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Precise, innovative tumor treatments”




Is there any benefit (or
limitation) in frameless
radiosurgery for brain
metastases?




Cyberknife Centre University of Messina - Italy

Characteristics of Patients

|431 Patients 848 Lesions

mean age 60 years (range 35-77 years)

Tumor Histologies

Non small cells lung cancer 48%
Breast cancer 33%
Melanoma 5%
GI Cancer 5%
Kidney Carcinoma 4%
Prostate adenocarcinoma 2%
Bladder urethelioma 2%
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Treatment Planning Algorithms
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Precision: can we rely on frameless technology?

(AUGUST 2009 - AUGUST 2014)

Tracking (Fixed Collimator) 6D-Skull

(Total targetrl;anﬁ error + 1 0) 0.57+0.16

Max allowed error (mm): 0.95
Tracking (IRIS Collimator) 6D-Skull

(Total targetr:'qnng, error + 1 0) 0.56+0.17

Max allowed error (mm): 0.95

No need for target volume expansion to a PTV



Results of the Whole Series

» 848 Lesions

* 431 Patients

* Median No. of lesions 2 (1-18)

* Median dose SRS 20 Gy (17-22 Gy)

* Median dose hSRT 27.5 Gy in 5 fractions
(24-30 Gy)

 Median isodose 75%



Median Survival: 11 months
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Median Survival according to RPA

Classes
RPA 1 vs. 2-3
100+
RPA 1
—t RPA 2-3
75~
S
e
4
= 50 P< 0.001
o
25~
c |  J L | _H' L | |  J h J
0 6 12 18 24 30 36 42 48

Months



Survival according to Extracranial
Disease Control

Controlled vs. Uncontrolled Systemic Disease
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Repeat Courses of Stereotactic Radiosurgery (SRS),
Deferring Whole-Brain Irradiation, for New Brain
Metastases After Initial SRS

David B, Shuitz, MD, PhD, Laslie A Modin, BA, Priva Javachandaan, MD, Be Von Evben, MS, s C,

Gibbs, MD, Clarg Y. M. Choi, MD, PhD, Staven D, Chang MD, Qai?_gsn_h{ A h IV, MD, Gardon L, MD,
John A, Adier, MD, Steven L. Hanoock, MD, Scott G, Softys, M =

J Neurosurg (Suppl 2) 121:16-25, 2014
OAANS, 2014

Stereotactic radiosurgery for patients with multiple brain
metastases: a case-matched study comparing treatment results
for patients with 2-9 versus 10 or more tumors

Clinical article

Masaak! Yavanoro, MLDL P Takvva Kawase, MDD Yasunor: Saro, Pn.D.!
Yosumvort Hicuenr, M.D..* Tapasur Nariar, M.D., Pu.D.." Sminya Waranase, M.D.,'7
AND Hiperosnr Kasuya, M.D.?




Possible Advantages in Frameless SRS

* Treatment of multiple lesions in several
days to allow a certain degree of normal
brain recovery

* Multisession (brainstem)
* Time for planning and treatment delivery












Survival according to Number of
Brain Metastases

Single vs. Multiple Lesions
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Median PFS: 38 months
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RT-induced side effects and widespread neoplastic diffusion in long-term survivors




Percent survival
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Survival according to Extracranial Disease
Control

Controlled vs. Uncontrolled Systemic Disease

100+
=4 Uncontrolled

=<+« Controlled

4 Melanoma
754

P<0.001

Percent survival
3
N

254

Survival



Complication Rate

Non-melanoma
MTS Melanoma MTS

@ Symptomatic Edema
@ No Complications

@ Symptol
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Multisession Radiosurgery

Large or Very Large Tumors
Treatment of Tumor Bed

Brain Stem Metastases

Complex Skull Base Lesions
Re-treatment

SIB in WBRT for Radioresistant Mts



Multisession Radiosurgery

Treatment of Tumor Bed

Brain Stem Metastases

Complex Skull Base Lesions
Re-treatment

SIB in WBRT for Radioresistant Mts






Survival according to Lesions Volume

Small vs. Large
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Multisession Radiosurgery

Large or Very Large Tumors

Brain Stem Metastases

Complex Skull Base Lesions
Re-treatment

SIB in WBRT for Radioresistant Mts



Cyberknife &3
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Multisession Radiosurgery

Large or Very Large Tumors
Treatment of Tumor Bed

Complex Skull Base Lesions
Re-treatment
SIB in WBRT for Radioresistant Mts
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Multisession Radiosurgery

Large or Very Large Tumors
Treatment of Tumor Bed
Brain Stem Metastases

Re-treatment
SIB in WBRT for Radioresistant Mts
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Slice 20 Local Z = 8,050

04/01/2014
Sle 36: Z = 8,060




Multisession Radiosurgery

Large or Very Large Tumors
Treatment of Tumor Bed
Brain Stem Metastases
Complex Skull Base Lesions

SIB in WBRT for Radioresistant Mts






Recurrence vs. Radionecrosis




Re-Treatment




Biological heterogeneity of
Surviving Cells

J Neurosurg (Suppl 2) 121:110-115, 2014
CAANS, 2014

To fractionate or not to fractionate? That is the question for
the radiosurgery of hypoxic tumors

Laboratory investigation

TvLiaNa Toma-Dast, PH.D.,! HELENA SANDSTROM, M.Sc.,! PIERRE Barsoum, M.Sc.,?
AND ALEXANDRU Dasu, Pu.D.*

'Medical Radiation Phvsics, Stockholm University and Karolinska Institutel: *Department of Medical
Pirvsies, Karolinska University Hospital, Stockholm: and *Departiments of Radiation Physics and Medical
and Health Sciences, Likdping University, Linkdping, Sweden

Object. Ths study aumed to mvestigate the unpact of tumor hypoxsa on treatment outcome for melastases com
moaly treated with radiosarpery using | fraction of radiation and the potential gain from reoxygenation if the treat-
ment is delivered in a few radiation fractions

Merhods. In siheo metastasis- hke rachosurgery targets were modeded wath respect 10 size, densaty of clonogenae
cells, and oxygenatson. Treatment plans were produced for the targets using Leksell GammaPlan, delivening clina.
cally relevast doses and evaluating the tumor control probabelity (TCP) that could be expected i cach case, Fraction-
ated scheduldes with 3, 4, and 5 fractions resulting in samibar brological effective doses were also comsidered for the
barger target, and TCP was determined under the assumption that local reoxygenation takes place between fractions

Reswlrs, The results showed that well-oxygenated small- and modmm-size metastases are well controlled by
radsosurgery treatments delivering 20 or 22 Gy at the penphery, with TCPs ranging from 90% to 1005 If they arc
moderately hypoxic, the TCP could decrease 1o 60% . For large metastases, the TCPs from single fraction treatments
ranged from 0% 10 19%, depending on temor oxygenation. However, for fractionated ueatments, the TCP for hypoxac
tamors could sigmbcantly mercase up to 51%, 1f reoxygenation occurs between fractions

Conclusions. Thas stady shows that hypoxia worsens the response to single- fraction radiosurgery, especially for
large amors. However, fractionated therapy for large hypoxic umors might considerably smprove the TCP and might
comstitute a sumple way to uaprove the ouscome of radsosurgery for patients with hypoxic tmmors,

(Ierp:lahegus orgldoiabs/ 10 317112013 8 GRS141461)

Key Womps  + radiosurgery ¢ metastases ¢ tumor hypoxia
fractionation  +  stereotactic radiosurgery




Multisession Radiosurgery

Large or Very Large Tumors
Treatment of Tumor Bed
Brain Stem Metastases
Complex Skull Base Lesions
Re-treatment
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Newrownrg Fooms M (dnES, 2013
CAANS, 2013

Integration of functional neuroimaging in CyberKnife
radiosurgery: feasibility and dosimetric results

Avrrrrpo Cost, MDD, P D) Astosao Postosareo, VLD Geoserss K. Riconaee, MDD
Frascescs Guasana, MLD.* Senceo Viva, MDD Fiuwro F Ascicess, MDD, PrD.}
Srerao Pescotizas, MDD, Concrrra Ataracs, MDD Visceszo Rizzo, MDD

Axcrro Quaxramose, MDD Axronevo Geevava, MDD, Rosexro Ismars Fomoxt, PuD.*
Costantivo De Rexess, MDD axp Frasvoesco Tomasserio, MDD

Departments of ‘Nesvoswgery ond ‘Radianon Oncology, Cyber Knlfe Cemter. Universivy of Messing,
Deparvments of ‘Newrovadiology and "Newology. Universivy of Messing. and Deporoments of
Newroradiology and ‘Stereotaris, Unnveraity of Verona, baly




Functional Motor Area (Foot)

Tumour

Pyramidal Bundle

Functional Motor Area (Hand)
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CONCLUSIONS

CyberKnife Radiosurgery is an effective
strategy to treat metastatiC brain disease

Local control is satisfactory (at least at mid-
term), whereas survival is dismal

Best results in patients in RPA class 1, with
ée.smns < 2.5 cm and controlled extracranial
isease

Multisession radiosurgery a reasonable option in
case of large lesions, lesions within or close to
critical structures, retreatment



