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    Abstract
Hyperthermia is procedure in which body tissue is exposed to a high temperature up to 41°C and is an effective tool in cancer treatment. Hyperthermia also is a therapy applied together with other modalities in the treatment of cancer. The aim of this study was to determine if there was a change in immunological and biochemical parameters after using each of hyperthermia, radiotherapy or chemotherapy separately and the combined treatments in mice bearing solid tumor.   
        Seventy females Albino mice weighing (20-25g) were used in the current study. The animals were divided into five groups. Group I: served as a control animals. Group II: animals were cancered by solid tumor and were untreated. Group III: animals exposed to WBH alone. Group IV: animals administered doxorubicin (Dox) 3mg/kg body weight i.p. once a week. Group V: animals were exposed to fractionated whole body gamma rays (WB-γ) at a dose level of 0.5 Gy once a week. Group VI:  animals were exposed to WBH and administered doxorubicin (Dox) 3mg/kg body weight (i.p.) once a week. Group VII: animals were exposed to WBH then fractionated whole body gamma rays (WB-γ) at a dose level of 0.5 Gy once a week. After four weeks (the end of treatments), blood samples were collected from orbital venous plexus in heparinized tubes from all animal groups. 

The results of the present study indicated that WBH with or without radio- and chemotherapy induced significant increase in TNF-α, IL-2 and HSP70 values as compared to cancered group. As well as WBH with or without radio- and chemotherapy induce significant increases of phagocytosis and killing cells percent as compared to untreated cancered group. On the other hand WBH alone or with radiotherapy and (Dox) induced significant decrease of 
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-FP as compared to cancered group. Also, the results revealed that WBH with or without radio- or chemotherapy induced apoptosis for cancer cells.
It could be concluded that, WBH enhances the response of tumor cells to radiation and chemotherapy and it has an important role in potentiation of radio- and chemotherapy in solid tumor treatment. 
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Introduction: 

Hyperthermia is the use of therapeutic heat to treat various cancers on and inside the body. The purpose of this anticancer therapy is to shrink and hopefully destroy cancer without harming noncancerous cells. It can be used to treat cancer in many areas of the body, including brain [1] , thyroid [2], lungs [3], breast [4], and prostate [5]. It is thought that high temperatures, up to 40 °C, can help shrink cancerous tumors. It is applied alone or as an adjunctive with various established cancer treatment modalities such as radiotherapy and chemotherapy [6]. Hyperthermia is now being used more widely, because it does not have as many negative side effects as conventional forms of cancer treatment such as radiation or chemotherapy [7]. It’s characters seemed to be mostly pronounced in the non proliferating tumor cells situated in the central area of solid tumors in vivo [8]. Moreover, Chang et al.  [9] suggested that hyperthermia may augment vaccines delivery to tumors after systemic injection, as hyperthermia increases the permeability of the endothelial vasculature to nanoparticles. Also, they have demonstrated that the tumors that were treated with systemic vaccines under conditions of hyperthermia (41.5°C for 30 min) had significantly higher levels of vaccines marker gene activity and the (>100-fold) than those treated under normothermic conditions (p < 0.05) and that this effect was specific to tumor. Recent studies have confirmed and extended the old observation that heat may cause complete and selective tumor destruction of malignant cells [10] by activating of the immune system [11] .Radiation induces tumor cell apoptosis and necrosis, resulting in the release of tumor antigen and danger signals. Combined treatment with radiotherapy and Hyperthermia could induce a potent antitumor immune response, resulting in a significant decrease in the rate of local tumor relapse and might be associated with the production of apoptotic and necrotic tumor antigens and heat shock proteins after irradiation, phagocytosis and induction of more efficient tumor-specific cytotoxic T lymphocyte activity through a cross-presentation pathway [12].
          Doxorubicin (DOX) is the most widely chemotherapeutic agent in the ultrasound-mediated drug delivery studies. This is because DOX is an intercalating drug that stacks between paired bases in DNA. However, like other anticancer drugs of anthracycline family, DOX is cardio toxic due to the induced production of active oxygen radicals [13].
          Radiation therapy is the treatment of cancer with ionizing radiation. Radiation works by damaging the DNA (genetic material) within the tumor cells, making them unable to divide and grow. Radiation is often given with the intent of destroying the tumor and curing the disease (curative treatment). However, although radiation is directed at the tumor, it is inevitable that the normal, non-cancerous tissues surrounding the tumor will also be affected by the radiation and therefore damaged [14]. In general, cells are most radiosensitive in M and G2 phases and most radioresistant in S phase  [15].
Material and Methods:
Chemicals:

Adriamycin :( Doxorubicin Hydrochloride)

Doxorubicin is a cytotoxic anthracycline antibiotic isolated from cultures of Streptomyces peucetius var. caesius. Doxorubicin consists of a naphthacenequinone nucleus linked through a glycosidic bond at ring atom 7 to an amino sugar, daunosamine

      Chemically, doxorubicin hydrochloride is: 5,12-Naphthacenedione, 10-[(3-amino-2,3,6-trideoxy-alpha-L-lyxo-hexopyranosyl)oxy]-7,8,9,10-tetrahydro-6,8,11-trihydroxy-8-(hydroxylacetyl)-1-methoxy-, hydrochloride (8S-cis). Doxorubicin hydrochloride was used in the form of an injectable commercial product (Adriablastina, from Pharmacia Italy). 

Irradiation Technique:

        The animals exposed to whole body irradiation with a total dose level of 2 Gy fractionated into four doses. The animals received 0.5 Gy once a week. Gamma irradiation source was from 60Co, in the Middle Eastern Regional Radioisotope Center for the Arab Countries in Dokki, Giza, Egypt, at a dose rate (15.26/ min.)
Induction of solid tumor:
        The mice had been inoculated with syngeneic tumor cells (Ehrlich carcinoma) obtained from the National Cancer Institute – Egypt. Ehrlich carcinoma cells (2x106) were injected into interapritoneal cavity of the animal using a hypodermic syringe with a 18 gauge needle. 7-8 days following tumor transplantation, subcutaneous tumors had reached a palpable size.

Experimental Animals: 

            Seventy female Swiss Albino mice weighting 20-25gm were purchased from the National Cancer Institute Cairo University, Egypt. The animals were kept at constant environmental and nutritional conditions throughout the experimental period with room temperature (21
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2°C) with a 12h light / 12h dark cycle.  They were fed standred pellet rat diet and water ad- libitum throughout the experiment. Mice were divided into seven equal groups each of 10 mice. First group served as control. 
As soon as solid tumor was palpable, the animals were classified into 6 groups, (each of 10 mice). 
Second group: the animals carried with solid tumor without any treatment. 
Third group: the animals carried solid tumor exposed to WBH 41-5°C once a week for four weeks.
Fourth group: animals administered doxorubicin (Dox) 3mg/kg body weight iteraperitoneally ( i.p) once a week.

Fifth group: animals were exposed to fractionated whole body gamma rays (WB-γ) at a dose level of 0.5 Gy once a week

Sixth group: the solid tumor animals were exposed to WBH (41.5°C) and injected (i.p) with 3mg /kg body weight Doxorubicin (Dox) once a week for four weeks. 

Seventh group: the solid tumor animals were exposed to WBH (41.5°C) and whole body gamma irradiation (0.5 Gy) once a week for four weeks.

             The relative temperature of the mice was recorded using a thermocouple (Cole Parmer type T. thermocouple thermometer) connected with a rectal probe, which was inserted 2 cm beyond the anal sphincter.
      After one month of the last treatment, the blood samples were withdrew from orbital venous plexus of experimental animals into fresh heparinized tubes. The blood samples divided into two parts, the first part was used for assaying the phagocytosis, killing .[16], interleukin 2 (IL2).[17] and heat shock protein 70 (HSP70) was assayed by an Hsp70 EIA Kit (StressGen Biotechnologies, British Columbia, Canada), which can detect and quantitate inducible HSP70 in samples originating from both human and mouse. ELISA was performed according to the manufacturer's instructions.The second part was centrifuged at 3000 rpm for 20 min. The plasma was separated and stored for tumor necrosis factor (TNF-α). [18] and alpha fetoprotein (α- FP) [19]  determination . As well as apoptosis of cancer tissues can be detected. [20]    
Statistical Analysis:

All results are expressed as mean ± SEM. The statistical analysis was carried out with Duncan's multiple range test. A P < 0.05 was considered the level of statistical significance. 
RESULTS: 

WBH induced significant increase (P< 0.05) of phagocytosis % in cancered mice. The mean values of phagocytosis % were 51.70 ± 2.98 and 69.30 ± 1.77 before and after WBH treatment respectively. The increase was 20.52% Table (1&2). Combined treatments of WBH and Dox administration or whole body gamma rays induced highly significant increase amounting to 33.74% and 35.18%respectively. As well as there was a significant increase of percentage of blood concentration of killing cells after WBH combined with Dox or  whole body γ- rays representing 43.41% and 51.11% respectively. 
          As apparent from table 1 the level of HSP70 which was increased remarkably after WBH alone as compared to untreated cancered mice. The mean values of HSP70 were 6.53 ± 1.01 and 3.65 ± 0.69 respectively. The increase was 78.90% Table (1&2). Furthermore, it shows a significant increase of HSP70 after WBH with Dox or with whole body γ-rays but the last combined was higher than that the first as compared to untreated cancered group 50.96% Table 2.

            It is shown in table 1 that there was a significant increase of TNF-
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 after WBH with or without Dox or γ- rays as compared to untreated group. The maximum increase was detected in the cancer mice treated with combined WBH with Dox by 130.80 % table 2.

        It can be noted from table 1 the level of serum tumor marker α-FP significantly decreased after WBH alone. This decrease was 64.80%. As shown as from table 1 the combined treatment of WBH and Dox or with γ-rays induced highly significant decrease of α-FP amounting to 74.18% and 75.84% respectively 

              Table (1) shows that after WBH combined with Dox or with γ- rays there was highly significant increase of IL-2 representing 38.15% and 41.38% respectively as compared to untreated group (table 2).     
Table (1): Effect of WBH, Dox , whole body γ- rays alone or combined on various biological parameters in mice bearing solid tumor.
	Groups 

Parameters
	Control

mice
	Cancered mice
	Cancered mice+

WBH
	Cancered mice+

Dox 
	Cancered mice

Rad.
	Cancered mice

WBH+ Dox
	Cancered mice

WBH+ Rad.

	Phagocytosis%
	82.02
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2.98 bc
	69.30 
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	55.70 
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2.16 c
	47.1 
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1.44 c
	76.90 
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	77.70 
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	Killing cells%
	78.6
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	49.50 
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	63.80 
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	53.3 
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	70.99 
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	HSP70 (ng/ml)
	2.59
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	TNF-α (pg/ml)
	354.40
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-FP(ng/ml)
	1.11

[image: image33.wmf]±

0.48 d
	28.10 
[image: image34.wmf]±

1.86 a
	9.89 

[image: image35.wmf]±

 2.69 d
	13.40 
[image: image36.wmf]±

 0.63 b
	12.20 
[image: image37.wmf]±

1.40 bc
	5.85 
[image: image38.wmf]±

 0.82 c
	6.79  

[image: image39.wmf]±

 1.38 e

	IL2 (pg/ml)
	651.86a
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Means with different small letters within each column are significant at α 0.05 
Dox: doxorubicin, WBH: whole body hyperthermia, Rad: radiation
Table (2): Effect of WBH, Dox, whole body γ- rays alone or combined on various biological parameters in mice bearing solid tumor (% change).
	Groups 

Parameters
	Cancered mice+

WBH
	Cancered mice+

Dox
	Cancered mice

WBH+Dox


	Cancered mice

Rad.
	Cancered mice+

WBH

	Phagocytosis %
	20.10
	3.47
	33.28
	18.37
	34.66

	Killing cells%
	28.89
	8.08
	43.41
	13.64
	51.11

	 HSP70 (ng/ml)
	78.90
	4.66
	16.71
	50.96
	26.03

	 TNF-α (pg/ml)
	113.54
	95.62
	130.80
	75.98
	106.74
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-FP(ng/ml)       
	-64.80
	-52.31
	-74.18
	-56.58
	-75.84

	IL2 (pg/ml)
	27.88
	3.08
	38.15
	7.69
	41.38


Table (3) demonstrates a significant increase of apoptosis in the tumor cells (Ehrlich carcinoma) after WBH either as alone or combined with γ rays or (Dox) . DNA ladder and hallmarks of apoptosis were observed post three treatments (Fig. 1a lanes 3-8 &b lanes 1-3). Hyperthermia increased the sensitivity of cancer cells to chemotherapy or radiotherapy and affected the mode of cancer cells death then DNA ladder formation was observed. These results suggest that heat is required for the induction of apoptosis.
Table (3) Apoptosis in the tumor cells (Ehrlich carcinoma) after WBH either as alone or combined with γ rays or (Dox)

	Lanes:
	M
	Cancer tissues
	
	Radiation only     
	
	Dox only
	WBH only

	
	
	3
	15
	1
	
	5
	6
	11
	2
	4

	Bands
	Bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%

	1
	1000
	32.15
	1782
	61.3
	1845
	85.8
	1824
	59.41
	1890
	53
	1824
	48.58
	1815
	45.11
	1755
	50.4
	1755
	43.4

	2
	700
	12.7
	540
	21.2
	540
	4.5
	540
	15.24
	540
	18.93
	450
	25.68
	540
	18.4
	540
	16.9
	540
	43.4

	3
	500
	13.2
	360
	13.2
	360
	4.5
	360
	15.24
	360
	14.54
	360
	11.79
	360
	26.9
	540
	16.9
	540
	15.3

	4
	300
	13.8
	180
	4.29
	180
	4.28
	180
	10.12
	180
	13.54
	180
	13.98
	180
	9.6
	360
	17.3
	360
	23.60

	5
	200
	11
	
	
	
	5.4
	
	
	
	
	
	
	
	
	180
	15.5
	180
	17.7

	6
	100
	17.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sum 
	
	100.0
	
	
	
	100.0
	
	100.0
	
	
	
	
	
	100.0
	
	
	
	

	In Lane 
	
	100
	
	
	
	100
	
	100
	
	
	
	
	
	100
	
	
	
	

	

	Lanes:
	M
	
	WBH only
10
	WBH + Dox


	WBH + Rad
	

	
	
	
	
	8
	9
	12
	7
	
	13
	14

	Bands
	Bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%
	bp
	%

	1
	1000
	32.1
	1754
	51.28
	1854
	49.9
	1805
	43.7
	1769
	45.26
	1854
	48.18
	1828
	44.88
	1750
	46.3

	2
	700
	12.7
	540
	17.58
	540
	8.724
	540
	14.88
	540
	19.28
	540
	24.78
	540
	13.6
	540
	27.31

	3
	500
	13.2
	360
	15.215
	360
	11.72
	360
	22.1
	360
	15.74
	360
	11.59
	360
	15.8
	360
	12.21

	4
	300
	13.8
	180
	16.251
	180
	29.62
	180
	19.3
	180
	19.73
	180
	15.48
	180
	15.7
	180
	14.16

	5
	200
	11.07
	
	
	
	
	
	
	
	
	
	
	
	15.7
	
	

	6
	100
	17.1
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	Sum
	
	100.0
	
	
	
	
	
	
	
	100.0
	
	
	
	90.0
	
	100.0

	In Lane
	
	100
	
	
	
	
	
	
	
	100
	
	
	
	100
	
	100
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Fig. 1 a
The effect of WBH alone (41.5OC) and combined with Dox or γ rays treatments on DNA ladder formation.
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Fig. 1 b
Fig 1 a& b: The effect of WBH alone (41.5OC) and combined with Dox or γ rays treatments on DNA ladder formation. Lane 1,5:  γ rays alone. Lane 3&15: untreated cancer.  Lane 6& 11: Dox alone. Lane 2, 4& 10: WBH treatment alone. Lane 8, 9&12: WBH treatment combined with Dox.  Lane 7, 13&14:  WBH treatment combined with γ rays.    
Discussion:       
Hyperthermia, a therapeutic method by increasing tissue temperature (range 40- 43C°), potentially induces tumor cell death by a spectrum of molecular, metabolic, cellular and tumor tissue changes [21]  .Moreover, a raised body temperature raises the metabolic rate and makes the immune response more efficient [22]  . 
        In the present study showed that WBH 41.5°C given in combination with doxorubicin or whole body-
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 irradiation showed decrease  significantly of FP-α,and increased phagocytosis and killing cells. Reflecting the frequency of cure mice bearing solid tumors these results were supported by the published data of other authors [23, 24] , who found that tumor cells increase the accumulation of doxorubicin under hyperthermic conditions. In general, mild hyperthermia (HT) at 39-42oC induces an increase in tumor tissue blood flow volume [25]. Thus, the effect of HT on tumor tissue and tumor drug accumulation varies with thermal dose. Furthermore, it is supposed to be applicable in the development of less toxic regimens to reverse drug resistance by using relatively low concentrators of reversal agents combined with HT in order to reduce their side effects [26]  . Tumor necrosis factor alpha (TNF- α), is a potent mediator of inflammatory and metabolic function and it was originally detected as a highly cytotoxic cytokine for tumor cells, it causes tumor necrosis in vivo [27]  . One of the causes of cancer progression is the failure of tumor cells recognition by the immune system [28]. Thus, in the present study WBH alone or combined with γ irradiation or Dox induced significant increase of IL-2 and TNF-α as compared to cancer group. This result in accordance with Tarner el al. [29] showed that HT caused induction of all cytokines by 40-50% such as TNF-α & IL-2. 

      In the present study, the elevated level of HSP 70 level after WBH alone and combined with radiation or Dox treatments, studies of other authors have shown that hyperthermia (HT) can be applied successfully in an antitumor protocol based on TNF and HSP70 leading to a significant inhibition of lethality but not to a reduction of antitumoral capacity [30] .Stress induced HSP70 effectively protects cells against apoptosis. In the present study HSP70 released from solid tumor, this result is in a harmony with those obtained by Salamatu et al. [31] suggested that HSP70 can be released from tumor cells and stimulate a potent antitumor immune response. Up-regulation of HSPs in various cancers suggests that they might be involved in tumorigenesis. [32]   Enhancement of tumorigenesis by overexpression of HSP70 has been implicated in a rodent model [33]. HSPs are known to be essential for the survival of cancer cells in different cancers [34, 35]. Also, HSPs as molecular chaperones might sustain cancer cells by modulating the activity of different proteins involved in cell cycle and apoptosis. . As well as, Park et al.  [36] suggested that a subsequent accumulation of heat shock proteins (HSP) is likely to contribute to the malignant progression of hypoxic tumor cells. However, HSP70 does not contain a consensuses secretory signal and thus can not transverse the plasma membrane by conventional mechanisms [37]. The data of the present study shows statistically highly significant higher mean of HSP70 in the group treated with WBH alone or combined with WB-
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 rays or (Dox) than in normal. It has reported that many HSPs are known to regulate apoptosis and even prevent apoptosis induced by anticancer drugs [32]. Also, they  protects cellular elements from injury by reducing oxidation inflammation and apoptosis and by refolding damage proteins [38]. Moreover, it is also well established that heat shock or elevated HSP70 alters the regulation of signaling cascades and transcription factors and potently sensitizes tumors to radiation. [39]   
         The results reveal that the mechanism of enhancement of WBH induced apoptosis by Dox or γ irradiation .A biochemical hallmark of apoptosis is characteristic from of DNA degradation in which the genome is cleaved at inter-nucleosomal sites, generating a ladder of DNA fragments [40].  The present study observed that WBH alone induced apoptosis in solid tumor cells in vivo in accordance with previous studies indicated that relatively mild heat shock induces apoptosis [41].   The sensitizing effect on killing the  tumor cells can be related to an enhanced inhibition of nucleic acid synthesis, as both modalities are known to have that effect [42,43]  An inhibited repair of DNA damage, which is known to be one of the factors in the heat-sensitizing effect of irradiation and doxorubicin  [44]  , may also be a possible mechanism.. Heat induced apoptosis has been studied in normal cells or tissues and in a variety of tumor cells or tissues. These studies demonstrate that cellular ATP level may be involved in determining the mode of heat – induced cell death i.e. apoptosis or necrosis, since cellular ATP levels are indicated to be an important determinant of apoptosis [45].  Also DNA Ladders and hall marks of apoptosis were observed post WBH combined with Dox or radiation. The appearance of DNA fragmentation was increased post WBH combined radiation treatment. Hyperthermia can modulate the action of many anticancer drugs and lead to temperature dependent DNA damage [28]. Apoptosis may be due to change in expression of some genes in the cancer cells transplanted into nude mice such as p53, Bcl-2, and Bax [46]. As well as, the mechanisms of cell killing are explained that the influences of tumor cells may be due to the impairment of a DNA, RNA and proteins synthesis [46, 47].   Moreover, the promotion of apoptosis is an important component of the antitumor activity of traditional anticancer therapies, including chemotherapeutic drugs and radiotherapy [48]. Furthermore, the creation of a functional blood supply from the normal tissue vasculature via the process of angiogenesis is critical for the continued growth and development of solid tumors [49].  Hyperthermia has been identified as angiogenesis inhibitor [50, 51] . However, it has been proposed that when massive apoptosis occurs, the normally efficient phagocytic system is overwhelmed, resulting in secondary necrosis in vivo, release of proinflammatory mediators [52]. In other studies reported that, apoptosis was manifested by classical changes in cell morphology and activation of caspase -3, both considered the hall marks of apoptotic mode of cell death [40].  Sosman and Puzanov [53]  reported that ,in MCF-7 breast cancer cells, tumor necrosis factor [image: image52.png]
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) and TNF-related apoptosis-inducing ligand inhibit overall translation by a mechanism that requires caspase (but not necessarily caspase-3) activity.

Conclusion:

      WBH enhances the response of tumor cells to radiation and chemotherapy and it has an important role in potentiation of radio- and chemotherapy in solid tumor treatment. 
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دور التسخين الحراري في تعزيز العلاج الكميائي و الاشعاعي في فئران 
حاملة للورم السرطاني  الصلب

أمل ابراهيم حسن

قسم النظائر المشعة – مركز البحوث النووية – هيئة الطاقة الذرية


التسخين الحراري  هو الإجراء الذي تتعرض فيه  أنسجة الجسم لدرجة حرارة عالية تصل إلى 41 °م ، وهو أداة فعالة في علاج السرطان. العلاج الحراري ايضا يعمل جنبا إلى جنب مع تطبيق طرائق أخرى في علاج  مرض السرطان. والهدف من هذه الدراسة هو تحديد ما إذا كان هناك تغيير في المعاملات المناعية والبيوكيميائية بعد استخدام كل من العلاج الحراري ، العلاج الإشعاعي أو العلاج الكيميائي بشكل منفصل والعلاجات مجتمعة في فئران تحمل الورم الصلب.  


استخدم في هذه الدراسة  سبعون من إناث الفئران وزنها (20 - 25 جرام). الحيوانات تم تقسيمهن الى خمس مجموعات. المجموعة الأولى : المجموعة الضابطة. المجموعة الثانية :  الحيوانات التي تحمل الأورام الصلبة ،  غير معالجة. المجموعة الثالثة : عولجت الحيوانات بالحرارة(التسخين الكلي للجسم). المجموعة الرابعة : تم حقنها في البريتون بعقار دوكسوروبيسين (3 مجم ° وزن الجسم ) مرة في الأسبوع. المجموعة الخامسة : تم تعرضها لأشعة جاما (معدل الجرعة 0.5 جراي) مرة في الأسبوع. المجموعة السادسة : تم تعريضها للعلاج الحراري (التسخين الكلي للجسم) و حقنها  في البريتون بعقار دوكسوروبيسين (3 مجم وزن الجسم) مرة واحدة في الاسبوع. المجموعة السابعة : تم تعرضها للعلاج الحراري كما سبق ثم تعرضها لأشعة جاما (عند معدل جرعة 0.5 جراي) مرة في الأسبوع. وبعد أربعة أسابيع (نهاية العلاج) ، قد تم جمع عينات دم  من كل المجموعات السابقة . 

وقد أظهرت نتائج الدراسة أن العلاج الحراري مع أو بدون كل من العلاج  الإشعاعي أو الكيميائي زيادة معنوية في عامل موت الورم ألفا Tumor necrosis factor-α)) و الانترلوكين2 ، وقيم بروتين الصدمة الحرارية 70  بالمقارنة مع المجموعة الحاملة للسرطان دون معالجة. فضلا عن أن العلاج الحراري الكلي للجسم مع أو بدون العلاج الإشعاعي أو الكيميائي يؤدي إلى زيادة معنوية في النسبة المئوية للخلايا الملتهمة و القاتلة بالمقارنة مع المجموعة الحاملة للسرطان وغير المعالجة. من جهة أخرى فان العلاج الحراري وحده أو مع العلاج الإشعاعي أو الكيميائي نجم عنه انخفاض معنوي في –FP)α )، بالمقارنة مع المجموعة الحاملة للسرطان و غير المعالجة. وأظهرت النتائج أيضا أن العلاج الحراري مع أو بدون العلاج الاشعاعي أو العلاج الكيميائي الناجم عن الموت الخلوي المبرمج للخلايا السرطانية.
       ويمكن أن نخلص إلى أن  العلاج الحراري يعزز استجابة خلايا الورم إلى العلاج الاشعاعي والكيماوي. 
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