4, Clinical trials and literature regarding tumour entities, 06/21

Clinical results on local hyperthermia:

Investigations consistently show noticeably higher rates of complete remission when
radiotherapy is combined with hyperthermia, compared to radiotherapy on its own. In over 28
randomised controlled clinical trials, the addition of hyperthermia to radiotherapy or
chemotherapy was investigated. In 36 clinical trials, significantly improved results were achieved
by combining the treatment with hyperthermia. In particular when treating patients with highly
malignant tumours, in the case of patients who had reached an advanced stage of the disease,
with therapy-resistant tumours, partial rates of remission were achieved, that are very promising
and clearly superior to the previous methods.

INDICATIONS with clinical results for LOCAL HYPERTHERMIA:

Brain tumours and metastases
Head/neck tumours
Oesophageal carcinoma/gastric carcinoma
Mammary carcinoma/relapses
Pulmonary carcinoma

Hepatic carcinoma/metastasis
Pancreatic carcinoma
Colorectal tumours

Pelvic tumours

Cervix/ovary carcinoma
Bladder carcinoma

10. Sarcomas

11. Peritoneal carcinomas

12. Melanomas

13. Bone metastases

* OO NoOOA~WNE



A selection of clinical randomised trials on local combined hyperthermia:
Review by Datta:

(a) Odds ratio (Radiotherapy + Hyperthermia vs. Radiotherapy alone)
Study name Statistics for eachstudy  Local CR/ Total Weight (Random) Odds ratio and 96% Q
Odds Lower Upper RT Relative
ratio limit limit pValue RTHT alone weight
Wen et o, 2014 25% 112 58 008 4/49 23/49 192
Hulgal e &, 2010 500 152 1646 0008 2/28 MN/2B 4B B
Vadagnietd, 1994 722 161 346 0010 15/18 9/ 22 109 : 3
Perez ot @, 1991 096 044 208 0908 18/5 21/60 2075 1 =
Detta e o, 1990 264 096 728 0061 18/3 10/R 16,86 1
Acangeliet o, 1987 521 194 1398 0001 /38 18/48 1B
Overall effect 292 158 542 0001 137/ 219 R/ 2R
Test for heterogeneity, I = 55,38, p = 0,047 0102 05 1 2 5§ 10

Favours RT Favours RTHT

(b) Risk ratio (Radiotherapy + Hyperthermia vs. Radiotherapy alone)

Study name Statistics for each study  Local CR/ Total Weight (Random) Risk ratio and 86%. Q1
Risk Lower Upper RT Relative
ratio limit  limit pValue RTHT alone weight

Won of o, 2014 148 14 210 00209 M/49 23/49 21

Hulgd o &, 2010 1.8 14 300 0013 2/28 /™ 1500
Valdagni ot & 1994 204 118 351 0010 15/9@ 9/22 1244

Peezet o, 199 097 058 1682 098 WB/53 21/é0 1390 +

Detta et o, 1990 17 006 318 0089 18/33 10/ 1035

Acargdiet o, 1987 180 126 278 000" 0/ W/ QO 218

Overall effect 1.61 132 197 0000 137/219 9@/2%

Test for heterogeneity, 1 = 13,37, p= 0,329 0102 08 1 2 5§ 10
The Favours RT Favours RPHT 2

31.3% and 46.9% across the six trials. With thermoradiotherapy, the overall CR
reported was 62.5% (137/219), (range 33.9-83.3%). The odds ratio was 2.92 (95%
Cl: 1.58-5.42, p%0.001); the risk ratio was 1.61 (95% CI: 1.32-1.97, p50.0001) and
the risk difference was 0.25 (95% CI: 0.12-0.39, p50.0001), all in favour of combined
treatment with hyperthermia and radiotherapy over radiotherapy alone.
Acute and late grade IIl/IV toxicities were reported to be similar in both the groups.



A selection of clinical randomised trials on local combined hyperthermia:

CLINICAL TRIAL RESULTS B Radiation or Chemotherapy

Hyperthermia + RT or Chemo
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A selection of clinical randomised trials on local combined hyperthermia by means of
capacitive coupling (8 or 13 MHz):

Randomized trials with RF capacitive coupled heating devices
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A selection of clinical non-randomised trials on local combined hyperthermia

Nonrandomized
clinical trials with RF capacitive coupled heating devices
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Literature concerning individual tumour entities:




1. Brain tumours and metastases:

A. Fiorentini G, et al, ,A phase Il clinical study on relapsed malignant gliomas treated
with electro-hyperthermia” PMID: 17203754 [PubMed - indexed for MEDLINE]

B. Fiorentini G., Sarti D., Milandri C., Dentico P., Mambrini A., Guadagni S. (2018):
Retrospective observational Clinical Study on Relapsed Malignant Gliomas Treated
with Electro-hyperthermia Oncothermia Journal 22:32-45

C. Ryabova A.l., Novikov V.A., Choinzonov E.L., Gribova O.V., Startseva Zh.A;
,Local Hyperthermia in Multimodal Therapy of Malignant Glioma”, Tomsk Cancer
Research Institute; 5th Russian-Japanese Neurosurgical Symposium (RINS2016)

D. Hager, D., Sahinbas,H., Groenemeyer, D.H. 2008; Prospective phase Il trial for
recurrent high-grade gliomas with low radiofrequency (LRF) hyperthermia; Journal of
Clinical Oncology, 2008 ASCO AnnualMeeting Proceedings,Vol. 26, No. 155, 2008:
247

E: Anastasiya |. Ryabova, Valery A. Novikov, Olga V. Gribova, et al; “Concurrent
Thermochemoradiotherapy in Glioblastoma Treatment: Preliminary Results” 08/2017
http://dx.doi.org/10.5772/intechopen.76264

F: D. Hager, H. Dziambor, E. M. App et all. The treatment of patients with high-grade
malignant gliomas with RF-hyperthermia. 39th ASCO Annual Meeting. May 31-June
3, 2003 (Abstract No. 470).

G: Tanaka R, Kim CH, ,et all. Radiofrequency hyperthermia for malignant brain
tumors: preliminary results of clinical trials. Neurosurgery. 1987 Oct;21(4):478-83.

H: Sahinbas H, Groenemeyer DHW. Boecher E, Lange S. Hyperthermia treatment of
advanced relapsed glioma and astrocytoma. 9th ICHO 2004.page;85.

I: Stahl H, Wust P, Maier-Hauff K et all. The use of an early postoperative interstitial-
hyperthermia combination therapy in malignant gliomas. Strahlenther Onkol. 1995
Sep;171(9):510-24.

J: H. Buhler, P. Nguemgo-Kouam, H. Sahinbas [...] I.A. Adamietz, Article: 610
Clonogenic survival as well as motility of malignant cells is reduced by hyperthermia
alone or in combination with irradiation , Article, Sep 2015

K: Sahinbas H. Retrospective clinical study for advanced brain-gliomas by adjuvant
electro-hyperthermia treatment, Review Article, Cancer Therapy Vol 8, 139-149,
2012

L: Sneed PK, Stauffer PR, et al.: ,Survival benefit of hyperthermia in a prospective
randomized trial of brachytherapy boost +/-hyperthermia for glioblastoma multiforme.,
Int J Radiat Oncol Biol Phys 1998 Jan 15;40(2):287-295

u.v.m.,


http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?db=pubmed&cmd=Search&itool=pubmed_AbstractPlus&term=%22Fiorentini%2BG%22%5BAuthor%5D
http://dx.doi.org/10.5772/intechopen.76264

2. Head/neck tumours:

Review von Datta et al.-Schweiz, Huigol in Mumbai:

Niloy R. Datta, Susanne Rogers, Silvia Gomez Ordofiez, Emsad Puric & Stephan
Bodis (2015): Hyperthermia and radiotherapy in the management of head and neck
cancers: A systematic review and meta-analysis, International Journal of
Hyperthermia, DOI: 10.3109/02656736.2015.1099746

Non resectable Head & Neck Cancer (Huilgol, Mumbai Indien. USA 2004)

60 patients; combining radiation therapy with hyperthermia (1x/week 45 — 90 Min.)
initial results: 46 patients CR complete remission ; 14 patients PR partial remission.
Overall Survival (OS) after 6 months 84 % after 24 months 66 %.

Non resectable Head & Neck Cancer (Huilgol, Mumbai Indien; ESHO 2007)

23 patients; after common treatment with radiation (70 Gy) and chemo

(either 60 mgs Paclitaxel or 50 mg Cisplatin/week) combining radiation with HT
applied after radiation (30-50 min). This three base treatment concept was accepted
well by all patients. Initial Results: 10 patients CR; 13 patients PR.

Nagraj G. Huilgol, et al; ,Chemoradiation with hyperthermia in treatment of head and
neck cancer®; Inter. J. hyperthermia Febr. 2010; 26(1): 21-25

Valdagni R, Amichetti M. Report of a long-term follow-up in a randomised trial
comparing radiation therapy and radiation plus hypertherrnia to metastatic lymph
nodes in stage IV head and neck cancer patients. Int J Radiat Oncol 1993; 28:163-69
.,Nonresectable head/neck tumors Stage IV with metastasis in lymphnods
randomized phase lll trial (Valdagni und Amichelli, Italy )*
Radiotherapy (RT) + regional Deep Location Hyperthermia (HT); n=41 Patients
RESULTS: Complete Remission: 41 % in solo arm RT

83 % in arm of combining RT + HT

5-years Survival Rate: 0% in solo arm RT
53 % in combining RT + HT

Datta NR, Bose Ak, Kapoor HK, et al. Head and nech cancers: results of
thermoradiotherapy versus radiotherapy. Int J Hyperthermia 1990; 6:479-86

u.v.m,



3. Oesophageal carcinoma/gastric carcinoma

Tumor site Experi- Con- No. OR [%] OR [%] | Survival | Remarks | Ref.

mental trol of Control | with HT | benefit
Pts-

Oesophagus CT +HT CT 40 19 41 | No RCT 28

Oesophagus RT + HT 53 8 70 RCT 29

Oesophagus RT + CT + 53 8 27 RCT 30
HT

Oesophagus RT + HT RT 313 25 63 Yes RCT 31

Oesophagus RT +CT + | Rt+ 66 59 81,2 | Yes RCT 47
HT CT

Oesophagus Ext. RT ext. 66 Yes oT 32
MW + HT RT

Abbreviations: RT: radiotherapy; CT: chemotherapy; MW: microwaves; RCT: randomised controlled
trial- OT: open-label observational study; CR: complete response; Rec: recurrence after adjuvant
treatment; neoad).: neoadjuvant; adj.: adjuvant

Sugimachi K, Kuwano H, Ide H et al. Chemotherapy combined with or without
hyperthermia for patients with oesophageal carcinoma: a prospective randomised
trial. Int J Hyperthermia 1994, 4:485-493

Sugimachi K, Kitamura K, Baba K: Hyperthermia combined with chemotherapy and

irradiation for patients with carcinoma of the oesophagus: a prospective randomised
trial. Int J Hyperthermia 1992, 8:289-295

Sugimachi K, Kitamura K, Baba K, lkebe M, Morita M, Matsuda H, Kuwano H:
Hyperthermia combined with chemotherapy and irradiation for patients with
carcinoma of the oesophagus - A prospective randomised trial. Int J Hyperthermia
1992, 8:289-295

Muratkhozhaev NK, Svetitsky PV, Kochegarov AA, Alimnazarov SA, Kuznetsov VN,
Shek BA: Hyperthermia in therapy of cancer patients. Med. Radiol. (Russian) 1987,
32:30-36

Wang J, Li D, Chen N.: Intracavitary microwave hyperthermia combined with external
irradiation in the treatment of esophageal cancer [Article in Chinese) Zhonhua Zhong
Liu Za Zhi 1996 Jan, 18(1):51-54

Shchepotin IB, Evans SR, Chorny V, Osinsky S, Buras RR, Maligonov P, Shabahang
M, Nauta RJ.: ,Intensive preoperative radiotherapy with local hyperthermia for the
treatment of gastric carcinoma®“., Surg Oncol 1994 Feb;3(1):37-44

Fang H, Zhang Y, Wu Z, Wang X, Wang H, Wang Y, et al. Regional hyperthermia
combined with chemotherapy in advanced gastric cancer. Open medicine (poland)
2019;14(1):85-90.

Lu C,LiL, Luo Z, Cui Y, Fu P, Zhou J, et al. Clinical efficacy of type-B ultrasound-
guided intraperitoneal hyperthermic chemoperfusion combined with systemic
chemotherapy in advanced gastrice cancer patients with malignant ascites.
Neoplasma 2016;63(2):299-303.



4. Mammary carcinomal/relapses

For the first time in 2007, the National Comprehensive Cancer Network (NCCN) incorporated
the combined treatment of radiotherapy and hyperthermia into its Guidelines for Breast Cancer
(Relapses). Since 2012 and 2013 it has been listed the Category 1b(B) Breast Cancer
Guidelines.

It has also been incorporated by the AGO (Arbeitsgemeinschaft Gynakologische Onkologie
e.V.) as a relapse therapy, in the form of a combined therapy with radiotherapy and/or
chemotherapy. In some countries, it ranks among the primary therapy concepts.

1. Markus Notter, H. Piazena, P. Vaupel (2016): Hypofractionated re-irradiation of
large-sized recurrent breast cancer with thermography-controlled, contactfree water-
filtered infra-red-A hyperthermia: a retrospective study of 73 patients, International
Journal of Hyperthermia, DOI: 10.1080/02656736.2016.1235731

2. Sherar M, van der Zee J, Gonzalez DG et al: Relationship between thermal dose
and outcome in thermoradiotherapy treatments for superficial recurrences of breast
cancer: data from a phase Il trial.,, Int J Radiat Oncol Biol Phys 1997 Sep
1;39(2):371-380

3. Vernon CC, Hand JW, Field SB et al. Radiotherapy with or without hyperthermia in
the treatment of superficial localized breast cancer: results from five randomized
controlled trials. International Collaborative Hyperthermia Group. Int J Radiat Oncol
Biol Phys 1996: 35: 731-744.

4. En cuirasse Brustkrebs (Oidenburg et al, Ams.terdam, Holland, ESHO Verona
2009), 80 Patienten re-RT+HT; davon 17 nacherfassbar 32Gy/8 Fraktionen
gemeinsam mit HT; Ansprechrate 76,5% ; wenn Tumorgrésse dec'kungsgleich zu
Elektrode sogar 88,2% bei einem progressionsfreien Intervall von 6 Monaten. Keine
schweren Nebenwirkungen.

5. Jones et al. (Jones et. al., Journal of Clinical Oncology Vol. 23, No 13, May 1,
2005.), 109 Patients with breast CA close to skinsurface compr. response rate of
68,1 % (radiation + HT) vs. 42,3% (radiation alone), most significant difference with
patients previously radiated: 68,2% in radiation+ HT vs. 23,5 % radiation alone

etc.
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5. Pulmonary carcinoma

Tumorentitét RT CxT OR% OR% mit HT N Ref.
Lungenkarzinom; nein ja 36 68 44 ']
(Wholebody HT)

Lungenkarzinom ja nein 20 73 49 4
(nicht kleinzellig)

Lungenkarzinom ja nein - 100 13 N
(nicht kleinzellig)

Engelhardt R, Neumann H, M-ller U, LOhr GW. Clinical studies in whole body
hyperthermia. In Sugahara T, Saito M (eds): Hyperthermic Oncology Volume 2.
London: Taylor and Francis 1989;509-51

Karasawa K, Muta N, Nakagawa K, Hasezawa K, Terahara A, Onogi Y, Sakata K |,
Aoki Y, Sasaki Y, Akanuma A: Thermoradiotherapy in the treatment of locally
advanced nonsmall cell lung cancer, Int. J. Radiol. Oncol. Biol. Phys, Vol. 30., 1994,
pp. 1171-1177

Imada H, Nomoto S, Tomimatsu A, Kosaka K, Kusano S, Ostapenko VV,
Terashima H: Local control of Nonsmall cell lung cancer by radiotherapy combined
with high power hyperthermia using an 8MHz RF capacitive device, Japn. J.
Hyperthermic Onco 1999, 15:19-24

S. Sakao, Y. Takiguchi, K. Nemoto, et al; Japan; “Thermoradiotherapy for local
control of chest wall invasion in patients with advanced non-small cell lung cancer”
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6. Hepatic carcinoma/metastasis

Maeta M et al: a case-matched control study of intrahepatoarterioal
chemotherapy in combination with or without regional hyperthermia for treatment of
primary and metastatic hepatic tumors. Int J Hyperthermia 1994; 10 (1):51-58

Sugiyama A. et al: Hepatic arterial infusion chemotherapy combined with
hyperthermia for metastatic liver tumors of colorectal cancer. Semin Oncol 1997; 24
(2 Suppl 6): S6-135-8

Kurpeshhey O. et al: Immeadiate results of loco-regional hyperthermia and
chemotherapy for liver metastases of colo-rectal cancer. Presentation at ESHO
conference 2010 Rotterdam, May 22, 2010

Hager ED et al: Deep hyperthermia with radiofrequencies in patients with liver
metastases from colorectal cancer. Anticancer Research 1999; 19 (4C):3403-8

Kim BS et al: Phase Il trial for combined external radiotherapy and hyperthermia for
unresectable hepatoma. Cancer Chemother Pharmacol 1992; 31 (Suppl):S119-27

Moffat FL et al: effect of radiofrequency hyperthermia and chemotherapy on
primary and secondary hepatic malignancies when used with metronidazole.
Surgery 1983; 94 (4): 536-42

Moffat FL et al: further experience with regional radiofrequency hyperthermia and
cytotoxic chemotherapy for unresectable hepatioc neoplasia. Cancer 1985; 55 (6):
1291-5, (n =178patients)

Nagata Y, Hiraoka M, Nishimura Y et al: Clinical results of radiofrequency
hyperthermia for malignant liver tumors. Int J Radiat Oncol Biol Phys (1997) 38:359-
365

Nagata Y, Hiraoka M, Akuta K et al: Radiofrequency thermotherapy for malignant
liver tumors, Cancer 65(8) 1990: 1730-1736

Alexander HR, Libutti SK, Pingpank JF et al:Hyperthermic isolated hepatic perfusion
using melpha- tan for patients with ocular melanoma metastatic to liver. Clin Cancer
Res (2003) 9: 6343-6349

Kasianenko IV, Osinsky SP, Pivnyuk VM et al: Thermochemotherapy for liver
matastases in patients with mammary carcinoma and gastrointestinal tumors. Oncol
UKR (2000) 2:34-36

Yamamoto K, Tanaka Y: Radiofrequency capacitive hyperthermia for
unresectable hepatic cancers. J Gastroenterol 1997; 32:361-366

Seong J, Lee HS, Han KH et al: Combined Treatment of Radiotherapy and
Hyperthermia for Unresectable Hepatocellular Carcinoma. Yonsei Med J 35(3)
(1994):252-259
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Ohguri T, Imada H, Yahara K et al: Effect of 8-MHz radiofrequency-capacitive
regional hyperthermia with strong superficial cooling for unresectable or recurrent
colorectal cancer. Int J Hyperthermia 2004; 20(5):465-475

Nishimura Y, Hiraoka M, Abe M: Thermoradiotherapy of locally advanced colorectal
cancer. In: Matsuda T (ed) Cancer Treatment by Hyperthermia, Radiation and Drugs.
Taylor Francis, London,

1993. 278-289

Nishimura Y, Hiraoka M, Akuta K et al: Hyperthermia combined with radiation
therapy for primarily unresectable and recurrent colorectal cancer. Int. J Rad Onc
Biol (1992) 23(4):759-768

Berdov BA, Menteshashvili GZ: Thermoradiotherapy of patients with locally advanced
carcinoma of the rectum. Int J Hyperthermia (1990) 6(5):881-890

Etc.
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7. Pancreatic carcinoma

Review: Astrid van der Horst, Eva Versteijne, Marc G. H. Besselink, Joost G. Daams,
Esther B. Bulle, Maarten F. Bijlsma, Johanna W. Wilmink, Otto M. van Delden,
Jeanin E. van Hooft, Nicolaas A. P. Franken, Hanneke W. M. van Laarhoven,
Johannes Crezee & Geertjan van Tienhoven (2017): The clinical benefit of
hyperthermia in pancreatic cancer. a systematic review, International Journal of
Hyperthermia, DOI: 10.1080/02656736.2017.1401126. —

Link to this article: https://doi.org/10.1080/02656736.2017.1401126

Table 1. Patient characteristics. Number of patients, median age, disease stage per study, fraction of adenocarcinomas and whether histological confirmation

was obtained.

Locally advanced disease

: (stage IIl) WMetastatic disease (stage V) :

Median_age (year) Histology
Study n Total (HT/control) . HT Control HT Control PDAC  Confirmation
Kouloulias etal. 2002 [57] 37 62 (62/60) 6/10 (60%)..  19/27 (70%) 4/10 (40%) 8/27 (30%)  37/37 Yes
Ohguri etal. 2008 [60] 29 64 (62/65) 20/20 (100%)... 9/9 (100%) 0/20 (0%) 0/9 (0%) 29/29 14/29
Yamada etal. 1992 [54] 73 60.6° (NRINR) 11117 (65%)°  32/56 (57%)° 6/17 (35%) 24/56 (43%) 43 52/73
Maluta et al. 2011 [62] b8 64.3 (66.6/65.7)  34/40 (85%) 26/28 (93%) 6/40 (15%)" 2128 (7%)" 68/68 Yes
Ashayeri et al. 1993 [55] 24 NR (62/61) 5/5(100%) 19/19 (100%)° 0/5 (0%) 0/19 (0%) 24/24 NR
Maebayashi etal. 2017 [66] 13 78 (62/NR) 5/5 (100%) 8/8 (100%) 0/5 (0%) 0/8 (0%) 4/13 4/13
Douwes 2006 [58] 30 59.8 (59.8/-) 5/30 (17%)° - 25/30 (83%) - NR NR
Tschoep-Lechner et al. 2013 [64] 23 60 (60/-) 2123 (9%) - 21/23 (91%) - 22/23 Yes
Volovat etal. 2014 [65] 19 NR (NR/-) 0/19 (0%) - 19/19 (100%) - 11/19 Yes
Ishikawa et al. 2012 [63] 18 64 (64/-) 6/18 (33%) - 12/18 (67%) - 18/18 Yes
Bakshandeh-Bath et al. 2009 [61] 13 57 (57/-) 0/13 (0%) - 13/13 (100%) - 13/13 Yes
Kouloulias et al. 2001 [56] 7 65 (65/-) 717 (100%) - 0/7 (0%) - 717 Yes
Kakehi etal. 1990 [53]* 34 NR (NR/-) 6/34 (18%) - 28/34 (82%) - 23/34 23
Bull etal. 2008 [59]* 7 62 (62/-) 0/7 (0%).... - 7/7 (100%) - NR Yes
Overall 395 57-78° 107 (43%)... 113 (77%) 141 (57%) 34 (23%)

n: pumber. of patients; —: not applicable; NR: not reported,

“The pancreatic cancer patients, are. partof a larger cohort. [53,59].

®Average age.

‘Range of median age.

9This ingludes. 12 patients. (4 HT, 8 control) with stage | and 1.

“Control cohart is.a comparable aroup, treated a decade earlier than the HT cohart

Note: for the gverall survival analysis. the 8 patients with metastafic disease were excluded [62].

SFour patients_had stage Il disease.

Further review works on pancreatic carcinoma
e Martin Roesch & Boris Mueller-Huebenthal; Indian Journal of Surgical Oncology;
ISSN 0975-7651; Indian J Surg Oncol; DOI 10.1007/s13193-014-0316-5

Table 1 Survey trials on pancreatic cancer treatments including hyperthermia

Trials on advanced Center Hyperthermia No of patients ~ Controlarm (%) Armadding Overall Survival (OS) Benefit OS odds ratio Benefit quality of life
pancreatic cancer method hperth. (%) benefit in am
including hyperthermia

Kouloulias et al. 2002 [6] Athens, Greece Intrasurgery surface 65 85 % 15% 11 months (SE 2.4 months) p=0.029 Better: p=0.031
heating

Yamada et al. 1992 [5] Sendai, Japan Intrasurgery surface 69 80 % 20 % 1 year OS:plus 6.9 % Only marginally better
heating 2. year plus 4.2 %

Mietal. 2013 [10] Meta-analysis for adv. Intraoperative HIPEC- 1906 in 16 rand. 1. year OS 2.99 (95 % Cl) No higher risks; but

gastric cancers thermoenhanced trials 2.21 t0 4.05; p<0.00001 increase incidences

Chemotherapy of abdominal pain

Hager et al. 2006 [24] Bad Bergzabem, Non-invasive loco-reg. 46 100 % Median OS: 10.8 months QoL improvement &

Germany heating 1. year OS: 41 % pain decrease
(56 %)

Zhang et al. (2008) [30] China Non-invasive loco-reg. 75 49 % 51% 1. year OS plus 13 % No serious complicat.
heating 2. year OS plus 50 %

Mueller-Huebenthal 2010 [25] Stuttgart, Germany Non-invasive loco-reg. 25 100 % Median OS 12.2 months Pain reduction observed
heating 1. year OS: 51 %

Maluta et al. 2011 [31] Verona, Italy Non-invasive loco-reg. 60 50 % 50 % OS plus 4 months=+36 % p=0.025 No increased toxicity
heating

Ishikawa et al. 2012 [32] Multicentre Japan Non-invasive loco-reg. 18 100 % Median OS: 8 months; No added toxicity
heating 1 year OS: 33 % except mild pain &

skin rush

Tschoep-Lechner 2013 [33] ~ Munich, Germany Non-invasive loco-reg. 23 100 % Median OS 12.9 months

heating

e K. E. TSCHOEP-LECHNER?, v. MiLANIY & R.-D. ISSELS! ; Gemcitabine
and cisplatin combined with regional hyperthermia as second-line
treatment in patients with gemcitabine-refractory advanced pancreatic

cancer®; Klinikum Grosshadern Munich, Germany, Int. J. Hyperthermia, February 2013; 29(1): 8—
16; (Received 30 July 2012; Revised 8 October 2012; Accepted 13 October 2012)
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8. Colorectal tumours

1. Fang H, Zhang Y, Wu Z, Wang X, Wang H, Wang Y, et al. Regional hyperthermia
combined with chemotherapy in advanced gastric cancer. Open medicine (poland)
2019;14(1):85-90.

2. Sun JJ, Fan GL, Wang XG, Xu K. The research on the influences of hyperthermal
perfusion chemotherapy combined with immunologic therapy on the immunologic
function and levels of circulating tumor cells of the advanced colorectal cancer
patients with liver metastasis. Eur Rev Med Pharmacol Sci 2017;21(13):3139-3145.

3. Min Kyu Kang, MD1*, Myung Se Kim1, Jae Hwang Kim2 ; “Clinical outcomes of
mild hyperthermia for locally advanced rectal cancer (235 patients) treated with
preoperative radiochemotherapy”; large prospective randomised trial; 2011, Vol. 27,
No. 5, Pages 482-490 (doi:10.3109/02656736.2011.563769)

4. De Haas-Kock DF, Buijsen J, Pijls-Johannesma M, Lutgens L, Lammering G, van
Mastrigt GA, De Ruysscher DK, Lambin P, van der Zee J. Concomitant hyperthermia
and radiation therapy for treating locally advanced rectal cancer. Cochrane Database
Syst Rev 2009; CD006269

5. Furuta K, Konishi F, Kanazawa K, Saito K, Sugawara T. Synergistic effects of
hyperthermia in preoperative radiochemotherapy for rectal carcinoma. Dis Colon
Rectum 1997; 40: 1303-1312

6. Rau B, Wust P, Hohenberger P, Loffel J, Hunerbein M, Below C, Gellermann J,
Speidel A, Vogl T, Riess H, et al. Preoperative hyperthermia combined with
radiochemotherapy in locally advanced rectal cancer: A phase Il clinical trial. Ann
Surg 1998; 227: 380-389

7. Wust P, Rau B, Gellerman J, Pegios W, Loffel J, Riess H, Felix R, Schlag PM.
Radiochemotherapy and hyperthermia in the treatment of rectal cancer. Recent
Results Cancer Res 1998; 146: 175-191

8. Anscher MS, Lee C, Hurwitz H, Tyler D, Prosnitz LR, Jowell P, Rosner G,
Samulski T, Dewhirst MW. A pilot study of preoperative continuous infusion 5-
fluorouracil, external microwave hyperthermia, and external beam radiotherapy for
treatment of locally advanced, unresectable, or recurrent rectal cancer. Int J Radiat
Oncol Biol Phys 2000; 47: 719-724

9. Maluta S, Romano M, Dall'oglio S, Genna M, Oliani C, Pioli F, Gabbani M, Marciai
N, Palazzi M. Regional hyperthermia added to intensified preoperative chemo-
radiation in locally advanced adenocarcinoma of middle and lower rectum. Int J
Hyperthermia 2010; 26: 108-117

Most of the trials currently running concern colorectal carcinoma,
etc., .......



15

9. Pelvic tumours

e Cervix/ovary carcinoma:

1. Niloy R. Datta, E. Stutz,S. Gomez, et al; Radiation Oncology, University Hospital
Zurich, Switzerland; Review: Efficacy and Safety Evaluation of the Various
Therapeutic Options in Locally Advanced Cervix Cancer: "A Systematic Review and
Network: Meta-Analysis of Randomized Clinical Trials"; Radiation Oncology,
International Journal of biology physics; Received May 29, 2018, and in revised form
Sep 21, 2018. Accepted for publication Sep 25, 2018.

2. Niloy R. Datta, Susanne Rogers, Silvia Gémez &Stephan Bodis (2016)
Hyperthermia and radiotherapy with or without chemotherapy in locally advanced
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Peritoneal carcinomas:

Here most trials are targeted at individual, organ-related peritoneal metastases,
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Melanomas
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Whole-body hyperthermia (WBHT): See DGHT Guidelines 10/2018

Whole-body hyperthermia

General definition

WBHT is the controlled increase in the core body temperature by supplying external energy,
in line with the currently favoured apportionment specified above. It is also termed “passive
hyperthermia”.

Stages of whole-body hyperthermia (WBHT):
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Fig.: Three stages of whole-body hyperthermia: (WBHT) 10/2018 (DGHT Guidelines)

1. Mild and moderate whole-body hyperthermia

1.1. Definition

Mild WBHT comprises an increase in the core body temperature to target temperatures up to
38.5 C. The period of application is divided into two chronological intensity stages, a short
duration of < 30 mins and a longer duration of > 30 mins (Fig.). _

Moderate WBHT comprises increasing the core body temperature to target temperatures of
38.5°C to 40.5°C. The period of use in the field of the target temperatures specified is likewise
divided into two chronological intensity stages, a short duration of < 120 mins and a longer
duration of > 120 mins (see above).
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1.2. Technical requirements

1.2.1. Hyperthermia technology

Within the scope of the WBHT in the mild and moderate temperature range, the contact heat,
e.g. in the water bath, and the radiative heating by means of infra-red radiation, are used. As
an especially agreeable method, the use of water-filtered infra-red-A has gained acceptance,
from a physical and physiological perspective. This involves a considerable proportion of the
infra-red radiation first being absorbed at the depth where the circulating blood transports the
heat energy absorbed with the blood flow into all regions of the body. The most widespread
methods, currently, in Germany are the hyperthermia techniques of Heckel (in earlier systems,
with infra-red-A+B radiation, in the current system regionally with water-filtered infra-red-A
radiation and C radiation), and the application of the IRATHERM® technique according to von
Ardenne (exclusively with water-filtered infra-red-A radiation).

1.2.2 Temperature monitoring

In the case of the mild WBHT, it is obligatory to control the temperature as from a period of use
of > 30 mins. This can be done axillary, rectally, sublingually, tympanically or chronologically
selectively, in regard to which the measured values are to be documented, inclusive of the
measuring technology used. To be preferred, however, are measurement systems with
permanent temperature recording, which can be done by keeping track of the recorded
temperature on a PC using data processing.

As from the temperature level of moderate WBHT, thermoregulatory stress arises for the
patient with an increasing temperature level, which necessitates nursing care subject to
medical supervision, as noted in Fig. 1. As from temperatures of 38.5°C, the minimum
requirement is ongoing rectal temperature measurement, as well as the recording of the heart
rate and SpO2. There is broad general consensus that the temperature measured rectally is
considered the core body temperature. When the period of application is extended to > 120
mins over 38.5°C, in addition a continuous second temperature measurement is required,
axillary or tympanically, and also an ECG/RESP measurement, as well as sporadic
measurement of the blood pressure. Should a rectal measurement not be possible (e.g. in the
case of anus praeter), a vesical or vaginal temperature recording may be taken into
consideration. It is to be borne in mind that the axillary and, even more so, the tympanically
measured temperature in the late heating-up phase may deviate from the temperature
measured rectally by around 0.5 - 1 degree Celsius.

Phase | and Phase Il trials on whole-body hyperthermia exist up to now, which provide
evidence that the method is feasible, and lead to the expectation of a better response, in
particular in the case of tumours that are refractive and resistant to therapy (pancreatic and
colon, as well as ovarian, carcinomas, sarcomas).



Evidence levels:

Evidence Level

la At least one meta-analysis based on methodologically high quality
randomised, controlled trials (RCTs)

1b At least one sulfficiently large RCT

2a At least one trial without CT randomisation

2b At least one trial of another type, quasi-experimental trial

3 More than one non-experimental trial, such as, for instance,
comparative trials, correlative trials, case control trials or clinical pilot
studies

4 Responses of expert committees; descriptive trials

5 A case series or one or more expert opinions

Indications or areas of indication in three main groups are listed below:

A High evidence (Levels 1 + 2);
B Medium to low evidence (Levels 3 + 4); and
C Low evidence (Level 5)

CT Controlled Trial
RCT Randomised Controlled Trial

A Indications, based on at least CT or RCT (Evidence levels 1 + 2)*

Indication Clinical trial Literature

. Fibromyalgia syndrome RCT + CT + CT + pilot [11, 12, 13, 14]
study

. Chronic backache RCT + pilot study (15, 16]

. Ankylosing spondylitis RCT + pilot study [17, 18, 19]

. Axial spondyloarthritis CT [20]

. Psoriatic arthritis RCT [21]

. Arterial hypertension RCT + pilot study [22, 23]

. Depressive disorder, severe depression RCT + RCT + pilot [24, 25, 26]
study

B Indications, based on comparative trials, case control trials, clinical pilot studies (Evidence Levels 3 +
4)

. Immune activation pilot study [27, 28, 29, 30, 31]
. Cancerous disease, increase in the Pilot study
efficacy of standard treatments [32]
. Cancerous disease at the palliative
stage, alleviating pain and fatigue
syndrome Pilot study [32]
. Bronchial asthma Pilot study [33]
. Osteoarthritis Pilot study [34]
i Systemic sclerosis Pilot study + pilot [23, 35, 36]
study
. Irritable bowel syndrome RC pilot study [37]

In regard to the indications cited in the highest evidence group, A, the associated treatment schemes of the WBHT carried out as documented
in the publication which involves the highest evidence are specified in Appendix 1.


https://de.wikipedia.org/wiki/Metaanalyse
https://de.wikipedia.org/wiki/Randomisierte%2C_kontrollierte_Studie
https://de.wikipedia.org/w/index.php?title=Quasi-experimentelle_Studie&action=edit&redlink=1
https://de.wikipedia.org/w/index.php?title=Nichtexperimentelle_Studie&action=edit&redlink=1
https://de.wikipedia.org/wiki/Fall-Kontroll-Studie
https://de.wikipedia.org/wiki/Fallserie

C Indications and areas of indication, based on case series or expert opinions (Evidence Level 5)

i Maintenance treatment following curative
cancer therapy [38, 39]
. Allergic rhinitis/hay fever [40]
. Chronic prostatitis [40]
i Osteoarthritis [34]
. Ulcerative colitis and Crohn's disease Case series [41]
. Borreliosis [42, 43]
. Post-traumatic regeneration [40]
. Detoxification [44]

Summary of the INDICATIONS for WHOLE BODY HYPERTHERMIA:
1. Bowel cancer with metastasis
2. Head/neck tumours
3. Advanced stage pancreatic carcinoma

=>» Cancerous diseases in metastasized/advanced diseases that are treated with chemotherapy.
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APPENDIX:

The following trials reported are currently being carried out with hyperthermia in Germany:

See the information at this link: https://dktk.dkfz.de/de/klinische-
plattformen/studienreqister

AArau-Studie (Aktiv)

A Phase IIB study of the tetramodal therapy of
T2-T4 Nx MO bladder cancer with hyperthermia
combined with chemoradiotherapy following
TUR-BT

GKH-TMM (Aktiv)

The aim of the study is to determine the
feasibility and efficacy of moderate weekly whole
Body hyperthermia Treatment during
radiochemotherapy for pre-irradiated locally or
regionally recurrent head and neck squamous
cell carcinomas. The Primary aim of the study is
feasibility, defined as 80% of patients completing
at least four applications of hyperthermia

HEAT (Aktiv)

Hyperthermia European Adjuvant Trial

HT-01 (Rekrutierung

beendet)

Preoperative Radiochemotherapy With
Hyperthermia for Locally Advanced Rectal
Cancer

HT-02 (Aktiv)

Registry of perioperative hyperthermia and
radiochemotherapy in soft tissue sarcomas

HT-03 (Aktiv)

Prospective registry of hyperthermia combined
with radiotherapy of recurrent breast cancer

Hyper TET (Aktiv)

Hyper-Thermia Enhanced Anti-tumor Efficacy of
Trabectedin

HyRec (Aktiv)

Neoadjuvant chemoradiation with 5-FU (or
capecitabine) and oxalliplatin combined with
deep regonal hyperthermia

9

NEOPAMAIN (Aktiv)

Pazopanib Maintenance Phase Il

DKTK-Studienregister
Dr. N. Gokbuget, Dipl.-Biol. K. lhrig | No responsibility is accepted for the accuracy
or completeness of this information. | ccp@dkfz.de



https://dktk.dkfz.de/de/klinische-plattformen/studienregister
https://dktk.dkfz.de/de/klinische-plattformen/studienregister
mailto:ccp@dkfz.de
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=1419
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=1411
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=854
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=876
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=876
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=1687
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=1689
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=855
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=1095
https://clinicaltrials.dktk.dkfz.de/dktk_trial/detail.html?oid&id=856

5. Summary of the results of the current research and prospects:

Hyperthermia has — rightly — acquired the reputation of being a potent sensitiser for
radiotherapy and chemotherapies.

Hyperthermia itself likewise has the effect of promoting the body’s own immune system.
The arguments according to which this supplementary thermal therapy option is also
synergistically conducive for the new generation of immunotherapies are likewise plausible,
and it is to be expected that this can actually be proven, based on evidence, by means of
trials in the next few years.

In this respect, it is also interesting that, in the case of this supplementary therapy option, no
additional further adverse side effects are to be expected.

Hyperthermia has so much more potential than it is presently given credit for, in clinical
relevance. Fortunately, this perspective is slowly, but constantly, changing more from year to
year, and - at least in regard to the combination with radiotherapy - these days it can
already be stated that hyperthermic therapy is being accepted. The same potential also,
in any case, appears to be predictable when it is combined with the newly emerging immune
therapeutic concepts.

Altogether, 16 RCTs are presently running in Germany, which could, in principle, be suitable
for a cross-sector benefit assessment of hyperthermia.

Research identified RCTs in the indications cervical carcinoma, colorectal carcinoma,
ovarian carcinoma, gastric carcinoma, soft tissue sarcomas and malignant liver and bladder
tumours. The ongoing trials include potentially relevant trials in the indications of pulmonary
carcinoma (NSCLC) and pancreatic carcinoma.

As a “new” indication, in this year’s research two RCTs on the treatment of pain in the case
of bone metastases have been identified.

Depending upon the research, further clinical trials can be identified in other countries. The
publications have been constantly increasing over the past few years.

The long medical tradition of targeted heating of the body or sub-areas in the treatment
of various diseases vouches for the safe application and broad therapeutic potential of such
methods of treatment. Today, the basic immunological research is, with increasing
penetration of the complex immunological modes of action, to an increasing extent providing
the rationale for a systemic, hyperthermic stimulation of the human organism.

New pharmacological therapies in the fields of rheumatology and oncology, which are
targeted at selectively influencing immunological processes and sometimes achieve
astonishing alleviation of symptoms and cancer-diminishing processes, are sometimes
associated with considerable risks and side effects. Here it is worth taking a look (back) at
forms of treatment which likewise have an effect upon the immune system, and in an
unusual way, reinforce the efficiency of the radiotherapy and many forms of
chemotherapy, and do so with an exceedingly low incidence of risk and side effects. A
suitable combination of such approaches should increasingly be the subject of future
research.



Hyperthermia (local or the mild and moderate WBHT) can be used in combination with other
methods of treatment. With individual indications, significant positive results could already
be evidenced within the scope of prospective clinical trials. Through -careful
documentation of treatment results targeted in the routine application, further controlled
clinical trials should be launched, which gradually increases the evidence level of
hyperthermia in various areas of indication.

In the oncological application, an impartial review of the method and results of hyperthermia
and similar concepts with chemotherapy, as well as the treatment results that have been
achieved with the latter to date, is pending.

The published data situation in regard to the deployment of hyperthermia, as shown in this
summary, in the treatment of chronic illnesses and cancerous diseases, presents positive,
sufficient, adequate treatment results, including improved quality of life.

A stay on the ward (in hospital) is NOT necessary in order to carry out these local
hyperthermia procedures (LHT) and mild/moderate whole body hyperthermia (WBHT).
Hospitalising the people concerned is avoided.

The therapeutic procedures described above and the technical development have their
origin in Germany and are now being operated worldwide.

In our opinion, hyperthermia is a very potent additional therapy option in order to be able
to better assist those seeking help.

Bochum, June 2021
H. Sahinbas

On behalf of DGHT e.V., reg. assoc.
President of the German Hyperthermia Society (DGHT e.V.)



