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Purpose: The treatment of inoperable metastatic lymphnodes in patients with head and neck cancer represents a
therapeutic challenge. Clinical results using conventional radiation therapy are disappointing; on the other hand,
the evaluation of recent innovative radiotherapeutic methods is still pending. The end points of this analysis were
focused on long-term local control, on its potential influence on survival, and on late toxicity of a previously reported
randomized Phase 11l study comparing conventionally fractionated radical irradiation alone or combined with local
hyperthermia in fixed and inoperable metastatic neck lymphnodes.

Methods and Materials: The medical records of 41 patients (44 nodes) with advanced locoregional Stage IV
squamous cell cancer of the head and neck and randomized to treatment in the period 1985-1986 with irradiation
alone (22/23 evaluable nodes) or combined with external hyperthermia (18/21 evaluable nodes), were re-evaluated.
Results: The statistically significant difference observed in “early” response (p = 0.0164) in favor of the combined
treatment results in improved S-year actuarial nodal control (p = 0.015). Clinical improvement noted in tumor
control positively affects survival, leading to a statistically significant difference in survival at 5 years (p = 0.02).
With respect to side effects, no clearly enhanced acute or late toxicity has been found; as severe late effects, two
patients with bone necroses possibly related to the combined treatment have been observed. Thermal analysis failed
to show a significant correlation between heating parameters and the end points of the study.

Conclusion: This report with S-year follow-up confirms the efficacy and the absence of severe toxicity of the
combination of radical radiation and hyperthermia in the treatment of metastatic lymphnodes in Stage IV squamous

cell carcinoma of the head and neck.

Hyperthermia, Radiation, Local control, Survival, Sequelae.

INTRODUCTION

In an attempt at improving outcome of fixed and inop-
erable N3 (46) metastatic squamous cell lymphnodes from
the head and neck region, a randomized Phase III trial
comparing conventionally fractionated radical irradiation
(RT) with or without local external microwave hyper-
thermia (HT) was conducted in 1985-1986 (50). The end
points of that study were the evaluation of response rate
at 3 months and acute local toxicity. Although the trial
was prematurely closed for ethical reasons, we concluded
our report as follows: ““The results of this report demon-
strate the advantage of adding hyperthermia to conven-
tionally fractionated radical irradiation without an in-
crease in acute irradiation side effects in a group of patients
with fixed N; (TNM-UICC) squamous cell neck nodes

from head and neck primary tumors.” The medical rec-
ords of 41 Stage IV head and neck patients (44 nodes)
entered onto the trial were reviewed to check late toxicity
of the combined modalities, to evaluate if “early” response
rates translates into local control, and to analyze the re-
lated potential influence on survival.

METHODS AND MATERIALS

Treatment protocol, patient eligibility, and patient
characteristics were described in the first report (50). With
the inclusion of four patients previously not analyzed be-
cause of limited follow-up, 37 of the 41 accrued patients
(21 in the control group and 16 in the RT plus HT arm)
for a total of 40 nodes (on 44 enrolled, 22 in the RT, and
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Table 1. RTOG/EORTC late cutaneous, subcutaneous and osseous radiation morbidity scoring system, and acute cutaneous
reaction scoring systems modified from Fowler ez a/. (13) and from Miller et al. (29)

RTOG/EORTC late toxicity

Skin Subcutaneous tissue Bone
Grade 0 None 0 None 0 None
1 Slight atrophy 1 Slight induration (fibrosis) 1 Asymptomatic

Pigmentation change
Some hair loss

2 Patchy atrophy
Moderate telangiectasia
Total hair loss

and loss of subcutaneous fat

No growth retardation
Reduced bone density

2 Moderate fibrosis but 2 Moderate pain or tenderness
asymptomatic
Slight field contracture < 10%

Growth retardation
Irregular bone sclerosis

linear reduction

3 Marked atrophy
Gross telangiectasia

measurement
4 Ulceration 4 Necrosis
5 Death 5 Death

0 Acute toxicity

3 Severe induration and loss of 3 Severe pain or tenderness
subcutaneous tissue
Field contracture > 10% linear

Complete arrest bone growth
Dense bone sclerosis

Necrosis/spontaneous fracture
Death

[ SN

Modified from Fowler er al. (13):

Grade 0 = Unknown; 1 = No vistble reaction; 2 = Light but definite erythema; 3 = Moderate erythema; 4 = Severe erythema (red
or pink); 5 = Dry desquamation (< 50% of field); 6 = Dry desquamation (> 50% of field); 7 = Moist desquamation (< 50% of field);
8 = Moist desquamation (> 50% of field); 9 = Blister; 10 = Ulceration.

Modified from Miller et al. (29):

Grade 0 = None; | = Erythema; 2 = Dry desquamation, vesciculation, pruritis; 3 = Moist desquamation, ulceration, blister; 4 =

Esfoliative dermatitis, necrosis requiring surgical intervention.

18 in RT plus HT arm), are evaluable for this retrospective
analysis. Reasons for exclusion of four patients were al-
ready reported. Within the group of pre-treatment prog-
nostic factors, nodal dimension remains comparable in
the two treatment arms: the average maximum node di-
ameter is 4.94 cm in RT plus HT versus 4.83 cm in RT
alone group.

The prescribed dose and fractionation was 64-70 Gy
in 2.0-2.5 Gy fractions, five times per week, respectively.
Average total nodal dose delivered is also comparable: 68
Gy for the irradiation arm alone and 67.5 Gy for the
combined treatment arm.

Irradiation and hyperthermia treatment technique and
scheduling, and thermometry have been already described
(50). Briefly, heat was delivered within 20-25 min of ir-
radiation, twice a week with one commercial 280-300
MHz applicator (MA-150"), to the aim of trying to main-
tain the “lowest measured” intratumoral temperature at
42.5°C for 30 minutes. Thermal parameters analyzed in
the first report were the followings: (1) minimum tem-
perature (T min) and maximum temperature (T max) for
each heat session and (2) related Thermal Doses, (3) av-
erage Tmax (Tmax) and Tmin (Tmin) for all treatments
and (4) total maximum and minimum Thermal Dose.
The method used to calculate thermal doses has also been
previously described (50). In addition, Tee and Ty, as de-
fined by the Duke University group have been calculated
(33, 34).

The evaluation of acute side effects based on two cu-
taneous reaction scoring systems modified from Fowler
(13) and Miller et al. (29) is reported in Table 1: it includes
the already mentioned four patients not analyzed because
of limited follow-up. It also describes cutaneous, subcu-
taneous and bone late toxicity scored according to RTOG/
EORTC recommendations. WHQ criteria have been
adopted in the evaluation of tumor response (29). Actu-
arial survival and freedom from local relapse were cal-
culated by the product limit method of Kaplan and Meier
(19). Differences between curves were evaluated by the
Mantel-Haenszel log-rank test (25). Pearson chi-square
was calculated for all the observed frequency tables, with
the correction of Yates or Fisher’s exact test when nec-
essary.

RESULTS

The difference in complete response (CR) rate at 3
month evaluation including four patients (four nodes) not
previously reported because of limited follow up is still
significant (p = 0.0164) with 9/22 CR (40.9 + 10.5%) in
RT arm versus 15/18 CR (83.3 + 8.8%) in RT plus HT
arm. Iso-dose Thermal Enhancement Ratio (TER) of 2.04
(C.I. 95%: 1.18-3.5) can be calculated. Progressive disease
(PD) and partial response (PR) were observed in 4/22
(18.2%) and 9/22 (40.9%) in the conventional arm and
2/18 (11.1%) and 1/18 (5.6%), respectively, in the com-

! BSD-1000, BSD Medical Corporation, Salt Lake City, UT.
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Fig. 1. Kaplan-Meier representation of the probability of freedom
from local relapse (FFR) in months.

bined treatment arm. The statistically significant differ-
ence noted in favor of the combined modality treatment
in “‘early” response (36, 49) evaluation is maintained at
S years (p = 0.015): as shown in Figure 1, the 5-year ac-
tuarial probability of nodal control is 24.2% (+£21.1%) for
the conventional arm versus 68.6% (+22.19%) in the
combined arm, leading to a TER value of 2.83. The fre-
quency of “in-field” recurrences (nodal failure observed
in radically treated sites with or without hyperthermia)
and “out-field” récurrences (electively irradiated or not-
irradiated neck regions) are as follows: one “in-field” and
3 “out-field” recurrences occurred in the RT plus HT
group versus 2 “in field” and 1 “out-field” nodal failures
recorded in irradiated only group. Follow-up of RT pa-
tients ranges from 4 to 49 months (median 12 months),
while in RT plus HT patients is of 5-80 months (median
18 months). Actuarial survival of the two groups is shown
in Figure 2. The 5-year survival favors irradiated and
heated patients: 53.3% (= 21.03%) vs. 0%. The difference
is statistically significant with a p value of 0.02. Distant
metastases in this stage IV group of patients developed in
19% of the patients (12.5% in RT plus HT and 24% in
RT arm). Metachronous tumors occurred in three pa-
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Fig. 2. Kaplan-Meier representation of the probability of survival
in months,

tients; one in RT plus HT and two in RT arm. Non-
neoplastic causes of death were represented by cyrrhosis
(one patient), pancreatitis (one patient), COPD-related
(one patient) and cardiovascular disease (one patient) in
RT plus HT arm vs. one case of cardiovascular disease
in RT alone arm. It must be emphasized that an alcoholic
beverage and/or tobacco abuse (= 1.1 alcoholic beverage
per day, = 20 cigarettes per day) was known in 69% and
75% of cases in the control group and in 81% and 90%
in the study group, respectively. Thermal parameters an-
alyzed are listed in Table 2. As previously noted, no ap-
parent correlation were also observed between long-term
control or toxicity and thermal parameters. Acute toxic-
ities, including the above mentioned four patients not
analyzed in the first report, are listed in Figure 3. Again,
no clear evidence of increased acute morbidity was noted.
Late sequelae are also shown: as severe toxicity, two grade
4 side effects (bone necrosis) were noted in the combined
treatment arm. It must be underlined that both cases oc-
curred with nodes fixed to mandibular bone.

DISCUSSION

It is well recognized that about one third of patients
die of cancer as a consequence of the failure to control
local-regional disease (44, 45, 47). This is in particular
the case in patients with head and neck cancer where nodal
status (stage, dimension and fixation) represents the single
most significant prognostic factor (5, 6, 8, 28, 57). Local
control of primary tumor and of regional neck disease
appear to reduce the incidence of distant metastases and,
on the other hand, local recurrence is associated with a
higher rate of metastatic dissemination (23). Generally,
local regional control tends to improve prognosis in many
oncological disease including head and neck tumors (20,
22, 44, 45, 47). Standard radiotherapy for squamous cell
carcinoma of the head and neck region prescribes 60-70
Gy in 5 fractions of 1.8-2 Gy per week (26); if metastatic
neck lymphnodes of 3.5-6.0 cm have to be managed,
higher doses of at least 75 Gy (at 2.0 Gy fractions) or 80
Gy (at 1.8 Gy fractions) are necessary to achieve satisfac-
tory local control rates (30). In spite of total radiation
dose delivered, larger nodes exhibit very poor control rates
(12, 15, 27). Innovative radiotherapeutic methods (7, 31)
have been recently proposed to reduce local and regional
failures: pure hyperfractionation (9, 37), acceleration (21,
41, 53, 54), continuous hyperfractionated accelerated
regimens (42), radiotherapy combined with chemo-ra-
diosensitizers (1, 2, 17, 18, 53), non conventional ionizing
radiation such as neutron (16, 56). Hyperthermia in com-
bination with conventional or hypofractionated irradia-
tion has clearly shown to increase the probability of re-
sponse with limited and acceptable side effects (3, 35, 38.
48, 51).

Long-term results of our study, which is reasonably
homogeneous for hyperthermia techniques (same appli-
cator, same frequency, etc.), histology (squamous cell car-
cinoma), nodal status (fixed nodes) and total RT dose
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Table 2. Thermal parameters (see text)

1994

Range Median Average
Tmin (°C) 37.3-439 40.4 404 =+ 0.2
Tmax (°C) 39.8-54.2 433 433 = 0.2
Tmin (°C) 38.4-42 40.8 40.35+ 0.3
Tmax (°C) 41-48.28 42,9 436 + 0.5
Tso (°C) 41.8 £0.2
Teo (°C) 39.8 £0.02
Min thermal dose (Eq 42.5°C) 0-95.35 4 128 + 2.1
Max thermal dose (Eq 42.5°C) 0.2-293.16 57.3 8384 + 94
Total min thermal dose (Eq 42.5°C) 0-261.92 28.56 59.13 = 15.65
Total max thermal dose (Eq 42.5°C) 9.3-1237.74 224.12 326.2 +75.05

delivered confirm the benefit and the absence of severe
treatment-related morbidity of the combination of con-
ventionally fractionated radiation and external microwave
hyperthermia. The statistically significant difference in the
observed initial 3 month response rate (p = 0.0164) is
maintained as demonstrated by an actuarial 5-year local
control evaluation (p = 0.015). Similar results were ob-
served by Arcangeli ef al. (3) in a non-randomized trial
showing a complete response rate of 79% in irradiated
and heated nodes, and 42% in irradiated only nodes. They
reported local control rates at 28 months of approximately
58% and 14%, respectively. Clinical data of a randomized
study by Datta er al. (10) confirm these observations, par-
ticularly in Stage IV head and neck patients with a 30%
difference in complete responses (37% vs. 7%). The same
study underlines that disease free survival at 18 months
for advanced cases (Stage III-IV) is statistically different

RT + HT group

RT

(25% vs. 8%) with a p value of 0.03. Scott ef al. (43) in
paired lesions in the same patient showed a difference of
56% (78% vs. 22%) in CR at 6 months and of 60% at 1
year (100% vs. 40%) follow-up.

The RTOG randomized study (39) using low dose ra-
diation and heat showed no improvement in terms of
complete response rates and this was for both smaller and
larger than 3 cm lesions. Technical and clinical limitations
of that study have been widely discussed by trial partici-
pants (40). In a recent editorial, Oleson, analyzing RTOG
study (32), suggests that it may have been a premature
(-interinstitutional-) Phase III study in clinical hyperther-
mia. With the mentioned exception of the RTOG trial,
several studies including ours, confirm that hyperthermia
combined with irradiation is able to both increase “early”
response and decrease local failure rates. Our study, the
first reporting results with an extended follow up of 5

RT group

RT RT

Acute toxicity .

sange 1-9 . 17 Fowler modified 1-8 : 1-8
average  3.15 3 3.2 ' 32
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]
range 03 ; 0-3 WHO modified 03 X 03
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Fig. 3. Acute and late side effects of radiation therapy with or without hyperthermia (see text and Table 1).
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years, also shows that the achievement of nodal control
with the addition of hyperthermia to radical radiation can
be translated in superior survival rates. Analyzing nodal
dimension within the group of pre-treatment parameters
(52), we observed similar response rates in the study group
with lesions between 3.5 cm and 3.9 cm (4/5, 80%), 4 cm
and 5.9 cm (4/5, 80%) and 6-7 cm (7/8, 87%); on the
contrary, and confirming the well known concept of nodal
dimension as a negative prognostic factor in radiotherapy
(4), response rate decreased in the control arm from 50%
(3/6), to 44% (4/9), to 28% (2/7), respectively. As far as
side effects are concerned, acute toxicity was not signifi-
cantly enhanced by the combined treatment, as clearly
evidentiated in Figure 3; this finding is in agreement with
previously published clinical experiences (3, 10, 40, 43).
As possible treatment related significant toxicity, we pre-
viously reported a case of carotid rupture at 2 month fol-
low-up occurred in the combined treatment arm: it must
be underlined that this event, also reported by others (24),
was the only case observed in 173 nodes treated in the
period 1981-1991 (M. Amichetti, unpublished data, De-
cember 1992). Severe side effects were also limited: we
recorded two patients with bone necroses in the combined
group. It must be noted that this event, in one patient was
probably related to a tooth extraction 22 months after the
completion of therapy, and in the other patient osteora-

dionecrosis occurred in a region of a previous focus of
periodontal disease. Such complication has been described
in the literature after external beam radiotherapy (14).
Nonetheless, the possibility of heat-induced injury to
mandibular bone cannot be excluded, as clearly described
by Eriksson and Adell for the placement of implants using
osseointegration technique (11). Despite the extensive
thermal analysis performed, we were unable to find a re-
lation between thermal parameters and response or tox-
icity; and the sub-trial comparing two or six hyperthermia
sessions yielded similar results (8/10, 80%, complete re-
sponse with 6 sessions vs. 7/8, 87%. with two sessions).

CONCLUSION

This S-year analysis on a Phase Il randomized trial
comparing conventionally fractionated radical radiation
with radical radiation plus hyperthermia to metastatic
neck nodes in a Stage IV group of patients demonstrates
that the combined treatment: (1) Significantly improves
actuarial nodal control; (2) Significantly improves 5-year
actuarial survival; and (3) does not increase acute toxicity
and does not significantly affect late toxicity. Considering
the limited number of patients treated, further randomized
trials are needed to support these observations.
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