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Whole body hyperthermia (WBH), as a treatment
modality, shows promising results in the management
of advanced and refractory cancer in combination with
chemotherapy [1–4]. Techniques have been dramati-
cally improved in the last 20 years. Progress in improv-
ing the safety of the therapy depends on technical ad-
vances and appropriate anesthetic management. In
general, in a standard WBH session systemic temper-
atures of 41–42 °Ñ could be achieved and maintained
for 60–120 min. If body temperature is raised above
42.5 °Ñ and this regime maintained at least for 10 min
than we could consider it as an extreme WBH. The
issue is whether extreme WBH is to the benefit or det-
riment of the patient. On one hand higher temperature
is better for tumor eradication, but on the other hand,
tumor killing regimes in WBH (> 42.5 °Ñ) are not safe
and inhibit host immunocompetence [5].

At the XXIV International Congress on Clinical Hyper-
thermia (Rome, 2001) Souvernev et al. [6] presented re-
sults of the clinical application of severe WBH (43–44 °Ñ)
given for few minutes in the treatment to adult patients
with cancer and viral infection. Urotropin (cystamine, hex-
ametilentetramine) has been used for preventing thermal
proteolysis in critical body temperature. It is known that
urotropin was at first proposed by G.K. Gleim in 1997 for
this purpose [7]. Increasing the peak temperature up to
43–43.5 °Ñ and maintaining it for 10–15 min during a WBH
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session, with a temperature plateau of 42 °Ñ, could be
effective for antineoplastic activity. At the same time the
attention should be concentrated on the safety of the pro-
cedure and possible alteration of the lymphocyte sub-
populations due to apoptosis.

In the present study we evaluated the effect of
urotropin on the tolerance of severe WBH regimes in
rats bearing Sa 45 and in pediatric patients with ad-
vanced cancer.

MATERIALS AND METHODS
Experiments were carried out at the N.N. Alexandrov

Research Institute of Oncology & Medical Radiology (Minsk,
Belarus). 30 female white nonbred rats, aged 2–3 months
and weighing 140–160 g were used. Sarcoma 45 (Sa 45)
cells were obtained from Blokhin’s Research Cancer Cen-
ter (Moscow, Russia). Tumor cell inoculation was performed
by subcutaneous injection of 0.5 ml of tumor cell suspen-
sion (1 x 106 cells) into the lower part of the left femoral
region. Five days later, the rats with proven subcutaneous
tumor growth were subjected to the following treatment (10
rats in each group); a) control group treated with WBH 42.5–
43.0 îÑ for 1 h, b) a group treated with WBH 44.5–45.0 îÑ
for 1 h, c) a group treated with WBH 44.5–45.0 îÑ for 1 h +
urotropin. Water-bath heating was used for inducing con-
trolled WBH in rats. Urotropin (40% solution) was injected
twice (0.2 ml/100 g before WBH and in a half dose — after
WBH). Animal experiments were performed according to
the Rules of Ethic Committee of the N.N. Alexandrov Re-
search Institute of Oncology & Medical Radiology.

Prior to each manipulation, animals were anesthe-
tized with droperidol and fentanil (respectively 5 mg/kg
and 0.05 mg/kg of body weight intramuscularly).

In vivo antitumor activity was evaluated and the fol-
lowing parameters were evaluated:
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• tumor size was determined with calipers by mea-
suring three orthogonal diameters (groups a,b,c) of  the
tumor mass twice per week until day 33 following tu-
mor inoculation; tumor volume in cm3 was calculated
according to Schrek’s formula: V = (a · b · c) · 0.52;

• antitumor effect of the treatment was determined
as inhibition of tumor growth rate in comparison with
untreated control; tumor growth inhibition ratio (TGIR,
in%) was calculated   by formula:

              Vmn (con) – Vmn (exp)TGIR  = ——————— × 100%;
                     V mn (con)

where Vmn (con) and Vmn (exp) are the volume of the tu-
mor in the control and experimental group of animals,
respectively;

• mean survival time of tumor-bearing rats die up to
the day 120 of observation (in days) was registered;

• percentage of cured rats — proportion of rats with-
out detectable tumor at the day 120 of observation af-
ter tumor cell inoculation as compared to total number
of animals in groups.

Statistical analysis. Values given in this study are
mean + SEM. Unpaired Student’s tests were used for
all calculations

In clinical practice WBH sessions were administered
using high-frequency electro-magnetic (HF EM) instal-
lation (Yachta-5, Russia), under general anesthesia with
orotracheal intubation and mechanical ventilation. HF EM
field with frequency of 13.56 MHz was created by a co-
planar capacity type applicator positioned under distilled
water filled bolus (mattress) that a patient was lying on.
The HF EM energy being released directly in the deep
tissues ensures effective whole body heating to the re-
quired therapeutic temperature up to 43 °C, whereas
the skin temperature can be maintained as low as 39–
40.5 °C [8].  Rectal and esophagus temperatures were
monitored at 10 min intervals using thermistors. Rectal
temperature regimen maintained 41.8–42.5 °C for 2 h
with peak temperature up to 43.3 °C for 10–15 min.
Urotropin was given i.v. (40–80 mg/kg) twice (at the peak
of temperature and end of procedure) to prevent ther-
mal tissue proteolysis. The blood glucose level of 20–22
mmol/L was achieved and maintained throughout the
procedure. Cranial parts of the body were cooled with
air conditioning system after achieving a temperature
plateau of 42 °Ñ. The blood pressure, heart rate and res-
piration were kept under control within age-related rang-
es. In some cases sinus tachycardia required the use of
antiarhythmics. Urinary output as well as blood electro-
lyte levels and acid-base status were continuously mon-
itored. In order to maintain mean arterial pressure of at
least 60 mm/Hg and diuresis of approximately 1 ml/kg,
fluid volume substitution was performed by infusion of
crystalloid and colloidal solutions. WBH was accompa-
nied by appropriate anesthetic management and moni-
toring, therefore did not lead to any serious or sustained
organ disfunction, and was regarded as a safe therapy.
A typical extreme WBH procedure lasted 3-3.5 h, in-
cluding 40–45 min of heating to reach target tempera-
ture and 35–40 min for cooling phase. In total 42 WBH

sessions were performed in 13 patients. Changes of
cellular immunity (before and 1 day after WBH proce-
dure) were measured by FACscan Cytometry (Becton
Dickinson). Apoptosis rates of lymphocytes were deter-
mined by staining with Annexin V.

RESULTS AND DISCUSSION
Experimental data (Table 1–3 and Fig. 1) show that

extreme WBH (44.5–45.0 îÑ — 60 min) with urotropin
results in delayed death of animals in 50% of cases as
well as significantly higher rectal temperatures during
the procedure. Such a regime of extreme WBH (44.5–
45.0 îÑ — 60 min) without urotropin was not tolerated
by the rats, and 90% of them died after the procedure.
It should be underlined that rectal temperature in these
animals was 1.62 îÑ lower at the end of procedure in
comparison with the same temperature regime with
urotropin. These results suggest that urotropin may
have an effect on the thermoregulation mechanisms of
animals. Besides, as shown in Table 2, the application
of extreme WBH (44.5–45.0 îÑ — 60 min) + urotropin
in rats demonstrated significant inhibitory effects upon
the subcutaneous growth of Sa 45 as compared to the
usual regime of 42–43.0 îÑ. Urotropin may play a
favourable role in extreme WBH, decreasing thermal
damage to the body. Being of nonpeptide composition
with a low molecular weight it works even in the criti-
cally high temperatures, whereas all peptide antipro-
teolitics stop working due to inactivation.

Table 1. Survival of animals after 60 min session of WBH with different 
temperature regimes 

Number of animals  
Died in terms of hours Survived Temperature regimes 

1 2 4 6 8 10 12 22 24 48  
42.5–43.0 °Ñ 0 0 0 0 0 0 0 0 0 0 10 
44.5–45.0 °Ñ 2 3 1 0 0 0 0 1 1 1 1 
44.5–45.0 °Ñ + urotropin 0 0 0 0 0 0 0 2 3 0 5 

Table 2. Tumor growth inhibition ratio in rats bearing Sà 45 in comparison 
with control  group after WBH 

Tumor growth inhibition ratio (days) 
Treatment characteristics 

8 12 15 19 22 26 29 33 
WBH 42.5–43.0 °Ñ – control 23.6 18.8 26.0 26.8 23.2 22.6 20.4 24.1 
WBH 44.5–45.0 °Ñ + urotropin 45.4 55.4 58.3 60.2 53.0 42.2 36.4 36.8 

Òable 3. Mean survival time (days) and percentage of cured rats bearing 
Sà 45 after WBH 

Groups ¹ 
Control WBH 42.5–43.0 °Ñ WBH 44.5–45.0 °Ñ + urotropin 

x± 34.4 37.3 37.3 
Sx 1.62 2.74 3.01 
Cure rate — — 10% 
 

Fig. 1. Rectal temperature in rats bearing Sa 45 during WBH
procedure (60 min) in different  regimes
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Between 2001 and 2004, 13 children with advanced,
refractory or recurrent malignant tumors were treated
with extreme WBH (42.5–43.2 îÑ) and chemotherapy
(CT). Consent of parents for treatment had been ob-
tained in all cases. The median age was 10.6 years
(range 7–16 years). Patients’ characteristics, therapy
and response to therapy are shown in Table 4.

In 9 children we used WBH as a salvage therapy in
nonresponders and early relapsed cases. The majority
of patients had been treated according to accepted
European protocols. Two of them had hepatocellular
carcinomas (HCC), others had Askin tumor, renal cell
carcinoma (RCC), hepatoblastoma (HB), Wilms tumor
(WT), germ-cell tumor (GCT), nasopharyngeal carci-
noma (NPC) and undifferentiated carcinoma.

In four children with high risk tumors, extreme WBH
was administered as an adjuvant therapy to the stan-
dard protocol chemotherapy cycles. These were patients
with Askin tumor, Ewing’s sarcoma (ES), RCC and GCT.

All patients tolerated WBH procedures without any
serious complications. There was no major (WHO grade
3–4) acute toxicity related to thermochemotherapy. Oc-
casionally we observed superficial skin burns which did
not require any surgical managment. Evaluation of treat-
ment-related toxicity and monitoring cardio-vascular
system, kidney function, liver enzymes and other were
carried out carefully before and after every procedure,
as well as after 6–12 months following treatment.

The response to the extreme WBH with chemothera-
py was evaluated in all patients. There was one complete
response (CR), eight partial responses (PR) and four sta-
ble disease (SD), for an overall response rate of 69.23%.

We published earlier [9] that the immunological con-
sequences of combined therapy, including WBH, che-
motherapy and interleukin-2 (IL-2, Roncoleukin), in

children with advanced tumor, are the increased lym-
phocyte apoptosis and lymphopenia. It is obvious from
our results that lymphopenia after WBH is reversable
and application of  cytokines does not prevent it (Fig. 2).
We have studied the possibility to clarify if lymphocyte
apoptosis is reversal after multisessional WBH appli-
cation during combined therapy of children with can-
cer. As shown in Fig. 3, WBH sessions (including all
procedures in 13 patients with urotropin and 7 cases
without) evidently resulted in increased level of apop-
totic lymphocytes in peripheral blood of patients. The
same results were achieved by some authors [11].
There are different approaches to minimize harmful
effects of WBH. Cytokine application may be useful
because it is known that it has a beneficial effect upon
lymphocytes undergoing stress-induced apoptosis [10].

For minimizing lymphocyte apoptosis during extreme
WBH we proposed lymphocyte collection by lymphopher-
esis before WBH session and then reinfusion at the end
of WBH when temperature drops to 40–40.5 îÑ. This way

Table 4. Clinical data on children with advanced malignances subjected to severe WBH 

Pt  
No 

Sex Age Histology TNM Tumor  affected sites  
Number 
of WBH 
session 

Tempe-
rature 
(°Ñ) 

Chemotherapy 
Tumor 
res-

ponse 

Salvage or 
adjuvant 
therapy 

1 M 13 NPC T3N2M1 
Nasopharynx, servical lymphnodes and 
multi- skeleton metastasis  

2 42.5 Carboplatin + VP-16 SD Salvage 

2 M 10 
Undifferentiated 
cancer T3N2M1 Rectum and multi-lung metastasis  4 

42.5-
42.7 Carboplatin + VP-16 CR Salvage 

3 F 10 GCT Ò2cN0M0 
Both ovary and pelvioperitoneal 
metastasis 

1 43.0 IFO + VP-16 PR Salvage 

4 F 7 WT R1TN1M1 
Retroperitoneal area, liver and multi lung 
metastasis 

3 42.5 Carboplatin + VP-16 
IFO + VP-16 

PR Salvage 

5 F 6 Askin tumor T3N1M1 
Right thoracopulmonal area + 
mediastinal & multi- lung metastasis  

2 42.5 Carboplatin + VP-16 
Carboplatin + ADR 

SD Salvage 

6 M 7 Askin tumor R1T1N0M1 
Right thoracopulmonal area & pleural 
metastasis 

4 42.5-
43.0 

Carboplatin + VP-16 
IFO + VP-16 

Carboplatin + IFO 
PR Adjuvant 

7 M 13 RCC T4N2M1 
Right kidney + retroperitoneal area and 
multi-lung metastasis 5 

42.5-
43.2 

ADR + Intron A 
Carboplatin SD Salvage 

8 F 12 HCC T3N0M0 Right lobe with invasion to the left lobe 5 42.5-
43.0 

Carboplatin 
5-FU + Intron A 

PR Salvage 

9 F 13 ES R1TN0M1 Left paraspinal area with lung metastasis 3 
42.5-
43.0 

Carboplatin + VP-16 
IFO + VP-16 

Carboplatin + IFO 
SD Adjuvant 

10 M 10 HB  Both lobes & lung metastasis 3 
42.5-
43.2 5-FU + Intron A PR Salvage 

11 F 9 HCC R1T3N0M0 Right lobe 3 
42.5-
43.0 5-FU + Intron A PR Salvage 

12 M 16 GCT  
Left testis with retroperitoneal and multi-
lung metastasis 

2 42.5 Bleomycin + VP-16 PR Adjuvant 

13 F 12 RCC T3N2M1 
Left kidney + retroperitoneal and 
mediastinal lymph nodes metastasis 

5 42.5-43 ADR + Intron A PR Adjuvant 

 

Fig. 2. Absolute number of lymphocytes in peripherial blood be-
fore (A) and after (B) WBH with CT and additional administration
of cytokines (IL-2 and Intron A)
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ÎÁÙÀß ÃÈÏÅÐÒÅÐÌÈß Â CÎ×ÅÒÀÍÈÈ Ñ ÓÐÎÒÐÎÏÈÍÎÌ
Â ËÅ×ÅÍÈÈ ÇËÎÊÀ×ÅÑÒÂÅÍÍÛÕ ÎÏÓÕÎËÅÉ

Öåëüþ ýêñïåðèìåíòàëüíîé ÷àñòè èññëåäîâàíèÿ ÿâëÿëîñü èçó÷åíèå   âëèÿíèÿ óðîòðîïèíà (ãåêñàìåòèëåíòåòðà-
ìèíà) íà ïåðåíîñèìîñòü ñâåðõæåñòêèõ ðåæèìîâ îáùåé ãèïåðòåðìèè (ÎÃ) è îöåíêà èõ ïðîòèâîîïóõîëåâîãî
ýôôåêòà ó êðûñ. Êëèíè÷åñêè èññëåäîâàëàñü âîçìîæíîñòü ïðèìåíåíèÿ è ýôôåêòèâíîñòü ÎÃ â æåñòêîì ðåæèìå
â êîìáèíàöèè ñ óðîòðîïèíîì ïðè ëå÷åíèè äåòåé ñî çëîêà÷åñòâåííûìè îïóõîëÿìè ïîçäíèõ ñòàäèé. Ìåòîäû:
ñâåðõæåñòêèé ðåæèì ÎÃ (44,5–45,0 îÑ, 60 ìèí) áûë ïðèìåíåí ê 30 áåëûì áåñïîðîäíûì êðûñàì ñ ïðèâèòîé
ñàðêîìîé 45. Â êëèíèêå ñåàíñû ÎÃ (42,5–43,0 îÑ) ïðîâîäèëèñü íà óñòàíîâêå “Ýìîíà” ñ ïîìîùüþ ýëåêòðîìàã-
íèòíîãî èçëó÷åíèÿ (13,56 ÌÃö). Ðåçóëüòàòû: â õîäå ýêñïåðèìåíòà óðîòðîïèí ïîâûøàë ïåðåíîñèìîñòü âûñî-
êèõ òåìïåðàòóð è ñäåëàë âîçìîæíûì ïðèìåíåíèå ê êðûñàì ñâåðõæåñòêèõ ðåæèìîâ ÎÃ ñ âûðàæåííûì ïðîòèâî-
îïóõîëåâûì ýôôåêòîì. Â êëèíè÷åñêèõ óñëîâèÿõ êîìáèíàöèÿ ÎÃ + óðîòðîïèí èñïîëüçîâàëàñü â ìíîãîêîìïî-
íåíòíîì  ëå÷åíèè 13 äåòåé ñ ðàçëè÷íûìè çëîêà÷åñòâåííûìè îïóõîëÿìè ïîçäíèõ ñòàäèé. Âñåãî ïðîâåäåíî
43 ñåàíñà, è ïðè óäîâëåòâîðèòåëüíîé ïåðåíîñèìîñòè ëå÷åíèÿ ïîëíàÿ èëè ÷àñòè÷íàÿ ðåãðåññèÿ îïóõîëåâûõ
î÷àãîâ îòìå÷åíà ó 69% áîëüíûõ. Âûâîäû: óðîòðîïèí ïîâûøàåò ïåðåíîñèìîñòü æåñòêèõ ðåæèìîâ ÎÃ, óìåíü-
øàÿ ïîñëåäñòâèÿ òåïëîâîãî âîçäåéñòâèÿ íà îðãàíèçì. Ïðîâåäåíèå ÎÃ â áîëåå âûñîêîì òåìïåðàòóðíîì ðåæèìå
(42,5–43,0 îÑ) óñèëèâàåò ïîâðåæäåíèå îïóõîëè.  Îäíàêî ÎÃ ìîæåò óñèëèòü è àïîïòîòè÷åñêóþ ãèáåëü ëèìôî-
öèòîâ. Ëèìôîôåðåç ïåðåä ñåàíñîì ÎÃ è ðåèíôóçèÿ àóòîëèìôîöèòàðíîé ìàññû ïîñëå íåãî ìîæåò áûòü îäíèì
èç íîâûõ ïîäõîäîâ, óìåíüøàþùèõ íåãàòèâíîå âëèÿíèå ëå÷åíèÿ íà ëèìôîöèòû.
Êëþ÷åâûå ñëîâà: îáùàÿ ãèïåðòåðìèÿ, óðîòðîïèí, ñàðêîìà 45, êðûñû, îïóõîëè ó äåòåé.

we could save at least 1–2 · 108 lymphocytes [12]. Col-
lected lymphocytes may be incubated in special medium
with IL-2 for achieving lymphokine-activated killers (LAK)
cells and infused as well as lymphocytes.

In conclusion, we have shown on tumor-bearing rats
that urotropin could play a protective role from thermal
damage in extreme WBH procedure. In limited groups
of children with progressive and relapsed malignant
tumors we achieved extreme WBH regimes (up to
43.2 îÑ in rectum) using urotropin. Overall response rate
achieved was 69.2% in a poor prognostic group of pa-
tients. Extreme WBH regimes are favourable for tumor
eradication, but on the other hand they may inhibit host
immunocompetence by inducing apoptosis in a sub-
population of blood lymphocytes. Lymphocyte collec-
tion by lymphopheresis before WBH session and its
reinfusion may be one of the progressive approaches
for minimizing lymphocyte apoptosis.
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Fig. 3. Level of apoptotic lymphocytes in peripherial blood of
patient before (A) and after (B) WBH


