the temperatures
showed slight gradual increase in some tumors.

2. F(41°QC) is a sampling fraction of the thermal map-
ping temperature measurements at the end of treatment
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which exceeded 41°C within a particular thermometry
probe tract.

Tav was both a spatial and temporal average in 115
HT sessions in which thermal distributions were obtained,
although Tav was just a temporal average in 54 HT ses-
sions in which tumor temperatures at a single tumor point
could be monitored. In the latter case, Tmax, Tmin and
F(41°C) could not be obtained.

All the parameters were determined for each HT ses-
sion, and averages of these parameters were calculated
over all treatments for a given tumor (Tmax, Tmin,
Tav, F(41°C)). In addition, we defined a HT session as
effective when any intratumoral temperature exceeded
42°C for more than 20 min. We did not calculate a ther-
mal dose as equivalent time at 43°C because continuous
multipoint thermometry was available for only five tu-
mors treated with the MW heating device. Figure 1 shows
the temperature profile of a recurrent rectal cancer treated
with the 8 MHz RF capacitive heating device.

Radiation therapy
Irradiation was mainly delivered by a 10 MV linear
accelerator, although a cobalt-60 apparatus and electron
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Fig. 1. The temperature profile of a recurrent rectal tumor in
the true pelvis. A catheter for a thermometry probe (arrows) was
inserted at laparotomy into the deepest portion of the tumor.
This temperature profile was obtained at the end of 50 min
heating with the Thermotron RF8. In this particular heat session,
Tmax, Tav, Tmin, and F(41°C) were 42.4°C, 41.9°C, 41.5°C,
and 100%, respectively.
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beams were used for some tumors. In the majority of the
patients, an irradiation dose of 40-50 Gy was given
through anterior-posterior portals encompassing the tu-
mor with a margin, and a 10-20 Gy boost dose delivered
to the tumor with various techniques. Except for one tu-
mor, a conventional fractionation scheme was used; that
is, 1.6-2.1 Gy per day, 5 days a week, to a total dose of
40-70 Gy.

Evaluation of tumor response

The change in tumor volume was determined mainly
by CT scan, which was performed every 2-3 months after
treatment. Tumor response was evaluated both when the
tumor showed maximum regression and when the regres-
sion had continued for more than 4 weeks. Grading of
tumor response was as follows: complete tumor regression

(b)

Fig. 2. (a) CT scan of a recurrent rectal cancer invading the
bladder. This tumor received a total of 66 Gy of irradiation in
combination with 14 sessions of RF capacitive hyperthermia
(Tav = 43.9°C). (b) Although no tumor regression was noted 3
months after the combined treatment, a marked low density
area was demonstrated by CT scan. Needle biopsy performed
at this time revealed coagulation necrosis and fibrosis, without
any viable tumor cells. This tumor had not regrow by 10 months
after the treatment when the patient died of distant metastases.

was designated as complete regression (CR), 50-99%
regression in volume as partial regression (PR), and less
than 50% regression as no regression (NR).

For intrapelvic colorectal tumors, distinguishing tumor
tissues from fibrotic scars by CT scan is often quite dif-
ficult. In addition, some effectively heated tumors showed
an intratumoral low density area on post-treatment CT
scan (Fig. 2). These tumors can remain at the same tumor
volume without progression for long time (17). Therefore,
the local control was also evaluated in this analysis. Local
control was defined as the absence of local tumor pro-
gression based on clinical and roentgenological exami-
nations.

Statistics

Following Snedecor’s F-test, the Student’s t-test or
Welch’s t-test was used to assess the significance of dif-
ference. Chi-squared test was also used.

RESULTS

Thermometry results

Our treatment goal of HT, that is Tmin of > 42°C for
> 30 min, was achieved only in 15 HT sessions (13%) of
the 115 sessions in which thermal distributions were ob-
tained. If we defined HT sessions as effective when any
intratumoral point exceeded 42°C for > 20 min, 90 HT
sessions (53%) of the 169 sessions in which direct tumor
temperature measurement was done were effective. Tav-
of more than 42°C was achieved in 15 (47%) of the 32
tumors.

Significant difference in thermal parameters excluding
Tmin was noted between the two heating devices. The
mean of Tmax, Tav, Tmin, and F(41°C) for the five sub-
surface tumors treated with the HTS-100 were 45.4°C,
43.3°C, 40.6°C, and 90%, respectively. Similarly, the
value were 42.2°C, 41.3°C, 40.3°C, and 60% for the 27
deep-seated tumors treated with the 8 MHz RF heating
device. Table 2 shows the thermal parameters according
to the treatment site. Tumors located in the abdominal
wall or hip were the most easily heated, followed by tumors
in the perineum. It was difficult to heat tumors located
in the true pelvis or in the para-aortic region.

Tumor response and local control

Tumor response and local control in the treated volume
were analyzed according to treatment modality. Table 3
shows the local control rates in the two treatment groups.
The local control rates were 59% at 6 months and 31%
at 12 months after treatment for group I, while the cor-
responding values were 37% and 22% for group II. The
difference in the local control rates between the two groups
were not statistically significant. Three tumors in group I
were radically resected after the combined treatment be-
cause of the regression of the tumors. If we regard the
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Table 2. Temperature parameters for each treatment site

Temperature parameters

Treatment site Tmax (°C) Tav (°C) Tmin (°C) F (41°C) (%)
Abdominal wall and hip*
n=8) . 442 + 2.1t 426 +1.3 40.5 £ 0.7 86 £ 10
Perineum (n = 5) 43.1 + 1.7 422+ 1.2 40.5 £ 1.1 53+33
Pelvis (n = 18) 42.1+1.5 412+ 1.5 40.1 £ 1.1 54 + 34
Paraaorta (n = 1) 39.4 39.0 38.6 0

* All of the five tumors treated with the MW heating device were classified into this subgroup.

t Mean + standard deviation.

three tumors as being locally controlled, the local control
rates for group I were 63% at 6 months and 38% at 12
months.

Objective tumor response could be evaluated in 35 tu-
mors for group I and 28 tumors for group II, excluding
eight group II tumors without posttreatment CT scan. In
group I, four tumors (11%) exhibited CR, and 15 tumors
(43%) exhibited PR (total of 54%). The four CR cases
were: one primarily unresectable rectal cancer, one locally
recurrent rectal cancer, one post-RT recurrent rectal tu-
mor in the hip region, and one abdominal wall recurrence
of colon cancer. None of these tumors have shown local
recurrence in follow-up periods of 26, 36, 30, and 1 month,

‘respectively. One patient with an abdominal wall recur-
rence of colon cancer died of intestinal perforation 1
month after treatment, and at autopsy no malignant cells
were found in the abdominal wall histologically. The in-
testinal perforation had occurred after intestinal obstruc-
tion of 2 to 3 months because of the involvement of an
intestine loop by tumor. Although the site of the perfo-

ration was not identified by autopsy, no sign of heat dam--

age was noted in the intestinal loop pathologically. Fifteen
PR tumors in group I consisted of four primarily unre-
sectable colorectal cancer, six locally recurrent rectal tu-
mors in the true pelvis or perineum, three recurrent co-
lorectal cancer in the abdominal wall, and two cases of
para-aortic lymph nodes metastasis from colon cancer.
Two of the four primarily unresectable colorectal cancers
were finally resected radically as the tumors regressed with

Table 3. Local control rate*

RT + heat ) RT
Treatment (Group I) (Group II)
No. of tumors 35 36
At 6 months 17/29 (59%) 11/30 (37%)
At 12 months 8/26 (31%) 6/27 (22%)
No. of tumors resected 3 0
Follow up lost or, drop
out case' 3 6

* Local control was defined as absence of local progression.
" Drop out case: patients who died within 6 months after
treatment without tumor progression.

the combined treatment. In both cases, histological study
of the resected specimen revealed fibrosis and necrosis of
the tumor, with several clusters of degenerated tumor cells
found in the muscular layers. In addition, another pri-
marily unresectable rectal cancer, for which tumor re-
sponse was NR, could be resected radically following the
combined treatment. In this tumor, viable tumor cells
were noted in the resected specimen.

In group II, two tumors (7%) showed CR. Both of the
tumors were recurrent rectal cancer, and both have not
shown local recurrence in follow-up periods of 13 and 30
months, respectively. Eight tumors (29%) showed PR.
There were six locally recurrent rectal tumors, and two
cases of pelvic and inguinal lymph nodes metastasis.

Table 4 shows tumor response by type of the tumors
in the two groups. The tumor response rate (CR + PR)
was 54% for Group I and 36% for Group II but the dif-
ferences were not significant. Primarily unresectable co-
lorectal cancer in group I showed a better response rate
(71%) than those in Group II. On the other hand, the
response rate of recurrent tumors in Group I were not so
different from those in Group II. Although the number
of re-irradiated tumors were small, better responses were
observed in group I. Out of four re-irradiated tumors in
Group I, one showed CR and another PR. However, no
responders were noted in three Group II tumors.

Table 5 shows the tumor response rate according to
the total radiation dose. In Group II, only two tumors

Table 4. Tumor response by type of the tumors

Tumor response

Type of tumors CR PR NR CR + PR
Group I (RT + heat)
Primary tumors 1 4 2 71% (5/7)
Recurrent tumors 2 10 12 50% (12/24)
Re-irradiated tumors 1 1 2 50% (2/4)
Total 4 15 16 54% (19/35)
Group II (RT)
Primary tumors 0 0 2 0% (0/2)
Recurrent tumors 2 8 13 43% (10/23)
Re-irradiated tumors 0 0 3 0% (0/3)
Total 2 8 18 36% (10/28)

N
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Table 5. Tumor response according to total radiation dose

Table 7. Tumor response by heating devices

Tumor response

Tumor response

Total radiation dose CR PR NR CR + PR Heating device CR PR NR CR + PR
Group I (RT + heat) . 8 MHz RF capacitive 2 12 16 47% (14/30)
40-49 Gy 1 2 3 50% (3/6) 430 MHz MW 2 3 0 100% (5/5)

50-59 Gy 1 2 3 50% (3/6)
60-70 Gy 2 11 10 57% (13/23)

Group II (RT) .
40-49 Gy 0 1 1 50% (1/2) parently depended on the achievement of adequate ther-
50-59 Gy 0 1 17% (1/6) mal parameters (7, 16). On follow-up, one tumor regressed
60-70 Gy 2 6 11 42% (8/19) slowly 3 months after treatment and the other remained

showed PR out of eight tumors which received less than
60 Gy. On the other hand, six responders including two
CR cases were obtained in 12 tumors that received less
than 60 Gy in the combined treatment group. In this
moderate radiation dose range, HT may have increased
the response rate. '

Table 6 shows the response rate according to Tav of
the tumors. A higher response rate of 67% was observed
in the 15 tumors with a Tav of more than 42°C compared
with 17 tumors with a Tav of less than 42°C, although
the differences were not significant. Table 7 shows the
response rate according to the heating devices. All five
tumors treated with the MW heating device responded
objectively. Although the response rate apparently related
to the heating device, the difference between the devices
was not statistically significant (p < 0.10), this difference
may be attributable to smaller tumor volume and better
heating parameters in the five tumors treated with the
MW heating device.

Table 8 shows the tumor response according to number
of effective HT sessions. Four CR cases received one to
five effective HT sessions. The highest response rate was
obtained by three to five effective sessions, but more than
five effective session did not increase the response rate.

One interesting feature of the response of effectively
heated tumors was the appearance of an intratumoral low
density area on post-treatment CT scan (5, 12). Two lo-
cally recurrent rectal tumors, both of which achieved a
Tav of more than 43.5°C, showed a homogenous low
density of the whole tumor on CT scans performed at the
end of thermoradiotherapy (Fig. 2). This CT change ap-

Table 6. Tumor response according to Tav

~ Tumor response

Treatment CR PR NR CR + PR
Group I (RT + heat)
Tav > 42°C (n = 15) 3 7 5  67% (10/15)
Tav < 42°C (n = 17) 1 7 9 47% (8/17)
No thermometry (n=3) 0 1 2 33%(1/3)
Total 4 15 16  54% (19/35)
Group II (RT) 2 8 18  36% (10/28)

stable without regrowth until the patient died of distant
metastasis 10 months after treatment.

Toxicity ;

Table 9 shows the acute and chronic toxicity of RT
with or without HT. One of the most common acute
problems that occurred during RF capacitive HT was pain
at the field edge or under the electrodes. Approximately
50% of the patients complained of such pain. Nine HT
sessions for four patients were terminated within 30 min
of heating because of the pain. Fat necrosis was observed
in two patients following RF capacitive HT, and blisters
occurred in one patient by MW HT. The fat necrosis dis-
appeared spontaneously about 1 month after treatment,
and the blisters healed within a few days.

Another adverse effect of HT was local infection or
abscess, which were mainly caused by the contamination
via the catheters inserted into the tumors. No thermal
enhancement was observed for acute skin reaction by RT,
which may be attributable to the use of surface cooling.
A vesicorectal fistula occurred in one patient with a pri-
marily unresectable rectal tumor invading the bladder
during the course of thermoradiotherapy. This fistula
seemed to be caused by the massive destruction of the
tumor by the combined treatment.

In the chronic phase, the rate of intestinal damage in-
cluding obstructive ileus, fistula, and perforation was
higher in Group I than in Group II. As all the 10 colon
cancer patients were treated with the combined treatment
in this study, the rate of intestinal damage might be in-
creased in group I. Unresectable or recurrent colon cancer
invading the abdominal wall inevitably involved intestinal

Table 8. Tumor response by number of effective* heat
sessions
in group | tumors

Tumor response

No. of effective

heat session CR PR NR CR + PR
0 0 4 5 44% (4/9)
1-2 1 3 4 50% (4/8)
3-5 3 6 3 75% (9/12)
6-13 0 1 2 33% (1/3)

* Any intratumoral point above 42°C for more than 20 min.
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Table 9. Toxicity of radiation therapy with or without hyperthermia

Group | Group Il Re-irradiated
(RT + heat) (RT) tumors
No. of tumors 31 30 10*
Acute phase
Heat pain 13 — 2
Fat necrosis 2 — 0
Burn and blisters 0 — |
Local infection 5 2 0
Rad. dermatitis 5 10 1
Leukopenia® 1 3 0
Vesicorectal fistula 1 0 0
Chronic phase
Obstructive ileus 7 1 0
Intestinal fistula 3 0 0
Intestinal perforation 2 0 0
Bladder bleeding 0 0 3

* Including 4 tumors treated with radiation plus hyperthermia.
t < 1500/mm?>.

loops, which caused chronic obstruction of the intestine.
Three of seven obstructive ileus cases occurred in the pa-
tients with recurrent colon cancer, and intestinal perfo-
ration occurred in two. Two other cases of obstructive
ileus were noted in patients with rectal cancer who had
received pelvic extirpation before or after thermoradio-
therapy. No patients in Group II received pelvic extir-
pation. However, there exists the possibility that bowel
damage had been enhanced by regional HT, because no
cooling of the intestinal loop was possible.

Among 10 re-irradiated cases, three patients developed
bladder bleeding 6-12 months after the re-irradiation.
Two of the three patients had been treated with HT either
at initial RT or at re-irradiation. Because the tumor had
invaded the bladder, the posterior wall of the bladder re-
ceived nearly 100 Gy in total. The tumors were not con-
trolled .at the time of bleeding, so it was unclear whether
the bleeding came from the tumors or from the normal
bladder. However, no other serious complications were
observed in the remaining seven patients received re-ir-
radiation.

DISCUSSION

Over the past decade, a large number of Phase I, II,
and III clinical trials have been undertaken to define the
toxicity and therapeutic efficacy of HT. In superficial tu-
mors, high response rates and prolonged tumor control
have been obtained with the use of HT as an adjuvant to
RT (13, 18). However, information on the effects of com-
bined HT and RT of deep-seated tumors including ad-
vanced or recurrent colorectal cancers is scanty due to
the problems associated with deep heating (10, 18). Al-
though some Phase I trials for deep-seated tumors in-
cluded advanced colorectal cancers (9, 16, 21), site-specific
studies on locally advanced colorectal cancers are quite
few. Recently, Berdov and Menteshashvili (2) reported a
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Russian Phase III trial for locally advanced rectal cancer.
They compared preoperative combined treatment with
preoperative RT alone, and demonstrated a significant
improvement in tumor response and 5-year survival rate.

There are still many problems with performing HT at
the present time. One of the most critical is the inadequacy
of existing deep-heating techniques. None of the presently
available deep-heating techniques has universal applica-
bility to all anatomical sites (5). Temperature measure-
ment of the deep-seated tumors is another problem, and
thermometry data obtained tend to be very limited. In
our thermometry results, Tav of more than 42°C was
achieved in 47% (15/32) of the patients, and the treatment
goal of HT was achieved in only 13% (15/115) of HT
sessions. Considering that some obese patients with more
than 2 cm subcutaneous fat in the pelvic region were ex-
cluded from the combined treatment group, the above
thermometry results might still be far from satisfactory.
If we see the thermal parameters according to the treat-
ment sites, tumors located in the abdominal wall were
heated quite well by either the RF capacitive heating de-
vice or the MW heating device (Table 2), and those in
the perineum could be heated fairly well by the RF heating
device. However, adequate heating of tumors located deep
in the true pelvis were quite difficult to achieve. Although
the mean of the thermal parameters were a little bit dis-
appointing among the treated pelvic tumors, some of them
showed fairly good thermal parameters. Therefore, the
RF capacitive heating method appeared to be worthwhile
to use to heat these pelvic deep-seated tumors. It is essen-
tial to develop better deep-heating methods to treat such
deep-seated tumors.

Both the tumor response rate and the local control rate
were better in the combined treatment group than in the
RT alone group (Tables 3 and 4), although not signifi-
cantly. The response rate of tumors with Tav of > 42°C
was higher than that of tumors with Tav of less than 42°C
or tumors treated with RT alone (Table 6). This encour-
aging result strongly supports the future utility of HT as
an adjuvant to RT for the treatment of locally advanced
colorectal cancers.

Although in this study the number of primarily unre-
sectable rectal cancers was small, these locally advanced
rectal cancers responded very well to the combined treat-
ment. Of the seven primarily unresectable colorectal can-
cers treated with thermoradiotherapy, one tumor showed
CR, four PR. Two PR tumors and one NR tumor could
be resected radically after combination therapy. On the
other hand, two tumors treated with RT alone showed

- NR in both cases. In general, truly locally inoperable tu-

mors are rarely converted to resectable tumors by mean
of RT alone (14, 20). As shown in the Russian Phase III
trial (2), preoperative RT combined with HT seems to be
a promising treatment modality to test for unresectable
rectal cancers. On the other hand, in the recurrent colo-
rectal cancers no substantial increase in tumor response
rate was observed in this study (Table 4). This unexpected

e
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result seems attributable to the poor heating efficacy for
the true pelvis tumors. In our experience, locally recurrent
rectal tumors located in the presacral area, where rectal
cancers recur frequently, is one of the most difficult treat-
ment sites to heat. Another reason is the difference in the
tumor volume between the two groups. Small recurrent
tumors in the pelvis were entered into the RT alone group
because insertion of thermometry probes into the small
tumors was difficult. As the response rate of locally ad-
vanced colorectal cancers by RT depends on the tumor
size (19), a thermal enhancement effect in tumor response
may be obscured in the present study.

After moderate total radiation doses ranging from 40
Gy to 59 Gy, the combined treatment showed better tu-
mor response than RT alone (Table 5). One CR case was
observed out of four re-irradiated tumors by combining
50 Gy irradiation with five HT sessions. For these heavily
pretreated tumors, thermoradiotherapy was a good treat-
ment modality. Although an effect of HT was observed
at moderate radiation doses, we consider that a definitive
total dose (> 60 Gy) is necessary to achieve local control
of advanced colorectal cancer. Because it was difficult to
heat the whole tumor sufficiently using presently available
heating devices, the response rate obtained was still not
optimal.

Some investigators have shown no difference in tumor
response between two and six HT treatments for super-
ficial tumors (11, 18). The number of successful HT frac-
tions required to yield a good result may depend on the

ability to achieve successful tumor heating. Even one
*good” HT session, a treatment sufficient to kill all clon-
ogenic tumor cells in an environment including chronic
hypoxia and increased acidity, may be sufficient for ther-
moradiotherapy. However, in the present study, the best
response rates were achieved by three to five effective HT
treatments, while more than five HT sessions did not fur-
ther increase the response rate (Table 8). Although a good
response might be achieved with one or two satisfactory
HT treatments for superficial tumors (11, 18), four or five
HT treatments may be necessary for the treatment of deep-
seated tumors because of the incompleteness of the pres-
ently available deep-heating devices to heat these deep
tumors.

The patients tolerated an average of six HT treatments,
and acute toxicity of HT was not serious. However, local
infection caused by insertion of thermal probes and
chronic bowel damage appeared to be increased by HT
(Table 9). Chronic bowel damage was an especially serious
problem, because it was impossible to cool the bowel dur-

‘ing regional HT. In addition, since all of the patients in

this study were initially treated surgically, adhesions and
bowel immobility may have enhanced bowel damage
produced by thermoradiotherapy. Long-term follow-up
of the complications of combined treatment is necessary
in future Phase Il or Il studies, and randomized pro-
spective studies for the HT plus RT protocol is needed to
evaluate efficacy of therapy for the primarily unresectable
and recurrent colorectal cancers.

REFERENCES

1. Abe, M.; Hiraoka, M.; Takahashi, M.; Egawa, S.; Matsuda,
C.; Onoyama, Y.; Morita, K.; Kakehi, M.; Sugahara, T.
Multi-institutional studies on hyperthermia using an 8-MHz
radiofrequency capacitive heating device (Thermotron RF8)
in combination with radiation for cancer therapy. Cancer
58:1589-1595;1986.

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

3. Bjerkeset, T.; Dahl, O. Irradiation and surgery for primarily
inoperable rectal adenocarcinoma. Dis. Colon Rect. 23:298-
303;1980.

4. Ciatto, S.; Pacini, P. Radiation therapy of recurrences of
carcinoma of the rectum and sigmoid after surgery. Acta
Radiol. Oncol. 21:105-108;1982.

5. Gibbs Jr., F. A. Regional Hyperthermia in the Treatment
of Cancer. In: Steeves, R. A., Paliwal, B. R., eds. A categorical
course in radiation therapy: hyperthermia. Oak Brook, IL:
The Radiological Society of North America, Inc.; 1987:51-
56.

6. Gunderson, L. L.; Cohen, A. M.; Welch, C. E. Residual,
inoperable or recurrent colorectal cancer, interaction of
surgery and radiotherapy. Am. J. Surg. 139:518-525;1980.

7. Hiraoka, M.; Akuta, K.; Nishimura, Y.; Nagata, Y.; Jo, S.;
Takahashi, M.; Abe, M. Tumor response to thermoradio-
therapy: Use of CT in evaluation. Radiology 164:259-
262;1987. "

8. Hiraoka, M.; Akuta, K.; Nishimura, Y.; Nagata, Y.; Jo, S.;
Takahashi, M.; Abe, M. Radiofrequency capacitive hyper-

thermia for deep-seated tumors. I. Studies on thermometry.
Cancer 60:128-135;1987. ,

9. Howard, G. C. W.; Sathiaseelan, V.; King, G. A.; Dixon,
A. K.; Anderson, A.; Bleehen, N. M. Regional hyperthermia
for extensive pelvic tumours using an annular phased array
applicator: a feasibility study. Br. J. Radiol. 59:1195-
1201;1986.

10. Kapp, D. S. Site and disease selection for hyperthermia
clinical trials. Int. J. Hyperther. 2:139-156;1986.

11. Kapp, D. S.; Peterson, 1. A.; Cox, R. S.; Hahn, G. M ; Fes-
senden, P.; Prionas, S. D.; Lee, E. R.; Meyer, J. L.; Samulski,
T. V.; Bagshaw, M. A. Two or six hyperthermia treatments
as an adjunct to radiation therapy yield similar tumor re-
sponses: results of a randomized trial. Int. J. Radiat. Oncol.
Biol. Phys. 19:1481-1495;1990.

12. Kopelson, G. Long-term survivors after preoperative pelvic
radiation therapy for locally unresectable rectal and sigmoid
carcinoma: an assessment of late results. Dis. Colon Rect.
25:644-647,1982.

13. Mayer, J. L. The clinical efficacy of localized hyperthermia.
Cancer Res. 44(Suppl.):4745s-4751s;1984.

14. Mendenhall, W. M.; Bland, K. i.; Pfaff, W. W.; Million,
R. R.; Copleland III, E. M. Initially unresectable rectal ad-
enocarcinoma treated with preoperative irradiation and

- surgery. Ann. Surg. 205:41-44;1987.

15. Nikawa, Y.; Katsumata, T.; Kikuchi, M.; Mori, S. An electric
field converging applicator with heating pattern controller
for microwave hyperthermia. IEEE Trans. Microwave The-
ory Tech. MTT-34:631-635;1986.



768

16.

17.

18.

20.

1. J. Radiation Oncology @ Biology ® Physics

Nishimura, Y.; Hiraoka, M.; Jo, S.; Akuta, K.; Nagata, Y_;
Masunaga, S.; Takahashi, M.; Abe, M. Radiofrequency (RF)
capacitive hyperthermia combined with radiotherapy in the
treatment of abdominal and pelvic deep-seated tumors. Ra-
diother. Oncol. 16:139-149;1989.

Nishimura, Y.; Akuta, K.; Hiraoka, M.; Masunaga, S.; Na-

gata, Y.; Takahashi, M.; Abe, M.; Koizumi, K. Initial clinical .

results of a 430 MHz microwave hyperthermia system using
a lens applicator. Radiother. Oncol. 17:219-227;1990.
Overgaard, J. The current and potential role of hyperthermia
in radiotherapy. Int. J. Radiat. Oncol. Biol. Phys. 16:535-
549;1989.

. Overgaard, M.; Ovargaard, J.; Sell, A. Dose-response rela-

tionship for radiation therapy of recurrent, residual, and
primarily inoperable colorectal cancer. Radiother. Oncol.
1:217-225;1984.

Pahlman, L.; Glimelius, B.; Ginman, C.; Graffman, S.; Ad-
alsteinsson, B. Preoperative irradiation of primarily non-

Volume 23, Number 4, 1992

21.

22.

23.

24.

resectable adenocarcinoma of the rectum and rectosigmoid.
Acta Radiol. Oncol. 24:35-39;1985.

Petrovich, Z.; Langholz, B.; Gibbs, F. A.; Sapozink, M. D.;
Kapp, D. S.; Stewart, R. J.; Emami, B.; Oleson, J.; Senzer,
N.; Slater, J.; Astrahan, M. Regional hyperthermia for ad-
vanced tumors: a clinical study of 353 patients. Int. J. Radiat.
Oncol. Biol. Phys. 16:601-607;1989.

Tepper, J. L. Radiation therapy of colorectal cancer. Cancer
51:2528-2534;1983. :

Wiggenraad, R.; Ravasz, L. A.; Probst-van Zuylen, F. E.
Adjuvant postoperative radiotherapy in carcinoma of the

rectum and rectosigmoid. Int. J. Radiat. Oncol. Biol. Phys.
15:753-756;1988.

Yanagawa, S.; Sone, Y.; Doi, H.; Yamamoto, G. A new
procedure for the prevention of surface overheating in deep
hyperthermia using RF capacitive heating equipment. Jpn.
J. Hyperther. Oncol. 1:187-191;1985.



