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Summary

The purpose of our study was to test the efficacy and toxicity of hyperthermia in conjunction with chemoradiotherapy for T3N0 laryngeal cancer. 
From 1997-2006, 25 patients diagnosed with T3N0 laryngeal carcinoma who denied laryngectomy were selected for this retrospective study. 
Patients received a total dose of 70 Gy (2 Gy per fraction, 5 days per week) in combination with 6 weekly sessions of hyperthermia, in addition 
to weekly cisplatin chemotherapy. The hyperthermia device was operated as a 433 MHz microwave heating with water loaded and water-cooled 
waveguides. The temperature was monitored subcutaneously in the skin under the aperture of the waveguide. The median follow-up was 60 
months, while 23 of 25 patients (92%) presented complete response to treatment. The two patients that did not respond to thermoradiotherapy 
underwent total laryngectomy, and during follow-up were alive and free of disease. According to EORTC/RTOG criteria, toxicity was mild: 
three patients (12%) presented grade III, eight (32%) presented grade II and 14 (56%) presented grade I acute skin toxicity. Grade III laryngeal 
late toxicity (vocal cord malfunction due to severe oedema) was noted in two patients (8%) at 6-8 months post-thermo-chemoradiotherapy. Tmin 
was correlated (Spearman rho, p < 0.05) with response to treatment as well as with acute skin toxicity and laryngeal function. When a patient 
with T3N0 laryngeal carcinoma denies laryngectomy, an alternative treatment is combined thermo-chemoradiotherapy which seems to be effec-
tive and generally tolerable with radiation-induced skin toxicity and/or late side effects. A larger patient cohort is needed to confirm these results.
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Riassunto

Col presente lavoro abbiamo voluto testare l’efficacia e la tossicità del trattamento combinato dei carcinomi laringei T3N0 mediante 
ipertermia e radio-chemioterapia. Per questo studio retrospettivo abbiamo selezionato 25 pazienti, trattati fra il 1997 e il 2006, ai quali 
era stato diagnosticato un carcinoma laringeo con stadiazione T3N0, che avevano rifiutato la laringectomia come possibile trattamento. 
Tutti i pazienti sono stati sottoposti ad una dose di 70 Gy di radioterapia (2Gy per frazione per 5 giorni alla settimana) in combinazione 
con 6 sessioni di ipertermia a cadenza settimanale. I pazienti sono stati inoltre sottoposti ad un trattamento chemioterapico settimanale 
con cis-platino. L’ipertemia è stata ottenuta mediante un generatore di microonde a 433 MHz con un sistema direzionale raffreddato ad 
acqua. La temperatura è stata monitorata a livello sottocutaneo in corrispondenza della porzione terminale del sistema direzionale per le 
microonde. La mediana del follow-up è stata di 60 mesi, nei quali 23 dei nostri 25 pazienti (92%) ha presentato una remissione completa. 
Nei due pazienti non responsivi alla termo-radioterapia si è proceduto all’esecuzione di una laringectomia totale, ed in corso di follow-up 
entrambi sono risultati essere vivi e liberi da malattia. Se valutata secondo i criteri dell’EORTC/RTOG la tossicità rilevata è stata leggera: 
3 pazienti (12%) hanno presentato un grado III di tossicità cutanea acuta, otto (32%) un grado II e 14 (56%) un grado I. In due pazienti 
(8%) è stato registrato, a 6-8 mesi dalla termo-chemioterapia una tossicità laringea ritardata di grado III, con edema severo delle corde 
vocali. La temperatura minima registrata ha mostrato una correlazione sia con la risposta al trattamento (Spearman rho, p < 0,05) sia con 
la tossicità cutanea acuta e la funzione laringea. Nei casi in cui un paziente con un carcinoma T3N0 della laringe rifiuta la laringectomia, 
la termo-chemioterapia si propone come un alternativa efficace caratterizzata da effetti collaterali tollerabili quali la tossicità cutanea 
radioindotta o effetti indesiderati tardivi. La conferma dei nostri dati richiede tuttavia l’analisi di una casistica più ampia.
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Introduction
Hyperthermia, the elevation of tumour temperature above 
42°C, is an anticancer modality that can be used for the 
treatment of many types of cancer. Hyperthermia is usu-
ally applied in conjunction with other therapeutic modali-
ties such as radiotherapy, as their mechanisms of action 
are complimentary  1. It has been observed that at high 
temperatures cell death is mainly due to protein denatura-
tion which causes alteration in cell structures and changes 
in enzyme complexes that are required for DNA synthesis 
and repair 2. Radioresistant cancer cells that are hypoxic, 
acidotic and nutrient deprived, are sensitive to hyperther-
mia. In addition, hyperthermia and radiotherapy are ef-
fective in different phases of the cell cycle. Hyperthermia 
affects tumour blood flow and oxygenation resulting in 
enhancement of radiation response  3. Many trials have 
shown that the combined therapy is effective for the treat-
ment of cancer and improves clinical response and local 
control of disease 4 5.
Advanced stage laryngeal carcinoma is associated with 
poor prognosis and greatly affects the patients’ quality of 
life 6. The most common treatment modalities are either 
laryngectomy followed by chemoradiotherapy or radio-
therapy alone 7. The incidence of laryngectomy post-radi-
otherapy due to local relapse for T3 laryngeal carcinoma 
remains high  7  8. Chemoradiotherapy offers improved 
clinical outcome in comparison to irradiation alone  9-11. 
There are patients, however, who deny the above thera-
peutic approach due to the poor quality of life caused by 
laryngectomy.
The purpose of our study was to test in a retrospective 
manner, whether the combination of hyperthermia and ir-
radiation is an effective treatment modality for patients 
who suffer from T3N0 laryngeal carcinoma and refuse 
laryngectomy.

Materials and methods
From 1997-2006, 25 patients diagnosed with T3N0 laryn-
geal carcinoma who denied laryngectomy were selected 
to participate in this retrospective study. The pre-treat-
ment evaluation included blood test, clinical examination 
and CT scan of the cervix and thorax. The treatment of 
hyperthermia took place either in the Aretaieion Universi-
ty Hospital or at the Radiotherapy Department of YGEIA 
Hospital. The treatment planning used was either PLATO 
(Nucletron, The Netherlands) or HELAX-TMS (Nucle-
tron B.V., Veenendaal, The Netherlands) depending on 
the radiotherapy department where irradiation was per-
formed. The technique used in all cases was 3D conformal 
radiotherapy with CT-based image treatment planning. 
On all cases, the treatment delivery was performed with a 
6MV LINAC SIEMENS MX. There were three phases of 
irradiation according to the technique of shrinking fields. 
In the first phase, together with the primary disease, the 

levels of IIA, IIB, III and IV were included up to 46 Gy, 
although no evidence for nodal disease was confirmed. 
However, this was done due to clinical (radiological) stag-
ing of the disease and not surgical (pathological) confir-
mation. Phase 2 included the laryngeal region with levels 
IIA and III (due to the close location with the larynx) cer-
vical lymph nodes up to 56-58 Gy. The third phase in-
cluded only the larynx up to 70 Gy. During phases 2 and 
3, the spinal cord was excluded from the irradiation fields. 
An immobilization mask was used in all cases, while a 
conventional simulation was used before irradiation for 
confirmation of portals. In all patients, portal film was 
taken once per week throughout the entire radiotherapy 
schedule. Patients received a total dose of 70 Gy (2 Gy per 
fraction, 5 days per week) in combination with 6 weekly 
sessions of microwave hyperthermia. The hyperthermia 
session was performed weekly every Monday or Tues-
day throughout the radiotherapy, at the left or the right 
side of the neck alternately by the weekly session. The 
hyperthermia device was operated as a 433 MHz micro-
wave heating with water-loaded and water-cooled wave-
guides  12. The applicator used was a rectangular wave-
guide 6 × 7 cm with an effective field size of 5 × 6 cm 
(Fig. 1). The microwave device had an omitted power of 
100 Watts RMS. The temperature was monitored with a 
thermocouple, while temperature measurement was made 
with 2 sec of power interruption. The temperature was 
monitored subcutaneously in the skin under the aperture 
of the waveguide. Thermal parameters such as Tmin and 
Tmax were always monitored. The hyperthermia session 
was prescribed as an one-hour heating with temperature 
range between 42-45°C. Radiation induced toxicity was 
evaluated with the EORTC/RTOG toxicity criteria 13.
All patients received concurrent weekly cisplatin 40 mg/
m2 as a radio-sensitizing agent for radiotherapy. All pa-
tients signed informed consent for the combined treat-

Fig. 1. Rectangular waveguide operating at 433 MHz used for local hy-
perthermia.
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ment according to the Declaration of Helsinki for Human 
Rights. All patients signed an informed consent that they 
agreed to have a combination of chemotherapy, radio-
therapy and hyperthermia since they have denied surgical 
intervention. They were informed that the best practice 
for them would be laryngectomy, while the response to 
chemoradiotherapy and hyperthermia would not be the 
same as local excision. Moreover, they were informed 
about the potential toxicity of the combined treatment. 
Since there was no reimbursement for hyperthermia, the 
local board approved the inclusion of hyperthermia, while 
patients for this certain tumour location received 1-hour 
local thermotherapy without charge.
According to the study protocol, patients that were in-
cluded should meet the following criteria:
•	 Histologically proven glottic T3 squamous cell carci-

noma.
•	 Contrast – enhanced CT scan performed before treat-

ment.
•	 Confirmation of clinical staging of cervical lymph 

nodes, in terms of N0, with MRI study of the neck.
•	 Normal electrocardiogram and normal chest–wall X–

ray.
•	 Age 18-80 years old and life expectancy > 2 months.
•	 Karnofsky performance status (KPS)  >  70% and 

World Health Organization Status (WHO) 0 - 1.
•	 Laboratory values (performed one week before study):
	 Absolute neutrophil count > 3000/mm3;
	 Platelet count > 100,000/mm3;
	 Haemoglobin > 10 g/dl.
•	 Urea and serum creatinine lower than upper limit of 

laboratory normal.
•	 Total and direct bilirubin lower than upper limit of 

laboratory normal.
•	 Serum glutamic – oxaloacetic transaminase, serum 

glutamic – pyruvic transaminase lower than upper 
limit of laboratory normal.

•	 Alkaline phosphatase lower than upper limit of labora-
tory normal.

•	 Patient denial for laryngectomy.
The exclusion criteria for the study were:
•	 Age > 80 years old.
•	 Patients with pacemaker.
•	 Patients with implanted electronic devices.
•	 Patients with implanted stents.
•	 Patients with fever before treatment.
The primary endpoints were response to treatment ac-
cording to RECIST criteria 14 together with loco-regional 
control rate and overall survival. The secondary endpoint 
was treatment-related toxicity. All patients underwent CT 
and/or MRI study together with direct laryngoscopy every 
3 months the first year and every six months thereafter. 
According to the local protocol in our department for 
follow-up in head and neck patients, the intention was to 
follow-up patients for 5 years post-treatment.

Statistical analysis
The correlation between thermal parameters and toxic-
ity grading (acute and late) as well as response rate was 
performed with the Spearman rho non-parametric test. 
The Kaplan-Meier method was used for survival analysis. 
Comparison of KPS values before and after treatment was 
done with the Wilcoxon non-parametric test. The signifi-
cance level in all cases was taken at the level of 0.05. All 
analyses were performed with SPSS ver. 10 (IL, USA).

Results
In our study, 25 patients with laryngeal carcinoma who 
received local hyperthermia combined with chemo-radio-
therapy were included in this retrospective study. Accord-
ing to CT images before treatment, the mean tumour vol-
ume was 3.26 (± 0.19) cm3, with a range of 2.9-3.5 cm3. 
The median follow-up was 60 months (range 60-72 
months), while 23 of 25 patients (92%) presented com-
plete response to treatment. Concerning the two failures, 
one presented stable disease at three months post-treat-
ment, while the other had progressive disease at 6 months 
post-treatment. The two patients that did not respond to 
thermoradiotherapy underwent total laryngectomy with 
clear margins and lymph node dissection of levels II and 
III, with pathological confirmation of N0 disease. During 
follow-up these patients remained alive and free of disease. 
Toxicity was mild: three patients (12%) presented grade 
III, eight (32%) presented grade II and 14 (56%) presented 
grade I acute skin toxicity. There was an increased acute 
skin toxicity (mainly erythema) in the area of hyperther-
mia treatment at the footprint of the antenna. Moderate late 
toxicity consisted of vocal cord malfunction due to severe 
oedema (grade III), and was noted in two patients (8%) 
at 6-8 months post-thermoradiotherapy. The loco-regional 
control rate at 5 years is shown in Figure 2. Acute and late 
skin toxicity together with the late laryngeal toxicity re-
lated to laryngeal function is reported in Table I.

Fig. 2. Loco-regional control rate for a median follow-up of five years.



V. Kouloulias et al.

170

During the hyperthermia session, thermal parameters 
such as Tmin and Tmax were monitored for all patients. 
From our statistical analysis, it was found that Tmax cor-
related with Tmin (Spearman rho = 0.69, p < 0.01), acute 
skin toxicity (Spearman rho = 0.78, p < 0.01) and late re-
actions such as laryngeal function (Spearman rho = -0.45, 
p < 0.029). A correlation was found between Tmin and 
response to treatment (Spearman rho = -0.47, p < 0.017) 
as well as acute toxicity (Spearman rho = 0.54, p < 0.005) 
and laryngeal function (Spearman rho = -0.48, p = 0.021). 
All these correlations were statistically significant. Fi-
nally, statistically significant correlation was noted be-
tween laryngeal function and response as well as acute 
toxicity (Spearman rho  =  0.74, p  <  0.01 and Spearman 
rho = -0.52, p = 0.012 respectively). The results of the sta-
tistical analysis are presented in Table II. No haematologi-
cal toxicity was seen in any case. The mean Karnofsky 
performance status score before and after combined treat-
ment was 88.4% (± 8.9) and 88.2% (± 9.8), respectively 
(p = 0.805, Wilcoxon test).

Discussion
The treatment of choice for laryngeal carcinoma consists 
of surgery in addition with chemoradiotherapy or radio-
therapy alone 7 15. This treatment often causes toxicity and 
is related with limited local control and survival 6 15. Stud-
ies have shown that total laryngectomy has a survival ad-

vantage over chemoradiation or radiation alone. Chen  10 
demonstrated that considering one-year survival, the 
hazard ratio (HR) is 1.0 for total laryngectomy, while for 
chemoradiotherapy is 1.35 and 1.51 for radiotherapy alone. 
Concerning 4-year survival, these ratios were 1.0, 1.24 and 
1.39, respectively. Corry 7 showed that for patients treated 
with chemoradiotherapy without surgical treatment, overall 
survival was disappointing. Three-year overall survival and 
5-year overall survival were 67% and 45%, respectively. 
The rates for 3-year local disease control and 5-year local 
disease control were 83% and 77%, respectively. In another 
study, patients treated with either induction chemotherapy 
and hyperfractionated radiation therapy or chemoradiation 
overall survival was 66%; an anatomically intact larynx 
was retained in 79% of patients, but 30% never resumed 
their pretreatment organ function 8. In addition, many trials 
demonstrate that chemoradiotherapy leads to better thera-
peutic results than radiotherapy alone 9 11 16-18.
Hyperthermia seems very promising in combination with 
radiotherapy, showing an enhancement in response to 
irradiation  19. Several studies have shown the potential 
radio-sensitization both in animals and in humans  20  21. 
In our study, we investigated if the combination of local 
hyperthermia with chemoradiotherapy in patients who 
denied laryngectomy is an effective treatment for T3N0 
laryngeal cancer. We also assessed the acute and late tox-
icity of this therapeutic modality. Our results showed that 
for T3N0 the complete response rate was up to 92% after 

Table I. Acute/late skin toxicity and late laryngeal toxicity according to EORTC/RTOG criteria.

Grade I Grade II Grade III
Acute skin toxicity

Follicular, faint or dull erythema 
/ epilation / dry desquamation / 
decreased sweating

Tender or bright erythema, patchy 
moist desquamation / moderate 
oedema 

Confluent, moist desquamation other 
than skin folds, pitting oedema

14/25 (56%) 8/25 (32%) 3/25 (12%)
Late skin toxicity

Slight atrophy; pigmentation change Patch atrophy; moderate 
telangiectasia

Marked atrophy; gross telangiectasia

5/25 (20%) 2/25 (8%) -
Late laryngeal toxicity

Hoarseness; slight arytenoid oedema Moderate arytenoid edema; chondritis Severe oedema; severe chondritis
19/25 (76%) 4/25 (16%) 2/25 (8%)

Table II. Spearman rho correlation between thermal parameters, response rate, EORTC/RTOG acute skin toxicity and laryngeal function.

Tmax Response (yes/no) EORTC/RTOG (acute) Laryngeal function 
(EORTC/RTOG late)

Tmin rho 0.69 -0.47 0.54 -0.48
p < 0.01 0.017 0.005 0.021

Tmax rho -0.31 0.78 -0.45
p 0.136 < 0.01 0.029

Response (yes/no) rho -0.25 0.74
p 0.223 < 0.01

EORTC/RTOG (acute) rho -0.52
p 0.012
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combined thermo-chemoradiotherapy. Only two patients 
did not respond to treatment and underwent total laryn-
gectomy. Hinohira  22 showed that for patients suffering 
from laryngeal carcinoma and treated with hyperthermia 
and chemoradiation, the response rate (complete and par-
tial response) was 100%. Other studies testing the combi-
nation of irradiation and hyperthermia in patients suffer-
ing from head and neck cancer showed that the complete 
response rates ranged from 76-78.6%  23-26. The trials of 
Engin 27 and Gabriele 28 showed complete response rates 
of 58% and 40%, respectively. In the trial of Serin, the 
local complete response rate of patients treated with hy-
perthermia and chemoradiotherapy was 82% 29. Chang 30 
treated patients with head and neck cancer (stage IV) with 
a combination of hyperthermia and chemotherapy with a 
response rate (complete and partial response) of 37.5%. 
The median follow-up of our patients was 60 months, and 
a significant 5-year survival rate was observed. In com-
parison with the above mentioned studies, treatment out-
come in our study appears to be high (response rate up to 
92%), whereas the rates for 5-year survival referred to in 
the current literature concerning thermoradiotherapy are 
24%, 50-55% and 68.2% 23 24 31.
The acute toxicity observed by combined treatment was 
mild; vocal cord malfunction was noted as late toxicity at 
6-8 months post thermoradiotherapy in only two patients. 
It is well established in many trials that hyperthermia in 
addition to radiation therapy is well tolerated and is not 
associated with severe side effects 23 27 28.
In studies that tested the correlation between thermal pa-
rameters of hyperthermia and clinical outcome of patients 
with head and neck cancer, there was an impact of ther-
moradiotherapy on both therapeutic outcome 28 and mor-
bidity 27, although this correlation did not reach statistical 
significance. From our statistical analysis, it was found 
that Tmax correlated with Tmin (Spearman rho = 0.69, 
p < 0.01) and acute (Spearman rho = 0.78, p < 0.01) and 
late reaction-laryngeal function (Spearman rho  =  -0.45, 
p < 0.029). A correlation was also found between Tmin 
with response (Spearman rho = -0.47, p < 0.017), acute 
toxicity (Spearman rho = 0.54, p < 0.005) and laryngeal 
function (Spearman rho  =  -0.48, p  =  0.021). All these 
correlations were statistically significant. In a previous 
study 32, we reported on the impact of Tmin with response 
of superficial tumours. In addition, the reason for the cor-
relation of Tmin with high radiation induced morbidity 
might be the elevated temperatures affecting both skin tol-
erability and glottic cord functionality, in terms of the ra-
diosensitivity that the thermotherapy produces in normal 
tissues. Finally, statistically significant correlation was 
noted between laryngeal function as well as response and 
acute toxicity (Spearman rho = 0.74, p < 0.01 and Spear-
man rho = -0.52, p = 0.012, respectively). The reason for 
this is obviously the highly deposited microwave power 
in both the glottic tumour and the normal surrounding tis-

sues, since hyperthermia has the disadvantage of the lack 
of focusing only in cancerous tissue. The effective field 
size of our hyperthermia applicator is 5 × 6 cm, by includ-
ing both anatomically normal structures and the glottic 
tumour in the hyperthermia field.
Hyperthermia seems to play an important role in the cure 
of head and neck cancer, since it was observed that when 
hyperthermia is added to radiotherapy the response rates 
are significantly higher that those of radiation therapy 
alone. Valdagni, reported the results of a randomized 
study on 44 metastatic squamous cell cervical lymph-
nodes comparing radical irradiation vs. radical irradiation 
plus twice a week local microwave hyperthermia 33. They 
showed that the complete response rate for patients treated 
with irradiation alone was 37% and increased to 82% with 
the addition of hyperthermia. Huilgol 26, in a randomized 
trial with 56 patients, found a statistically significant dif-
ference in complete response: 42.4% for irradiation alone 
and 78.6% for thermoradiotherapy. Hoshima 31, compar-
ing thermochemoradiotherapy in 18 patients with 25 re-
current lesions vs. chemoradiotherapy in 22 patients with 
27 recurrent lesions, reported similar results with com-
bined thermo-chemotherapy with a total response rate up 
to 92.0%, while there was a significant difference in com-
plete response between the two groups. In the same study, 
the 5-year cumulative local control was 68.2% vs. 22.2% 
in favour of hyperthermia.
Several studies have been published on radical irradia-
tion ± chemotherapy instead of laryngectomy for T3N0 
disease. Hinerman  34 studied 68 patients who received 
radiotherapy without chemotherapy and reported a local 
control rate up to 78% and overall survival up to 52%. 
Bergqvist 35 retrospectively reported a 5-year survival rate 
up to 72% for patients who underwent radiotherapy. Jack-
son 36, in 70 patients with T3 disease, reported a 5-year 
recurrence free rate of 65% with radiotherapy alone. It 
should not be underestimated that the high loco-regional 
response rate in our study with complete response was up 
to 92%. There are three possible reasons for this result. In 
our opinion, the first is the addition of local hyperthermia 
to the laryngeal area. The second is the fact that all of our 
patients had a tumour volume less than 3.5 cm3. Indeed, 
Lee 37 as well as Pameijer 38 reported excellent results with 
larynx preservation up to 85-92% when tumour volume 
was less than 3.5 cm3, such as in our case. The third is the 
prophylactic irradiation of clinical N0 lymph nodes, even 
without surgical dissection and consequent pathological 
staging. In fact, Yu 39, in 83 patients with T3-4 laryngeal 
tumours, reported a neck recurrence rate of clinical N0 
patients of 14.3%. It should not be underestimated that 
the frequency used for local hyperthermia was 433 MHz 
instead of 915 MHz, which is commercially used for su-
perficial heating. The approximate penetration depth for 
433 MHz and 915 MHz is 3.5 cm and 2 cm respectively, 
by deeper heating with our applicator.
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Other than the small number of patients and the retrospec-
tive inclusion of the patients, the main weakness of the 
present study is the lack of objective temperature meas-
urements in the tumour, since monitoring with the ther-
mocouple was performed on the skin surface. However, it 
seems difficult to put a thermocouple in the larynx of the 
patient without general anaesthesia. Although it was not 
available in our clinical study, non-invasive thermometry 
with magnetic resonance using proton resonance frequen-
cy shift 40 would be a potential solution to this problem.

Conclusions
In the present study, we report our experience with com-
bined hyperthermia and chemoradiotherapy for T3N0 
squamous cell carcinoma of the glottis. This retrospec-
tive study covers a long period of time, due to the low 
number of patients who met the inclusion criteria. Indeed, 
the incidence of patients with T3N0 laryngeal carcinoma 
who denied laryngectomy is low, although all consecu-
tive patients were referred in our department from several 
centres in Athens.
The quality of life for patients after laryngectomy and 
radiotherapy is definitely worse than those with chemo-
radiotherapy 41. However, the quality of life is sometimes 
worse in patients who underwent combined and multimo-
dality therapy rather than monotherapy with surgery or 
radiotherapy alone, while in some cases patients consid-
ered the laryngectomy as a liberation 42. However, in our 
case, patients simply avoided laryngectomy as their first 
line of treatment. The response rate of 92% reported here 
is one of the highest in the current literature, especially for 
T3N0 glottic carcinoma, where the commonly-reported 
response rate is 60-70% 7-11 16-18 36 43. Although no quality of 
life measurements were performed in our study, the KPS 
score did not change significantly before and 3 months 
post-combined treatment. When the patient with T3N0 
laryngeal carcinoma denies laryngectomy, an alternative 
treatment can be combined thermo-chemoradiotherapy, 
which seems effective and generally tolerable although it 
is associated with radiation induced skin toxicity and late 
side effects.
Our results seem encouraging, and more patients are 
needed to confirm the effectiveness and toxicity of this 
combined treatment for cure of laryngeal carcinoma. 
However, due to the retrospective design of the present 
study, it should be mentioned that no definite conclusions 
can be reached, and that the final results are likely to be 
related to hyperthermia only, since a tri-modality treat-
ment was applied to all cases. Thus, a randomized study 
with chemoradiotherapy vs. thermo-chemoradiotherapy is 
needed to confirm confirmation these results. Lastly, the 
danger for bias in a retrospective study is always present: 
in our case, all patients had a tumour volume less than 
3.5 cm3 which is a favourable factor.
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