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Abstract

Sarcomas are relatively rare malignancies; however, their huge variety and shortage of the effec-
tive therapies make this disease face huge challenge for oncology. It is recently shown that hyper-
thermia could be successfully applied even in high-risk cases in combination with the available
gold-standard regiments. Our aim is to present various advanced cases treated with a new hyper-
thermia method, oncothermia, showing its advantages and feasibility to successfully treat highly
advanced sarcomas with curative intent.
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1. Introduction

Sarcomas are tumors of putative mesenchymal origin. These malignancies are relatively rare; however, they are
quite deadly, especially soft tissue sarcomas. The rarity of sarcomas combined with the diverse humber of sub-
types cause its study very difficult. Soft tissue sarcomas (STSs) are more common, ~87% of all sarcoma cases
are STSs, while only ~13% were malignant bone tumors [1]. Despite its rare account, it is over 20% of all pe-
diatric solid malignant tumors and less than 1% of all adult solid malignant cancers [1]. The two most common
and distinct sarcoma groups are malignant bone and soft tissue neoplasms.

The risks factors for sarcoma are not well-understood, and can be divided into environmental exposures, ge-
netic susceptibility, and their interactions [2]. The relatively common Kaposi’s sarcoma has origin from a virus,
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while the radiation exposure has been strongly associated with sarcoma development. Some secondary sarcomas
believed to be caused by radiation therapy (RT). The risk of bone tumor grows in fact by cumulative dose of
radiation. Sarcomas represent multiple malignancies rather than a single cancer [3], having more than 50 distinct
histologic subtypes. Many sarcoma subtypes do not depend on age, and do not have any specific location of the
body. The multidisciplinary approach to cancer care of sarcomas shows definite benefits in the diagnosis, treat-
ment, and management of patients [4]. One has to avoid applying single technique and automatism in the treat-
ment strategy [5]. Recently immune-therapy is emerging and seems promising [6]. The personalized medicine
has to guide the therapy decisions [7].

The overall sarcoma incidence rates have increased slightly in the past 35 years. The 5-year relative survival
rate for bone and soft tissue sarcoma is approximately 66% [8].

It seems that the primary reason for lethal danger of sarcomas is its difficult discovery, delayed diagnosis and
advanced, mostly metastasis disease at presentation [8]. The pathophysiology, current and emerging therapies,
and outcome for pediatric and young adult patients show a considerable diversity in cases of metastatic sarcoma
[9]. There is no definitive chemotherapy regimen up to now to control effectively the sarcoma lesions. It is
mostly resistant to radiotherapy too, because it has large portion of hypoxic cells. Mostly only surgery is the
treatment possibility that shows definite response. However, the surgical solution also has complications due to
a considerable proportion of patients with locally advanced tumors that cannot be resected with adequate clear-
ance margins. Consequently, high incidence of local recurrence and distant metastases frequently occur after
surgery. It is really not easy to decide which treatments are optimal for the actual cases [10]-[12]. The chal-
lenges are present in surgery [13], in chemotherapy [14], and in radiotherapy [15]. The immunotherapy promises
some kind of solutions [6].

Hyperthermia is a good option to treat sarcoma cases because hypoxic cells are sensitive to heat. Furthermore,
hyperthermia could increase the drug-intake by the higher blood-flow as well as at the same time the oxygena-
tion to sensitize radiotherapy acts also. Its disadvantage is also connected to the increased blood-flow: the higher
glucose delivery, increased glycolysis and the higher risk of invasion and dissemination of the malignant cells
compete with actual advantages. The active chemo- or radio effects, however, could tilt the balance in favor of
the cellular distortion before the survival advantages became effective. The application together with active
chemotherapy [16] [17], or radiotherapy [18], or combined [19]-[21], shows remarkable successes. In combina-
tion with surgery, the effect is also promising even in high-grade sarcomas as well [22]-[24]. The hyperthermic
isolated limb perfusion also shows promising approach [25] [26]. A remarkable prospective randomized double-
arm multicenter clinical trial was recently published [27], showing impressive results both in local control and
survival time. Not only the local but the systemic heating (whole-body hyperthermia WBH) also could be suc-
cessfully applied with chemo-combination [28] [29]. The use of other hyperthermia modalities like high inten-
sity focused ultrasound (HIFU) [30], and microwave induced hyperthermia [31] have also shown some promis-
ing results.

However, some drawbacks exist yet in hyperthermia applications [32]-[34]: the technical solutions are not ef-
fective enough to heat up the deep seated tumors; the development of the heat shock protein could lead to heat
tolerance, and the uncontrolled blood-flow increase makes the treatment equivocal due to the intensive competi-
tion of the lethal heat effects and the supportive effects of the fresh blood-deliveries.

Oncothermia (OTM) is a new kind of hyperthermia [35], which makes nanoscopic heating selectively on the
membrane of the malignant cells [36]. The important factor of the method is its intensive apoptotic action [37],
which leads to the development of damaged associated molecular patterns (including the expression of TRAIL
R2 (DR5) death receptor) [38], which promises new direction of immunotherapies by immunogenic cell-death.
This approach could by-pass the problems with the classical heating, do it effectively on the selected local plac-
es. Our present goal is to show the feasibility of OTM treating various kinds of sarcomas. This work become
important in parallel other sarcoma study with oncothermia [39].

2. Methods and Materials

13 sarcoma patients, 19 sites of local malignancy were treated with OTM from November 2011 to August 2013.
Patients aged between 18 to 73 years old, the median was 48 years old. 6 male and 7 female patients were in-
volved. Their histologic type contained soft-tissue sarcoma (STS) and bone related sarcomas. There were 2
rhabdomyosarcomas, 2 synovial sarcomas, 3 leiomyosarcomas, 1 malignant peripheral nerve sheath tumor, 1
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spindle sell sarcoma and 1 malignant fibrous histiocytoma (MFH), 2 chondrosarcomas, 1 osteosarcoma.

Treatment modality was 5 postoperative radiation therapies (RT) with OTM, 2 combined RT and OTM for
primary lesion, 2 combined RT and OTM for recurrent sarcoma at original region and 4 combined RT and OTM
for metastatic lesion. OTM was applied 2 ~ 3 times a week, 3 ~ 108 treatment sessions (median 18), at least one
day off between the sessions. Post-operative RT was applied 50.4 Gy in 28 fractions and other RT was applied
30 ~ 39 Gy in 10 ~ 13 fractions. The combined chemotherapy with oncothermia for 1 case was applied to me-
tastatic lung lesion, too.

3. Results

Five patients who received post-operative RT and oncothermia didn’t show local recurrence. The metastatic le-
sion in lung appeared in 1 case and received chemotherapy, RT 50.4 Gy and 12 times of oncothermia and the
metastatic lesion in lung almost completely regressed (CR). 1 (MFH) out of 2 patients for primary malignant le-
sion in pelvis received RT 50.4 Gy and 27 times of oncothermia and showed almost CR grossly at CT scan.
However, this patient revealed local regrown mass in 6 months from stopping oncothermia. The other one (pe-
ripheral nerve sheath tumor) for primary lesion received RT 30 Gy in 2 weeks and 108 times of oncothermia for
11 months and tumor mass at buttock regressed continuously as repeated oncothermia. This patient is still get-
ting oncothermia. 1 out of 2 recurrence rhabodomyosarcoma patients received RT 30 Gy in 2 weeks and 12
times of oncothermia in neck for 1 month. The tumor regressed partially. But metastatic lesion developed in re-
tro-orbital region. RT 30 Gy in 10 fractions and 12 times of oncothermia for 1 month was given and metastatic
mass of retro-orbital area also showed partial regression. Another patient (chondrosarcoma) had recurrence at
pelvic bone replacement region after surgery. This patient received RT 30 Gy in 2 weeks and 50 times of onco-
thermia for 8 months and showed partial regression. It was thought to be difficult to apply oncothermia due to
metallic pelvic bone replacement but she strongly requested receiving oncothermia. There were no side effects
caused by metallic bone when oncothermia was applied. In 6 months follow-up tumor size did not increase in
CT images from stopping oncothermia. For 4 patients the metastatic lesions were treated. 1 patient received RT
30 Gy in 2 weeks and 48 times of oncothermia for 7 months in metastatic lung lesion and showed grossly partial
regression. After stopping the treatment, tumor mass was aggravated in size in 3 months, and 24 times of onco-
thermia was applied again and it was partially regressed. But after stopping treatment again, tumor regrew in 3
months and the patient received 11 oncothermia and tumor regressed but oncothermia was stopped due to pa-
tient’s personal reason including economy. Other 1 patient (chondrosarcoma) had metastasis to chest wall and
received RT 30 Gy in 10 fractions for 2 weeks and 47 times of oncothermia for 4.5 months and showed partial
regression. It was stable for 4 months. One patient had cervical spine metastasis (spindle cell sarcoma) from
right buttock and received RT 30 Gy in 2 weeks and 5 times of oncothermia. We found that oncothermia effec-
tively controlled pain and made metastatic lesion stable. 1 patient (osteosarcoma) had multiple lung metastasis
and received chemotherapy and 84 times of oncothermia for 12 months. Metastatic cancer almost disappeared
but one lesion that was out of the range of 30 cm diameter electrode progressed. So the patient received radio-
therapy (48 Gy in 4 fractions, SBRT) for the progressed lesion. Side effect of chemotherapy was not serious as
much as we expected when oncothermia was combined with chemotherapy. Detailed case reports of some pa-
tients who were involved are described in details below.

3.1. Patient #1

The patient is a 70-year-old male. He has malignant peripheral nerve sheath tumor at buttock diagnosed in Sep-
tember 2012. He received radiotherapy 30 Gy in 10 fractions for 2 weeks in September 2012. Generally after the
radiation therapy the tumor remained in progress for 2 months. Oncothermia was started 2 or 3 times a week
complementary to radiotherapy. Tumor mass regressed after co-treatment of radiation therapy and oncothermia.
Oncothermia was applied like the cancer would be chronic disease, keeping the patient alive as long as possible
and keeping good quality of life. Tumor had regression by oncothermia treatment and this process was gradually
continued when oncothermia was kept on for 1 year (Figure 1).

Now we are not able to decide when oncothermia should be stopped for this patient because he refuses any
other treatments. He hopes to get oncothermia up to complete disappearance of tumor or until sign of regrowth

appears.
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Figure 1. (a) Before RT-HT; (b) RT 30 Gy - HT 24#; (c) RT 30 Gy - HT 48#:; (d) RT 30 Gy - HT 72#; (e) RT 30 Gy - HT
108# 1 year.

3.2. Patient #2

This 24-year-old male was diagnosed with osteosarcoma of left femur. Operation was performed in June 2008,
however, a lung metastasis was developed in 2009 and wedge resection of LUL/LLL in September 2010. A va-
riety of chemotherapy regimens were given with wedge resection of tumor occasionally (ChemoTx: HD-MTX,
AP, VIP, MTX/BCD, IA, IE—>No more Tx). No more chemotherapy could be applied from July 2012 because of
toxicity.

He received oncothermia treatment 82 times for 1 year from July 2012. Tumor masses under the applicator
have regressed gradually with this treatment (Figure 2), but the lesion outside the treated volume remained in
progress despite of the systemic chemotherapy (The RF electrode is 30 cm in diameter and is not able to include
the whole lung in one treatment). This observation well showed that the effect was caused by oncothermia
(Figure 3). Lesion outside of RF electrode progressed gradually.

3.3. Patient #3

This 41-year-old female patient was diagnosed with leiomyosarcoma of uterus in January 2012. A total hyste-
rectomy with both salping-oophorectomy was done.

Metastatic lesions at right external iliac node and both lungs were developed immediately after operation in
February 2012. Chemotherapy (VIP regimen) and 48 times of oncothermia to pelvis and lung were given till
March 2013. Metastatic cancer in pelvis was regressed almost completely. Radiation therapy 50.4 Gy in 28 frac-
tions was given to prevent tumor regrowth in pelvis from January to February 2013 (Figure 4).

The oncothermia treated metastatic lung lesion revealed almost complete regression after finishing chemo-
therapy and 48 times of oncothermia. Lung lesions did not progress in 6 months from finishing oncothermia
(Figure 5).

3.4. Patient #4

This patient is a 57-year-old female. Diagnosis was synovial sarcoma of right thigh and operation was per-
formed in November 2003. She lived well for 8 years with no evidence of disease, despite of loss of whole left
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Figure 2. (a) Before ChemoTx-HT; (b) ChemoTx - HT 20#; (c) ChemoTx - HT 40#; (d) ChemoTx - HT 70#; (e) ChemoTx

- HT 82# 1 year.

(d)
Figure 3. (a) Before ChemoTx-HT; (b) ChemoTx - HT 20#; (c) ChemoTx - HT 40#; (d) ChemoTx - HT 70#; (¢) ChemoTx

- HT 82# SBRT.
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Figure 5. (a) Before ChemoTx and HT; (b) ChemoTx and HT 24#; (c) ChemoTx and HT 48#; (d) 6 months after ChemoTx
and HT 48#.

lobes of her lung by tuberculosis. However, metastatic cancer in the remained right lung was diagnosed in Sep-
tember 2011. She received radiation therapy 45 Gy in 15 fractions for 3 weeks with IGRT technique and it was
followed by oncothermia 48 times. Tumor mass regressed with oncothermia. But tumor progressed again in 2
months from stopping oncothermia. 24 times of oncothermia were performed again and the tumor also regressed
with oncothermia (Figure 6). Eventually tumor progressed since she gave up more oncothermia because of her
poor economy.

3.5. Patient #5

The 32-year-old male patient was diagnosed with malignant fibrous histiocytoma in left pelvis and sigmoidect-
omy & partial cystectomy was performed in March 2012. Post-operative radiation therapy of 50.4 Gy in 28 frac-
tions was given between April and June 2012, which was followed by oncothermia 27 times, good partial remis-
sion (almost complete) was achieved. Local recurrence was not known in a year from finishing oncothermia, but
distant metastasis in lower abdominal wall appeared in more than one year after completing oncothermia in
2013. This other recurrent cancer on the left side of the abdominal wall grew rapidly (Figure 7).

3.6. Patient #6

The 52-year-old female was diagnosed with chondrosarcoma at left iliac bone. Operation was performed in
February 2006. She had pelvic metallic bone replacement at left iliac bone in 2010 when the lesion was recur-
rent. Recurrent cancer with bulky mass was noticed in June 2012. She requested oncothermia first but it was re-
fused due to the pelvic metal. Only radiation therapy of 30 Gy in 10 fractions was given. But she forced to get
oncothermia in spite of expecting serious complications after finishing radiation therapy. 36 times of oncother-
mia were given and tumor regressed prominently. Metal did not disturb oncothermia (Figure 8). But tumor pro-
gressed in 2 months from finishing oncothermia and aggravated much more in 5 months.

3.7. Patient #7

Female patient diagnosed with chondrosarcoma at left iliac bone in February 2006 at the age of 52. Surgical in-
tervention was applied immediately. She was re-operated at left iliac bone in 2010. Recurrent cancer and mas-
sive mass in size was observed in June 2012. She had re-irradiation 30 Gy and oncothermia but the cancer
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Figure 6. (a) Before RT — HT; (b) RT 45 Gy - HT 23#; (c) RT 45 Gy - HT 48#; (d) HT 48# — 2 Ms; (e) HT 48# — 2 Ms
— HT 24#; (f) HT 48# — 2 Ms — HT 24# — 2 Ms.

(b) ©

(d)

Figure 7. (a) Before OP; (b) Before Post-op, RT and HT; (c) RT50.4 Gy - HT 27#; (d) RT and HT 27# — 6 Ms, e) RT and
HT 27# — 12 Ms, f) HT 27# — 17 Ms (1 and a half years) Mets to lower abd wall.
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Figure 8. (a) Before RT and HT; (b) Before RT and HT; (c) RT 30 Gy and HT 12#; (d) RT 30 Gy and HT 36#; (e) RT 30
Gy and HT 36# — 2 Ms; (f) RT 30 Gy and HT 36# — 5 Ms.

regrew in 2 months from stopping the treatment. She received oncothermia 12 times again. The tumor kept on
stable in 5 months after finishing re-irradiation and oncothermia (Figure 9).

3.8. Patient #8

This 37-year-old male was diagnosed with chondrosarcoma of left hip. Surgical intervention was done in Octo-
ber 2003. Metastatic lesions were developed and lumpectomy of tumor was performed in April 2007. New
bulky metastatic mass with massive pain was known at sternum in 2012. Sternal mass did not regress and pain
was aggravated despite of 30 Gy of radiation therapy. Then oncothermia was applied 47 times. Anterior chest
pain subsided immediately at a few times of oncothermia but sternal tumor mass did not regress fast but re-
vealed stable or slightly regressed (Figure 10).

Metastatic lesions at both lower lungs enlarged in size. These lesions were not included in radio-frequency
electrode field of oncothermia. Oncothermia was interrupted for 6 months because he had a traffic accident. He
started to get radiation therapy and oncothermia to both lung lesions afterwards (Figure 11).

3.9. Patient #9

This 54-year-old female has got diagnosed as rhabdomyosarcoma at left infratemporal area in June 2011. Opera-
tion and post-operative radiation therapy of 50.4 Gy in 28 fractions were done from July to October 2011. Re-
current and metastatic cancer to left neck node developed in February 2013. Tumor mass regressed in response
to 30 Gy radiation therapy and 12 times of oncothermia. But tumor progressed in 2 months after stopping onco-
thermia and progressed much more in 5 months (Figure 12).

Same patient developed massive metastatic cancer at left retro-orbital region with protruding orbit and mas-
sive pain in March 2013. This lesion also regressed in response to 30 Gy RT (2 ~ 25 April 2013) and 12 times of
oncothermia (15 April ~ 13 May 2013). But this lesion revealed progression on the CT scan in 6 months after

finishing oncothermia, too (Figure 13).
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Figure 9. (@) RT 30 Gy and HT 36# — 2 Ms; (b) Re-RT 30 Gy and HT 12#; (c) Re-RT 30 Gy and HT 12# — 2 Ms; (d)
Re-RT 30 Gy and HT 12# — 5 Ms.

Figure 11. (a) 6 months before treatment; (b) Just before HT; (c) Just after HT 47# for 5 Ms; (d) 3 months after HT 47#, (e)

6 months after HT 47#.
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Figure 12. (a) Before RT and HT; (b) RT 30 Gy and HT 12#; (c) RT 30 Gy and HT 12# — 2 Ms; (d) RT 30 Gy and HT
12# — 5 Ms.

(b)

Figure 13. (a) Before RT and HT; (b) 1 Ms after RT 30 Gy and HT 12#; (c) 4 Ms after RT 30 Gy and HT 12#; (d) RT 30
Gy and HT 12# — 6 Ms.

4. Discussion

Efficacy of the combined OTM + RT therapy is proven by the results. 5 cases of post-operative RT and OTM

revealed no local recurrence but 1 lung metastasis developed. In 2 cases complete remission (CR) was observed,

with chemotherapy and/or RT, in 3 cases stable response, in 5 cases pain relieved effectively, all other combined

oncothermia with RT and/or chemotherapy represented partial response (9/12).

e Primary, recurrent, and metastatic sarcomas responded to oncothermia and it was more effective with com-
bined RT and/or chemoTx.

e Tumor regressed slowly without thermo-tolerance when oncothermia was applied for long term.

o Pain control: highly effective for metastatic bone tumors.

¢ Important observation: oncothermia effect is proven in the technically not treatable lesion that was growing
despite the concomitant systemic chemo-therapy, while the other lesion regressed at the same time.

e The long-time care is also remarkable which makes the lethal disease chronic (like dialysis does). The strong
correlation between the oncothermia treatment and the tumor-regression is shown by the termination and
re-application of the treatment.

5. Conclusion

Primary, recurrent, and metastatic sarcomas responded to oncothermia treatment and the mass regressed. When
oncothermia was applied for long term, tumor mass regressed slowly for oncothermia. It is needed to study fur-
ther to see that complete regression can be achieved with oncothermia only and to increase effects with the
combined modalities of oncothermia with chemotherapy and/or radiation therapy.
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