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Objective
A prospective phase 11 study was performed to determine the
feasibility and efficacy in terms of response rate, resectability,
and morbidity in patients with locally advanced rectal cancer
who received preoperative regional hyperthermia combined
with radiochemotherapy (HRCT).

Summary Background Data
Recent studies suggest that preoperative radiochemotherapy in
locally advanced rectal cancer can induce downstaging, but af-
ter resection the incidence of local recurrences remains high.
Hyperthermia (HT) may add tumoricidal effects and improve the
efficacy of radiochemotherapy in a trimodal approach.

Patients and Methods
Thirty-seven patients with histologically proven rectal cancer
and T3 or T4 lesions, as determined by endorectal ultrasound
and computed tomography, entered the trial. 5-Fluorouracil
(300-350 mg/M2) and leucovorin (50 mg) were administered
on days 1 to 5 and 22 to 26. Regional HT using the SIGMA

60 applicator (BSD-2000) was given once a week before ra-
diotherapy (45 Gy with 1 .8-Gy fractions for 5 weeks). Surgery
followed 4 to 6 weeks after completion of HRCT.

Results
Preoperative treatment was generally well tolerated, with 16%
of patients developing grade Ill toxicity. No grade IV complica-
tions were observed. The overall resectability rate was 32 of
36 patients (89%), and 31 resection specimens had negative
margins (RO). One patient refused surgery. In 5 patients
(14%), the histopathologic report confirmed no evidence of
residual tumor (pCR). A partial remission (PR) was observed in
17 patients (46%). The survival rate after 38 months was
86%. In none of the patients was local recurrence detected
after R0(L), but five patients developed distant metastases.

Conclusion
Preoperative HRCT is feasible and effective and may contrib-
ute to locoregional tumor control of advanced rectal cancer,
which is to be proven in an ongoing phase Ill trial.

In rectal cancer, resection with negative margins is the major
tool for achieving long-term survival. However, in locally
advanced tumors (UICC stages II and HI), local recurrences
after surgery alone have been reported in up to 58% of pa-
tients.1'2 For recurrent rectal cancer, the prognosis is poor.3'4
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Because there is no serosal layer covering the rectal
tumors extending beyond the rectal wall (T3), they might
easily spread within the pelvis. Consequently, circumferen-
tial margin involvement within the pelvis plays a major role
in the development of local recurrences.5 As a consequence
of randomized trials comparing postoperative radiochemo-
therapy with surgery alone, in 1990 the consensus confer-
ence of the U.S. National Institutes of Health recommended
combined adjuvant postoperative pelvic irradiation and che-
motherapy as the standard therapy for stage II and III
primary rectal cancer.6
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Efforts to improve the treatment results of stage Ill tu-
mors further focus on preoperative radiotherapy or com-
bined radiochemotherapy. The rationale is: 1) to irradiate
the tumor in a well-oxygenated status7'8; 2) to prevent tumor
cell seeding during surgery; 3) to reduce radiotherapy-
related small-bowel toxicity9; and 4) to downstage the tu-
mor volume, which might facilitate resection.'0
Tumor fixation""2 is a particularly unfavorable prognos-

tic factor and may indicate nonresectability. Preoperative
radiotherapy for initially nonresectable rectal carcinomas
resulted in a resectability rate of 40% to 64% and a com-
plete remission rate of approximately 10%.l1013,14 Even
after complete resection, local failure rates of up to 65%
have been reported, depending on the degree of tumor
fixation.'0"13"14 Chemotherapy added to radiation increases
the resectability rate to 71% to 90% and the rate of complete
remissions to 20%.15,16
To intensify preoperative radiotherapy further in locally

advanced rectal cancer, several approaches have been eval-
uated, such as different schemes of combined chemothera-
pyl7-19 and hyperthermia.2025 In vitro temperatures of 400
to 43°C enhance the effect of radio- and chemotherapy.26
Interference with the repair of radiation-induced DNA dam-
age27 and a synergistic interaction with cytotoxic drugs have
been reported as modes of action.26'28 Various clinical
phase II and III trials using different heating devices for
local and regional hyperthermia (HT) have shown encour-
aging results when compared with radiation or chemother-
apy alone.

Experience with rectal cancer is limited to the application
of endocavitary HT in addition to radiotherapy.22 24'29 The
different stages of tumors treated, the use of 5-fluorouracil

22(5-FU) as suppositories, and the lack of thermometry data
may interfere with the assessment of its true clinical value.
We therefore were interested in adding thermotherapy to

preoperative radiotherapy in combination with systemic
chemotherapy of primary, locally advanced rectal cancer. In
a pilot study, the feasibility of the approach was verified.30
This report analyzes the data of the phase II trial with regard
to toxicity and response as well as surgical treatment and
morbidity.

PATIENTS AND METHODS

Study Design
Thirty-seven patients with locally advanced primary rec-

tal cancer and a biopsy-proven adenocarcinoma were en-
tered into the study (Table 1). They all presented with tumor
infiltration beyond the rectal wall at endorectal ultrasound
(ERUS) and computed tomography (CT) scan and were
subjected to combined modality therapy (Fig. 1). Four to six
weeks after completion of preoperative treatment, restaging
was accomplished, and all patients were scheduled for lap-
arotomy. If an RO resection could be achieved, four cycles
of adjuvant chemotherapy were administered postopera-

Table 1. CHARACTERISTICS OF
PATIENTS* AND TUMORS

Depth of Infiltraon by
Endorectal Ultrasound

uT3 uT4 Total
(n =23) (n = 14) (n = 37)

Infiltration of adjacent organs
Rectovaginal septum
(uterine, cervix, vagina) 2 2
Prostate, ovary 6 6
Urogenital tract (bladder,
ureter, spermatic gland) 6 6

Tumor level from the anal
verge
0-5 cm 11 7 18 (48.6%)
6-10 cm 8 6 14 (37.8%)
11-16 cm 4 1 5 (13.5%)

Clinical stage (Mason)
2 (tethered, partially fixed) 5 5 (13.5%)
3 (fixed in two directions) 9 3 12 (32.4%)
4 (advanced fixation) 8 1 1 19 (51.4%)
Unknown 1 1 (2.7%)

Lymph nodes
Suspicious 13 8 21 (56.8%)
Not suspicious 10 6 16 (43.2%)

Distant tumor spread
Liver 1 1 2
Lung 1 1

Surgeon's estimation of
resectability
Potentially resectable 15 1 16 (43.2%)
Not resectable (after clinical
staging) 6 8 14 (37.8%)

Not resectable (after
explorative laparotomy) 2 5 7 (18.9%)

Sex (male/female): 31/6; median age and range (yr): 59.1 (31-74).

tively. Patients with incomplete resections (positive resec-
tion margins or macroscopically residual tumor) underwent
further radiotherapy of up to 60 Gy, combined with HT,
chemotherapy, or both. If the tumor was still not resectable
at surgical exploration, further therapy was determined on
an individual basis. All patients were required to give writ-
ten informed consent. The study was approved by the ethics
committee of the Humboldt University of Berlin.

Eligibility Criteria

Eligibility criteria were as follows: Karnofsky perfor-
mance status > 70; white blood cell count . 4.0 cells/mm3;
hemoglobin 2 10 mg/dL; platelets (PLT) . 150,000/mm3;
creatinine . 1.5 mg/dL; and total serum bilirubin . 1.5
mg/dL. At rectoscopy with a rigid rectoscope, the distal
margin of the tumor had to be located up to 16 cm from
above the anal verge.
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Figure 1. Scheme of the trial. H, hyperthermia; R, radiotherapy; C, chemotherapy.

Exclusion Criteria
Excluded were patients with prior malignancies (except

for nonmelanoma skin cancer), prior pelvic irradiation, or

prior chemotherapy, and patients with metallic implants,
such as hip reconstruction or pacemakers, because of the
interaction between HT and radiowaves.

Investigations
The pre- and posttreatment evaluation included a com-

plete history and physical examination, rectoscopy and
colonoscopy, barium enema study, ERUS, CT scan of the
whole abdomen and pelvis, ultrasound of the abdomen, and
a chest x-ray, as well as complete blood count, platelet
count, SMA-20, carcinoembryonic antigen (CEA), and CA
19-9. At clinical examination, fixation of the tumor within
the pelvis was evaluated according to Mason.1' Immobility
in two orthogonal directions was considered as resectable
(Mason grade 3). Tumors with advanced fixation or "frozen
pelvis" (Mason grade 4) were regarded as nonresectable.
Seven patients underwent exploratory laparotomy and were

judged to have nonresectable lesions. Patients with solitary
metastases (liver, lung) were included in the study if their
lesions were assessed as resectable.

Treatment

Regional Hyperthermia

Regional HT was administered at weekly intervals, and
the BSD-2000's (BSD Medical Corp., Salt Lake City, UT)
SIGMA 60 ring applicator was used. This system functions
via radiofrequency at 90 MHz with a 200 to 400 phase delay
on the pair of antennas at the dorsum and a 50 to 200 delay
on the lateral pairs (supine position of the patient). This
phase shift delays the power deposition pattern dorsally into

the presacral space, and it proved to be the most practical in
clinical use.31'32

Endoluminal thermometry catheters were placed in the
rectum, bladder, and vagina. The therapeutic period of HT
began when one tumor-related measurement point reached
42°C or 30 minutes after the power was turned on, which-
ever was earlier. Continuous heat treatment over a period of
60 minutes was attempted. Temperature position curves

were recorded along the catheters at intervals of 5 to 10
minutes.

Index temperatures (Tx) in contact with the tumor were

determined for every temperature/position curve recorded.33
During the therapeutic period, the mean Tx values in the
temperature/position curves were calculated with respect to
time. The time during which the index temperature of Tgo
(when 90% of the measurement points in contact with the
tumor reached the same temperature) remained above the
reference temperature (Tref) of 40.50C34 was determined and
expressed as cumulative minutes (Tgo > Tref)

Radiotherapy

Radiotherapy was performed using an open tabletop de-
vice with the patient in a prone position 15 to 20 minutes
after HT. A computer plan was based on the CT scan in the
same position. A three-field technique with lateral wedge
filters was employed. Individualized blockings were used to
protect lateral field corners, dorsal soft tissues (skin, rima
ani), and, if necessary, cranial ventral parts of the small
intestine. The upper field border was positioned at level
L5-S 1, depending on the location of the primary tumor. The
ventral border depended on the location of the tumor and its
degree of infiltration into the surrounding structures. In
most cases, the ventral field edge passed through the central
third of the head of the femur. Images of the small intestine
were obtained using barium sulfate contrast media to doc-

5-FU / LV
4 cycles

Boost up to 60 Gy
+ chemotherapy

Ann. Surg. * March 1998

H
J



Preoperative Radiochemotherapy in Rectal Cancer 383

Table 2. TOXICITY SCORE FOR
REGIONAL HYPERTHERMIA

Grade Criteria

0 General discomfort (bolus pressure, systemic stress);
no limitation of heat treatment

Local discomfort (hot-spot phenomenon, positioning),
which requires rearrangement of treatment set-up;
heat treatment can be accomplished with some
restrictions in total power and power distrbution

11 More severe local discomfort or systemic stress, which
persists after the end of treatment and evidently
limits the efficiency

III Every kind of toxicity, which causes the patient to
refuse further heat treatments (hot-spots,
musculoskeletal syndrome, claustrophobia, etc.)

IV Bums or tissue damage or any other complication
related to the heat treatment

ument and minimize the parts of small intestine in the
radiation fields.

Radiation was delivered 5 days a week with a fraction-
ation of 1.8 Gy to the reference point (isocenter). Total dose
in the reference point was 45 Gy, with a maximum dose of
less than 50 Gy.

Chemotherapy

Chemotherapy was administered in two cycles on days 1
to 5 and 22 to 26 before irradiation or during HT. Fifty
milligrams of leucovorin (LV) was given by intravenous
infusion over 30 minutes, followed by a 5-fluorouracil (5-
FU) bolus (300 mg/M2 per day in the first course and 350
mg/M2 in the second). This regimen was also used postop-
eratively.

Toxicity attributed to chemotherapy was recorded ac-

cording to the World Health Organization,35 and adverse
reactions from radiotherapy were graded according to the
LENT SOMA tables.36 To assess toxicity caused by HT, we
inaugurated a scoring system (Table 2). If the toxicity was

grade III, treatment modalities were interrupted. The pa-

tients were re-evaluated at weekly intervals before continu-
ing the protocol, and the dose of 5-FU was reduced by 25%.

Surgery
Surgery followed 4 to 6 weeks after completion of pre-

operative treatment. Any attempt was made to do an anterior
resection if at least a 2-cm distal margin of safety could be
obtained. The anastomosis usually was created with the
"double-stapling" technique.37 If this could not be
achieved, an abdominoperineal excision was performed.
Tumors invading or extending to surrounding structures
(urinary bladder, prostate, small bowel, or ovary) underwent
monobloc extended resection to obtain safe margins. How-
ever, evisceration procedures or those requiring resection of
the sacrum were not thought adequate to resect primary
tumors. Lymph node dissection up to the stem of the inferior

mesenteric artery and including the total mesorectum was
generally performed.

Assessment of Response
At preoperative re-evaluation, a complete response (CR)

was presumed if no evidence of tumor could be proven by
endoscopy, ERUS, or biopsy. A partial response (PR) was
presumed if the maximum tumor diameter (transverse or
longitudinal) measured by endoscopy or CT showed a de-
crease of at least 50%.

Histopathologic examination of the resected specimen
followed the guidelines of the TNM system.38 Patients with
no evidence of the primary cancer were reported as CR. A
PR was noted if the tumor depth infiltration at the resection
specimen (ypT) decreased with respect to the pretherapeutic
endosonographic staging.

Follow-Up and Statistical Analysis
All patients were followed up carefully with a clinical

examination, abdominal and endorectal ultrasound, chest
x-ray, and measurement of CEA serum levels every 3
months in the first 2 years after treatment. Colonoscopy was
performed at yearly intervals.
To evaluate predictors of response, temperature distribu-

tions during HT (Tgo), depth of infiltration (uT3 vs. uT4),
nodal status (uN+ vs. uNO), and tumor height above the
anal verge were subjected to variance analysis using the
ANOVA program (SPSS, Chicago, IL). Survival was cal-
culated from the first day of treatment using the Kaplan-
Meier method. Failures, both local and distant, were verified
by clinical examination, radiographic studies, and biopsy.
Local failure was defined as any failure within the pelvis,
distant failure as any failure outside the pelvis.

RESULTS

Toxicity During Preoperative Treatment
Thirty patients completed preoperative hyperthermia

combined with radiochemotherapy (HRCT) according to
the protocol. There were no deaths (related or unrelated to
treatment preoperatively) during the first 3 months after the
start of treatment. Therapy had to be stopped in 1 patient
who developed diarrhea after receiving 41.5 Gy of radio-
therapy; 32 of 37 patients received all scheduled HT ses-
sions. One patient refused further HT after the first session
because of general discomfort, another two patients because
of claustrophobia. HT was abandoned in another patient
after three sessions due to local complaints and in one
patient for cardiac rhythm disorders.

Adverse reactions were observed starting during week 3 of
therapy. They were mostly related to the small bowel and
rectum (diarrhea, crampmg, proctitis). A second aspect of
complaints arose from the skin, particularly the rima ani (ery-
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Table 3. ACUTE TOXICITY OF TRIMODAL
THERAPY ACCORDING TO LENT SOMA

(1995) AND HT SCORE

Grade Number (%)

Nausea 0 35 (94.6)
2 (5.4)

Skin 0 12(32.4)
77(18.9)

11 12(32.4)
III 6(16.2)

Diarrhea 0 11(29.7)
10 (27.0)

11 11(29.7)
III 5(13.5)

Bladder 0 25 (67.6)
7 (18.9)

11 4 (10.8)
IlIl 1 (2.7)

Regional hyperthermia 0 9 (24.3)
10 (27.0)

11 15(40.5)
III 3 (8.1)

thema and epitheliolysis). Grade Im toxicities to the intestine
and the skin occurred particularly during the initial period of
the study. Skin reactions could be reduced by a specially
designed circulatory cooling system for the rima ani. In sum-
mary, 15 patients experienced grade IH toxicities.

Regional HT applied in a ring system with a balloon of
water positioned on the abdomen for 60 to 90 minutes induced
nonspecific circulatory stress and general arduousness in the
majority of patients. As shown in Table 3, the toxicity of HT
was within the same range as that of chemo- or radiotherapy.

Late toxicity, such as chronic bowel dysfunction, ulcer-
ations of the rectum or bladder, or obstruction or stricture of
the ureter, has not yet been observed. Sexual dysfunction
was documented in 2 of the 31 male patients (erectility,
ejaculation) and 1 of the 6 female patients (dyspareunia).
One adverse event that might be associated with late

toxicity occurred in a 60-year-old patient who presented
with a uT4 tumor invading the prostate with progression
after preoperative treatment. Laparotomy confirmed that it
was nonresectable, and radiochemotherapy was completed
up to 61 Gy. Five months later, he presented with septice-
mia because of perforation of the rectum. We could not
differentiate exactly between tumor-related necrosis or
treatment-induced tissue damage.

Surgery and Perioperative Morbidity
Thirty-six patients underwent laparotomy. One patient

refused surgery after completion of HRTC. In this patient
the tumor distance from the anal verge was 2 cm, and the
tumor size did not change by ERUS and CT. In 32 patients
(86.5%), the primary tumor was resected. In 4 patients
(10.8%), the tumor was found to be nonresectable due to

fixation to the lateral pelvis or the prostate, and a colostomy
was performed. Thirty-one resection specimens (96.9%)
had negative histologic margins. Another two patients (in
addition to those with already known liver metastases) were
found to have liver lesions at laparotomy; one of them
subsequently underwent a liver resection.

Surgical treatment resulted in a sphincter-preserving pro-
cedure in 19 of 37 patients (51%). Besides anterior resec-
tion, in three patients a colonic pouch with a pouch-anal
anastomosis was performed. Another two patients had a
sphincter-saving procedure by transanal full-layer resection
(Table 4).
The median blood loss was 860 mL per patient (range

200-2000 mL per patient). Homologous blood transfusions
were necessary in 9 patients, with a median of 2.2 units per
patient (range 1-4 units per patient). There was no mortality
within 90 days postoperatively. Complications included two
patients with anastomotic leakages. One patient required
reintervention and a colostomy had to be performed; the
other one could be treated conservatively. Seven patients
had delayed wound healing, one relating to the abdomen
and six to the perineal wound after an abdominoperineal
excision, which responded to local wound care. Two pa-
tients developed pneumonia and required antibiotic treat-
ment. Cardiac abnormalities were recorded in one patient
with a heart rhythm disorder, with complete resuscitation
after medical therapy.

Table 4. SURGICAL PROCEDURES AFTER
PREOPERATIVE TRIMODAL THERAPY

Preoperative Clinical Assessment of
Resectability

Resectable Nonresectable Total
(n = 16) (n =21) (n =37)

Nonresectable
Denying surgery
Explorative laparotomy

RO resection (<5 cm from
anal verge)

APR
AR
Transanal full-layer

resection
RO resection (>5 cm from

anal verge)
APR
AR
Transanal full-layer

resection
R1/R2 resection*
APR
AR

5
1
4

7
5

7

5

5 (14%)

5 12 (32%)
4 9
1 2

8 15(41%)
1 2
7 12

2 3 5 (14%)
2 2
1 32

APR = abdominoperineal resection; AR = anterior resection.
* Resection with concomitant distant metastases in four patients (R2) and in one
patient with positive margin (Rl).
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CR
PR
NC
PD

Table 5. RESPONSE OF THE PRIMARY
TUMORS (N = 37)

Initial Classification of Tumor Depth

uT3 uT4 Total
(n = 23) (n = 14) (n = 37)

2
11
10*

CR = complete tumor remission; PR = partial remission (50% diminution of tumor
volume) or downstaging of T-classification; NC = no change in tumor volume (i.e.,
<50%) and stage; PD = progressive disease.
* In one patient who denied surgery response was evaluated from clinical staging.

Figure 2. Comparison of the depth of tumor infiltration into the rectal
wall between pretherapeutic assessment and pathohistologic report at
the resection specimen (downstaging).

Evaluation of Response
In Figure 2, the depth of tumor infiltration into the rectal

wall, as measured by pretherapeutic ERUS, is compared to
the histologic findings in the 32 patients who underwent
resection. We found downstaging in 17 of 32 patients
(53%); in particular, organ infiltration of uT4 tumors was

present before HRCT in 10 patients and could be detected
after treatment in only 2 patients. Less infiltration was

observed in 9 of the 23 patients with uT3 tumors.
However, after preoperative treatment, ERUS (yuT at

restaging) classified the T category correctly as compared
with the histopathologic reappraisal in only 50% (16/32) of
the cases. In 14 patients, ERUS suggested a higher T cate-
gory than found at histopathology; in 2 patients, tumor
infiltration at histology was deeper than predicted by ERUS.

Before HRCT, 21 patients were classified as having tu-
mor in the lymph nodes, and 18 of them underwent resec-

tion. Of those, the histopathologic report revealed 8 speci-
mens with node-negative tumors (ypNO, response rate
44%).

In five resection specimens, no residual tumor could be
detected at histology, resulting in a pCR rate of 13.5%.

Another 17 specimens showed downstaging of uT versus

ypT or a 50% decrease in tumor size, as documented by CT
or ERUS, resulting in a PR rate of 45.9%. Thus, the overall
response rate was 59.4% (Table 5).

Response Analysis
As shown in Table 6, the response was found to be

significantly dependent on the index temperature (Tgo), as

well as the time during which Tgo was effective (above the
reference temperature). Cut-off values were found to be T9o
at 40.30 to 40.5°C and the sum of cumulative minutes at T90
' 40.5'C for 120 to 150 minutes for all heat treatments in
an individual patient. Patients whose thermal parameters
were above that threshold had a significantly better response
rate than those with a cumulative Tgo of less than 2 hours
(p = 0.005). The groups thus generated had response rates
that differed by almost a factor of 2-40% to 50% as

opposed to 80% to 90%. The maximum mean contact tem-
perature of the tumor (Tma) had no significant influence on
the response rate.

Follow-Up and Survival
The overall survival rate of 37 patients was 56%. After a

median observation period of 21 months, 27 patients with

Table 6. ANALYSIS OF VARIANCE OF
THE RESPONSE IN 37 PATIENTS WITH
RESPECT TO THERMAL PARAMETERS

Tgo AND CUM MIN Tgo 2 40.5 C

Response
Factor (%) Significance

T90 <40.50C 33 0.015
.40.50C 75

cum min Tgo . 40.50C <120 min 43 0.007
8.120 min 87

3
6
3
2

5 (14%)
17 (46%)
13 (35%)
2 (5%)
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Figure 3. Kaplan-Meier estimated survival distribution, according to curative resection, palliative resection,
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RO tumor resection showed an actuarial survival of 86% at
38 months (Fig. 3). The median survival time has not yet
been reached. In patients who were resected with positive
margins or distant metastases, the median survival was 18.8
months. Patients with nonresectable tumors had a median
survival time of 6.2 months (6-27 months).
No local recurrence was detected after resection with

negative margins. One patient (with N3 nodes) suffered
from progressive para-aortal node disease. Metastases were
identified in 4 of the 32 patients (12.5%); 2 of them died
after 14 and 19 months.

All patients with nonresectable cancer died of progressive
disease with survival times from 6 to 27 months. Three of
them died as a result of local progression, and in two
patients simultaneous progression of lung and liver metas-
tases was observed. One patient died of distant metastases
with his tumor locally controlled.

DISCUSSION
There is a strong rationale to add thermotherapy to the

preoperative combined modality treatment of rectal cancer.
The antitumor effects of HT exceeding 42°C have clearly
been demonstrated.20~25 HT may improve the oxygenation
status of tumors and thus support radiotherapeutic effects.27
Additional HT improved response rates and local control in
malignant melanoma, head and neck, breast, or esophageal
cancer.39-41

Studies of HT in rectal cancer with endocavitary heating
methods show that it seems to improve the effect of radio-
therapy. 24'29'42 A randomized trial using endocavitary HT
(microwaves, 915 MHz) in addition to radiotherapy (3 X 4
Gy up to 40 Gy) studied patients with locally advanced T4
tumors. The radical resection rate was significantly in-
creased in the combined treatment group (55.4% vs. 27.1%
with radiotherapy alone).29 This was reflected in a signifi-
cantly improved 5-year survival rate (36% vs. 7%). Using
similar equipment, Mori et al.42 treated 11 patients with

deep-seated rectal cancer (Dukes' A-C) and reported a
beneficial response in 6 of the 11 cases.

Another phase Ill trial treated 146 patients with rectal
cancer (Dukes' A-C) either by preoperative radiothermo-
therapy (endoluminal, 30-40 Gy) or preoperative radiother-
apy alone.24 Patients in the control arm underwent surgery
with no preoperative treatment. The combined treatment
group achieved a significantly increased complete response
rate (22.7% vs. 5.3%), resulting in the best 5-year survival
rate of 66.7% versus 50% after radiotherapy and 40.5% in
the control group.

Primary nonresectable and recurrent rectal tumors,
some of which had already been irradiated, were sub-
jected to HT using a capacity system (Thermotron,
Yamamoto Vinyter Co., Osaka, Japan) or microwave
applicators (433-MHz lens applicator).23 The response
rate of 54% determined by CT and the local control rate
of 28% after 12 months were higher than in the group
treated with radiation alone (36% and 22%, respectively)
but failed to reach significance.

In the phase II study presented here, regional radiowave
HT with a phased-array system was used in addition to
radiochemotherapy, which is the standard preoperative
treatment for advanced rectal cancer. The antenna system
allows heat distribution to be influenced so that maximal
heat can be focused on the tumor. Our results were obtained
in a group of patients with clinically advanced tumors
invading beyond the rectal wall to surrounding structures or
adjacent organs. The prognostic significance of tumor fix-
ation of rectal carcinoma has been reported by the Medical
Research Council.43 Preoperative radiotherapy is recom-
mended for fixed or advanced fixed tumors and has been
shown to decrease local recurrence rates. In contrast,
less advanced tumors that are clinically mobile or tethered
may also be effectively treated by surgery and postoperative
radiochemotherapy.6'45
ERUS provides accurate staging of primary rectal can-

cer.46'47 Clinical assessment of tumor fixation does not
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discriminate between tumor invasion and attachment be-
cause of inflammatory reaction. ERUS confirms with high
diagnostic accuracy the extent of tumor invasion beyond the
rectal wall. In untreated rectal cancer, the diagnostic accu-
racy of ERUS for the T categories is 87%47; therefore,
ERUS was used to assess the eligibility of patients. Conse-
quently, the downstaging rate of 59% achieved in our study
might be even more valuable compared to trials omitting
pretherapeutic endosonography as a basis for entering pa-
tients in the study. However, the accuracy of ERUS is
lowered after HRCT: only 50% of the specimens were
correctly staged for depth of wall penetration and 59%
tumor-occupied lymph nodes. The underlying reasons may
be edema formation and the difficulty in differentiating
between intratumoral fibrosis and infiltration of the rectal
wall. This phenomenon has also been described after radio-
chemotherapy.48

In our series, the response rate was 59.4%, with 14%
complete remissions. A further 37% of the resection spec-
imens had residual disease as small remnants and were
staged as ypT2 or less. Our results seem to show improved
effects of HRCT compared to radiotherapy alone or radio-
chemotherapy (Table 7). The high proportion of fixed and
advanced fixed tumors in our study group should be taken
into consideration.
Even after a full course of preoperative radiotherapy for

fixed or tethered rectal cancer, the local recurrence rates
remain high, ranging from 16% to 43%.13,14 44 The inci-
dence of local recurrences after resection of fixed tumors
was still 38% after combined preoperative radiochemo-
therapy.'8 Minsky et al.'6 added leucovorin to 5-FU in
combination with 50.4 Gy in 20 patients with fixed tumors
and found a 29% actuarial local failure rate at 3 years. When
fixation was advanced, this rose to 50%.49 To improve local
control, intensified preoperative therapy may be the most
promising way to treat these patients.

Table 7 summarizes the data of different preoperative
treatment regimens for advanced rectal cancer. Except for
the study by Chan et al.'8 using mitomycin during systemic
chemotherapy, the rate of pathologic CR ranges from 10%
to 15%. Radiotherapy alone achieved a pCR rate of only
8%. The overall response rate (pCR and PR) reaches 60% if
HT is added to standard radiochemotherapy. Most promis-
ing, however, the local control rate is still 100% for patients
who have had a curative operation. It does not seem too
early to evaluate this, because 80% of local recurrences in
rectal cancer are detected within 24 months after resection
of the primary tumor, with a peak at 6 to 12 months.3
One major finding of our study is that temperature measure-

ment points in contact with the tumor (Tgo, cumulative minutes
at Tgo (cum min Tgo) . 40.5 C) correlate with the response to
HRCT. Up to now, this phenomenon has been reported only
for superficial malignancies.34 The thermal parameters are
influenced by the power densities achieved in the tumor and by
the perfusion. Power deposition pattems might be improved by
certain system parameters (e.g., phases/amplitudes of chan-
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nels). Perfusion might depend on systemic parameters such as
heart rate or blood pressure. The complex relations between
these parameters and strategies for further improvement of
RT/HT will be discussed in a later paper.

Patient anxiety, general discomfort, and pain during treat-
ment because of the "hot-spot phenomenon" (specific acute to
subacute side effects caused by the electrical interface)32 are
problems in the regional HT of deep-seated tumors and are
reported to be present in up to 60% of cases.2031 Acute side
effects due to regional HT seem to be acceptable regarding
grade IM toxicity, yielding rates comparable to the toxicity
induced by the other modalities. However, the local increase in
electrical field intensity causes an increase in temperature dur-
ing HT application, resulting in discomfort. Hot spots have
been analyzed using model calculations, but they remain very
difficult to predict individually.50 The morbidity of combined
radiochemotherapy treatment-related toxicity (grade IE) was
reported to affect 19% to 69% of the patients.'6'19'5' Some of
these patients were treated with large daily fractions (2.5 Gy)
without routine use of small-bowel exclusion, and patients
with recurrent rectal cancers after abdominoperineal excision
were included in the study. Within our group of patients,
adding HT did not induce increased grade HI toxicity (14%),
and none of the patients experienced grade IV side effects.
The preclinical rationale for HT has been known for a

long time. In addition to its cytotoxic and sensitizing effects,
other reasons for its effectiveness have recently been dis-
cussed. In particular, HT might improve reoxygenation
(possibly by raising perfusion), which enhances the effects
of radiotherapy.8 This might explain why benefits have been
obtained at low temperatures (Tgo 40-40.5 C) unlikely to
damage cells under in vivo conditions. It also gives a ratio-
nale to apply radiotherapy after heat treatment, as in our
study. Vascular breakdown in experimental tumors under
HT supported the common practice of applying HT after
radiotherapy, because hypoxia might be increased. How-
ever, our experience with this group of patients gives evi-
dence of increased perfusion in or at the tumor under HT.
Therefore, the optimal sequence of radiotherapy and HT is
still an open question.

In conclusion, this phase II study demonstrates that a trimo-
dal therapy regimen with acceptable toxicity can be applied
safely in patients with advanced rectal carcinomas. HT was
used as part of this regimen and did not increase the side effects
of radiotherapy and chemotherapy once the rima ani cooling
system was introduced. The resectability rate was good and,
except for one patient, all could be resected with curative intent
and low perioperative morbidity. The next step in developing
thermotherapy might be to reach 120 minutes of cumulative
HT at 40.50C or higher in all patients.

Similar to the treatment results in soft-tissue sarcoma,52
HT added to radiochemotherapy in advanced rectal cancer
yielded an excellent response of 60%, with 14% histologi-
cally proven complete remissions. The true value of HT in
this setting, however, will be assessed in a randomized
phase III trial that is underway.

Ann. Surg. - March 1998
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