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The RSSearchTM Registry: patterns of care and outcomes research on patients
treated with stereotactic radiosurgery and stereotactic body radiotherapy

Gremelli

Table 3 Lesion characteristics and most common lesion location and hixtolo‘y

Variable (N)

N (%)

All lesions ~ lesion type (11154)
Arterio-venous malformation
Benign tumor
Malignant primary tumor
Metastatic tumor
Recurrent prumary tumor
Functional discase
Intracranial lesions (5441)

92(0.8%)
1218 (10.9%)
3668 (32.9%)
4639 (41.6%)
1050 (9.4%)
485 (4.3%)

Benign lesions

1176 (21.6%)

Acoustic neuroma

321 (5.9%)

Memngroma 360 (6.7%)
Bemgn. NOS 155 (2.9%)
Pituitary adenoma 88 (1.6%)
Primary malignant 226 (4.2%)
Astrocytoma <9 (0.06%)
Ghoblastoma 76 (1.4%)
Ghoma $(0.2%)

Memngioma, malignant

44 (0.8%)

[ Metastanc

2017 (53.6%)

Bramn'cramal nerve/'spinal cord

2867 (52.7%)

Meninges 4 (0.8%)

[ Recurrent 263 (4.8%) |
Astrocytoma 19 (0.4%)
Glioblastoma 87 (1.6%)

Ghioma 8 (0.2%)
Pituitary adenoma 16 (0.3%)

[ Functional disease 485 (9%)
Tngeminal neuralgia - typical 364 (6.7%)
Tngeminal neuralgia - atypical 99 (1.8%)
Tngeminal neuralgia- MS 13 (0.3%)
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Bullet Points

**SRT in Low Grade Gliomas
= at the diagnhosis
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EORTC
22844

® Clinical Original Contribution

RT
—DOSeTT EBRTC NCETG:

A RANDOMIZED TRIAL ON DOSE-RESPONSE IN RADIATION THERAPY
OF LOW-GRADE CEREBRAL GLIOMA: EUROPEAN ORGANIZATION FOR
RESEARCH AND TREATMENT OF CANCER (EORTC) STUDY 22344
AsuL B. M F Karne M D, PrD.* Ben Maat, MDD, Rezovry Hatoevoes, MDY
JoHaN MexTEN, M.D.' Ewarp H. J. M, Rurres, MD. Davin G. T. Thomas, M.D, PuD.}
Frascscn Mascamesias, MDD Jeax C. Howor, MDD, PRD., LEena M. Pagvines,”
MATTHUS vAN REUN, MD.** Jos J. Jacer, MDD, Maria G. Fasara, MDD
AUGUST M. van AL, MDD PuD. M Hax P. Hasers, MDD, PH.D_® Luis Gaseax, MDY
Eva Noogosas, MDD, PreD. ™ Mamasse Presaxr, M.Sc.'/ ano
MarTiNg vax Gransexe, M S/
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Prospective Randomized Trial of Low- Versus High-Dose
Radiation Therapy in Adults With Supratentorial
Low-Grade Glioma: Initial Report of 2 North Central
Cancer Treatment Group/Radiation Therapy Oncology
Group/Eastern Cooperative Oncology Group Study

By E Show R Asadl B Scheifoue, | OFdllon B O'Nell R Dincpcli, © Nelon, ) Eorde, € Jorm, T Coxcina
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J Clin Oncol 20:2267-2276

50-54 Gy in 1,8Gyl/fr
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_________________ RT Tlmlng?

Lence 2005; 366: 385-90

Long-term efficacy of early versus delayed radiotherapy for (&
low-grade astrocytoma and oligodendroglioma in adults: the
EORTC 22845 randomised trial

M J van den Benst, DAfra, O de Witte, M Ben Hassd, S Schraub, K Hoang- Xuwan, P-0 Mamstrom, [ Coliette, M Prérart, R Mermanaoff,
ABMF Karm, for the EORTC Radiotherapy and Brain Tumor Groups and the UK Medicdl Research Councd

No ewly radiotheraphy  Eardy radiothenpy Huzad ratio
(n=157) (n=154) (s5% Q)
Overali survval
Median yean [95% () 74(613-89) 72(64-86) 097 (071-134)
Propormon dive af 5 yan 65 7% (57 8-73%) E3 4% (607-762
Progression- free susv ival
£ Medun years (95% O) 14(29-44) 53{46-43) 059(045-077)
_; Proporson free from J46M (26 7-425) S50% (86 7-633)
g PrOGrassion at & yoans
;. 404 Toble 2: Survival and progression-free survival
30 Logrank p-027 2 .
N Early r.ad1ot}.1erapy after surgery lengthens
S— - ., the period without progression but does not
oo 2o 27 B affect overall survival.
N of patients st ik N Radiotherapy could be deferred for patients
e N0 Ry LNy 157 143 123 108 B2 3] &/ 48 3% . . .
e Larty radiothecapy 154 144 128 "mz & I 52 34 Wlth low—grade ghoma WhO are 1m a gOOd
Figure 2: Overal survival by intention-to- teat analysia condition, provided they are carefully

Number of vty O= 50 for contaol grougy O 76 for sarly radiothweigy group

: ' monitored
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;\I;::l‘;l'j::jl‘miw NCCN Guidelines Version 1.2014
' Adult Low-Grade Infiltrative Supratentorial

Cancer
Network” Astrocytomal/Oligodendroglioma (Excluding Pilocytic Astrocytoma)
RADIOLOGIC CLINICAL SURGERYY ADJUVANT FOLLOW-UP®
PRESENTATION?® IMPRESSION TREATMENT
Observe'
Low risk§ ———|or
Maximal safe Maximal Fractionated
resection —* | safe external beam RT*
feasible resection®' Hiah riekh or
kb Chemotherapy'm
(category 2B)
Fractionated MRI
Uncontrolled external beam RT* iy
3-6 mo for See
Subtotal or progressive | ——— or
resection®! | / |symptoms Chemotherapy'm [*|3 ¥ then at| = |Recurrence
MRI compatible Maximal safe or (category 2B) least (ASTR-2)
with primary resection not | —* | open biopsy annually
brain tumor® feasible or Fractionated
stereotactic external beam RT*
biopsy or
Stable/controlled Observe?
symptoms or
Chemotherapy '™
(category 2B)
Observation® >

9Low-risk features: Okgodendroglioma or mixed oligoastrocytbm_a. <40y,

KPS = 70, tumor dimension < 6 cm, minor or no neurolegical deficit, 1p and 19q
codeleted, IDH1 or 2 mutated,

MHigh-risk features: 3 or more of: Astrocytoma, Age 240 y, KPS < 70, tumor
dimension 26 cm, tumor crossing midline, preoperative neurological deficit of more
than minor degree, One or no deletions on 1p and 19q, IDH1 or 2 not mutated, ‘ >
increased perfusion on imaaina are also adverse factors that mav be considered
| |
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National NCCN Guidelines Version 1.2014

Comprehensive

NCCN [ Adult Low-Grade Infiltrative Supratentorial
Network® AstrocytomalOligodendroglioma (Excluding Pilocytic Astrocytoma)

Low Grade Gliomas ‘Grades l/ll]

« Tumor volumes are best defined using pre- and postoperative
imaging, usually FLAIR and or T2 signal abnormality on MRI for )
GTV. CTV(GTV plus 1-2 cm margin) should receive 45-54 Gy in NO
1.8-2.0 Gy fractions.

SRS has not been established to have a role in the management of

low grade gliomas. Phase | trials using SRS do not support its role
as initial treatment.

Technol Cancer Res Treat 2006 Feb &(1:1-8

Hypofractionated stereotactic radiotherapy for low grade glioma at McGill University: long-term follow-up. l
Roberge 0' Souhami L, Clivier A Leblanc R, Podgorssk E

21 pts; < 4cm; 42 Gy /6 fr

Radiology. 1989 May 171(2):565-8

Low-grade astrocytomas: treatment with unconventionally fractionated external beam stereotactic radiation I
therapy.

Poza F', Colombo F, Chisrege G, Avanzo RC, Marchetti C, Benedetti A Casentini L, Danieli D

14 pts; 16-50Gy/1-2fr/8 days apart

Cancer. 1591 Nov 15,68(10)2101-8

Enthusiasm for SRS
Fraction'ated stereotactic radiation therapy for intracranial tumors. | in low grade gliomas
Souhamil '’ Olivier A Podqgorsak EB Villemure JG Pla M. Sadikot AF 15 ptS; 42/6fr has Wanted due to
insufficient evidence
for therapeutic
( TCN )l I l La Radioterapia Stereotassica ablativa: High and Low Grade Glioma advantage



Bullet Points

**SRT in Low Grade Gliomas
= at the diagnhosis
= at recurrence
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NCCN Guidelines Version 1.2014

National
Comprehensive

NCCN Eomee:

Adult Low-Grade Infiltrative Supratentorial

Network’ AstrocytomaIOIigodendroglioma (Excluding Pilocytic Astrocytoma)

RECURRENCE" i\l 0)
Consider changing E v I d e l l e e
chemotherapy regimen™
gronsldﬂ.mwm

Resectable —* Surgery®l —+ Chemotherapy™ ~* Progression —*

Prior
fractionated
external
beam RTK

Unresectable ~——————+ Chemotherapy™ -* Progression —*

Recurrent or
progressive,
low-grade
disease'®
Resectable —* Surgery®) -
No prior I
fractionated v
external " ]<
ool Unresectable .
W ©
e
S
e©

Recurrent low-grade gliomas: the role of fractionated stereotactic re-irradiation

S.E. Combs'?, R. Ahmadi’, D. Schulz-Ertner™”, C. Thilmann'~ and J. Debus' )
' Department of Radiation Oncology German Cancer Research Center ( DKFZ) INF 280: * Department of Radiation

Oncology :l)«'ﬁ\.'l.’"k'nf of Neuroswrgery, University of Heidelberg, INF 30 Heidelberg, Germany

Jossrnal of NewroOnocdogs ( 2085)

conformal RT in select cases,
ospecia progression free
survival is greaterthan 2 y
after prior RT or if new lesion
outside target of prior RT or
the recurrence is small and
geometrically favorable

or

Palliative/Best supportive care

Fractionated external beam RT'
or erapy

(category 28 for
chemotherapy)

Stereotactically guided

fractionated re-irradiation in

recurrent glioma represents

an effective treatment option

with good results and

few complications. However,

Gremelli
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further investigation is
warranted



Summary

Low Grade Glioma SRS has not been effective treatment
established to have a option with good results
role in the management and few
of low grade glioma complications.

( T ‘l I I La Radioterapia Stereotassica ablativa: High and Low Grade Glioma 01/07/14 11



Bullet Points

**SRS in Low Grade Gliomas
= at the diagnosis
= at recurrence

**High Grade Gliomas
= at the diagnosis: SRS
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Radiotherapy plus Concomitant
and Adjuvant Temozolomide for Glioblastoma

Roger Stupp, M.D Mason, M.D., Martin J d

Warren P. Masc artin J. van den
Michael Weller. M.D.. Barbara Fisher, M.D I

Martin ).B. Taph
r. M.D., Alba A. Brandes, M.D.. Christine Marosi. M.D

Bent. M.D

»wrmnm ‘.f ')

drgen Curschmann, M.D., Robert C

idwin, M.D. Thierry Gor

ross. M.D.. |

janzer, M.D
< -t A - » ., ™
a M.Sc. Anouk A !,:t'i" rn.uv
|
|

Denis Lacombe, M.D., J. Gregory Cairne zabeth Eisenhauer, M.D

and René O. Mirimanoff, M.D., for the European Organisation for Researct
and Treatment of Cancer Brain Tumor and Radiotherapy Groups and the National
Cancer Institute of Canada Clinical Trrals Group

N Engl ) Med 2005;352:987-96.

NCCN Guidelines Version 2.2013
Anaplastic Gliomas/Glioblastoma?

NCCN

— ORS Of
-~ FSRT?

PATHOLOGY ADJUVANT TREATMENT

Fracsonated external beam RT/
4+ concurrent and adjuvant tomozolomide,
for age < 70 y (category 1)*2#3
or
Fracsomated extornal beam RT/
+ concwrrent and adjuvant ternozolomide
for age > 70 y* 0@
Good perfarmance  _ for
# status (KPS = 70) Fracsomated external beam RTY
(hypofractionated) (category 1)
f forage >70y"
/ or
/ Chemotheragy®
Glioblastoma' |/ (temozolomide if methylguarmine
¢ carmustine methyl-traraforase [MGMT] promotor
(BCNU) wafer \ methylation positive)
\ forage > 70y

\ Fracsormated exterral beam RT)
'l~ (hypolfractionated or standard)
Poor Performance or
status (KPS < 70) Chemotheragy*
or
Palliative/Best supportive care

Gremelli

Radiotherapy plus temozolomide

| Radiotherapy

Probability of Overall Survival (%)
s
A

le
o f ' 1] 1] T ' 1 |
0 [ 12 18 24 30 36 42
Months
No. at Risk
Radiotherapy 286 240 144 59 23 2 0
Radiotherapy 287 246 174 109 57 27 4
plus temo.
zolomide

Figure 1. Kaplan-Meier Estimates of Overall Survival According to
Treatment Group.

The hazard ratio for death among patients treated with radiotherapy plus temo-
zolomide, as compared with those who received radiotherapy alone, was 0.63
(95 percent confidence interval, 0.52 to 0.75; P<0.001).

La Radioterapia Stereotassica ablativa: High and Low Grade Glioma




Gemelli

La Radioterapia Stereotassica ablativa: High and Low Grade Glioma

01/07/14

14



e“oc.’:Q
R RADIOSURGERY IN THE INITIAL MANAGEMENT OF MALIGNANT GLIOMAS:
SURVIVAL COMPARISON WITH THE RTOG RECURSIVE
PARTITIONING ANALYSIS

JANN N. SARKARIA, M.D..* MiNEsH P. MEHTA, M.D.,* JAY S. LOEFFLER, M.D.,'
JoHN M. Buatm, M.D..} RICHARD J. CHaPPELL, PH.D..' ALLaN B, LEvin, MDD}
EBEN ALEXANDER I, M.D.,” WiLLIAM A, FRIEDMAN, M.D.**

AND TiMOTHY J. KINSELLA, M.D.*

*Departments of Human Oncology, 'Biostatistics, and "Neurosurgery, University of Wisconsin School of Medicine,

Madison, W1, Joint Center for Radiation Therapy, of 'Radiation Oneologymd'Nemmay
Harvard Medical School, Boston, MA, 1ati
University of Florida School of Medicine, Gainesville, FL.

Int. J. Radiation Oncology Biol. Phys., Vol. 32, No. 4, pp. 931-941, 1995

=At the diagnosis

Table 2. Radiotherapy techmique

Uw JCRT UF
EBRT dose, Gy 54.0 594 60.0
median (range) ; ¢ ( (S40=6Q.0)
SR minimum tumor dose, Gy @ @ ‘@
median (range) (10%=27.0) (6.0=2770) (107 )
Number of patients with single isocenter (%) 17 (57%) 70 (93%) 9 (90%)
Number of patients with multiple isocenters (%) 13 (43%) 5(7%) 1 (10%)

('i'(" ll(’l l | La Radioterapia Stereotassica ablativa: High and Low grade Glioma 01/07/14
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ReRAl)lOSURGERY IN THE INITIAL MANAGEMENT OF MALIGNANT GLIOMAS:
SURVIVAL COMPARISON WITH THE RTOG RECURSIVE
PARTITIONING ANALYSIS

Int. J. Radiation Oncology Biol. Phys., Vol. 32, No. 4, pp. 93191, 1995

JANN N. SARKARIA, M.D..* MiNESH P. MEHTA, M.D..* JAY S. LOEFFLER, M.D.,’ =At the diagnosis
JoHN M. BUATTI, M.D.,} RICHARD J. CHAPPELL, PH.D..! ALLAN B. LEVIN, M.D.} sSRS
EBEN ALEXANDER III, M.D..," WiLLiaM A, FRIEDMAN, M.D.**
AND TiMOTHY J. KINSELLA, M.D.*
*Departments of Human Oncology, 'Biostatistics, and "Neurosurgery, University of Wisconsin School of Medicine,
Madison, W1, Joint Center for Radiation Therapy, Departments of 'Radiation Oncology and *Neurosurgery,

Harvard Medical School, Boston, MA, Departments of *Radiation Oncology and **Neurosurgery,
University of Florida School of Medicine, Gainesville, FL

115 pts
3 institutions: Wisconsin, Harvard Boston, Florida
CTV + 2- 40mm or none margin) Table 5. Survival stratified by prognostic class
Present study RTOG
2-year 2-year
MST survival MST survival
Class (months) (%) n  (months) (%) n
1 —* 81’ 17 58.6 76 139
A :
3 24
4 35
5 43*
6

( T ‘l | l La Radioterapia Stereotassica ablativa: High and Low Grade Glioma 01/07/14 16



CL|N|CAL lNVESTIGATION lar J. Radianson Oncology Bsol Phys

Vol 60, No. 5, pp. 855860, 2004

= T "RTOG
RANDOMIZED CONMPARISON OF STEREOTACTIC RADIOSURGERY '
FOLLOWED BY CONVENTIONAL RADIOTHERAPY WITH CARMUSTINE TO L. —. 93_'0_5_ )
CONVENTIONAL RADIOTHERAPY WITH CARMUSTINE FOR PATIENTS

WITH GLIOBLASTOMA MULTIFORME: REPORT OF RADIATION THERAPY _ .
e ONCOLOGY GROUP 93-05 PROTOCOL »At the diagnosis
60('(\\ SRS
2

Luis Sousiami, M.D..* Wenpy SerrerueLD, M.S.." Davip Bracinvan, M.D..
6 Ervin B. Popcorsak, PH.D..* Maria WEaNER-WasIK, M.D..* RogerT Lustic, M.D
CurisToPHER J. Scrurtz, MLD..Y WiLtiam Sause, M.D.." Paur OkuNierr, M.D, **
Jax Buckner. M.D..'"" Lucia Zamorano. M.D_** Mivesu P. Meuta, M.D_*¥ axp
WALTER J. CUurraN. Jr.. M.D.?

SRS 15-24 Gy + EBRT (60 Gy) + BCNU (80 mg/m2

| Day 1-3 every 8 weeks for 6 cycles)
GBM

<40 mm | .

' EBRT (60 Gy) + BCNU (80 mg/m2 Day 1-3 every 8
weeks for 6 cycles)

( T ‘I | I La Radioterapia Stereotassica ablativa: High and Low Grade Glioma 01/07/14 17



CLINICAL INVESTIGATION

Iar J. Radianson Oncology Beol Phys , Vol 60 No 3, pp 853860, 2004

Brain

RANDOMIZED COMPARISON OF STEREOTACTIC RADIOSURGERY
FOLLOWED BY CONVENTIONAL RADIOTHERAPY WITH CARMUSTINE TO
CONVENTIONAL RADIOTHERAPY WITH CARMUSTINE FOR PATIENTS
WITH GLIOBLASTOMA MULTIFORME: REPORT OF RADIATION THERAPY
ONCOLOGY GROUP 93-05 PROTOCOL

Table 3. Patterns of fathure

Table 5. Late toxicities

Stereotactic Stereotactic
Radanon  radiosurgery + rahosurgery
therapy  radianion theragy Radaation + radzatoca
(n = 96) {(n = 89) therapy therapy
(n = 87) (n = 80)
Local cnly S1(67°%) 42 (58%) Grade Grade
Adjacent only 4 (5%) 2(3%)
Local + adjacent 16 (21%) 18 (25%) 1 2 3 1 2 3
Nooadjacent only 0 1(1%)
Local + noaadjacent 2(3%) 1(1%) Orotoxicity 2 0 0 1 1 0
Local + adjacent + nonadjacent 3 (4%) S (7%%) Skun 10 5 0 4 4 0
Unknown 0 4(5%) Neuzolog 7 1 0 3 o 3
No failare 20 16 Other 13 5 1 10 7 1
Maxium toxsaty reported 17 6 0 10 9 4
per patient
Table 4. End of RT measuzes Table 6. Salvage therapy*
End of RT RT SRS + RT RT SRS+RT
(n = 56) (n = 89)
Spitzer Qualsty of Life Index
n 62 49 Surgery 34 (35%) 29 (33%)
Decline 26 (42%) 24 (4%%) Partial resection 16 14
Stable 15 (24%) 9 (18%) Total resection 15 14
Improve 21 (34%) 16 (33%) Shuat + total 1 1
p value 0.6% Otber type 5 7
Mamu-Mental Status Exam Unknown type 3 0
" 59 49 Nea-protocol RT 6(6%) 6 (7%)
Decline 19(32%) 14 (20%) Noa-protocol RS 18(19%) 5(6%)
Stable 19(32%) 14 (29%) Noa-protocol chemotherapy 54 (36%) 47(53%)
Improve 21 (36%) 21 (43%) i
p value 0.706 Abbroviarions: RT = nadianon therapy, SRS = stereotactic

Abbreviations. RT = radation therapy, SRS = stereotactc
rdioswgery

Gremelli

La Radioterapia Stereotassica ablativa: High and Low Grade Glioma

radwsurgery. RS = radiosurgery
* These categones are not mutually excluave Some patients
recerved more than | salvage therapy

=At the diagnosis
*SRS

NO DIFFERENCE

01/07/14 18



CLINICAL INVESTIGATION lar ) Radianon Oncology Bsol Phys , Vol 60 No 3 pp 853860, 2004 Brain r RTOG

RANDOMIZED COMPARISON OF STEREOTACTIC RADIOSURGERY I
FOLLOWED BY CONVENTIONAL RADIOTHERAPY WITH CARMUSTINE TO L. 93_'0_5_
CONVENTIONAL RADIOTHERAPY WITH CARMUSTINE FOR PATIENTS
WITH GLIOBLASTOMA MULTIFORME: REPORT OF RADIATION THERAPY
ONCOLOGY GROUP 93-05 PROTOCOL

=At the diagnosis
*SRS

Luis Sovsami, M.D..* Wenpy SerrerueLD, M.S.." Davip Braciman, M.D..?
Ervin B. PopGorsak. PH.D..* Maria WerNer-Wasik, M.D..* Rosert Lustic, M.D
CHrisToPHER J. ScHurtz, M.D..¥ WiLtiam Sause, M.D.." Paur OkuNierr, M.D. . **
Jax Buckner, M.D..'"" Lucia Zavorano. M.D_.** Mivesu P. Meuta, M.D_ ¥ anp
WALTER J. CUurran. Jr.. M.D?

GTV or CTV < 40mm

100 =
. LM 15240y (SRS)+ 60 Gy (EBRD
N \ - == SRS*RT 89 13.5 months . .
z o *\ p value 0.57 Cor}clusmns: Stereotactic
N \ radiosurgery followed by
g N EBRT and BCNU does not
2 “‘%:-;‘i_m_w - improve the outcome in
o - patients with GBM nor does
= o W % it change the general quality
Months of life or cognitive
functioning.

( T ‘I I l La Radioterapia Stereotassica ablativa: High and Low Grade Glioma 01/07/14 19
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FSRT + EBRT
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Bullet Points

**SRS in Low Grade Gliomas
= at the diagnosis
= at recurrence

**High Grade Gliomas

= at the diagnosis: SRS
FSRT
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Survival Benefit

Stereotactic radhosurgery for ghloblastoma multforme: report of & prospective study evakuating prognosic factors
ANG SR ZING K Aerm SUrvival ddvantade

Survival benefit of stereotactic radiosurgery for patients with malignant glial neoplasms.

Treatment of patents with primary globlastoma multdorme with standard postoperative radiotherapy and
radiosurgical boost: prognostic factors and long-term outcome

( TCHe | | | La Radioterapia Stereotassica ablativa: High and Low Grade Glioma
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Survival Benefit No Survival Advantage

Stereotactic radhosurgery for glloblastoma multforme: report of a prospective shudy evakuating prognossc factors
And analyzing Kagderm survival advantage

L3

- Al Bl Bl 4682 A e ARAAIMAAAL 4R
1 J Radiat Oncol 8ol Phys 1985 Apr 30,32(1):205-10

Linac radiosurgery for high-grade gliomas: the University of Florida experience.

Buati MM’ Frieaman WA Bova FJ Mendenhall Wi

Gamma knife for glioma: selection factors and survival

vl . » - e M ¥ -

: L - o Mk L : aild SADN LT RS

r AR I . R St E 1 ¢ Y M RFE M |
o - > - - : ’

Treatment of patents with primary globlastoma multforme with standard postoperative radiotherapy and
radiosurgical boost: prognostic factors and long-term outcome

Survival benefit of stereotactic radiosurgery for patients w

vy |

(D |
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Fractionated stereotactic radiotherapy boost after post-operative
radiotherapy in patients with high-grade gliomas

Brigitta G. Baumert™*, Johannes Lutterbach®, René Bernays®, =At the diagnosis
J. Bernard Davis®, Frank L. Heppner® sFSRT

*Radiation-Oncology, University Hospital Zurich, Zarich, Switzerland
’Abuihmg Strahlenheilhunde, Radiologische Universitaetsklinid, Freiburg, Gennany
“Deparomens of Neurosusgery, University Hospital Zurich, Zurich, Swirzerland
Unstinute of Newro-Pathology, Department of Pathology, University Hospital Zurich, Zurich, Switzeriand

Received 22 2002; received in revised form 04 October 2002; accepted 01 November 2002

Radiotherapy and Oncology 67 (2003) 183-190

EBRT: 60 Gy Boost FSRT- 20 Gy

MATAAD) 44+
=
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Fractionated stereotactic radiotherapy boost after post-operative

radiotherapy in patients with high-grade gliomas

Brigitta G. Baumert™*, Johannes Lutterbach®, René Bernays®,
J. Bernard Davis®, Frank L. Heppner®

*Radiation-Oncology, Univerxity Hospital Zurich, Zarich, Switzerland
°Abldhmg Strahlenheihunde, Radiologis he Universitaetsklinid, Freiburg, Gennany
“Deparmmens of Neurosusgery, University Hospiral Zurich, Zurich, Swirzerkand
Unstinute of Newro-Pathology, Department of Pathology, University Hospital Zurich, Zurich, Swirzerland
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Fig. 1, Actuanial overall survival of all patients with mabgnamt ghomas Fig. 2. Progression-free survival of all patents with malignant gliomas
(anaplastic astrocytoma, n = 2 and glioblastoma multiforme, n = 15). (snaplastic astrocytoma, n = 2 andl ghoblastoma multsforme, n = 15).
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Conclusions: A fractionated stereotactic boost after standard external beam
radiotherapy in selected patients with high-grade glioma is feasible and well
tolerated with low toxicity.

Compared to historical data survival is significantly better with an additional SRT
boost.

However, its effectiveness has to be proven in a randomized trial.
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A PHASE I TRIAL OF ACCELERATED RADIOTHERAPY USING WEEKLY
STEREOTACTIC CONFORMAL BOOST FOR SUPRATENTORIAL
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=At the diagnosis
*FSRT

CTV < 60mm
50 Gy (EBRT) +
20/28 Gy (FSRT) a 5/7 Gy/die

Conclusions: This first, multi-
institutional FSRT boost trial for
GBM was feasible and well
tolerated. There is no significant
survival benefit using this dose-
intense RT regimen. Subset
analysis revealed a trend toward
improved outcome for GTR
patients suggesting that patients
with minimal disease burden
may benefit from this form of
accelerated RT.
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Single-Arm Phase Il Study of Conformal Radiation
Therapy and Temozolomide plus Fractionated
Stereotactic Conformal Boost in High-Grade Gliomas

Final Report =At the diagnosis

Mario Balduccl', Gluseppina Apicella“?, Stefania Manfrida', Annunziato Mangilola?, Alba Fiorentino', sFSRT
Luig! Azarlo*, Gluseppe Roberto D'Agostino', Vincenzo Frascino', Nicola Dinapoll’, Glovanna Mantinl’,
Alessio Albanese?, P{squale de Bonls?, Slivia Chlesa’, Vincenzo Valentinl', Carmelo Anile?, Numa Cellin/'

FSCRT CTV < 60o0mm

?‘(\ a1 .IIIII 111 IILI“IlIl IILIHI HU 50 Gy (EBRT) + 19 Gy (FSRT) a
TEMOZOLOMIDE FSCRT TEMOZOLOMIDE .
—— 10200 mg/m' 9ocGy/die conc + 250 cGy seq
B FSCRT
o [T DI FELE T T T St ~ 6omm <CTV<8omm
= T 59,4 Gy (EBRT) + 10 Gy (FSRT)
b —— a 250 cGy/die seq
10 I 1 1 1 1.0 }—‘IL‘ ! | 1 1
08 -LLLL - 08 |- W —
Ldel 21 PES:iomts | | L, OS:28mis Conclusions: FSCRT boost plus
é‘ A_Ll § Ln_l temozolomide is well tolerated and
T 04l 4 3 oal B . .
" : - seems to increase survival
01t ly 4 o2 - compared to the standard
0.0 1 1 1 A 1 0.0 1 L 1 | | treatment
0 10 20 30 40 50 &0 0 10 0 30 40 50 80 . . .
a Months b Months in patients with HGG.
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CLINICAL INVESTIGATION . 1 Rodution Oncoiogy Bk, Py Vel 77,80, L8 9297310 Brain

A PHASE 1 DOSE-ESCALATION STUDY (ISIDE-BT-1) OF ACCELERATED IMRT WITH
TEMOZOLOMIDE IN PATIENTS WITH GLIOBLASTONMA
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Accelerated intensity-modulated radiotherapy plus temozolomide
in patients with glioblastoma: a phase 1 dose-escalation study
(ISIDE-BT-1)

Mariangela Massaccesi - Marica Ferro - Savino Cilla «
Mario Balduca -« Francesco Deodato « Gabriella Macchia -

Vincenzo Valentini « Alessio G. Morganti _
Int J Clin Oncod
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' «Studio di fase I
- GBM RPA lll e IV: SIB GBM, Silvia Scoccianti (67,5 a 450 cGy/die)
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NL'.M'(IA‘.
Compedhens NCCN Guidelines Version 1.2014
B ... Anaplastic Gliomas/Glioblastoma?

PATHOLOGY ADJUVANT TREATMENT

Fractionated external beam RT)

* concurrent and adjuvant temaozolomide,
for age « Y0y (category 1)'22

or

Fractionated external beam RT!

* concurrent and adjuvant temazolomide
for age » 70 y'»
or

status (KPS -60) Fractionated oxternal beam RT!

{hypofractionated) (category 1)
forage»T0y
or

t carmustine metryl A n-o'un.,
(BCNU) wafer™ matrylation positive)

respectively. Another trial of 118 patients also found a benefit in median
survival with radiation following surgery compared to no RT (10.8 vs.
5.2 months).** The typical dose is 60 Gy in 1.8 to 2.0 Gy fractions. Use
of hypofractionated courses of radiation (total 40-50 Gy) has been
shown to be efficacious in older patients with glioblastoma.”*' Studies
including a radiosurgery boost or brachytherapy boost to conventional
RT did not show a survival benefit.***
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Summary

| Primay | Recurrent/Re-irradiation

Low Grade Glioma SRS has not been effective treatment
established to have arole  option with good results
in the management of low and few
grade glioma complications.
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Bullet Points

**SRT in Low Grade Gliomas
= at the diagnosis
= at recurrence

**High Grade Gliomas
= at the diagnosis: SRT
FSRT

= at recurrence
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National

g Comprehensive NCCN Guidelines Version 1.2014
NCCN Ko

Neracal? Anaplastic Gliomas/Glioblastoma?

RECURRENCE"

There is a lack of prospective data for re-irradiating recurrent gliomas.
Based on retrospective patient series, repeat RT using modemn high-

precision techniques such_as fractionated stereotactic RT may be a Ret USpECtI Ve

palliative option for select patients with good PS and small recurrent
tumors. =&

RE-IRRADIATION

Gremelli
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CLINICAL INVESTIGATION fnt. ] Radiation Oncology Biol Phys. Vol 47, No 2, 5p. 291-298, 2000 Brain

SINGLE DOSE RADIOSURGICAL TREATMENT OF RECURRENT
PREVIOUSLY IRRADIATED PRIMARY BRAIN TUMORS AND BRAIN
METASTASES: FINAL REPORT OF RTOG PROTOCOL 90-05

EDWARD SHAW. M.D..* CHARLES ScorT. Pu.D.." Luis Sountami. M.D..# RoBerT Dmnvarors. M.D..2
RoOBERT KLINE. PH.D.." Jay LoerrLer. M.D..T AND NaNcy FAarnan, B.S.T
*Department of Radiation Oncology, Wake Forest University School of Medicine, Winston Salem, NC, "Radiation Therapy Oncology

Group, Pluladelplia, PA; *Department of Radiation Oncology, McGall University, Montreal, Quebec, Canada; *Department of
Neurology and "Division of Radiation Oncology, Mayo Climic, Rochester. MN; and " Joint Center for Radiation Therapy. Boston, MA

A
12 Gy + 3Gy
‘ | Grade
15 Gy 3-4-5 tox
18 Gy y 1 31-40mm <20%
1 21-30mm
<2mm
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18 Gy ‘. 4
24 Gy 4 l| 12 Gy + 3Gy
' ‘ | Grade
“ 15 Gy 1-40mm 3-4-5 tox
18 Gy ‘ | <20%
1 21-30mm
<2mm
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BMC Cancer il
Review

Radiotherapeutic alternatives for previously irradiated recurrent
gliomas
Stephanie E Combs*, Jirgen Debus and Daniela Schulz-Ertner

=At recurrence
sSRS-FSRT-H-FSRT

Table |: Series of patients with recurrent gliomas treated with sterestacec

Author Pt Number Histology Meodian Dose  Tumorsize (mi;  Median survival  Rate of Severe
(Gy) median) (months) Toxsicy
Recperation
rate (%)
Chamberkain ez o, 1994 20 SGBM 10AA S 134 7 ]
other
Cho et al, 1999 46 17 GBMYI9 AA 7 | " ns
Combs ecal, 2005 ” G 5 | 10 .
il et al, 1995 5 26 GBM. 9 AA 20 r 8 us
Kondaoka e o, 199 Ph ) Al 154 o n b3 1Y
Kondzola e al, 1957 9 GBM IS &5 3 19%
Shrieve et ¥ 1995 8 GEM 13 101 102 ns
Table 2: Series of patients with recurrent gliomas treated with fractionated stereotactic ndbodn'
Author Pt. Number Histelogy  Tumor size Meodian Modian Fraction Median Rate of Severe
(ml; median) Dose (Gy) Size (Gy) wirvival (monthn)  Toxiticy/ tion
rate (%)
Cho ecal, 1999 1500 GBM (AA) 74 s 5 1" 2%
Combs et al, 2005 n LGG 453 3% 2 " .
Comis et al, 2005 Q AA 36 2 S0
Combs et 3l 2005 b GEM 3 2 2
Table 3: Series of patients with recurrent gliomas treated with hypofractionated stereotactic uMouy‘(H-‘”T).’
Author Pr. Number Histology Tumaor sze Median Medan Fraction mvluo of Severe
(ml; median) Do (Gy) Size (Gy) sorvival (montha) Tumm:;-m
rate
Erven-Soacken o al, 2006 15 GaM na4 ¥ ? . o
Hodes et o 1999 194 GEM (AA) 124 xn k] s o
Laing ez ol 1953 2 GaM - 3050 (range) 54 (rarge) . -
Salch et 3, 2000 1500 GIM (AALGG) n 1Y &4 (range) o o
Shapherd et i 1997 »a GRMAA LGG) “ 20-50 (range) s 1 (GRMAA) ux
Vordermark ot ol , 2006 0w Horlk 15 » 5 115 Pl e
Vordermark ot ol 2006 L1L)] v 3 » 5 T4
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BMC Cancer ot

. r rren
Review o At recurrence
Radiotherapeutic alternatives for previously irradiated recurrent " SRS
gliomas

Stephanie E Combs®, Jiirgen Debus and Daniela Schulz-Ertner

Table |: Series of patients with recurrent gliomas treated with stercotacte radiosurgery

Author Pt. Number Histology Median Dose  Tumor size (ml; Median survival  Rate of Severe
(Gy) median) (months) Toxiticy/
Reoperation
rate (%)
_—
Chamberfain et al, 1994 20 5 GBM, I0AA, 5 134 17 8 -
other
Cho et al., 1999 46 27 GBM/19 AA 17 10 I 22%
Combs et al., 2005 32 GBM ' 10 -
Hall et al,, 1995 35 26 GBM, 9 AA "!:’ ‘Q:' 8 31%
Kondziolka et al., 1997 23 AA ) : 31 23%
Kondziolka et al., 1997 19 GBM 15 6.5 30 19%
Shrieve etal., 1995 86 GBM 13 10.1 10.2 22%
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=At recurrence
Review m
Radiotherapeutic alternatives for previously irradiated recurrent " FSRT'H'FSRT
gliomas

Stephanie E Combs*, Jirgen Debus and Daniela Schulz-Ertner

Table 2: Series of patients with recurrent gliomas treated with fractionated stereotactic radiotherap

Author Pt. Number Histology  Tumor size Median Median Fraction Median Rate of Severe
(ml; median) Dose (Gy) Size (Gy) survival (months)  Toxiticy/Reoperation
rate (%)
Cho et al, 1999 15(10) GBM (AA) 74 375 25 I
Combs et al, 2005 71 LGG 493 36 2 i
Combs et al, 2005 42 AA 36 2 50
Combs et al, 2005 59 GBM 36 2 21

Table 3: Series of patients with recurrent gliomas treated with hypofractionated stereotactic radiotherapy .

Author Pt. Number Histology Tumor size Median Median Fraction Median Rate of Severe
(ml; median)  Dose (Gy) Size (Gy) survival (months) Toxiticy/Reoperation
rate (%)
Pr—
Ernse-Stecken et al., 2006 15 GBM 2.4 15 7 . 0%
Hudes et al,, 1999 19(1) GBM (AA) 12,6 30 3 105 0%
Laing et al,, 1993 2 GBM - 30-50 (range) 5-6 (range) - -
Selch et al., 2000 15(3;3) GBM (AA/LGG) 12 25 46 (range) 67 0%
Shepherd et al., 1997 29 (7) GBM/AA (LGG) 24 20-50 (range) 5 1l (GBM/AA) 36%
Vordermark et al, 2005 10(19) Il or 11 I5 30 5 135 26%
Vordermark et al, 2005 9(19) v I5 30 5 74
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Hy pofractionated stereotactic radiotherapy and continuous ‘
low-dose temozolomide in patients with recurrent or progressive = At recurrence

malignant gliomas AOCNC =SRS-FSRT-H-FSRT

Gluseppe Minnid - Claodia Scaringl - Vitaliana De Sanctls - Gactano Lanzetta -
Teresa Fakoo « Domenica IE Stefano « Vincenzo espasito « Riccardo Maurizi Enric

J Nowrooacol (2015 111157194

Table 4 Main published series on stereotactic rerradigtion plus chemotherspy far recurrent malignant gliomas

Auwthors Patents Treamnent Radiation dose (Gy) Chemotherspy Interval Volime KPS Median PFS  Median OS (months) Radiation necrosis
{em™ (months)

Lederman et al. [33] 18 HSRT REFEN B Pachitaxel 78 327 70 NR 7 (17 % at 12 months) 0%

Arcicasa et al [34) il FSRT M.523 1r Concomutant/adjuvant CONU 14 NR 70 NR 13.7 (53 % at 12 montls) O %

Minniti et al. [27) i6 HSRT 31.5415 fr Concomutant TMZ 14 131 70 5 94(33% & 12 months) 8§ %

Combs et al. [25) 25+ FSRT L R Concomitant TMZ i6 NR 70 5 8 (25 % at 12 months)

Grosu et al. [24) 44+ HSRT ANG fr Conconutant TMZ (29 pts) NR 15 NR NR 11 (HSRT + T™MZ) 7%
HSRT alone (15 pts) 6 (HSRT alone)

Gutin et al. [26) 25+ HSRT ANS Ir BVZ 15 34 80 7.3 125 (54 % at 12 months) O %

Cuneo et al. [258] 49+ SRS 15 BVZ (33 pts) 21 45 80 5.2 119 (50 % at 12 montls) 10 %
SRS alone (16 pts) 21 39 (2 % & 12 months)

Park et al. [30) 11 SRS 16 BVZ 17.2 13.6 90 149 17973 % at 12 montls) 9%

Niyazi et al. [29) 30 FSRT R It BVZ (20 p1s) NR NR 80 8 12°(67 % & 12 months) 0%
FSRT alone (10 pts) 5 6* (0 % & 12 months)

Current study 54+ HSRT WS Ir Concomutant/adjuvant TMZ 155 98 80 6 124 (54 % at 12 months) 7 %

HSRT hypofractonated stereotactic radiatherspy, FSRT fractionated sereotactic radiotherapy, SKS siereotactc radiosurgery, OF overall survival, PFS progression-free survival, KPS Kamofiky
performance statws, TMZ temozolomade, 8VZ bevaczumab, NR nat reported

* Seres mehde gade 3 and grade 4 ghomas; ** Planning treatment volume
* Mean
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SAFETY AND EFFICACY OF STEREOTACTIC
RADIOSURGERYAND ADJUVANT BEVACIZUMARB IN PATIENTS
WITH RECURRENT MALIGNANT GLIOMAS

David A. Reardon, M.D.7#, Annick Desjardins, M.D.T3, Katherine B. Peters, M.D., Ph.D.7 ¥,
Henry S. Friedman, M.D.T3, Christopher G. Willett, M.D.", and John P. Kirkpatrick, M.D.,
Ph.D."*

"‘Department of Radiation Oncology, Duke University Medical Center, Durham, NC

/?ef/"o
Kyle C. Cuneo, M.D.", James J. Vredenburgh, M.D."? John H. Sampson, M.D., Ph.D.T+, S,Oe )
C[‘/l/e

TDepartment of Surgery, Duke University Medical Center, Durham, NC
Department of Preston Robert Tisch Brain Tumor Center, Duke University Medical Center,

Durham, NC
A B
1.0 T—— - 0T
@0 £ Mk sie (+) Bevacizumab ® o004 7 -~ (+) Bevacizumab
% 094 ;. ) —- (3 Bevacizumsd > ; 2, (-) Bevacizumab
g 081 7 N € o8 ' ey
© 07+ ’, ';l p=0005 o 0.7 ’/ a /',_ p=0.014
= ’ —t—y © : A
= 067 oL o © 06- ~ A
s ' 17 e 05 ;. = |
- 0.5+ 7 - H
s [ — F SRR lm—
g 0.4+ > L2 04 ’ s A
2 0.3 § 0.3 g
[ ” - P . e
0. Jd -~
5 2 8 0.2 Pt —
- - 1 »
5 0.1 & 0
00 t+——T T T T T 0.0t+——7—v—7——7——7 7T
0 2 4 6 8 10 12 0 2 4 6 8 10 12
No. at risk Time (months) No. at risk Time (months)
+BVZ 3 3 23 19 16 1" 10 +BVZ 33 30 1% 12 10
imian B o i 2 : . ‘ ‘ -BVZ 16 8 ¢ 6 5 3

_ Int J Radat Oncol Biol Phys 2012 Apnl 1; 82(5): 2018-2024
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SAFETY AND EFFICACY OF STEREOTACTIC
RADIOSURGERYAND ADJUVANT BEVACIZUMARB IN PATIENTS
WITH RECURRENT MALIGNANT GLIOMAS

David A. Reardon, M.D.7%, Annick Desjardins, M.D.T3 Katherine B. Peters, M.D., Ph.D.7 ¥,
Henry S. Friedman, M.D.T3 Christopher G. Willett, M.D.", and John P. Kirkpatrick, M.D.,
Ph.D."*

"‘Department of Radiation Oncology, Duke University Medical Center, Durham, NC

,?ef/"o
Kyle C. Cuneo, M.D.", James J. Vredenburgh, M.D.7* John H. Sampson, M.D., Ph.D.T+, S,O@ )
C[‘/l/e

TDepartment of Surgery, Duke University Medical Center, Durham, NC

tDepartment of Preston Robert Tisch Brain Tumor Center, Duke University Medical Center,
Durham, NC

A o Conclusions: The combination of

2 oo, Scece - e salvage radiosurgery and

g ] Vi L - bevacizumab to treat recurrent

= 064  h- T k4 malignant gliomas is well tolerated

2 ! - & . .

ol , and seems to be associated with

D 03 - improved outcomes.

g ol Prospective multiinstitutional studies
0.0 +——T—"— ——T——T are required to determine efficacy and

0 2 4 6 8 10 12 ..

No. at risk Time (months) long'term toxicity

+ BVZ 3 R Y ) 23 19 16 " 10 : :

o e S i SR B S with this approach.

Int J Radsar Oncol Biol Phys. 2012 Apnl 1; 82(5): 2018-2024
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Concurrent Stereotactic Radiosurgery and Bevacizumab
in Recurrent Malignant Gliomas: A Prospective Trial

Alvin R. Cabrera, MD,*"* Kyle C. Cuneo, MD,*"* Annick Desjardins, MD,’

John H. Sampson, MD, PhD,*' Frances McSherry, MA,” James E. Herndon II, PhD,’

Katherine B. Peters, MD, PhD,’ Karen Allen, ANP,* Jenny K. Hoang, MBBS

Zheng Chang, PhD,* Oana Craciunescu, PhD,* James J. Vredenburgh, MD,’ fOS

Henry S. Friedman, MD," and John P. Kirkpatrick, MD, PhD*’ 'O@of/l/
e

*Departments of Radiation Oncology, 'Surgery, 'Biostatistics and Bioinformatics, and 'Radiology, Duke University,
Durham, North Carolina; and 'Department of Radiation Oncology, University of Michigan, Ann Arbor, Michigan

Conclusions: Treatment of recurrent MG with
concurrent SRS and BVZ was not associated
with excessive toxicity in this prospective trial.
A randomized trial of concurrent SRS/BVZ
versus conventional salvage therapy is needed
to establish the efficacy of this approach
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linicalTrials.gov

he |

Find Studies About Clinical Studies Submit Stucies Rescurces

Radiosurgery and Avastin for Recurrent Malignant Gliomas

This study has been completed ClinicalTrials gov Mentifiar
NCTO1017250

Sponsor

Duke Urrversty 2004

Collaborator

sneniec!

Information provided by (Responsidtée Party)
uns ars

Full Text View Tabular View Study Resuls

Study Type pterventiona
Study Design:  Endport Classfication Sately Study  Imervenbon Mode
Condition Natgnant Ghoma
Adahoe tact ] o
Interventions
Beva 4]

CTV < 2.0cm: 24 Gy in 1 fraction
CTV 2.0-2.9cm: 18 Gy in 1 faction
CTV 3.0-4.9cm 25 Gy in 5Gy/fractions

"NCT0101725

S O.-.-._. _.

About This Snte

Bevacizumab (Avastin) 10 mg/kg given the day before SRS and 2 weeks after SRS

The primary endpoint: proportion of patients who experience CNS toxicity,
Secondary endpoints: PFS, OS, radionecrosisi, QoL, Response, KPS

CGremelli
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Take home message

Low Grade Glioma SRS has not been

established to have a
role in the management
of low grade glioma

High Grade Glioma SRS or FSRT followed

Cremelli

by EBRT does not
improve the outcome in
patients nor does it
change the general
quality of life or
cognitive functioning

La Radioterapia Stereotassica ablativa: High and Low Grade Glioma

effective treatment
option with good results
and few
complications.

Stereotactic ablative
radiotherapy is feasible
and safe in selected
patients according to
size, site and KPS
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