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To treat Glioblastoma, we recently proposed the use of hyperthermia plus
radiation. Hyperthermia was generated by a transcranial, MR guided, high intensity

focused ultrasound device (TcMRgFUS). To obtain this result, minimal modifications of

this device, primarily conceived for small volume ablation, were required, in particular

reduction of the single-pulse power and a change of the pulse shape. In this paper

we discuss the main characteristics of the proposed method and review possible

improvements.

INTRODUCTION

Glioblastoma (GBM) is the most aggressive tumour of the
central nervous system, corresponding to grade IV of the World
Health Organization’s classification [1]. This kind of glioma is the
most common primary brain tumour in adults. The incidence is
about 3 per 100,000 person-years in USA, the median survival
time is of about 15 months after diagnosis [2] and 12months after
first resection [3].

The invasive nature of GBM into the perivascular space has
recently been demonstrated [4]: in this way the tumour doesn’t
need, for its growth, to create a new network of blood vessels
(aka angiogenesis). GBMs recur in more than 90% of patients,
usually centrally [5]. The current standard treatment includes
external-beam radiotherapy (EBRT), maximal surgery, and
chemotherapy with temozolomide (TMZ). Early Phase II clinical
trials using bevacizumab, a monoclonal antibody against VEGF, in
both newly diagnosed and recurrent high-grade gliomas (HGG)
showed promising results, but these have not been confirmed in
recent Phase III trials [6]. This seems consistent with the quoted
direct access of the tumour to the normal microvascular vessel
‘tree’.

Treatments that include EBRT result in a significant increase
in patient survival [7]. Dose escalation studies have demonstrated
survival improvements up to an overall dose of 60 Gy [8,9],
generally with 2 Gy/day fractionation, 5 days a week for 6 weeks

(60 Gytotal dose). Beyond this dose there is only a minimal
increase in survival at the cost of potentially severe toxicity [10].
The study by Elaimy et al. [11], supports the use of stereotactic
radio surgery (SRS) either to boost EBRT treatment or to treat
small-volume recurrences.

There are ongoing studies of immunotherapy in patients
with GBM, including preliminary work with a tumour-
specific vaccine-targeting epidermal growth factor receptor
variant III (EGFRvVIII) which is a constitutively activated and
immunogenic mutation widely expressed in GBM [12]. Tumour
heterogeneity and the aggressive nature of GBM affect also
the potential success of immunotherapy. However, targeting
cytomegalovirus pp65 by using dendritic cells, very impressive
results are recently obtained on a small cohort of eleven patients
of newly diagnosed GBM [13]. Different combination strategies
may also produce significant gains in patient survival [14].
Transcranial high-intensity focused ultrasound with MR
guidance (TcMRgFUS) has the potential to be an important
weapon for intracranial therapy [15], in particular as an ablative
device at higher frequencies (650 kHz) [16,17] that can open and
close the Blood Brain Barrier (generally at lower energies and
with the use of contrast media) both with external [18-20] and
implantable transducers [21]. In this way a greater absorption of
chemotherapeutic drugs in the tumour is obtained.

In this complex panorama, we decided to explore how to
combine TcMRgFUS generated hyperthermia with radiation [22];
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we review here the main aspects and possible improvements of
the technique.

MATERIALS AND METHODS

The slowing down effect of radiations, stem cell
hypothesis, hyperthermia

The quoted radiobiological data demonstrate the high
resistance of glioblastoma to radiation. Still, the data are not
sufficient to explain the unsatisfactory clinical results. In fact, like
other tumours, glioblastoma exhibits an “adaptive response”: the
effect of radiation on tumour cells is not only small but decreases
as the treatment progresses [23]. There is increasing evidence
that solid tumours are hierarchically organized and contain a
small population of cancer stem cells (CSCs) [24,25].

The subpopulation of CSCs has the capability of self-renewal,
an unlimited capability of proliferation and a tendency to recur
[26], differing from non-stem cells (CDCs). In-vitro and in-vivo
experiments have shown that glioma CSCs are significantly more
resistant than normal, differentiated cells [27].

In particular, the three human glioma cell lines (U-87MG,
U-138MG, U-373MG) have a large capacity to recover from
potentially lethal radiation damage. Since hyperthermia causes
radio sensitization and inhibition of recovery from radiation
damage, its combination with radiotherapy creates a potent
combination for treating human brain tumours [23,28-31].

In fact the Raaphorst et al. [29], survival curves obtained with
an hyperthermic treatment of 15 min at 45°C (CEM43 = 60 min)
were nearly super imposable on those due to carbon ions from
Ferrandon et al. [32].

Potentially therefore, TcMRgFUS generated hyperthermia
combined with radiation is the perfect weapon, but the critical
parameter is the time between the two applications: the maximum
effect is obtained when the applications are simultaneous, but by
increasing the delay time, the effect is progressively reduced. For
a simulation, we choose 1 and 2 hours delay to allow the patient
to be moved to and re-positioned in the second treatment room.

The use of a MRgFUS as an hyperthermic device

In a recent paper, Coluccia et al. [16], described the first
successful non-invasive thermal ablation of a brain tumour with
transcranial magnetic resonance-guided focused ultrasound
(TcMRgFUS).

This paper reported a tumour recurrence in the left thalamic
and sub thalamic region after surgery for a posteromedial
temporal lobe GBM. A total of 25 sonication was applied (17 over
the heat ablative threshold); the total sonication time was more
than 3 h and about one tenth (0.7 cm?®) of the total enhancing
tumour volume (6.5 cm®) was ablated with an Insight ec MRgFUS
Exablate Neuro system [31]. The single ablation volume was
about 0.041 cm® = 41 mm?imagine a small cylinder of 3.6 mm
in diameter and 4 mm in height), while the average ablation
efficiency was 0.7 cm3/180 min = 3.9.102% ¢cm®/min = 3.9 mm3/
min.

The single pulse lasted 10 - 25 s and transmitted 150-950
watts of acoustic power into the targeted tumour tissue, where

acoustic attenuation is converted into heat, considering that the
main absorption comes from skull bone (30-60 times that of the
soft tissue [33]). So a cooling period of around 80-90 minutes
is required after each sonication to prevent adverse thermal
lesions in the skull bone, the adjacent tissue, and the meninges.
Considering that the tumour volume can be of the order of 90 cm?,
only an extraordinary (and improbable) increase of the MRgFUS
device power could enable the system to ablate a whole tumour.

A possible solution would be to drastically reduce the pulse
energy, going from ablation (about CEM43 = 1000 min) to
hyperthermia (CEM 43 - 60 min), drastically reducing the pulse
time toabout 7-8 seconds with an average temperature of about
52°C. That could yield the required CEM 43 of about 60 min.

With such a short time the warming of the whole tumour
reported by Coluccia etal. [15], can be obtained in the reasonable
time of about 1.5 hours, also allowing a 20 s cooling time between
the sonications. Then we have to transfer the patient to the
radiation room for the second treatment.

RESULTS AND DISCUSSION

Considering the MRgFUS device as an hyperthermic one,
not one tenth but the whole tumour can be treated and several
combined protocols are allowed. Taking into account the
complexity of patient positioning and standard MRI image
acquisition, we propose, in particular, a treatment in which both
hyperthermia and radiation are given only once weekly, with a
radiation dose of about 5 Gy each time.

The whole treatment would last 6 weeks, with a total
radiation dose of about 30 Gy. Compared with “standard”
radiation treatments, the strong synergy between radiation and
heat allows us to make the total dose very low. For the patient,
this would be a very “gentle” treatment.

On the other hand it would be extraordinarily effective. A
standard radiation treatment (a = 5.4 x 102Gy, = 4.2 x 107Gy
3 2 Gy/day, 10 Gy/week, 6 weeks of treatment for a total dose
of 60 Gy [29]) would result in a minimum value of the clonogens
of about 3.61 x 10*and a time to regrow the tumour to its initial
volume of 2.29 years [29]. Due to the “adaptive response” and
stem cell effect, the median survival is less than one year [34].
In contrast, the proposed treatment, with a one hour time delay,
would result in a minimum value of the clonogens of less than
1077 and a time to regrow of the tumour at the initial volume of
4.5 years. With 2 hours delay the minimum value of the clonogens
becomes less than 107° and a time to regrowth of the tumour to
its initial volume of 3.9 years [22].

Considering the low minimum value of clonogens and the
hyperthermia stimulation of the immune system [35], we could
expect an even better result. In particular the possible tumour-
protective effect of heat shock proteins is low if the time interval
between the treatments is short and may reach its maximum 16
hours after the heating [36].

There remain (at least) two problems. One is the total time
that the patient needs to stay in the MRI system. An important
improvement could come from ‘painting’ the heat dose over the
target volume by the movement of the focal spot [37-40]. Another
linked problem could be the excessive bone warming, potentially
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inducing pain in the patient and then requiring longer cooling
times. Our proposed therapy [22] would administer to the
patient about half the total “Equivalent Thermal Dose” respect
to the quoted ablative therapy [16], so that a significant bone
warming is not expected, at least for the considered, centrally
located, small tumour.

In addition, it is important to consider the evolution of GBM.
Several GBM models [41-43] predict that in the evolution of the
disease, the biologically active (proliferating and infiltrating)
region is pushed away from the tumour core, in a region
bordering the central part, that becomes progressively larger
and necrotic. Therefore, it seems reasonable to concentrate both
radiation and hyperthermia in this more external region. This
would change radically the current GBM treatment planning, in
which the maximum of the dose is located in the tumour centre,
and would reduce significantly the volume of the region to be
heated (and irradiated).

Inlightofthe above, thereis significantroom forimprovement.
The proposed technique could radically improve the current GBM
cure rate. Experimental verification is therefore urgently desired.

REFERENCES

1. Louis DN, Ohgaki H, Wiestler OD, Cavenee WK, Burger PC, Jouvet A,
et al. The 2007 WHO classification of tumours of the central nervous
system. Acta Neuropathol. 2007; 114: 97-109.

2. Stupp R, Mason WP, van den Bent M], Weller M, Fisher B, Taphoorn M]J,
et al. Radiotherapy plus concomitant and adjuvant temozolomide for
glioblastoma. N Engl ] Med. 2005; 352: 987-996.

3. Quick], Gessler F, Diitzmann S, Hattingen E, Harter PN, Weise LM, et al.
Benefit of tumor resection for recurrent glioblastoma. ] Neurooncol.
2014; 117: 365-372.

4. Borasi G, Nahum A. Modelling the radiotherapy effect in the reaction-
diffusion equation. Phys Med. 2016; 32: 1175-1179.

5. Chang SM, Parney IF, Huang W, Anderson FA Jr, Asher AL, Bernstein
M, et al. Patterns of care for adults with newly diagnosed malignant
glioma. JAMA. 2005; 293: 557-564.

6. Khasraw M, Ameratunga M, Grommes C. Bevacizumab for the
treatment of high-grade glioma: an update after phase III trials. Expert
Opin Biol Ther. 2014; 14: 729-740.

7. Walker MD, Green SB, Byar DP, Alexander E Jr, Batzdorf U, Brooks WH,
et al. Randomized comparisons of radiotherapy and nitrosoureas for
the treatment of malignant glioma after surgery. N Engl ] Med. 1980;
303:1323-1329.

8. Walker MD, Strike TA, Sheline GE. An analysis of dose-effect
relationship in the radiotherapy of malignant gliomas. Int ] Radiat
Oncol Biol Phys. 1979; 5: 1725-1731.

9. Badiyan SN, Markovina S, Simpson JR, Robinson CG, DeWees T,
Tran DD, et al. Radiation therapy dose escalation for glioblastoma
multiforme in the era of temozolomide. Int ] Radiat Oncol Biol Phys.
2014; 90: 877-885.

10.Paulsson AK, McMullen KP, Peiffer AM, Hinson WH, Kearns WT,
Johnson A], et al. Limited margins using modern radiotherapy
techniques does not increase marginal failure rate of glioblastoma.
Am ] Clin Oncol. 2014; 37: 177-1781.

11.Elaimy AL, Mackay AR, Lamoreaux WT, Demakas ]], Fairbanks RK,
Cooke BS, et al. Clinical outcomes of gamma knife radiosurgery in
the salvage treatment of patients with recurrent high-grade glioma.

World Neurosurg. 2013; 80: 872-878.

12.Sampson JH, Heimberger AB, Archer GE, Aldape KD, Friedman AH,
Friedman HS, et al. Immunologic escape after prolonged progression-
free survival with epidermal growth factor receptor variant III
peptide vaccination in patients with newly diagnosed glioblastoma. ]
Clin Oncol. 2010; 28: 4722-4729.

13.Batich KA, Reap EA, Archer GE, Perez LS, Nair SK, Schmittling R], et
al. Long-term Survival in Glioblastoma with Cytomegalovirus pp65-
Targeted Vaccination. Clin Cancer Res. 2017; 23: 1898-1909.

14.Patel MA, Kim JE, Ruzevick |, Li G, Lim M. The future of glioblastoma
therapy: synergism of standard of care and immunotherapy. Cancers
(Basel). 2014; 6: 1953-1985.

15.Lipsman N, Mainprize TG, Schwartz ML, Hynynen K, Lozano AM.
Intracranial applications of magnetic resonance-guided focused
ultrasound. Neurotherapeutics. 2014; 11: 593-605.

16.Coluccia D, Fandino ], Schwyzer L, Gorman RO, Remonda L, Anon ],
et al. First noninvasive thermal ablation of a brain tumor with MR-
guided focused ultrasound. ] Ther Ultrasound. 2014; 2: 17.

17.McDannold N, Clement GT, Black P, Jolesz F, Hynynen K. Transcranial
magnetic resonance imaging- guided focused ultrasound surgery of
brain tumors: initial findings in 3 patients. Neurosurgery. 2010; 66:
323-332.

18.Etame AB, Diaz R], Smith CA, Mainprize TG, Hynynen K, Rutka JT.
Focused ultrasound disruption of the blood-brain barrier: a new
frontier for therapeutic delivery in molecular neurooncology.
Neurosurg Focus. 2012; 32: E3.

19.Tsai CH, Zhang JW, Liao YY, Liu HL. Real-time monitoring of focused
ultrasound blood-brain barrier opening via subharmonic acoustic
emission detection: implementation of confocal dual-frequency
piezoelectric transducers. Phys Med Biol. 2016; 61: 2926-2946.

20.Burgess A, Shah K, Hough O, Hynynen K. Focused ultrasound-mediated
drug delivery through the blood-brain barrier. Expert Rev Neurother.
2015; 15: 477-491.

21.Carpentier A, Canney M, Vignot A, Reina V, Beccaria K, Horodyckid
C, et al. Clinical trial of blood-brain barrier disruption by pulsed
ultrasound. Sci Transl Med. 2016; 8: 343re2.

22.Borasi G, Nahum A, Paulides MM, Powathil G, Russo G, Fariselli L, et al.
Fast and high temperature hyperthermia coupled with radiotherapy
as a possible new treatment for glioblastoma. ] Ther Ultrasound. 2016;
4:32.

23.Smith DM, Raaphorst GP. Adaptive responses in human glioma cells
assessed by clonogenic survival and DNA strand break analysis. Int ]
Radiat Biol. 2003; 79: 333-339.

24.Reya T, Morrison SJ, Clarke MF, Weissman IL. Stem cells, cancer, and
cancer stem cells. Nature. 2001; 414: 105-111.

25.Pajonk F, Vlashi E, McBride WH. Radiation resistance of cancer stem
cells: the 4 R’s of radiobiology revisited. Stem Cells. 2010; 28: 639-
648.

26.Clarke MF, Dick JE, Dirks PB, Eaves C], Jamieson CH, Jones DL, et
al. Cancer stem cells--perspectives on current status and future
directions: AACR Workshop on cancer stem cells. Cancer Res. 2006;
66:9339-9344.

27.Bao S, Wu Q, McLendon RE, Hao Y, Shi Q, Hjelmeland AB, et al. Glioma
stem cells promote radioresistance by preferential activation of the
DNA damage response. Nature. 2006; 444: 756-760.

28.Raaphorst GP, Feeley MM, Da Silva VF, Danjoux CE, Gerig LH. A
comparison of heat and radiation sensitivity of three human glioma
cell lines. Int ] Radiat Oncol Biol Phys. 1989; 17: 615-622.

JSM Brain Sci 2(1): 1010 (2017)

3/4


https://www.ncbi.nlm.nih.gov/pubmed/17618441
https://www.ncbi.nlm.nih.gov/pubmed/17618441
https://www.ncbi.nlm.nih.gov/pubmed/17618441
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/15758009
https://www.ncbi.nlm.nih.gov/pubmed/24535317
https://www.ncbi.nlm.nih.gov/pubmed/24535317
https://www.ncbi.nlm.nih.gov/pubmed/24535317
https://www.ncbi.nlm.nih.gov/pubmed/27589895
https://www.ncbi.nlm.nih.gov/pubmed/27589895
https://www.ncbi.nlm.nih.gov/pubmed/15687310
https://www.ncbi.nlm.nih.gov/pubmed/15687310
https://www.ncbi.nlm.nih.gov/pubmed/15687310
https://www.ncbi.nlm.nih.gov/pubmed/24655021
https://www.ncbi.nlm.nih.gov/pubmed/24655021
https://www.ncbi.nlm.nih.gov/pubmed/24655021
https://www.ncbi.nlm.nih.gov/pubmed/7001230
https://www.ncbi.nlm.nih.gov/pubmed/7001230
https://www.ncbi.nlm.nih.gov/pubmed/7001230
https://www.ncbi.nlm.nih.gov/pubmed/7001230
https://www.ncbi.nlm.nih.gov/pubmed/231022
https://www.ncbi.nlm.nih.gov/pubmed/231022
https://www.ncbi.nlm.nih.gov/pubmed/231022
https://www.ncbi.nlm.nih.gov/pubmed/25257812
https://www.ncbi.nlm.nih.gov/pubmed/25257812
https://www.ncbi.nlm.nih.gov/pubmed/25257812
https://www.ncbi.nlm.nih.gov/pubmed/25257812
https://www.ncbi.nlm.nih.gov/pubmed/23211224
https://www.ncbi.nlm.nih.gov/pubmed/23211224
https://www.ncbi.nlm.nih.gov/pubmed/23211224
https://www.ncbi.nlm.nih.gov/pubmed/23211224
https://www.ncbi.nlm.nih.gov/pubmed/23403349
https://www.ncbi.nlm.nih.gov/pubmed/23403349
https://www.ncbi.nlm.nih.gov/pubmed/23403349
https://www.ncbi.nlm.nih.gov/pubmed/23403349
https://www.ncbi.nlm.nih.gov/pubmed/20921459
https://www.ncbi.nlm.nih.gov/pubmed/20921459
https://www.ncbi.nlm.nih.gov/pubmed/20921459
https://www.ncbi.nlm.nih.gov/pubmed/20921459
https://www.ncbi.nlm.nih.gov/pubmed/20921459
http://clincancerres.aacrjournals.org/content/23/8/1898
http://clincancerres.aacrjournals.org/content/23/8/1898
http://clincancerres.aacrjournals.org/content/23/8/1898
https://www.ncbi.nlm.nih.gov/pubmed/25268164
https://www.ncbi.nlm.nih.gov/pubmed/25268164
https://www.ncbi.nlm.nih.gov/pubmed/25268164
https://www.ncbi.nlm.nih.gov/pubmed/24850310
https://www.ncbi.nlm.nih.gov/pubmed/24850310
https://www.ncbi.nlm.nih.gov/pubmed/24850310
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4322509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4322509/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4322509/
https://www.ncbi.nlm.nih.gov/pubmed/20087132
https://www.ncbi.nlm.nih.gov/pubmed/20087132
https://www.ncbi.nlm.nih.gov/pubmed/20087132
https://www.ncbi.nlm.nih.gov/pubmed/20087132
https://www.ncbi.nlm.nih.gov/pubmed/22208896
https://www.ncbi.nlm.nih.gov/pubmed/22208896
https://www.ncbi.nlm.nih.gov/pubmed/22208896
https://www.ncbi.nlm.nih.gov/pubmed/22208896
https://www.ncbi.nlm.nih.gov/pubmed/26988240
https://www.ncbi.nlm.nih.gov/pubmed/26988240
https://www.ncbi.nlm.nih.gov/pubmed/26988240
https://www.ncbi.nlm.nih.gov/pubmed/26988240
https://www.ncbi.nlm.nih.gov/pubmed/25936845
https://www.ncbi.nlm.nih.gov/pubmed/25936845
https://www.ncbi.nlm.nih.gov/pubmed/25936845
http://stm.sciencemag.org/content/8/343/343re2
http://stm.sciencemag.org/content/8/343/343re2
http://stm.sciencemag.org/content/8/343/343re2
https://www.ncbi.nlm.nih.gov/labs/articles/27980785/
https://www.ncbi.nlm.nih.gov/labs/articles/27980785/
https://www.ncbi.nlm.nih.gov/labs/articles/27980785/
https://www.ncbi.nlm.nih.gov/labs/articles/27980785/
http://www.tandfonline.com/doi/abs/10.1080/0955300032000093137
http://www.tandfonline.com/doi/abs/10.1080/0955300032000093137
http://www.tandfonline.com/doi/abs/10.1080/0955300032000093137
https://www.ncbi.nlm.nih.gov/pubmed/11689955
https://www.ncbi.nlm.nih.gov/pubmed/11689955
https://www.ncbi.nlm.nih.gov/pubmed/20135685
https://www.ncbi.nlm.nih.gov/pubmed/20135685
https://www.ncbi.nlm.nih.gov/pubmed/20135685
https://www.ncbi.nlm.nih.gov/pubmed/16990346
https://www.ncbi.nlm.nih.gov/pubmed/16990346
https://www.ncbi.nlm.nih.gov/pubmed/16990346
https://www.ncbi.nlm.nih.gov/pubmed/16990346
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glioma+stem+cells+promote+radioresistance+by+preferential+activation+of+the+DNA+damage+response
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glioma+stem+cells+promote+radioresistance+by+preferential+activation+of+the+DNA+damage+response
https://www.ncbi.nlm.nih.gov/pubmed/?term=Glioma+stem+cells+promote+radioresistance+by+preferential+activation+of+the+DNA+damage+response
https://www.ncbi.nlm.nih.gov/pubmed/2777650
https://www.ncbi.nlm.nih.gov/pubmed/2777650
https://www.ncbi.nlm.nih.gov/pubmed/2777650

Borasi et al. (2017)
Email: giovanni.borasi@gmail.com

@SCiMCdCentrai

29.Raaphorst GP, Feeley MM, Danjoux CE, DaSilva V, Gerig LH.
Hyperthermia enhancement of radiation response and inhibition
of recovery from radiation damage in human glioma cells. Int ]
Hyperthermia. 1991; 7: 629-641.

30.Raaphorst GP, Feeley MM, Chu GL, Dewey WC. A comparison of
the enhancement of radiation sensitivity and DNA polymerase
inactivation by hyperthermia in human glioma cells. Radiat Res. 1993;
134:331-336.

31.Man ], Shoemake |JD, Ma T, Rizzo AE, Godley AR, Wu Q, et al.
Hyperthermia Sensitizes Glioma Stem-like Cells to Radiation by
Inhibiting AKT Signaling. Cancer Res. 2015; 75: 1760-1769.

32.Ferrandon S, Magné N, Battiston-Montagne P, Hau-Desbat NH, Diaz
0, Beuve M, et al. Cellular and molecular portrait of eleven human
glioblastoma cell lines under photon and carbon ion irradiation.
Cancer Lett. 2015; 360: 10-16.

33.Clement GT, White ], Hynynen K. Investigation of a large-area phased
array for focused ultrasound surgery through the skull. Phys Med Biol.
2000; 45: 1071-1083.

34.Damodaran O, van Heerden ], Nowak AK, Bynevelt M, McDonald
K, Marsh J, et al. Clinical management and survival outcomes of
gliosarcomas in the era of multimodality therapy. ] Clin Neurosci.
2014; 21: 478-481.

35.Frey B, Weiss EM, Rubner Y, Wunderlich R, Ott O], Sauer R, et al.
0Old and new facts about hyperthermia-induced modulations of the
immune system. Int ] Hyperthermia. 2012; 28: 528-542.

36.Rylander MN, Feng Y, Zimmermann K, Diller KR. Measurement and

mathematical modeling of thermally induced injury and heat shock
protein expression kinetics in normal and cancerous prostate cells. Int
] Hyperthermia. 2010; 26: 748-764.

37.Salomir R, Palussieére J, Vimeux FC, de Zwart JA, Quesson B, Gauchet M,
et al. Local hyperthermia with MR-guided focused ultrasound: spiral
trajectory of the focal point optimized for temperature uniformity in
the target region. ] Magn Reson Imaging. 2000; 12: 571-583.

38.Liu HL, Shih TC, Chen WS, Ju KC. A novel strategy to increase heating
efficiency in a split-focus ultrasound phased array. Med Phys. 2007;
34:2957-2967.

39.Zhou Y. Generation of uniform lesions in high intensity focused
ultrasound ablation. Ultrasonics. 2013; 53: 495-505.

40.Partanen A, Tillander M, Yarmolenko PS, Wood BJ, Dreher MR, Kohler
MO. Reduction of peak acoustic pressure and shaping of heated region
by use of multifoci sonications in MR-guided high-intensity focused
ultrasound mediated mild hyperthermia. Med Phys. 2013; 40: 013301.

41.Papadogiorgaki M, Koliou P, Kotsiakis X, Zervakis ME. Mathematical
modelling of spatio-temporal glioma evolution. Theor Biol Med Model.
2013; 10: 47.

42.Swanson KR, Rockne RC, Claridge ], Chaplain MA, Alvord EC Jr,
Anderson AR. Quantifying the role of angiogenesis in malignant
progression of gliomas: in silico modeling integrates imaging and
histology. Cancer Res. 2011; 71: 7366-7375.

43.Scribner E, Fathallah-Shaykh HM. Single Cell Mathematical Model
Successfully Replicates Key Features of GBM: Go-Or-Grow Is Not
Necessary. PLoS One. 2017; 12: e0169434.

Cite this article

Borasi G, Nahum A (2017) A New Glioblastoma Treatment, Potentially Highly Effective, Combining Focused Ultrasound Generated Hyperthermia and Radiations.

JSM Brain Sci 2(1): 1010.

JSM Brain Sci 2(1): 1010 (2017)

4/4


https://www.ncbi.nlm.nih.gov/pubmed/1919158
https://www.ncbi.nlm.nih.gov/pubmed/1919158
https://www.ncbi.nlm.nih.gov/pubmed/1919158
https://www.ncbi.nlm.nih.gov/pubmed/1919158
https://www.ncbi.nlm.nih.gov/pubmed/8316626
https://www.ncbi.nlm.nih.gov/pubmed/8316626
https://www.ncbi.nlm.nih.gov/pubmed/8316626
https://www.ncbi.nlm.nih.gov/pubmed/8316626
https://www.ncbi.nlm.nih.gov/pubmed/25712125
https://www.ncbi.nlm.nih.gov/pubmed/25712125
https://www.ncbi.nlm.nih.gov/pubmed/25712125
https://www.ncbi.nlm.nih.gov/pubmed/25657111
https://www.ncbi.nlm.nih.gov/pubmed/25657111
https://www.ncbi.nlm.nih.gov/pubmed/25657111
https://www.ncbi.nlm.nih.gov/pubmed/25657111
https://www.ncbi.nlm.nih.gov/pubmed/10795992
https://www.ncbi.nlm.nih.gov/pubmed/10795992
https://www.ncbi.nlm.nih.gov/pubmed/10795992
https://www.ncbi.nlm.nih.gov/pubmed/24332268
https://www.ncbi.nlm.nih.gov/pubmed/24332268
https://www.ncbi.nlm.nih.gov/pubmed/24332268
https://www.ncbi.nlm.nih.gov/pubmed/24332268
https://www.ncbi.nlm.nih.gov/pubmed/22690925
https://www.ncbi.nlm.nih.gov/pubmed/22690925
https://www.ncbi.nlm.nih.gov/pubmed/22690925
https://www.ncbi.nlm.nih.gov/pubmed/20858083
https://www.ncbi.nlm.nih.gov/pubmed/20858083
https://www.ncbi.nlm.nih.gov/pubmed/20858083
https://www.ncbi.nlm.nih.gov/pubmed/20858083
https://www.ncbi.nlm.nih.gov/pubmed/11042639
https://www.ncbi.nlm.nih.gov/pubmed/11042639
https://www.ncbi.nlm.nih.gov/pubmed/11042639
https://www.ncbi.nlm.nih.gov/pubmed/11042639
https://www.ncbi.nlm.nih.gov/pubmed/17822004
https://www.ncbi.nlm.nih.gov/pubmed/17822004
https://www.ncbi.nlm.nih.gov/pubmed/17822004
https://www.ncbi.nlm.nih.gov/pubmed/23106859
https://www.ncbi.nlm.nih.gov/pubmed/23106859
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3537758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3537758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3537758/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3537758/
https://www.ncbi.nlm.nih.gov/pubmed/23880133
https://www.ncbi.nlm.nih.gov/pubmed/23880133
https://www.ncbi.nlm.nih.gov/pubmed/23880133
https://www.ncbi.nlm.nih.gov/pubmed/21900399
https://www.ncbi.nlm.nih.gov/pubmed/21900399
https://www.ncbi.nlm.nih.gov/pubmed/21900399
https://www.ncbi.nlm.nih.gov/pubmed/21900399
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0169434
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0169434
http://journals.plos.org/plosone/article?id=10.1371/journal.pone.0169434

	A New Glioblastoma Treatment, Potentially Highly Effective, Combining Focused Ultrasound Generated H
	Abstract
	Introduction
	Materials and Methods
	The slowing down effect of radiations, stem cell hypothesis, hyperthermia
	The use of a MRgFUS as an hyperthermic device

	References

