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Re-irradiation is being considered increasingly for recurrent

small tumours [IV, C], although there is considerable doubt
about its benefit and the literature lacks prospective and com-

parative trials [62, 63]. The few limited size case series do not
allow tor any conclusion.




Recurrent high grade gliomas: role of RT
Introduction

Malignant gliomas relapse in up to 90% of cases in close proximity to
the resection site or the initially irradiated volume

The high recurrence rate of approximately 100% is caused by the
infiltrative growth characteristics of this tumor type, with unrelenting
spread throughout the normal brain

The tolerance dose of the healthy brain tissue is the limiting factor of
the reirradiation dose that can be applied with an ucceptable late
morbility profile

Recovery capacity (= size of the reirradiation dose) depends on:
Treatment volume
Initial BED (size of initial dose)
Time interval between the initial exposure and reirradiation



Recurrent high grade gliomas: role of RT
Introduction

No experimental data available on reirradiation tolerance of the brain

A standard protocol for reirradiation of brain tumors does not exist

A large variety of irradiation treatment schemes is used with regard to total
dose, size, and number of fractions. In most clinical reports, the physical
radiation doses of both the initial and repeated radiation treatment are given.

BED (a/B ratio of 2 Gy for the low repair capacity of the normal brain)

Irreversible late radiation toxicity = clinically or histopatologically proved brain
necrosis



Recurrent high grade gliomas: role of RT
Introduction

Time interval is less important than the total dose (a correlation between the
time interval between the initial and reirradiation course and the incidence of
radionecrosis was not found)

No data relative to QoL

Since PFS is often difficult to determine due to the intricate patterns of imaging
after radiation including edema or post-radiotherapy contrast-enhancement, as
well as potential other treatment-related differences in imaging, survival after
re-irradiation was chosen as a “ hard endpoint ” correlating with treatment
efficacy

The number of beams and the time interval between their application as well
as the protracted treatment time may influence the effectiveness of treatment.
No incomplete repair correction for loss of biologic effect could be made for
those data.
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Fig. 3. The normalized total dose (INTD, i) 85 a function of

the time interval between the initial treatment and reirradiation in pa-
tients who underwent rerradiation with SRS. Open circles mdicate
that none of the patients in the study showed brain necrosis; open
tnangles indictates patient(s) with mdionecrosis in the study.
Symbol size represents the number of patients in the study. Small
symbols mdicate <25 patients, medium symbaols 26 to 50 patents,
and large symbols =50 patients.
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The shortest time interval between the first
and reirradiation of the CNS in the present
overview was 3 months

Despite this short time interval, even at the
maximum BED cumulative of 210 Gy, no tissue
necrosis was observed, but in other reports
necrosis was found at lower BED cumulative
and longer time interval

For the CNS, the time interval is less important than the total dose
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Recurrent high grade gliomas: role of RT
Issues

Selection of patients
Dose/Fractionation scheme
Treatment Volumes
Radiotherapy techniques

Association with chemotherapy



Generation and validation of a prognostic score to predict outcome
after re-irradiation of recurrent glioma

STEPHANIE E. COMBSl__? LUTZ EDLER?, RENATE RAUSCH?, THOMAS WELZEL!,
WOLFGANG WICK? & JURGEN DEBUS!

Some “ subgroups of patients ” benefit from this treatment more than others

A patient cohort: 233 patients with recurrent gliomas (38% GBL) treated between 1990
and 2010 with FSRT in a single institution

The median PTV was 47 ml (range 3 — 758 ml)

Re-irradiation was performed as FSRT with a median dose of 36 Gy in 2 Gy daily single
fractions, 5 fractions per week, delivered by a 6 MV linear accelerator
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Table II. Factors identified as signficiantlv influencing survival
after re-irradiation used for the generation of the prognostc
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Clinical data on brain reirradiation by conventional radiotherapy:
Physical dose, survival and toxicity

Série Année  Mombre de Dose dirradiation Délai médian Dose médiane Volume cible de Dose cumulés Mediane de Meédiane de Complications
malades/type encéphalique en entre les deux réirradiation/dose par réirradiation BED: [49] survie sans survie
tumoral totalité antérieur/dose | irradiations fraction/BED: [49] progression globalejtaux de
par fraction/BED, |49] (mois) suUrvie 3 um an
Bauman et 1996 34 S4-T2 Gy 1-1,8GyNC | 4-100 18-T4 Gy 1-3 Gynon Irradiation encéphaligue Mon calculée 3.3 mois 8.3 mois Déclin cognitif:
al. |&] Gliome de haut calculée en totalité ; 15 patients 2 patients
grade: 10 Radionécrose :
Gliome de bas 3 patients
grade: 7
Autres: 17
Kim et al. 1997 | 504Gy 1.BGy1129Cy | 38 (3-234) 6 Gy 1.8 Gy 684Gy Prise de contraste 181,3Gy Mon précisée 9 mois Radionécrose :
[38] Glioblastome gadolinium [RM + 5 mm 26% 1 patient
multiforme : 7
Astrocytome
anaplasigue-gliome
de bas grade: 13
Hayat et al. 1997 21 45 Gy/2,25 Gy/95,6Cy 31 (3-100) I0GY 256Gy 67 4Gy Gliome de bas grade : 163,1Gy Mon précisée 22 mois Traiterment par
[34] Gliome de bas +lomustine prise de contraste gliome de bas corticoides
grade: 10 scanographie + 1-2 cm grade : 26 mois prolongé
Gliome de haut Gliome de hawt grade Gliome de haut
grade: 11 edéme+ 1 cm grade : 13 mois
Arcicasa et 1999 24 &0 Gy 2 Gy 120Gy 14 34.5Gy/1,5Gy/e0 40y  Prisede 1804 Gy 8.5 mois 13,7 mois Mon précisées
al. |5] Gliome de haut + lomustine contraste + edéme + 2 cm
grade : 24 scanographie ouw IRM
MNiederetal. 1999 32 LESGy 113Gy = 2par 20 455Gy 1.3 Gy = 2 par Tumeur + edéme 171.6Gy S mois 8.5 mois Radionécrose :
[50] Glioblastome jourf96,5 Gy (2-120) jourf75,1 Gy 17536y 0% 3 patients
multiforme: 21 450Gy 1,.5Gy = 2 par histologiguement
Astrocytome jourfTE8 Gy. PTOUVE
anaplasigque-autres ; 2 patients
11
Veninga et 2001 39 B0 G2 Gy 1099 328 46 Gyl 2 Gy/02 Gy Prise de 197,5Gy 8.6 mois 10,9 maois Radionécrose :
al. |78] Astrocytome contraste + edéme + 1 cm 1 patient
anaplasigue - 29 scanographie ou IRM
Oligodendrogliome: 50 Gy/2 Gy 103,68 Gy 546 203,86y Traiternent par
10 corticoides
prolonge :

1 patient




Clinical data on brain reirradiation by FSRT: survival, and toxicity

Série Année Nombre de Age {ans) Indice de Glichlastome!  Dose antérieure  Imtervalle Diamétre Survie Survie sans récidive  Facteurs pronostiques  Complications :
patients {min-max) Karmnodsky Antrest médians traidemend Volume médian  médiane (meois)  mefdiame (mois) nombre de
meédiam & [ rmiin-max] initiale RCS {om/em®) lanf2ans 1 anj2 ans patients
{min-max] {mpis) {rmin- max) [mim—max] {min-max]
Laing et al [42] 1= n 34(14-56] TO{S0- 1000 12T 55 (40 &) 20{3-B1) S5(1A-TY25 5,8 mois - - Détérioration - 10
{1-93)
Class et al. [I7 ] 15a7 H 44{c5-T77) o 1317 - B J142-122) 13,7 mais - - Radionécrose: 3
Shepherd et al. 15a7 n 37 {19-55) BO (V] 55 (45— &0) 0{5-174) S{2-TW24 10,7 mais - - Corticothérapie
| (3-93) prolongée - 1;
Radionécross: 31;
Réopération: 2
Lederman et al. 159E2000 ER 56(21-82) TO{S0- 100y 140 =i 78 -A3(15-150) 7 mois - GV Radionécrose: 7 ;
[46.47] ITH34% REopération: 11
Hudesetal [36] 1999 i) NF BO{B0- 100} 14911 B0 (44— T2} 3{07 -45) 13 (1-47) 10,5 mais - Dose, GTV Corticothérapie
prolongée - 1
Choetal [13] 1558 p=3 53 {25-T75) B0 (40 - BN 1515 8.4 19 25 (4- 115) 12 mois - Grade, indice de Corticothérapie
[48- 53} SOE- Karnofsky prolongée - 41 %
Radionécrose: 1 ;
Réopération: 1
Selch et al. [54] 00 | 54 {14-72) BO {50 - B} 1457 =1 q I5(1-4BVI1Z Emois 4 mois Grade -
(45-33.7) 155/
Voynow =t al. [BD] N2 12 48 (33 - B5) BO{e0- 1000 46 57 182 - 200} 347 (43-75 10,1 mais - - Réopération: 2
(35-E21} SDEE3X
Combs et [15] M35 172 43 {3_T5H 5Oig2 =1 IIF-1MEE 402 5-EIEF 1Emois(1-09F Emaois{]- 096 Crade -
54{18- 76" DE-7T1P Bmaiz(1-105)  5mais (1 _nP
-
Vordermark et al. 3005 19 S0{11-74) O {50 - B0 aro (45- 61} 15{I- 118} S5 (4- T0) 53 mois 4.0 rmuniis Crade REopération: 5
[ (1.8-77 k) 13-373)
BT
Grosmsetal [29] 2005 L] S {3E-T5] BO{40- 1000 33711 B0 (42— 70} 1E{4-7) (D5 45H15 Bmais (5 100 - SFECTIcanographie -
{1-E1) TIEM, chimiothérapie
Wurmet al. [82] 2005 p=3 46 {11-EE) BO{S0- 100} 2005 S4.4-&0 - - 14,5 mais 10,5 mais - -
3-564) (1447 E)
Kohshi et 2l [39] 2007 5 46 (14- Bl TS040- 1000 100014 B0 (50— T2} - BT {17 -158) T1lmois(d4- 120 — - -
19 mois (- I8P
Ermest-Stecken =t 2007 15 49 (3] - E5) BO{e0- 1000 1043 57 (4560 100247} -57(0B-22) B5%/- 15 mais Grade -
al. [24] S3E-
Schrever et al. [B3] 2008 15 47 (23 - E5) 70 {50~ 50 1114 = [ s e ) 12{3-57) 413 (E-150° 10mois (2- 29). T maois (2- 24 - -
AR
Fokas etal [25] 2009 03 BIm-TI) < TOE- 34 530 54 (38,5- B4) - 35 (3- 20d) Bmois 12 mais indice de Kamofsky ~ REopération: 0
=TOE:-19 B1g45T AESIDE
Patel et al. [E1] ME 1a 44 (28 - &) O {70 - &0 1060 50— 50 144 51,1 7.5 mois - Répandewrs -
3,7-312) [1E1-1233)
Gt ef al. [31] mmE p=3 56 (30 - BO) BO{70- 100 2005 15{2- 182) -4 (2-&81) 12,5 maois 7.5 mois - -

Shd
[54- 512}




Clinical data on brain reirradiation by FSRT: Physical dose, biologically effective dose
(BED), normalized total dose in 2-Gy fractions (NTD), survival, and toxicity

First course Retradiation
Interval Volume  Cumulative
Dase (Gy) BED: (Gy)  (ma) Dose (Gy) BED; (Gy)  (ex) BED, (Gy) NTD(Gy) Survival (mao) Tomicity
Authors (Refersnce) nfGrade Median Acute Late
Shepherd er al. (21) 29 AA 55 1.3 29 35 122.5 24 226.8 1134 11 Not severs 125 “Clinical ™ necrosis
Diwe escalation 4 ADVEp 5% 6% Necrosis
ILG
Choet al. (22) 15 GM 1] 114 19 ET] 4.4 25 198.4 99.2 12 B 1 Clinical necmosis
10 grade W1 1.8 5% Mo pathologic necrosis
Hudes er al. (23) 19 GM i 114 3 24, 30, 35 06.3 max 13 2103 max 105.2 10.5 Not severe No nedosis
Diose escalation 1 AA 335
Lederman er al. (24) B8 GM 60 114 6.3 24 96 23 210 105 7 Nt severe B% Necrosis
1.8 6’ 9.4 (+Chemao) 2% Mixed tum/neaosis
+ Paclitaxel
Vovnow ef al. (25) 5GM 59.9 ~ 114 6.3 30 105 x7 219 109.5 10.1 Not reported 105 Necrosis
5AA 1.8-2 5% 1086 Mixed tum/necrosis
4085 “Clinical™ necrosis
Grosu er al. (26) 35 GM &0 114150 16 30 105 18 210255 109.5-127.5 [ Mot severs 13% Mized tumor/
DAL 1.8-3 5% 11 (+Chemao) TRSCTOSLS
(+TMZ n = 29)
Combs et al. (27) 63 LG i 120 50 36 72 44 192 96 23 Not severe Not seven
2 2%
Combs er al. (28) 40 A8 594 115.8 345 36 72 56.2 190.8 954 16 Not severe  Not sevens
2 2%
Combs e al. (29) 53 0M 57 114 10 3= 72 49 186 94 8 Not severe  Not sevens
2 2%
Vordermark er al. (30) 14 GM 54-61 [1.8-2 (63%) 114 19 30 105 15ml 200.6-220  1038-114.5 79 Mot severe 5% mixed tumnecrosis
5AA 4503 (11%) 112.5 5 154
54118 baid (26%) 102.6
Emnst-Stecken eral. (31) 11 GM 51.75 ~115 10 35 122.5 224 2375 1188 12 Mot severe  No neoosis
4 AN 1.8-27 5
Kohshi er al. (12) 11 GM 1] 120 13 228 & 523 87 1723 86.2 11 Not reported  28% necrosis
14 AA 2 + HBO 19
Laing er al. (32) 12 GM 55 ~110 20 2045/5= 70 25 180-2677 901339 11 Mot severe 1 =5 Neumlogic
(n=2) detoriation
Diwe escalation TAA 1.8-2 157.5 4 Mo surgery performed

ILG




Clinical data on brain reirradiation by LINAC—based SRS: Physical dose,
biologically effecticve dose (BED), normalized total dose in 2-Gy
fractions (NTD), survival, and toxicity

First course Reirradiation
BED ; Interval Volume Cumulative Survival
Dose (Giy) imo) |Dose BED:(Gy) (cc) BED: (Gy) NTD (Gy) (mao) Toxicity
Authors

(Reference) n/Grade Median Acute Late
Chamberlain SGM 60 +CT 120 11 13.4 1032 17 2232 111.6 2 7 Increased intracranial pressure 1 Hypersomnolence

et al (33) 15 Astro 2 1 Death within 24 h
Van Kampen 27 GM ] 120 9.6 16 144 21 264 132 9 Mot severe Mo necrosis

et al. (34) 2
Cho et al. (22) 27T GM ol 1129 10 17 161.5 30 2744 137.2 11 41% Transient progression of 1 7% MNecrosis

19 AA 1.8 neurclogical symptoms 13% “Clinical’* necrosis

Combs 32 GM 54 108 10 15 1275 10 2355 117.8 10 Mot severe Mo necrosis

et al. (35) 2




Clinical data on brain reirradiation by LINAC—based SRS: survival, and toxicity

SErie Année  Mombrede  Agelans) Indice d= Clicklastomel  Dose antérieurede Intervalle Diamétre Survie globale Surwie Facteurs Complications:
patients (min-max)  Karnofsky Aartrest radinthérapie trait=ment initial Volumes médians  médiames (mois)  sans récidive pronostigues nombre de
médian conformationnelle  radiothérapie femiem®) l.anf2 ans médiane {mois) patients
[mim-max) tridimensionmelle  monolractionnés [rmin- max) {mim—max) | an/¥ ans
mediane en comnditions {min-max]
(mim-max) [ Gy) shéréotaniques
{maois)
Alexander et 1wz 35 25 (E-ET) E0(40-90) 169 55,4 14 {3-12M -J10(2-37) =1 mois - - Radiomécrose : 3
Lineffleer [ 2] {5318-72)
Chamberlain =t 1094 30 34 (B-BZ) B0(50-100) 510 5472 11 -JI7 (3-53) B mcis - - Hypersomnaolence
al. [10] 1
Schriewe &t al. 195 BE &6 (BLTTH B0 (40-100) T4 = 10 -JI0[22-83) 10,7 rmscies = Age, GIV Epilepsi=: 3
[&49] A5510E Radionéorose :
19
Réopération: 19
Larsom =t 2l [43] 1997 132 45 (2T o0 (40-100) BRIIT = =4 -JES{03-9E5) 451 semaines - (MY =
M EBYIZ-E1%
Kondziolka etal. 1897 42 E1(3-7Z+  SO(50-1000+ 19723 BD+ B 1= 30 muois - Age, scoee RPA Radiorécrase< 3
40 45(3-75)=  SO(S0-100) = (08 31h+ —J& 2-Td)=
(0.5 30 1 {3-47)
BT -
Van Kampen et L2 A 50 =70 7ia =] 05 = 4.5 s = = =
al. [T7] IBE1IEN
Hall et al. [32]. e 46 4R (16-T4y  TO(50-90 I7i4 =] 10 -THD {1540 11 mais = Grade, indice d= Corticothérapie
Cheo et al. | 13] (3B5-BEE) 4B K- Karncftky prolomgée: 415
Réopération: 10
Radiomdcroze : &
Park at 2l [59] o] 13 53(36-B0F  E0(E0-908 rk| GO{4B-5207P = JILS 10,3 it 4,7 rmiciis Epll:pﬁe: 2
(26-1T5FE-JBS (15-H]3RA {DE-T5K Réopération :
(0.8 16558 Corticothérapie
prolongée: &
Larsonetal [44] 2@ 26 SiM-a2F  90F0-100 1412 - 43 (7-175° -127 6B semaines ? 20 semaines ¥ Age, indice de Aucune
322740 12 (3-500P :0,4_13,4;,:: Eemaines® 15 mmaines® Karnofsky
(1.6-297
Bio2l et al. |51 004 14 52 (4BL5EY  S0(E0-100 104 50,4 12,5 IE25-BENT 11,5 i B, rmiciis GTV, grade Radiomérrose : 3
(50.4-59.4] [2-35) IEEIZE lan: 14% histologigue
Nim et . [7E] nas 13 S5(I-B0F  S0(E0- 1008 = GOR = JI0[1-TIR 167 muois® = Soore RPA zone  Réopération:
Eoquente, P
récidive 8 Radionécrase :
.
Fatel et al. [51] 1= I = ER(I5-TOy  E0(S0-100) 230 L = 12,5 JI0A03-60,1) B4 mois = Répondeurs Radiorérrose : 3

{0E-119)




Recurrent high grade gliomas: role of RT
Issues

Selection of patients
Dose/Fractionation scheme
Treatment Volumes
Radiotherapy techniques

Association with chemotherapy
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REIRRADIATION OF RECURRENT HIGH-GRADE GLIOMAS USING AMINO
ACID PET (SPECT)/CT/MRI IMAGE FUSION TO DETERMINE GROSS
TUMOR VOLUME FOR STEREOTACTIC FRACTIONATED RADIOTHERAPY

Anca L. Grosu, M.D..* WorLrGanG A. WEBer, M.D.." MarTiNa Franz.* SIBYLLE STARK, Pu.D.*
Moranp Piert, M.D..* R]:":]NHARD Tuaamm, M.D..* Hartmut GumprecHT, M.D..*
Markus ScHwWAIGER, M.D..” MicHAEL MoLts, M.D..* aND CARSTEN NiEDER, M.D.*

Departments of *Radiation Oncology and "Nuclear Medicine, Klinikum rechts der Isar, Technical University of Munich, Munich,
Germany; “Department of Neurosurgery, Hospital Bogenhausen, Munich, Germany

- A prospective non-randomized single-institution trial to investigate
the implementation of amino-acid PET or SPECT imaging to
improve re-irradiation using SFRT

- This is the first study of biologic imaging optimized SFRT plus
temozolomide in recurrent HGGs showing the feasibility and safety
of this approach.

- Whether treatment planning with SPECT/PET independently
influences survival has to be studied in a larger series of patients
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Recurrent high grade gliomas: role of RT in
association with chemotherapy

- To further optimize treatment results obtained by re-irradiation

- Potential increase of radiation induced toxicity, especially in
substances with strong radiosensitizing potential

- Paucity of data reporting on the combination of chemotherapy and RT
for recurrent gliomas

- Ongoing phase I-ll trials



Recurrent high grade gliomas: role of RT
Conclusions

In the past, a number of attempts have been made to salvage patients
with recurrent gliomas with a second course of radiotherapy.

A number of invasive and non-invasive techniques are now available;
the choice as to which modality should be applied has to be made
individually for each patient, reflecting possibilities, potential benefit
and side effects.

Using modern highly conformal RT techniques, precise dose
application to a defined target volume is possible while the
surrounding normal tissue can be spared, in a non-invasive approach.

Re-irradiation using high precision radiotherapy offers significant
benefit, at least for a subgroup of patients. For each patient, the
fractionation scheme must be chosen individually.



