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Lets think together

What do we need to achieve an effective hyperthermia treatment?
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Introduction Heating technology

https://youtu.be/OMzguVx5USs
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HISTORICAL PERSPECTIVE
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Historical perspective

• 3000 B.C. - Egypt (Edwin Smith Surgical

Papyrus) (thermal surgery)

Edwin Smith Surgical Papyrus
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Historical perspective
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• Hippocrates (460–370 B.C.)

“Those who cannot be cured by medicine can be cured by surgery. 

Those who cannot be cured by surgery can be cured by fire. 

Those who cannot be cured by fire, they are indeed incurable.”

Hippocrates (460-370 B.C.)

[hyperthermia]
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Historical perspective

• 19th Century
Water circulating cisterns to treat 

carcinoma of the uterus with temperatures 

of 42-44C (F.Westermark 1898) 

F.Westermark 1898
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Historical perspective
• 20th Century

Cavaliere 1967; clinical study: 45% LC leg tumors after chemo perfusion under

hyperthermia (41-43C).

Netherlands first Dutch Cancer Society supported research 1977.

2000 Lancet publication Dutch Deep Hyperthermia Trial.
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Level 1 clinical evidence. 
Randomized trails RT or CT ± HT 
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Thermal Ablation: High temperatures >50 ˚C 
Short duration: 5-15 mins
Single fraction

Hyperthermia: Mild temperatures 40-44˚C
Duration: 60-90 mins
Multiple (4-6) fraction 

Direct cell kill

Thermal sensitization

Hyperthermia and ablation
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Plethora of biological effects of 
hyperthermia on tumor cells

Van den Tempel et al. 

Int. J. Hyperthermia 2016
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Hyperthermia
Efficacy depends on time interval between Radiotherapy and hyperthermia

*TER= relative thermal enhancement of the radiotherapy dose

Therapeutic Window
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Hyperthermia
The effect depends on the temperature
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Thermal dose
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Thermal dose increases in direct proportion with temperature 
and heating time

Units of “equivalent minutes at 43°C” or CEM43

Concept derived from hyperthermia cytotoxicity, not radio or 
chemo sensitization

Temperature Ti 

(°C)

Thermal dose after 60 min 

of treatment

at Ti (min)
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Summary Temperature matters

• Hyperthermia is used in many target sites

 We need target specific applicators

• The effect depends on temperature, duration and interval 
between RT/ChT and hyperthermia

• Increase perfusion

• Thermal sensitization

• Blocking of DNA damage repair

• Direct cell kill

 We need precise thermometry
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MW and RF hyperthermia
Radiofrequencies (RF, 3 kHz-300 MHz) and Microwaves (MW, 300 MHz-300 GHz) are part of the 
electromagnetic spectrum

RF/MW waves are still radiation, but with energies that are non-ionizing 

18

Energy
Frequency

Wavelength

s.curto@erasmusmc.nl



Electromagnetic fields vs US
 Ultrasound

High penetration depth

Small heating focus

Predominantly thermal ablation

19

Ablation cervical Fibroids

 Electromagnetic fields

 Minimal bone absorption

 Large heating focus

 Preference for hyperthermia

Alba 4D – Deep hyperthermia system
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Hyperthermia technologies
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Kok, 2020, Int. J Hyperthermia
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Clinical applications
Brain tumors

Liver tumours

Thermal ablation
Prostate cancer

Interstial Microwaves 

Perfusion 

extremities

Non-muscle Invasive  Bladder Cancer

Conduction and Radiofrequency

Peritoneal Carcinomatosis

HIPEC - Hyperthermic intraperitoneal chemotherapy

Uterine Fibroids

Thermal ablation

Chest wall: MW,        Infra-red heating

Head and Neck 

MW heating

Pelvic, abdomen

Radiofrequency heating Capacitive heating

Modified after Prof. R.D. Issels and Iva Ribeiro
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Radiative RF and MW

Non invasive applicators:

• Radiative RF

• External applicators

• 60MHz – 150 MHz

• Wavelength is 25-60cm in muscle

• Large penetration

• Deep-seated tumor locations (e.g. pelvic tumurs)

• MW hyperthermia

• Superficial

• 433MH, 915 MHz, 2450 MHz

• Waterbolus

• Couple the energy into the tissue and cooling / heating the skin
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Radiative RF and MW

Interstitial RF or MW needels

• Mininally invasive ablation as alternative to 
surgery, also as hyperthemia device 

• Insertion under CT, US or MRI

• RF: 350-500kHz

• MW: 915 MHz or 2.450 MHz. 

• RF induce areas of high current density, mainly 
near the electrodes

• MW: dilectric heating in a volume around the 
applicator

• Interstitial RF or MW needels can be use as 
single element or in an array

Curto et al, Medical Physics, 2015
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Lets think together

What do we need to achieve an effective hyperthermia treatment?
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Lets think together

What do we need to achieve an effective hyperthermia treatment?

1. To know the clinical requirements (dimensions, properties) of the region we want to heat

To know how that region is going to respond

2. High quality heating equipment

3. Power chain

4. Treatment planning

5. Precise thermal dosimetry system

6. Adequate quality assurance

s.curto@erasmusmc.nl



Radiative hyperthermia techniques
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Paulides, Dobsicek Trefna, 

Curto, Rodrigues, Advanced 

Drug Delivery Reviews, 2020.

Electromagnetic based HT technologies
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Paulides, Dobsicek Trefna, 

Curto, Rodrigues, Advanced 

Drug Delivery Reviews, 2020.
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- Superficial 

- Head and neck 

- Deep 

Clinical applications
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Superficial tumours up to 4 cm depth

Superficial hyperthermia

Lucite cone applicators

- 1 to 6 antenna elements

- 433.92 MHz
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@ALBA HYPERTHERMIA
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Water bolus

M. L. van der Gaag et al. Int. J Hyperthermia, 2005s.curto@erasmusmc.nl



Water bolus

s.curto@erasmusmc.nl M. L. van der Gaag et al. Int. J Hyperthermia, 2005



Head and Neck hyperthermia

Loco regional hyperthermia:

Tumour locations in Head and Neck region HYPERcollar applicator

- 12 patch antennas (2x6ant’s)

- 433.92 MHz (~3.5cm focus in muscle)
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Deep hyperthermia

Regional deep hyperthermia: 

Tumor locations at depths > 4cm, i.e. 

Pelvis, thorax.

Pyrexar applicators 

- 1 to 3 rings of antennas

- 70-140MHz

35s.curto@erasmusmc.nl



Deep Hyperthermia

Pyrexar BSD 2000
• 1 ring of 4 dipole antenna pairs

• 2D heating steering

• 77 MHz 

Pyrexar BSD 2000-3D

• 3 rings of 4 dipole antenna pairs per ring

• 3D heating steering

• 100 MHz 

ALBA 4D
• 1 ring of 4 waveguide

• 2D heating steering

• 70 MHz 
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Rodrigues et al.Elsevier 2021

Deep Hyperthermia
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Treatment planning

CT / MR scan Segmentation

3D 

Electromagnetic 

simulations Optimization

VEDO

VEDO: Visualisation Tool for Electromagnetic 

Dosimetry and Optimisation
s.curto@erasmusmc.nl



VEDO – fields optimization
Amplitude and phase settings of each antenna

𝑇𝐻𝑄 =
𝑆𝐴𝑅𝑡𝑎𝑟𝑔𝑒𝑡

𝑆𝐴𝑅ℎ𝑜𝑡𝑠𝑝𝑜𝑡

Hotspot is the volume 

containing 1 percentile of the 

highest SAR in the total body 

excluding the target

VEDO
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VEDO – fields optimization
Amplitude and phase settings of each antenna

VEDO

𝑇𝐻𝑄 =
𝑆𝐴𝑅𝑡𝑎𝑟𝑔𝑒𝑡

𝑆𝐴𝑅ℎ𝑜𝑡𝑠𝑝𝑜𝑡

Hotspot is the volume 

containing 1 percentile of the 

highest SAR in the total body 

excluding the target
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ADAPT2HEAT
VEDO

Kok and Crezee, Int J Hyp, 2022
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Treatment planning
• EM patient model: segmentation + dielectric properties

Electrical properties tomography (EPT)

• T patient model: PBHE (+ discrete vasculature modelling - DIVA)

discrete vasculature in clinical practice

M.M. Paulides 42

Soraya Gavazzi et al. “Deep learning‐based 

reconstruction of in vivo pelvis conductivity 

with a 3D patch‐based CNN trained on 

simulated MR data”, MRM 2020: 2772-2787.

Kemal Sumser, et al. "Feasibility and 

relevance of DIVA modeling in routine 

HTP“, IJH 2019, 36:1 ; 800-810.

Soraya Gavazzi, et al. "Advanced patient-specific hyperthermia treatment 

planning“, IJH 2020, 37: 1; 992-1007.
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Complaint
(or Tnormal>Tthres)

Power related?…

1. Localize hotspot

2. Draw constraint region

3. Re-optimize SAR

4. Apply to power system

yes

yes

no

no

workflow

Increase power 

(until target T)

SARRegion3: 2.3-fold reduction

Re-optimized SAR

Optimized SAR Simulated T

TRegion3: -2.2ºC

T90CTV: -0.1ºC

Simulated T

Paulides et al Radiat. Oncol. 2016

Complaint adaptive steering using VEDO
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Quality Assurance
• Quality assurance (QA) 

• Process to assure that an efficient hyperthermia treatment is delivered

• Involve:

• Pre-treatment evaluations

• During treatment measurements

• Post treatment evaluations

M.M. Paulides 44s.curto@erasmusmc.nl



Quality Assurance Guidelines
Deep Hyperthermia

• Bruggmoser, G., et al., Quality Assurance for Clinical Studies in Regional Deep 
Hyperthermia. Strahlentherapie Und Onkologie, 2011. 187(10): p. 605-610.

• Bruggmoser, G., et al., Guideline for the clinical application, documentation and 
analysis of clinical studies for regional deep hyperthermia. Strahlentherapie Und 
Onkologie, 2012. 188: p. 198-211.

Superficial Hyperthermia

• Dobsicek Trefna, H., et al., Quality assurance guidelines for superficial hyperthermia 
clinical trials: I. Clinical requirements. Int J Hyperthermia, 2017. 33(4): p. 471-82.

• Dobsicek Trefna, H., et al., Quality assurance guidelines for superficial hyperthermia 
clinical trials : II. Technical requirements for heating devices. Strahlenther Onkol, 2017. 
193(5): p. 351-66.

Interstitial Hyperthermia

• Dobšíček Trefná, H., et al., Quality assurance guidelines for interstitial hyperthermia.
International Journal of Hyperthermia, 2019. 36(1): p. 277-294.
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Quality Assurance Guidelines

M.M. Paulides 46s.curto@erasmusmc.nl



Probe measurements

Cylindrical
Human representative anthropomorphic

Quality assurance Examples
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Quality assurance Examples

LED / LAMP phantomsInfrared measurements

Dobšícˇek Trefna ́ et al, Strahlenther Onkol ,2017
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Quality assurance Examples

MR Thermometry

Curto et al. Cancers, 2019Curto et al. Intern. Journal of Hyperthermia, 2019
s.curto@erasmusmc.nl



Using array of Schottky diode E-field sensors.

• accurate

• fast, but only in 1 plane

• only 1 field direction

• homogeneous phantom

50

Applicator characterization / QA
E-field sheet 
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Accurate Thermometry is highly
important

• Dose effect has been demonstrated, but quantification difficult

• Temperature increase in target area in practice limited by 
hotspots

Rectum 

Vagina

Bladder

Superficial Hyperthermia. 

Bakker et al. 2020

Schematic for cervical 

carcinoma Hyperthermia. 
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Accurate Thermometry is highly important, 
Many parameters affect interprepation

Thermometry

invasive / superficial / non-invasive

Thermometry technique

thermocouple / thermistor / fibreoptic

Invasive or minimally invasive thermometry placement

intratumour / intraluminal / interstitial

Temperature acquisition

not continuous / mapping / continuous

Temperature acquisition rate (min)

Number of probes and sensors
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State-of-the-art  Pyrexar ARCH 

applicator. Recently installed in 

Erasmus

State of the art hyperthermia technology: 
the hybrid system

3D measurement in the tumor

3D measurement in the 
surrounding

Potential automatic optimization

(Detect hotspots before they 
are a complaint for the 
patient)
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Closing the loop simulations 
/measurements: Artificial Intelligence

3D temperature sensingTarget

T-distribution

-

+

AI

Observer
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To achieve an effective hyperthermia treatment,  we need 

1. To know the clinical requirements (dimensions, properties) of the region we want to heat

2. High quality heating equipment

3. Power chain

4. Treatment planning

5. Precise thermal dosimetry system

6. Adequate quality assurance

We should follow established QA guidelines when 

evaluating or systems and delivery treatments. 

Conclusions

Sergio Curto, PhD

Department of Radiotherapy

Erasmus MC
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