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Local Hyperthermia

Technic Target

Superficial hyperthermia
• Infrared (water-filtered)
• Microwaves

Skin tumor
Superficial lesions (e.g. breast wall 
recurrence)

Loco-regional deep hyperthermia
• Capacitive field (“Electro-

Hyperthermia”)
• Microwaves antenna

Local tumor control, mostly in 
combination with radio- or 
chemotherapy

Intraperitoneal hyperthermic perfusion 
with chemotherapy

• e.g. dissiminated ovarian cancer, 
bladder cancer

Interstitial hyperthermia

• Invasive implantation of antenna
• Magnetic liquids

• Direct destruction of local limited 
tumors



locoregional
hyperthermia

whole-body hyperthermia
by wIRA

Deep-seated tumor tissue
is heated directly

Blood flow is the cooler

Deep-seated tumor tissue
is not heated directly

Blood flow is the heater



Wellness Medical use

Water, steam, IR-C IR-A

Classical Sauna, IR-Sauna
Steam room

Hyperthermia device

Short term application
without considerable increase

of core temperature

Long term application
with considerable and controlled

elevation of core temperature

Training of thermoregulatory reaction Artificial fever temperatures



Mikro- u. Radiowellen 

 Bezeichnung                  Wellenlänge                 Oberbegriff

elektrische Wellen1 mm - m10
4

 

Infrarot-C 3000 nm-1 mm

Infrarot-B 1400-3000 nm 

Infrarot-A 760-1400 nm 

1-100 nm 

 m 10  - 10
- 1 3 - 9

Grenzstrahlung

Röntgen-Strahlen

Röntgen- Strahlung

100-380 nm

Gammastrahlung 

Kosmische Strahlung

natürliche und 
künstliche
atomare Strahlung

10  - 10
- 1 6 - 1 3

 m 

sichtbares Licht

Ultraviolett A, B, C

380-760 nm 
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Infrarot- A- Licht
unsichtbar

Spektralbereich
sichtbares Licht 
Abfolge der Farben

Ultraviolett- Licht
unsichtbar

optische 

Strahlung

Spektrum
PhotoDyn 501

Visible light 
and IR-A, 
no UV !



Sun radiation filtered 
by humid atmosphere

Sun radiation outside 
of the atmosphere





The technics of wIRA -radiation:

Lamp Cuvette with waterfilter

Fan to cool

optionale Farbfilter





Temperatur distribution on the skin
wIRA conventional

Nach P. Vaupel, J. Rzeznik, E. Stofft: Wassergefilterte Infrarot-A-Strahlung versus 
konventionelle Infrarotstrahlung...; Physikalische Medizin, Heft 3, Juni 1995, S. 77-81

hot ⇒ pain

warm ⇒ agreeable

body core  temperature



<41,5<

at home at ICU
big differences in individual patients

intermediate extrem

Beginning  
stress

Beginning   
sedation









Good software documentation should be applied 
to analyse and improve treatments



Basic research of FR WBH



but at least 2 overlapping mechanisms 
which can aid in cancer therapy:

FR WBH:
no thermal cell killing effect !

Blood flow changes
Immunological changes





Range of “normothermic” temperatures in the body
These gradients are actively maintained by thermoregulatory control mechanisms. 

Mountcastle, 1963

Hanson, 1984

37°

In the beginning of a 
WBH treatment the rectal 
temperature does not 
change for 15–30 min.

1. Heating of the shell

2. Elevation of the core 
temperature



Healthy tissue Tumor tissue

Before FR WBH normal reduced

During FR WBH increased increased

After FR WBH normal Increased
(till 2 days after WBH !)

Enlargement of tumor blood vessels after 8 hr of whole body hyperthermia (WBH). 
Colon 26 tumors from a mouse not treated shows normal blood vessels (arrows) 
and from a mouse treated with with 8 hr of  WBH shoes enlarged blood vessels 
(arrows). Two week after WBH, tumors were removed…
Burd R. et al. J Cell Physiol 177:137-147 (1998)

Maybe only in body periphery ?



Increased perfusion
� increased oxygenation of tumor tissue
� decreased Interstitial Fluid Pressure
� increased efficacy of radiotherapy

� counteracting the immunosuppressive effect of hypoxia



Modest control of tumor growth in SCID mice  
by FR WBH
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Thermal enhancement of NK cytotoxicity is 
temperature dependent

* , p<0.05
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Mild, fever-range WBH results in increased 
apoptosis in tumor but not in normal tissues
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Colon 26 Tumor 
in Balb/c mice

Healthy
Thymus
tissue

8 hrs post WBHControl

Human breast tumor in 
SCID mice

hours after WBHBurd, Repasky, 1998



Burd R. et al. J Cell Physiol 177:137-147 (1998)

Induction of apoptosis by WBH is NK cell mediated

Human breast tumours were implanted into the gonadal fat pad of SCI mice, and apoptotic cells (arrows) were 
visualized in paraffin sections using the TUNEL method. 

A: Tumour from a mouse not treated with 8 hr of whole body hyperthermia (WBH). 
B: Tumour from a mouse treated with 8 hr of WBH. 
C: Tumour from a mouse in which NK cell activity was depleted before 8 hr of WBH treatment. 



Evans, Repasky, Fisher (2015)

angeborenes Immunsystem 



Evans, Repasky, Fisher (2015)

erworbenes Immunsystem 



Evans, Repasky, Fisher (2015)

Wanderung der Immunzellen aus den Blutgefäßen zum Tumor



in der Zelle: Thermotoleranz

außerhalb der Zelle: immunaktivierendes „danger signal“

Gaipl (2011)

Doppelcharakter der Hitzeschock-Proteine (HSP)





Synergistic effect of whole body hyperthermia (WBH) in antitumor immune response, by: 
(1) Increased access of immune cells to the tumor bed through improved perfusion of 

compressed blood vessels facilitating immune cell entry and exit to draining lymph nodes, 
and increased function and expression of adhesion molecules regulating lymphocyte homing 
and trafficking to the tumor microenvironment. 

(2) Increased tumor cell killing through immune sensitization of tumor cells and enhanced 
immune effector activity by increased expression of heat stress-induced immune cell 
recognition targets on tumor cells (HSP70) and increased immune cell maturation, activation, 
and cytotoxic activity.





• FEVER-RANGE WHOLE-BODY THERMAL THERAPY ENHANCEMENT OF 
OXALIPLATIN EFFICACY IN VIVO IS SCHEDULE-DEPENDENT

• Frederick R. Strebel, Jesse M. Proett, R. Wanda Row e, Wanleng Deng, and Joan M.C. Bull
• Division of Oncology, University of Texas Medical School, Houston, TX

Anti-tumor Response:

Ox-induced tumor growth delay was enhanced by
combined Ox + FR-WB-TT for all sequencing
schedules tested, compared to controls (Fig 1).

An early decrease in mean RTV, followed by tumor
re-growth occurred with Ox before, during, and after
FR-WB-TT (TT).

Ox before FR-WB-TT additionally had a late response
with mean RTV decreasing after day 24, resulting in
the only tumor cure.



Reduced dose of Oxaliplatin (10 mg/kg BW ) given 12 h
or 24 h before FR-WB-TT

�early anti-tumor response was reduced

�long-term tumor control and eventual tumor cures
increased from 17% to 60% or 50%

�Rats that were cured and tumor free for 90 days
or more

�completely rejected tumor re-challenge with
MTLn3 tumor cells

Tumor cure results of Oxaliplatin given before FR-WB-TT



�FR-WB-TT combined with sub-MTD 
Oxaliplatin can achieve lasting, immunological, 
cures in a model of advanced breast cancer.

�Cures are accompanied by increased CD8+

cell proliferation and activation; these properties 
may be predictive of thermo-chemotherapy 
outcome.





A series of immunogenic signals delivered by tumor cells 
undergoing ICD stimulates DCs to take up antigens from dying 
tumor cells.
“Cancer cells succumbing to ICD are de facto converted into an 
anticancer vaccine and as such elicit an adaptive immune 
response.”

But:
This specific immune effect is considerably counteracted by the 
general immune-suppressive effect of chemotherapy. 

Proposed mechanism of action:

ICD – Immunogenic Cell Death 
induced by chemotherapy  



Gaipl (2011)



Immunogenic Cell Death inducing chemotherapy 

General immune suppression
Toxicity

specific immune stimulation

Reduction of dosage to 50 -70 % FR WBH 12 – 24 h after

General immune suppression
Toxicity

specific immune stimulation



Immunogenic cell death  inducing radiotherapy 



ICD inducing chemotherapeutics as to Kroemer / Zitvogel:

•Cyclophosphamide

•Doxorubicin

•Epirubicin

•Mitoxantrone

•Oxaliplatin → pre-clinical evidence with FR WBH



Clinical research and 
experiences 



Male, 34 years
Oesophagus-CA  Type AEG I,
Primary tumour Ø 6-7cm
Distant lymphnode metastasis
Large liver metastasis
Inoperable

→ palliative chemotherapy

12 cycles FLOT (5-FU, Oxaliplatin, Docetaxel)
Oxaliplatin reduced to 65-75%
1 day after chemotherapy FR WBH (3hr > 39°C)

CEA:  1416 ng/ml → 5 ng/ml
PR (8 months), best Quality of Life

Oxaliplatin-related side effect (polyneuropathic) did not occur till
the end of all scheduled cycles. 
Nevertheless the protocol was changed to Folfiri after the expiry
of the normal MTD of Ox.

EFFECT
SIDE EFFECT



Same clinc:

• 1 large CCC, inoperable
• 1 stomach cancer with peritoneal metastasis, inoperable
• 1 metastatic rectal cancer („forth line therapy“)

All of them much better response than expected…



Suggested therapy protocol 1
Oesophagus / Stomach / Colon – immunogenic cell death inducing chemotherapy
FR WBH (2-3hr > 39°C) 1 day after chemo (Ox 55 – 70% )
→ Anti-tumor effect by combination of antitumour cytotoxicity and immune response

Suggested therapy protocol 2
all tumours
FR WBH (1-3hr > 39°C) in the chemo break
→ Immune recovery; stabilization; decrease of side-effects (fatigue, polyneuropathy...)

Suggested therapy protocol 3
Peripheral tumours (e.g. head&neck)
FR WBH (1,5 - 2hr > 39°C) 1 day before radiotherapy resp. parallel to radiotherapy
→ Increase of tumour oxygenation, decrease of IFP

Suggested therapy protocol 4
all tumours after curative treatment
FR WBH (1 - 2hr > 39°C) asap after surgery (ca. 3 we eks), 
either 6-10 trmts. 1-2x/week or 10-x treatm. 1x/mont h or 1 day after adjuvant chemo
→ Decrease of risk of recurrence by stimulation of anti-tumour immune response



Oncological Studies at Universities

Phase I/II studies at Roswell Park Cancer Institute B uffalo, 
E Repasky,  W Kraybill

Phase 1- Study of Fever-Range Whole-Body Hyperthermia in Patients
with Advanced Solid Tumours
� Int J Hyperthermia, 2002,VOL.18,NO.3 

Phase 1- Study of Doxil with Long Term Low Level WBH
� Abstract STM 2007



Oncological Studies at Universities

Phase I/II studies at Univ. of Texas, Medical Schoo l at Houston, JM Bull
FR-WBH + Cisplatin (CIS) + Gemcitabine (GEM) + Metronomic, Low-
Dose Interferon-alpha
CIS 24h before FR WBH/GEM
Running protocol with various tumor entities, mainly pancreatic cancer
� Int J Hyperthermia, Dec 2008



FR-WBH: Heckel Radiant Heat Device

Cisplatin 50-90 mg/m2 (escalating dose)
Gemcitabine 60 mg/m2 over 60 minutes

Interferon-α (IFN-α) 1 x 106 I.U. s.c. daily
GM-CSF (Leukine)

Day 1 36h later Day 8 Day 28

CIS GEM GEM CIS, 2nd

FR-WBH 
6h

low-dose IFN-α





April 2008: 

37 patients treated 

(all of them in progress 
under standard therapy or 
no standard therapy 
available)

1 CR = 3%

15 PR = 40%

7 SD = 20%

14 PD = 37%

� well-promising results



Oncological Studies at Universities

University Clinic of Vienna, I Sulyok, O Kimberger
Preoperative Whole-Body Hyperthermia in Patients Undergoing Major 
Abdominal Cancer Surgery: A Randomized Pilot Study





Dr. Stephan Wey, Lauf:
Since 2002 adjuvant treatment of 63 patients after curative therapy to minimize 
the risk of recurrences (1x/month, number of trmts: 3-14)
Evaluation 09/2012:
- 59 patients NED (No Evidence of Disease). 





Treatment of chronic inflammatory diseases 
by fever-range WBH

e.g. chronic sinu-bronchitis, sinu-broncho-pulmonal syndrom, 
endogene asthma bronchialis, colitis ulcerosa, osteomyelitis, neurodermitis, 

psoriasis, acne

Chronic inflammatory processes show a local dysregulation of the immune 
system. Because of the huge number of different inflammatory and immune 
moleculs it is difficult (or very expansive) to make a specific drug therapy.

The regulative systemic effect of a WBH provides an activating push to the 
immune system and stops the blockade of a too high or too low activitiy of the 
immune system.

Mild Hyperthermia for orthopedic diseases

Arthrosis, Fibromyalgia, low-back pain, 
Morbus Bechterew

relaxation of deep-seated muscles
improved blood perfusion of bradytrophic tissue



WBH
6h, 2x/week or 30min, 5x/week:

• significantly reduced arthritis disease severity and macrophage infiltration into inflamed
joints

• as efficient as methotrexate in controlling disease progression

• suppressed TNF-α while increasing production of IL-10
• induced HSP70
• reduced in both NF-κB and HIF-1α in inflamed tissues



1 single treatment
1h heating up to 39°C, 1h plateau
Blood samples before  WBH, at 39°C, 1h, 2h, 3h, 24h after ?

Pilotstudy 6 AS patients and 6 healthy volunteers

University of Graz, Austria, Dept. of Rheumatology
Zauner D et al, not yet published

Increase of neutrophile granulocytes
Decrease of T-Lymphocytes and NK-cells

No change of
CRP, Alpha-1-Antitrypsin, Haptoglobin, Transferrin, C3, C4
IFN-gamma, IL-12, TNF-alpha, sIL-2R, IL-6, IL-10, IL-1beta

Significant increase of IL-10, TLR4, HSPB1 mRNA





Sedation

FR-WBH short duration (1-3 hr > 39°C): if necessary 
Diazepam (drops)
TCM ?

FR-WBH long duration (4-6 hr), extreme WBH: mandatory
Applied drugs: Fentanyl, DHB, Propofol

Midazolam, Lorazepam
Promethazine, Pronabinol

3.000 – 5.000 ml solution (NaCl, Ringer lactate, glucose); preheated to 41°C

Detailed information on sedation of FR-WBH long-duration available in:



Main contra-indications for WBH above ca. 38°C

cardiac insufficiency and severe irregularity
severe cerebral circulatory deficiency, brain tumors, brain edemas
(spasmodic conditions occurring during oncological hyperthermia may be 
indicative of undiscovered cerebral metastases)
existing or impending thrombosis, anticoagulant medication
acute infections
advanced destructive inflammations
erratically progressive diseases such as multiple sclerosis
hormonal and metabolic crisis situations
pronounced dehydration with disruptions in the balance of water and 
electrolytes, inability to perspire
existing lymphedemas may be increased by vasodilatation caused by 
hyperthermia. A careful consideration of this risk as well as special 
medication is required.
Gravity



Main side effects
relate primarily 
a) to the strain on the central thermo-regulatory system, with an elevated 

actual temperature being applied to the body at its temperature setpoint 
of 37°C and 

b) to the thermal load imposed on the areas of skin exposed to infrared 
radiation.

unrest
hyperventilation tetany
herpes labialis 
Small burns caused by

neurological disorders with deficient thermosensitivity of the skin in 
the areas exposed to infrared radiation
heavy medicative sedation, analgesia or general anesthetic
disruption of sweat secretion 
premedication with photo-sensitizing drugs



Thank you very much for your attention !

www.hyperthermie.de


