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Hyperthermia Combined with Radiation Therapy and
Chemotherapy for Locally Advanced Head and Neck Cancer

Abstract

From July 1993 to October 1996, 18
patients with locally advanced head and neck
cancers were treated with hyperthermia,
radiation therapy, and chemotherapy. Primary
tumors were located in nasopharynx (10), base
of tongue (4), pyriform sinus (2), and larynx
(2). All patients were in stage III or IV (5T1,
3T2, 5T3, 5T4/2N2, 16N3). Microwave
hyperthermia, administering twice weekly, was
given to enlarged neck nodes and aimed at 42.5-
43°C for 60 minutes during each session.
Radical dose of irradiation was delivered to
primary tumor and regional neck nodes.
Concomitant chemotherapy (cisplatin/5FU;
carboplatin/UFT) of 2 courses was given
during radiation therapy with additional 2-4
courses as an adjuvant treatment. At one month
after completion of treatment, 6 patients (33%)
achieved CR and 12 patients (67%) had PR.
Subsequently, 6 patients had surgical salvage
of their neck nodes. Thus, at 3 months follow
up, 13 patients (72%) demonstrated local
regional control. (One patient who initially had
PR turned into CR without surgical interven-
tion). Relapse rate of 30% (4 out of 13) was
noted. Significant toxicity included mucositis
(28% gr. 3), neutropenia (6% gr. 3) and anemia
(6% gr. 3). The 12 and 18-month actuarial
survival were 93% and 81% respectively. In
conclusion, the trimodality approach of hyper-
thermia, radiation therapy and chemotherapy
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proved feasible, effective and safe. Further
studies to maximize the effects of this
multidisciplinary approach are necessary,
preferably in a prospective randomized trial.

Introduction

More than two-thirds of head and neck
cancer patients present with stage III and IV.
Despite aggressive local therapy, 50-60% of
these patients would ultimately develop local
recurrence. The survival rate is 40% for pa-
tients whose tumors are completely resected and
only 20% for those with unresectable tumors
treated with radiotherapy alone!*?. Concomi-
tant chemoradiotherapy has resulted in increased
disease-free survival and overall survival in
several randomized studies“*>®. However,
patients with large and fixed node (diameter >
5 cm.) remain a difficult problem with regard
to local control?®. Neck recurrence of 45%
has been reported in patients with advanced
stage and extracapsular spread®. More than
60% of these patients would die as a result of
local disease progression. Factors limiting the
efficacy of radiation therapy in controlling neck
node disease include the presence of hypoxia
and cells in the radioresistant phase of the cell
cycle i.e. S and G1. However, high thermo
sensitivity of cells in the S and G2 phases has
been observed by many investigators!!%!1),
Both in vitro and in vivo studies have demon-
strated that when one combined hyperthermia
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with radiation therapy, more cell kill would be
expected as compared to radiation alone. Heat
enhances cell-killing effect of irradiation by
inhibiting repair of sublethal and potentially
lethal radiation damage!?. Heat also selectively
kills hypoxic cells that are normally resistant to
irradiation"®. 1In addition, radioresistant S-
phase cells are more sensitive to heat. Hyper-
thermia also enhances the cytotoxicity of many
chemotherapeutic agents!'¥. The activity of
cisplatin is potentiated linearly at temperature
above 38°CU5:19) For 5-fluorouracil (5FU),
some investigators reported a positive interac-
tion with hyperthermia’!®, 5FU is also a
radiosensitizing agent. Its activity in combina-
tion with radiation has been clearly demon-
strated in head and neck cancer'*?®, UFTis a
combined drug of tegafur and uracil. The
antineoplastic effect of UFT is due to SFU
which is gradually converted from tegafur.
Uracil inhibits the degradation of SFU, permit-
ting the maintenance of SFU. With the conve-
nience of oral administration, more studies on
UFT have been performed with promising
results?!?2). By combining hyperthermia and
radiation therapy,®® we initiated a pilot study
of thermoradiochemotherapy (trimodality
approach) in locally advanced head and neck
cancer patients to evaluate the efficacy and
toxicity of this regimen.

Materials and Methods

From July 1993 to October 1996, 18
patients with locally advanced head and neck
cancers were accrued in this study. Eligibility
criteria included biopsy proven squamous cell
carcinoma, N2/N3neck nodes, ECOG perfor-
mance 0-2, adequate bone marrow function
(WBC > 3.5x10 /L, platelet count >100x10 /
L), adequate liver function (serum bilirubin <1.5
mg/dl, normal SGOT,SGPT, alkaline phos-
phatase), adequate renal function (serum

creatinine <1.5 mg/dl, BUN <25 mg/dl), no
previous radiation therapy or chemotherapy,
and no evidence of distant metastases.

All patients were assessed by complete
medical history, physical and | ENT examination,
complete blood count, biochemical profile,
chest x-ray, computed tomography or magnetic
resonance imaging of the head and neck. In-
formed consent was obtained from all patients
before entering the study. Summary of patients’
characteristics was shown in Table 1.

Treatment

Radiation Therapy

All patients received radiation therapy
from megavoltage equipment (Cobalt-60 or
Linear accelerator). The treatment volume
encompassed the primary site and the regional
neck nodes. Normally, parallel opposed
technique was used for upper neck field and
single anterior field was used for lower neck
field. The dose to the spinal cord was limited
to 44 Gy. Electron of appropriate energy was
used to bring the dose of the posterior neck
under the spinal cord block to 50 Gy. Enlarged
neck nodes were boosted up to 60-70 Gy. The
average dose to the primary tumor and neck
node were 6710 cGy and 6697 cGy, respectively
(range 6580-7000 cGy/6400-7600 cGy).

Hyperthermia

Local hyperthermia was performed
with microwave system using waveguide
applicator operating at a frequency of 915 MHz.
The applicator is a rectangular waveguide and
is excited symmetrically by a cylindrical brass
probe antenna. Air-cooling system is equipped
with each applicator. The intratumoral cath-
eter implantation for thermometry was done
before the start of the treatment. Normally, 1-2
catheters were inserted in the cervical node



under local anesthesia. This was done to
obtain temperature measurement which would
represent both central and peripheral region of
the tumor. Thermocouple thermometer
(multisensor probe with accuracy of £0.05°C),
completely immune from external microwave
interference, was used. Hyperthermia was
administered twice per week, 72 hours apart,
to avoid thermotolerance. Each heat session
was applied within 10-20 minutes of radiation.
The external applicator was placed over
enlarged neck node. The goal was to reach
minimal tumor temperature of 42.5-43°C for
60 minutes during each session. Monitoring of
surface temperature was also conducted to avoid
excessive heating of skin. Temperéture param-
eters that were measured during each session
for final analysis included minimal temperature
(Tmin), average minimum temperature (Tmin),
maximum temperature (Tmax), average maxi-
mum temperature (Tmax), minimum and maxi-
mum thermal dose in equivalent minutes at
43°C. Pain medication or sedation was not
given routinely except in patients who
experienced difficulty in keeping a stable rest
position during heat treatment.

Chemotherapy

Chemotherapy was given concurrently
with radiation therapy. Two regimens of
chemotherapy were used. The first one (16
patients) consisted of cisplatin and SFU.
Cisplatin was administered at a dose of 100 mg/
m? intravenously on day 1, 28 and 5FU 800 mg/
m?/day as a continuous infusion for 96 hours
on day !"!4 28-31 The second regimen (2
patients) consisted of carboplatin and UFT.
Carboplatin was administered at a dose of 300
mg/m?  intravenously on day 1, 28 and UFT
300 mg/m? orally on day 1-21. Adjuvant
chemotherapy of 2-4 courses was started 4-6
weeks after completion of radiation. The same
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dose of cisplatin/SFU or carboplatin/UFT was
used and the cycle was repeated every 28 days.

Evaluation

Tumor response was determined by
using WHO criteria. Complete response (CR)
was defined as the disappearance of all known
lesions; partial response (PR) as a 50% or more
reduction of all measured lesions, and no change
(NR) as a reduction of less than 50% of lesions.
Response evaluation was done at one and three
months after completion of therapy. Nodal
dimensions were measured in two orthogonal
directions and nodal volume was calculated with
the following formula:

Vcc)=4/3xmxax b’

where a is the maximum nodal radius
and b is its orthogonal radius. Toxicity of
radiation treatment was recorded by using the
RTOG/EORTC criteria. Chemotherapy related
toxicity was evaluated by WHO criteria.

Results

The major end points of our study are
1) local control of neck node, as well as
primary site and 2) acute side effect of hyper-
thermia combined with chemoradiotherapy. At
one month after completion of treatment, 6
patients (33%) achieved CR and 12 patients
(67%) had PR. Subsequently, 6 patients who
had residual neck node but complete regression
of their tumors at primary site underwent neck
dissection. Pathological specimen in 5 out of 6
patients revealed only area of necrosis in the
nodes recovered. Only one patient had positive
malignant cell in one node that was removed.
Ultimately, at 3 months of follow up, 13
patients (72%) achieved local regional control
(one patient who had PR initially turned into a
CR without surgical intervention).
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Of 13 patients rendered disease free
after completion of treatment, 4 patients (30%)
subsequently developed recurrence at 4,5,15 and
32 months of follow up. Two patients recurred
at their primary site. One relapsed at both
primary site and distant site (bone metastasis).
One relapsed at distant site only (liver). No
patient relapsed at nodal site. Two patients who
experienced distant metastases died one month
after a relapse was established. Two patients
who had primary site recurrence were salvaged
by re-irradiation and chemotherapy. Both of
them were still alive at 3 and 12 months of
follow up.

As of July 1997, the median time to
follow up for all patients was 13 months (range
1-40). Two patients died from disease progres-
sion. By using Kaplan-Meier method, the 12
and 18-month actuarial survival were 93% and
81% respectively.

Toxicity

Local toxicity

Acute cutaneous side effect occurred
in all patients. Grade 2 skin toxicity occurred
in 16 patients (89%) and grade 3 in 2 patients
(11%). No thermal blister has been observed.
Severe pain developed in two patients during
heat session which required major adjustment
of power deposition and applicator set up. Pain
medication was also given. Eight patients (44%)
experienced grade 2 mucositis and 7 patients
(39%) had grade 3 mucositis. Seven patients
(39%) developed grade 3 pharyngitis/esophagtis
requiring NG tube feeding. Radiation interrup-
tion of more than 2 weeks was necessary in 4
patients due to mucositis and/or neutropenia.

Systemic toxicity
Eight patients (44%) developed grade
2 neutropenia and only one patient (6%) had

grade 3 neutropenia. Grade 2 and 3 anemia
developed in 5 (28%) and 1 patient (6%)
respectively. Gastrointestinal toxicity seemed
to be mild and only one patient experienced
grade 2 toxicity (transient vomiting). Delay in
administration of second cycle of chemotherapy
occurred in 6 patients due to bone marrow
suppression and/or mucositis. Summary of treat-
ment related toxicity was shown in Table 2.

Hyperthermia Data

A total of 174 heating sessions were
performed on 18 patients. The average number
of hyperthermia treatment was 10 for each
patient (range 2-14). Only one patient had
premature discontinuation of hyperthermia
after 2 sessions due to pain, discomfort and
difficulty in breathing during supine position.
Thermal parameters were recorded and shown
in Table 3. No significant correlation has been
observed between thermal parameters and
clinical response.

Discussion

There is convincing evidence that
tumor response to ionizing radiation is improved
by temporary exposure to elevated temperature.
When heat and radiation are performed simul-
taneously, more than additive effects on cell
killing are observed. Hyperthermic
radiosensitization is usually expressed in terms
of thermal enhancement ratio (TER) and is
generally considered to result from inhibition
of the repair of radiation-induced damage,
particularly on DNA strand break rejoining?*23,
Jorritsma and Konings demonstrated that the
rate of repair of DNA strand breaks diminished
progressively after exposure to a temperature
of 42°C or higher 2.

Both in vivo and in vitro studies have
demonstrated that the efficacy of many chemo-
therapeutic agents were potentiated by hyper-



thermia. Drugs that have been studied exten-
sively and revealed promising results when
given concurrently with hyperthermia are
cisplatin, carboplatin, alkylating agents, and
nitrosoureas?’. Several investigators have
clearly demonstrated that hyperthermia signifi-
cantly enhanced cisplatin cytotoxicity. Cohen
and Robins studied on carboplatin and showed
thermal enhancement above 40°C with maxi-
mal thermal enhancement at 42°C28. This
finding was similar to that reported by
Lindegaard for cisplatin®.

Patients who presented with enlarged
neck node (>6 cm) or fixed nodes remained a
difficult situation to achieve long term control
even after radical dose of irradiation. Only 40-
60% of N2-N3 neck nodes experienced durable
local control. Two randomized studies have
shown beneficial effects in terms of local
control and survival when hyperthermia was
added to radiation therapy in treating locally
advanced head and neck cancer. The first one
reported by Datta demonstrated a 37% CR for
combined hyperthermia and radiation therapy
in stange IV head and neck cancer patients as
opposed to only 7% CR for radiation alone®.
In addition, the 18-month disease-free survival
was significantly better for the combined arm
(25% vs 8%). The second one reported by
Valdagni demonstrated significant improvement
in early response (82% CR vs 36% CR) favor-
ing the combined arm for stage IV head and
neck cancer patients. More importantly, the
initial response also translated into a superior-
ity in overall survival. The 5-year survival was
53.3% for combined hyperthermia and radia-
tion which was significantly better than 0% in
the radiation alone arm?®!. Of particular note
was that both studies did not reveal any signifi-
cant increase in acute toxicity when hyperther-
mia was added to radiation therapy.

The trimodality approach of
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hyperthermia, radiation therapy, and chemo-
therapy has been tested more extensively
during the past few years. Herman treated
locally advanced malignancies with radiation
therapy, microwave hyperthermia and 20, 30,
or 40 mg/m? of cisplatin. This protocol was
proved to be feasible and effective with 50%
CR*. Side effects included second and third
degree burn (50% and 25% respectively) and
bone marrow suppression (21%). Amichetti
treated 18 locally advanced head and neck
cancer patients with hyperthermia, weekly
cisplatin (20 mg/m?) and radiation therapy and
demonstrated 66.6% CR and 22.2% PR3
Three-year actuarial nodal control was 53.5%
and 3-year actuarial survival was 50%. Local
toxicity was mild but systemic toxicity was
moderate with 3 patients experiencing grade 3
anemia. The only randomized study was con-
ducted by Krishnamurthi*. In that report., 69%
CR was obtained with the three modalities com-
bined; 61% CR with pleomycin and radiation
and 32% CR with radiation alone. However,
the trimodality approach did not convey a sta-
tistically significant benefit over radio-chemo-
therapy. It should be aware that in that study
the thermometry was not performed in the later
stages of therapy and the desired temperature
of 42°C in the tumor core might be suboptimal.

Our results of 33% CR obtained
initially and 72% CR after surgical salvage are
comparable to other reports in the literature.
Significant mucositis was observed which was
attributable to the addition of SFU/UFT. This
necessitated aggressive supportive care to
improve nutritional status of patients to carry
on the planned treatment.

In conclusion, the trimodality approach
of chemotherapy (cisplatin/carboplatin; 5 FU/
UFT), radiation therapy, and hyperthermia
proved feasible, effective and safe. Further
adjustment of dose and schedule of this
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multidisciplinary approach is still needed.
Whether this high initial complete response rate
would turn into an improved overall survival
remains to be proved in prospective
randomized trial.

Table 1. Patient Characteristics

Total number of patients
Sex; Male : Female
Age; range/mean (yr.)
ECOG performance status; range/median
Primary site of tumor
Nasopharynx
Base of tongue
Pyriform sinus
Larynx
T category
N category
Nodal volume; range/mean (cm?)

Table 2 Summary of toxicity

18

13:5
17-77/48
0-2/1

10
4
2
2

5T,, 3T,, 5T, 5T,

2N, 16N,

34 -1505/273

Grade Grade Grade Grade Grade
0 1 2 3 4
Skin - - 16 (89%) | 2(11%) -
Mucous membrane - 3(17%) 8 (44%) 7 (39%) -
Pharynx & esophagus - 3(17%) 8 (44%) 7 (39%) -
Neutropenia 9 (50%) - 8 (44%) 1 (6%) -
Anemia 12 (66%) - 5(28%) 1 (6%) -
Table 3 Thermal Parameters
Range

Parameter Average Minimum Maximum
T-max (°C) 4221 40.16 44.40
T-min (°C) 40.24 39.25 41.32
T-avg (°C) 41.24 39.76 4291
Max. Thermal dose Eq 43°C 544.60 11.80 2026.50
Min. Thermal dose Eq 43°C 63.61 0.80 150.60
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