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EMF radiation and some typical applications 



Non Ionizing radiation 

Non-ionizing radiation (NIR) refers to any type of electromagnetic radiation that does not carry 

enough energy per quantum (photon energy) to ionize atoms or molecules—that is, to completely 

remove an electron from an atom or molecule 
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ELF-MFs application in Parkinson’s Disease  
(etiology) 

By 2020, close to 1 million persons living in the United States will have a diagnosis of PD. PD is now widely 
recognized as not only movement disorder, but as a neuropsychiatric disorder, which includes cognitive 
impairment (both mild cognitive impairment and dementia), depression, and psychosis, and other relatively 
common and clinically significant psychiatric complications, like compulsive behaviors various anxiety 
symptoms, disorders of sleep and wakefulness, apathy, and fatigue 



ELF-MFs application in Parkinson’s Disease  
(PD pathology) 

Dopamine allows smooth, coordinated function of the  
body's muscles and movement 

Parkinson's Disease (PD) is a neurodegenerative 
disorder pathologically characterized by 
 
1. degeneration and loss (50-70%) of dopaminergic 
neurons in the substantia nigra pars compacta 
 
2. presence of intracytoplasmic inclusions of α-
synuclein and ubiquitin known as Lewy bodies (LBs) 
 

Pilsl & Winklhofer, 2011 
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ELF-MFs application in PD: Deep Brain Stimulation (DBS) 

DBS is a well-established functional 
neurosurgical technique that is used to treat 
a variety of neurological disorders. It 
consists in the implanting of electrodes in 
brain areas to electrically stimulate it and 
regulate abnormal impulses. In PD 
electrodes are usually implanted in 
subthalamic region, but recently also other 
areas are stimulated as globus pallidus and 
pedunculopontine nucleus. 

PD treatment options have conventionally focused on dopamine replacement, resulting to be only 
partially effective in controlling the symptoms and totally useless to cure the pathology.  
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Subthalamic  
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The current hypothesis is that pathologically altered and dysfunctional neuronal circuits, or 
circuitopathies, are treatable with DBS and that electrical stimulation can alter these neuronal circuits 
back to a more physiological state. 
Electrical excitability of neural tissue are determined by several factors: 

 The proportion of gray and white matter structures (i.e., cell bodies or axons) 

 The type of ion channels on the cell membrane of a soma or axon  

 The diameter and degree of myelination of axons  

 The orientation of axons in relation to the electrode 

 Electrode position and temporal aspects of of stimulation as some effects of DBS happen within 

seconds, while others can take weeks to establish 

 The parameter of stimulation itself: single pulse or continuous stimulation, amplitude, voltage, polarity, 

frequency, pulse width, pulse shape, rhythm 

Basis of DBS 



DBS neurochemical effects 

Animal studies demonstrate an 
increase in DA release after DBS. In 
patients no release is observed.  

NA might be involved in the 
mechanisms of action of 
DBS given the noradrenergic 
projections to the STN 
originating from the locus 
coeruleus. Depletion of NA 
and its metabolites within 
the limbic system has been 
implicated in both 
movement disorders and 
psychiatric pathology. 
DBS of different parts of 
brain have demonstrated to 
increase NA concentration, 
inducing an antidepressant 
effect  

Serotonergic system dysfunction has 
been implicated in mood disorders. 
Recently serotonin has been 
demonstrated to modulate PD motor 
symptoms. Results about the effect of 
DBS on Serotonin need to be 
confirmed 

In a STN-DBS cohort of PD patients, both levodopa administration 
and electrical stimulation caused a decrease in GABA content in 
the motor thalamus, suggesting similar mechanism of motor 
symptom alleviation. GABA levels were increased in the SNr 
during STN-DBS, which showed normalized reduced neural 
activity owing to decreased glutamatergic excitation. Since most 
DBS targets have both excitatory and inhibitory efferents and 
afferents, the overall effect on circuit behavior and phenotype is 
likely complex and is influenced by the relative distribution of 
these fibers 

DBS increased capillary density, and increased expression of vascular 
endothelial growth factor (VEGF) and glial-derived neurotrophic factor 
(GDNF), led to the hypothesis that STN-DBS changes the 
microvasculature and causes sprouting of new more stables vessels 
compared to PD patients without DBS therapy 



DBS: how do they work? 

12 

…we still don’t know, and we only have several hypotheses 

Stimulatory or inhibitory effects 
Sometimes DBS stimulation increases the evoked 
potential, particularly in post synapsis. 
On the other side, DBS stimulation can induce an 
inhibition in neuron depolarization, blocking the action 
potential.  

Local versus systemic effects 
It is now clear that the downstream effects of DBS are 
more systemic, involving excitation of axons both 
afferent and efferent to the site of stimulation.  

Disrupting pathological oscillation.  
The oscillations that are normally detected in functioning neural 
networks are thought to facilitate dynamic communication and 
plasticity between spatially disparate populations of neurons. In 
PD pathological beta-band oscillatory activity is observed which 
correlates with PD symptoms. DBS disrupts and suppresses the 
beta-band oscillations reducing levels of bradykinesia and rigidity. 

Cellular perspective 
At the cellular level, DBS directly activates astrocytes as well as 
neurons, causing release of various gliotransmitters, such as 
glutamate, d-serine and ATP66. Once stimulated, astrocytes 
contribute to the modulation of neuronal firing. Astrocytes also 
have direct effects on cerebral blood flow, causing either an 
increase or a decrease in neuronal activity by mediating 
neurovascular coupling 

Beyond basal ganglia to cortex 
Recent investigations have shown that acute DBS exerts a 
marked influence on the cortex by reducing excessive coupling 
between beta oscillations and broadband activity. Therefore, 
although the site of DBS current delivery is at the basal ganglia, 
its mechanism of neuromodulatory action seems to be at least 
partly mediated (antidromically or orthodromically) remotely at 
the cortex. 

Neuroprotection 
Evidence is accumulating that DBS confers 
protection on dopaminergic cells. So DBS would 
not only be a therapeutic tool, but also would slow 
down the progression of the pathology. 



Transcranial Magnetic Stimulation (TMS) 

Lines of magnetic  
flux 

magnetic coil consisting of small 
number of copper wire tightly 
wound in an insulating material  

Induced current in brain. 
Magnetic stimulation induces 
an electric current in brain, 
whose direction will be parallel 
but opposite to the current in  
the primary coil, which his the 
source of the magnetic field.  
This induced electric field will 
have effect on pyramidal and 
cortex neurons 

TMS is a powerful technique to non-invasively stimulate the human brain. TMS uses short-lasting, strong 
electric currents delivered through a copper wire coil to generate a rapidly changing high-intensity 
magnetic field.  

Single pulses can evoke electromyographic 
responses providing an opportunity to 
quantify changes in cortical activation 



TMS brain effects 

Repetitive TMS (rTMS) have different effect than single pulse stimulation. They can either enhance (5-20 Hz, high 
frequency stimulation) or suppress (approximately 0.2-1 Hz, low-frequency stimulation) cortical activity and 
modulate excitability beyond the duration of the applied trains, depending on the frequency applied. 

Chervyakov et al., Front. Hum. Neurosci. 2015 

Effects of 
rTMS on cells 

epigenome 

LTP (induced by high frequency) 
enhances synaptic strength and 
can persist for several days, 
weeks, or months, whereas LTD 
(induced by low frequency) 
results in the long-term reduction 
of synaptic strength 

Brunoni et al., Braz J Psychiatry. 2019 

Increased neurogenesis 
and differentiation of DA 
neurons was observed in 
animal studies, which 
correlated with 
improvements of motor 
symptoms  



rTMS applications in brain diseases 

“Repetitive transcranial magnetic stimulation therapy for 
motor recovery in Parkinson's disease: A Meta‐analysis” 

Yang et al., Brain Behav. 2018;8(11):e01132 
 rTMS might be helpful in improving the motor deficits of PD.  
 High frequency rTMS appears more significant effect than 

Low Frequency‐rTMS  
 Stimulation over M1 shows better efficacy than other 

stimulation sites; bilateral stimulation is more effective than 
unilateral stimulation; multi‐session higher dosage of pulses 
(total 18,000–20,000 pulses) are associated with better 
motor outcome.  

 The effect of rTMS appears to be long‐lasting and 
unaffected by the patient’s medication state. 

Major Depressive Disorders (MDD) 
rTMS is a first-line treatment for patients in whom at least one 
antidepressant trial has failed. 
rTMS is not so effective as Electroconvulsive therapy for 
treating MDD, but the combination with drugs can improve the 
efficacy of rTMS. This stimulation can also improve the 
cognitive tasks involved in the pathophysiology of depression.  

Schizophrenia, obsessive compulsive disorders, anxiety, 
stress, addiction 

Data show that there are not unambiguous results, so other 
studies are necessary to address the question 
Brunoni et al., Braz J Psychiatry 2019 



TMS applications in stroke 

Stroke, or cerebrovascular accident, represents the third leading cause of 
death and one of the most common sources of disability worldwide. Motor 
deficits after stroke have been given particular attention; however, other 
types of deficits are also relevant such as communication skills, swallowing 
abilities and attention 

Motor function 
Both high and low frequency TMS stimulation 
applied to both sides of the brain have been 
demonstrated effective in motor recover in 
acute and subacute stroke (Schulz et al., 
Neuropharmacology 2013).   

Aphasia 
The brain area stimulated is the inferior frontal 
gyrus. Improvements in aphasia recovery with 
the application of rTMS, mainly in picture 
naming. The majority of the studies on aphasia 
recovery focused on chronic stroke patients; 62% 
of the included research recruited patients that 
had had the stroke event more than 1 year 
before. The stable baseline condition, in the 
chronic phase, favors a more objective 
assessment of the TMS effects. However, 
application of TMS in acute seems to be more 
effective (Dioniso et al., Cerebrovasc Dis 2018).   

Disphagia 
There is a great inter-study variability both on the 
stimulation area and on the design of protocols. 
 All but one of the included studies demonstrated 
qualitatively good results in improving dysphagia, 
and were able to describe that patients recovered 
swallowing ability into different extents. All the 
stimulations were performed in acute phase, 
which makes difficult to understand if the recover 
was effectively due to TMS (Dioniso et al., Cerebrovasc 
Dis 2018).   



Transcranial direct current stimulation (tDCS) 

tDCS is a technique that delivers a low electric current to the scalp. 
A fixed current between 1 and 2 mA is typically administered by 
applying a positive (anodal) or negative (cathodal) current via 
electrodes to an area, facilitating the depolarization or 
hyperpolarization of neurons, respectively. The current delivered by 
tDCS is not considered strong enough to trigger an action potential 
in a neuron, but sufficient to alter both the excitability and 
spontaneous activity of neurons 

Brunoni et al., Braz J Psychiatry. 2019 



Physiological mechanisms of tDCS 

Direct current stimulation aims to directly modulate neuronal resting potentials and to alter the state of excitability 
without inducing a supra-threshold neuronal membrane depolarization, resulting in generation of an action 
potential. If a neuronal membrane is depolarized by a DC current, an action potential is induced; if it is 
hyperpolarized, neuronal excitability is reduced. The target cortical area to be stimulated will depend on the 
reason of stimulation. Primary motor  

cortex M1 

Ripoll Rozisky et al., 2015 



Application of tDCS in brain diseases 

Azheimer’s Disease 

Attention 
Neuropsychiatric  

Symptoms 

Memory 

Alzheimer type 
dementia 

Memory 

behavior and functional activity 

Studies ongoing 

Parkinson’s Disease 

Motor symptoms 

stroke 

motor function 

Mixed results 

Hemineglect 
Promising but 

few results 

Pain management 

Promising results, but they 
need to be corroborated 



DC stimulation and spinal cord injury (SCI) 

SCI is damage to the spinal cord that causes temporary or permanent changes in its function. According to the 
National Spinal Cord Injury Statistical Center, there are 12,500 new cases of SCI each year in North America 
(Symptoms may include loss of muscle function, sensation, or autonomic function in the parts of the body served 
by the spinal cord below the level of the injury. It can be complete, with a total loss of sensation and muscle 
function, or incomplete, meaning some nervous signals are able to travel past the injured area of the cord.  

The initial mechanical forces delivered to the spinal cord at the time of injury is known as primary injury. Four 
main characteristic mechanisms of primary injury have been identified that include: (1) Impact plus persistent 
compression; (2) Impact alone with transient compression; (3) Distraction; (4) Laceration/transection  



Secondary injury in SCI 

Secondary injury begins within minutes following the initial primary injury and continues for weeks or months 
causing progressive damage of spinal cord tissue surrounding the lesion site. Secondary injury can be temporally 
divided into acute, sub-acute, and chronic phases.  

acute phase  

sub-acute phase  

chronic phase 



Current therapies in SCI 

At present, activity-based therapies are the only medical practices that can be used to enhance recovery. The 
volitional production of active movements during training promotes reorganization of neuronal pathways and 
thereby augments recovery. However, the most affected patients, who fail to produce active movements 
voluntarily, experience minimal benefits from these therapies. This situation has prompted the development of 
multifaceted neurotechnologies: such as lower limb exoskeletons, bodyweight support systems, functional 
electrical stimulation of muscles, and spinal cord neuromodulation therapies, all of which share the same goal: to 
enable patients to sustain active movements during training to enhance the reorganization of neuronal pathways.  

lower limb exoskeletons 

bodyweight support systems 

electrical stimulation of muscles 

All these therapies share the same goal: to enable 
patients to sustain active movements during 
training to enhance the reorganization of neuronal 
pathways 



DC stimulation improves neurigenesis and nerve 
regeneration 

Koppes et al., Journal of neural engineering, 2011 

NGF 

rat dorsal root ganglia neurons 
10 mV/mm 100 mV/mm 

CTR The ability of electric field to induce neuritogenesis is well known and 
has been proven since several years 

Anderson et al., Nature 2018 

Thanks to this capacity, DC stimulation is 
also able to induce nerve regeneration 

Rat spinal cord lesioned 



EES seems to be the proper therapy to obtain the better results in Sci. This stimulation, not only enables the brain 
to exploit spared but functionally silent descending pathways in order to produce movements of paralysed limbs, 
but also improves the ability of the spinal cord to translate task-specific sensory information into the muscle 
activity that underlies standing and walking 

Epidural electrical stimulation (EES) in SCI 

A 16-electrode array is 
surgically implanted on 
Dura of lesioned area 

spinal cord stimulator 
implanted surgically in the 
anterior abdominal wall The electric field applied is an ELF signal 

(from 2 up to 50 Hz) and the amplitude is set 
on the basis of the  stimulation necessary to 
activate muscles response as detected by 
EMG recording electrodes 



EES stimulation can induce a recovery in SCI patients 



“Recovery of Over-ground walking after chronic motor 
complete SCI” Angeli et al. N Engl J Med 2018 

 Four participants with traumatic, 
motor complete spinal cord injury, 
meaning the absence of voluntary 
movement below the level of injury 
with or without some preserved 
sensation 

 2 Hz stimulation 20 days after the 
stimulator implantation 

 training with the epidural stimulator 
turned on 

Two of the four participants were able to walk over ground with 
assistive devices after intensive physical training with electrical 
stimulation of the lower spinal cord. 
All four participants could not do these actions in trials when 
the stimulator was off. 



EES stimulation restores walking in SCI patients 

 Within one week, re-established adaptive control 
of paralysed muscles during overground 
walking. 

 Locomotor performance improved during 
rehabilitation.  

 After a few months, participants regained 
voluntary control over previously paralysed 
muscles without stimulation and could walk or 
cycle in ecological settings during 
spatiotemporal stimulation 

trains of spatially selective stimulation to the 
lumbosacral spinal cord with timing that coincided 
with the intended movement 



Low‐energy low‐frequency pulsed electromagnetic  
fields (PEMF) and brain 

PEMF have been demonstrated particularly efficacy in the treatment of a variety of inflammatory disorders 
including pseudoartrosis, joint disease, complications related to diabetes mellitus. 
In brain the action of PMF has been explored in several diseases and injuries : 

Modulate neuroinflammation 
TNF-α, NFκB,  
IFN-γ 

Il-4, IL-10 

Stimulate nerve regeneration 

 Regulating developmental 
and  regenerative cell 
growth and guidance 

 Increasing neuritogenesis 
 Differentiating stem cells 

(MSC) transplanted in 
lesioned area 

SCI REPAIR 

 improve the ability of learning 
and memory  

 Increase IGF2 expression 

AD LIKE DEMENTIA 

activation of the BDNF/TrkB/Akt 
signaling pathway.  
pro-survival proteins  
pro-apoptotic proteins and 
inflammatory mediators 

STROKE 
Neuroprotective effect 



Ultra short electric pulses: emerging technology in brain 
disease and injuries? 

 Microsecond (μsec) and nanosecond (nsec) pulses are defined as very short high intensity electric pulses 

which present great potential for the destabilization of intracellular structures. 

 The resulting current from the application of these pulses on cells causes accumulation of electrical charges 

at  the cell membrane and consequently a voltage across the membrane. If the membrane voltage exceeds 

a critical value, structural changes in the surface membrane occur that cause pore formation/increased 

permeability (electroporation). 

 If the membrane voltage is not excessive and the duration of the pulse is limited, the increased membrane 

permeability can be reversible and the cell survives, an effect that is used for electrochemotherapy and gene 

delivery into cells.  

 The time required to charge the surface membrane is dependent upon the electrical parameters of both the 

cell and the medium in which it is suspended.  
μsec nsec 



Ultra short electric pulses effects on cells 

Microsecond pulses 

ELECTROPORATION: These pulses are 

able  to permeabilize cellular membranes. 

Using one or several pulses can change 

the cell membrane structure allowing the 

access to the cell cytosol of molecules that 

cannot cross the plasma membrane under 

normal conditions.  

Ca++ flux: from the outside and 

intracitoplasmatic organelles is induced 

NO OR LESS IMPACT ON CELL 

MEMBRANE: only the ones which has 

longer duration can induce the formation 

of nanopores. 

LARGER EFFECT ON CELL INTERIOR than 

longer pulses (micro- and millisecond 

pulses).  

Nanosecond pulses 



MEDICAL  APPLICATION 

ELECTROCHEMOTHERAPY 

Calcium electroporation to induce 
tumor necrosis. 

Tumor cell apoptosis induction 

Drug and DNA delivery 

Ultra short electric pulses current medical application 



Ultra short electric pulses can modulate Ca++ flux inside 
cells 

Ca++ is an ion that only crosses the plasma and ER membranes through channel proteins. 
Applying PEFs to cells in a medium containing Ca++  allows this ion to entry from the cell outside, and, if the 
electric field amplitude and pulse duration are high enough, Ca++ is released from the cell inner stores, such as 
endoplasmic reticulum 

Mesenchimal stem cells 

Pulse applied at 630s 

100 μsec 
300 V/cm 

100 μsec 
950 V/cm 

Spostaneous Ca++ oscillations 

According to the pulse(s) electric field amplitude, it is 
possible to generate a supplementary calcium spike with 
properties close to those of calcium spontaneous oscillations, 
or, on the contrary, to inhibit the spontaneous calcium 
oscillations for a very long time compared to the pulse 
duration 

Hanna et al., 2017 



Ca++ is a major second messenger in neurons 

During neurogenesis cellular Ca++ signals regulate nearly every aspect of neural development including neural 
induction, proliferation, migration, and differentiation 

Toth et al., Cell Calcium, 2016 

Ca++  

Neuronal  
excitability 

Release of  
Neurotransmitter 

Synaptic  
plasticity 

Role of Ca++ signal in mature neurons  

 abnormal  
Ca++ signaling  



Is it possible to modulate neurons Ca++ signaling 
through PEF? 

Enea’s ongoing results on SH-SY5Y and on MSC 
μsec pulses  
stimulation nsec pulses  

stimulation  

PVDM “pools” 
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Ca++ flux 

• No influence on cell proliferation 
• No influence on cell death 
• No influence on redox homeostasis 
• Modulation of immediate early genes egr1 and c-fos 
• Modulation of differentiation markers? ongoing….. 



Che cosa è l’ipertermia 

L’ipertermia è una tecnica di trattamento terapeutico dei tumori, utilizzata da diversi anni in 
oncologia medica in combinazione con chirurgia, chemioterapia e/o radioterapia.  

La tecnica prevede una distribuzione accurata di calore nella zona da trattare con l’obiettivo di 
ottenere nel tumore un incremento di temperatura fino a 41–45 °C per circa 60 minuti.  

In tal modo è possibile incrementare l’efficacia degli agenti chemio- e radio-terapici sfruttando 
l’azione sensibilizzante del calore sulle cellule tumorali. 



Fin dai primordi della medicina si usava trattare piccoli tumori non ulcerati con il ferro 
incandescente (Ramajama 2000 a.C; Ippocrate 400 a.C; Galeno 200 d.C).  

La prima documentata evidenza che le temperature elevate potevano avere un effetto terapeutico 
sui tumori è attribuita a Bush, che nel 1866 riferiva della scomparsa di un sarcoma della faccia, 
istologicamente documentato.  

Casi simili furono successivamente descritti da un chirurgo americano, Wiliam B. Coley (1893), il 
quale, alla fine del secolo scorso, trattò diversi pazienti oncologici con una tossina estratta da 
batteri (tossina di Coley) per indurre elevati stati febbrili. 

Uno dei pionieri dell’ipertermia locale indotta dall’esterno fu un ginecologo svedese (Westermark 
1898), che applicò l’ipertermia in un carcinoma avanzato della cervice uterina. Egli usò una spirale 
metallica, attraverso la quale veniva fatta circolare dell’acqua calda, a diretto contatto con il tumore. 

           

Ipertermia nella storia 



Basi biologiche dell’ipertermia 

L’ipertermia è di per sé citotossica 

Se si osserva la frazione di crescila di cellule in coltura in funzione del tempo e della temperatura, si 
possono notare delle curve simili a quelle evidenziabili con le radiazioni ionizzanti, con o senza una spalla 
iniziale, seguita da un decremento esponenziale (Dewey et al. 1977). 



This difference above and below 42.5-43°C has been observed on a large variety of 
mammalian systems - independently from the different heat sensitivities of the various cell 
types- and has therefore a supposedly general validity.  

Survival kinetics above and below 42.5-43°C 
has been usually described by an Arrhenius 
plot, where the log 1/Do, that is, a measure of 
the slope of the exponential portion of the 
survival curve is plotted against 1/T (the 
absolute temperature). 

 



M. W. Dewhirst et al, Basic principles of thermal dosimetry and 
thermal thresholds for tissue damage from hyperthermia, Int. J. 

Hyperthermia, 19, 3, 267-294 

Comparison of Arrhenius plot 
for a series of rodent and 

human cell lines, derived from 
cell survival curve data. The 
plot consider the rate of cell 

killing on the exponential 
portion of the curves. 

 



Thermotolerance 

Surviving fraction of CHO-cells at 
43°C, preheated at 40 °C for 
various periods of time (Jung H, 
Radiat Res 1982) 

‘Thermotolerance’, is principally reversible. 
It is partially based on the induction of heat-
shock proteins (HSP) and other post-
transitional adaptation processes (e.g. cell 
cycle arrest in the G2-phase, changes in 
cell metabolism). 

• It is now clear that in actual tumors in situ, 
an increase in blood flow and consequent 
increase in oxygenation by heating may 
significantly enhance the response of tumors to 
radiotherapy to a greater degree than any 
inhibition of thermal killing related to the 
occurrence of thermotolerance.  
 

• Further, heat-induced radiosensitization is not 
subject to thermotolerance.  
 

• Under normal heating conditions used in the 
clinic, thermotolerance may not be 
induced to any significant degree.  



Razionale dell’associazione 
 radioterapia + ipertermia (1)  

L’ipertermia come unico trattamento permette di 
ottenere in clinica risposte solo parziali in circa il 20% 
dei pazienti (Sannazzari et al., 1986).  

Esistono però numerosi dati sperimentali e clinici che 
dimostrano un effetto sinergico con le radiazioni 
ionizzanti. 

Soprattutto in presenza di grosse masse neoplastiche la 
radioterapia da sola non riesce a ottenere la remissione 
completa, a causa di diversi fattori: 
• radioresistenza intrinseca: 
• popolazione cellulare eterogenea; 
• dose limitante, legata ai tessuti sani circostanti: 
• volume troppo grande per una terapia radicale; 
• scarsa vascolarizzazione e conseguente ipossia. 
 



Razionale dell’associazione 
 radioterapia + ipertermia (2)  

L’ipertermia interagisce con le radiazioni per mezzo di diversi meccanismi:  
• citotossicità diretta (denaturazione delle membrane proteiche e citoplasmatiche) 
• alterazioni della perfusione sanguigna (ossigenazione) e del micro-ambiente tumorale 

(acidosi) 
• sinergismo con le radiazioni (riduzione della riparazione del danno sub-letale al DNA) 

 Inoltre si ipotizzano effetti dell’ipertermia su: 
• espressione della proteina di riparazione del danno termico (HSP) 
• induzione e regolazione dell’apoptosi 
• modulazione della resistenza ai farmaci (maggiore captazione - o minore eliminazione? - del 

farmaco all’interno della cellula) 
Diversi fattori influenzano l’interazione 
dell’ipertermia con le radiazioni ionizzanti: 
• tempo di riscaldamento 
• temperatura raggiunta 
• sequenza dei trattamenti 
• intervallo fra i trattamenti 
• numero di trattamenti 
• dimensioni del tumore 
• vascolarizzazione 
 

Van Rhoon et al 2016 



Protonterapia combinata con ipertermia 

Slow-growing tumours with a 
lower α/β ratio, e.g. prostate, 
melanoma, sarcoma, breast etc., 
as such tumours with lower α/β 
ratio are usually radio-resistant 
and are best treated with 
hypofractionated treatment 
regimens as used in most 12C-ion 
therapy treatment protocols. 



Protonterapia combinata con ipertermia 
Studi clinici in corso 



Combined Hyperthermia and Protonterapy 

Datta et al, Int J Hyperthermia, 2014; 30(7): 524–530 



Background 
 

• The glioblastoma multiforme (GBM) is the most aggressive brain 
tumor with poor survival despite the many therapeutic strategies 
explored. 
 

• Conventional radiotherapy remains the main treatment for GBM 
 

• Several clinical trials suggest that hadrontherapy (especially 12C-ion) 
could be particularly promising 
 

• Hyperthermia (HT) has been considered to be the most powerful way 
of sensitizing ionizing radiation  
 

• The hypothesis that hyperthermia coupled with proton (P) irradiation 
could mimic 12C-ion therapy is currently investigated. 

ESHO 2018 Conference 



ESHO 2018 Conference 



ESHO 2018 Conference 



Clonogenic survival assay (U-251 cell-line) 

HT+PT vs. HT+X-rays 



Termoablazione a microonde 

L’energia elettromagnetica a frequenze delle microonde (915 MHz, 2.45 GHz, …) è 
impiegata per ottenere un elevato incremento di temperatura (> 55-60°C) nella zona da 
trattare tale da indurre una necrosi coagulativa pressoché istantanea 

Trattamenti clinici: 
• aritmie cardiache 
• disturbi endometriali 
• tumori (radiologia interventistica) 

Tecnica minimamente invasiva 
(antenne interstiziali) 

 Ottenibili ablazioni con diametro fino a  
5 cm (ago singolo/singola ablazione) 
 Lesioni più grandi possono essere 
trattate con applicatori multipli o ablazioni 
sovrapposte 

 Oltre 15.000 interventi clinici 
praticati in Europa Occidentale 
ogni anno 

 Oltre 100.000 interventi annui a 
livello mondiale 
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Il problema clinico 

Obiettivi: 
➯ ottenere l’opportuno incremento di temperatura (> 60°C) in 

un’area ben definita (lesione da trattare + margine sicurezza) 
➯ Trattamento mini-invasivo (tollerabilità, riduzione effetti collaterali) 

Procedura: 
• Acquisizione di immagini (TAC/RM) della zona da trattare 
• Determinazione del bersaglio (lesione tumorale) 
• Definizione del protocollo di trattamento (tempo-potenza) 
• Targeting applicatore (sotto guida ECG/TAC)  
• Verifica (TAC/RM) e eventuale ripetizione del trattamento 

Criticità: 
• Approccio empirico (standardizzazione protocolli) 
• Controllo in tempo reale (metodi non invasivi) 



Take home messages 

Terapie non invasive: pulses (anche per veicolare 
macromolecole/vaccini/farmaci ) 
 
HT vs RT vs PT: direct cell killing, selective cytotoxicity of 
the radioresistant hypoxic cells, ability to kill radioresistant 
S phase cells and inhibition of radiation induced DNA 
damage repair (direct effects on major DNA repair 
factors), Damage signaling, checkpoints, cell cycle 
progression and apoptosis.  
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