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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Whole Brain irradiation

Multiple brain metastasis

Adjunct to radiosurgery for limited brain metastasis

Prophylactic irradiation (PCI-SCLC, ALL)

Most critical issue =2 Prophylatic irradiation
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Incidence of Brain metastasis

Analysis 01.02. Comparison 01 Prophylactic cranial irradiation v no prophylactic cranial irradiation, Outcome
02 Brain metastasis
Review: Cranial irradiation for preventing brain metastases of small cell lung cancer in patients in complete remission
Comparisar: - 01 Prophylactic cranial irradiation v no prophylactic cranial irradiation

Cutcome: 02 Brain metastasis

Study PCl Mo PCI Peto Cdds Ratio Weight Peto Cdds Ratio
nit n'™ 95% I e 952 |

Arcney 1983 0/14 512 - l.4 010 [ 002, 0.56]
Arriagada 1995 46/ 149 87151 L 371 041 [ 029, 058]
Danish/MCI 10/27 13/25 il 6.5 067 [ 020, 1.53]
Gregor | 997 &/ 194 54120 —a— 260 044 [ 029, 0.66 ]
Laplanche 1995 3100 44111 - 2.6 071 [ 245 112]
Ohonoshi 1993 5/23 11723 * 4.4 0320012, 087]
Wagner 1996 417 815 D 30 023 [ 007 074]

Total (95% CI) -* 100.0 0.46 [ 0.38, 0.57 |

Test for heterogeneity chi-square=9.7| df=& p=0.14 > =382%

Test for overall effect z=7.18  p=<0.00001
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Overall survival

Analysis 01.01. Comparison 01 Prophylactic cranial irradiation v no prophylactic cranial irradiation, Outcome
01 Survival
Reviews  Cranial irradiation for preventing brain metastases of small cell lung cancer in patients in complete remission
Comparisor: 01 Prophiylactic cranial irradiation v no prophiylactic cranial irradiation

Outcome: 01 Survival

Study Pl No PCI Feto Odds Ratio Weight Peto Odds Ratio
n/M n/M 95% Cl (%) 95% Cl

Aroney 983 14/15 13/14 - 3.3 .06 [ 50, 226 ]
Arriagada 1995 [33/149 [35/151 ] 325 0.87 [ Qa2 L11]
Danish/MCl 24/28 2427 " 58 086 [ 049, 1.52]
Gregor 997 [54/194 [3af120 I 295 0.85 [ Qes, 1.09]
Laplanche 1998 80/ 100 F411 1 211 084 [Qe2, 1L13]
Chonoshi 1993 21023 21023 T 4.9 0.69 [Q27, 1.27 ]
Wagner 1996 1417 13/15 -1 3.0 059 [027, 1.31]

Total (95% CI) . 100.0 0.84 [ 0.73, 0.97 |

Test for heterogeneity chi-square= .64 df=4 p=0.95 I =0.0%

Test for overall effect z=245  p=0.01
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Analysis 01.11. Comparison 0] Prophylactic cranial irradiation v no prophylactic cranial irradiation, Outcome

K L I N I K U M Il Brain metastasis by extend of initial disease

I_ M Reviews  Cranial irradiation for preverting brain metastases of small cell lung cancer in patients in complete remission

N N Comparizore 01 Prophiylactic cranial imadiation v no prophylactic aranial imadiation
DER UNIVERSITAT MUNCHEN

Cutcome: || Brain metastasis by extend of initial disease

Study PCI Mo PCI Peto Odds Ratio hisight Feto Odds Ratio
nit nit 95% Cl (%) 95% Cl
01 limited
Aroney | 983 ol 5 Q5 0.04 [ 000, 0.80]
Amiagada 1995 39/124 654120 - 292 045 [ 031, 067 ]
Danish/MNCI T2 9llg 1 46 065024 1.75]
Eff e kt aI S O Gregor 1997 45/192 54119 — 258 042 [ 0,28, 0.64]
Laplanche 1598 27183 37195 — 183 074 [ 046 1.22]
i n E D - S C L C Ohonoshi 1533 36 6/14 A 15 035 [ 009, 1.34]

Wagner 596 414 &/l 12 019 [ 0056, 078]

Subtotal (95% CI) ‘ - > 83.1 0.48 [ 0.38, 0.61]
et aS . Test for heterogeneity chi-square=840 df=6 p=0.21 | =28.6%

Test for overall effect =619 p<0.00001

02 Extensive
Aroney |983 '3 37 R [o1:] 022[00% 243]
Armiagada 1995 725 22431 _— al O3[0S 0ed]
Cianish/MNCl 35 47 -1 20 082020 410]
Gragor 1997 112 il Y R a3 739015 37238]
Laplanche 1993 ST HE - | 33 047 (@15, 1.50]
Chonoshi 1993 u7 55 D 1.9 031 [ 007, 1.39]
“Wagner 1556 '3 24 - Q6 Q15[ 000, 246]

Subtotal (95% CI) 16.9 0.38 [ 0.23, 0.64 ]

Test for heterogeneity chisquare=4.68 df=6 p=0.5% 17 =0.0%
Test for overall effect z=3.67 p=0.0002

Total (95% CI) * 100.0 0.46 [ 0.38, 0.57 ]
Test for heterogeneity chisquare=13.73 df=13 p=039 P =5.3%
Test for overall effect z=7.15  p=<0.00001

ol 02 05 1 2 510

Favours freatrrent Favaurs cartrel

Prof. Claus Belka 5



KLINIKUM

DER UNIVERSITAT MUNCHEN

Effects also
In ED =SCLC
O-Survival
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PCI SCLC

Analysis 01.10. Comparison 01 Prophylactic eranial irradiation v no prophylactic eranial irradiation, Outcome
10 Survival by extend of initial disease

Revigwe  Cranial irradiation for preverting brain metastases of small cell lung cancer in patients in complete remission

Comparizore 01 Prophdactic cranial iradiation v na prophdactic cranial iradistion

Outcome: |0 Survival by extend of initial disease

Study PCl Mo PCI Feto Odds Ratio Weight Peto Odds Ratio
ik it 95% Cl (%) 95% CI

01 Limited
Aroney | 983 1112 56 (8] 1.26[ 045, 352 ]
Arriagada 1995 108/124 1054120 = 165 050089, 18]
Danish/MCI 19723 1718 - 44 050 046, 1.74]
Gragor |957 1527152 10s/119 et M9 (L4 [ 065, 106 ]
Laplanche 1598 64183 THS5 —- 17.6 0E3[ 060 L16]
Chonaoshi 1533 14/16 1214 T 32 088 [ 040, 152]
\Wagner 1936 11714 1011 " zl O40[ 0I5 103]

Subtotal (95% CI) 85.5 0.85[ 0.73, 0.99 ]

Test for heterogeneity chisquare=3.16 df=6 p=079 I* =0.0%

Test for overall effect z=2.08  p=0.04

02 Extensive
Aroney | 983 33 e -1 06 338 [056,2039]
Armiagada 1995 15725 30031 ™ GE OE2[ 048 1.39]
Danish/MCI 55 75 1 1.3 127 [ 0,38, 428 ]
Gragor |957 pirs 141 02 585 [034 10199]
Laplanche 1598 16/17 16/16 ] 36 061 [029, 127 ]
Chaonashi 1533 w7 L N 12 015004 053]
Wagner 1996 33 314 - a7 1.53 [ 0,29, 806]

Subtotal (95% CI) - 14.5 0.77 [ 0.54,1.11]

Test for heterogenetty chisquare=| 170 df=6 p=0.05 ? =52.8%

Test for overall effect z=1.3%  p=0.1

Total (95% CI) 100.0 0.84[0.73,0.97 ]

Test for heterogeneity chisquare=16.1 | df=13 p=024 1 =|5.3%
Test for overall effect z=245  p=001
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Figure 1. Cumulative Incidence of Symptomatic Brain Metastases.

The difference in the curmnulative incidence of brain metastases between the
irradiation group and the control group was significant (P<0.001, by Gray's
method).

Figure 2. Disease-free Survival.

Patients in the irradiation group had a longer median period of disease-free
survival (14.7 weeks) than did those in the control group (12.0 weeks)
{(P=0.02 by log-rank test; hazard ratio, 0.76; 95% Cl, 0.59 to 0.96).

20 Gy in 5 or 8 fractions, 24 Gy in 12 fractions,
25 Gy in 10 fractions, or 30 Gy in 10 or 12 fractions.
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DER UNIVERSITAT MUNCHEN

MU KLINIKUM PCI SCLC

Overall Suwvival (%)
S
|

20—+ Control o
——-—1__ _Irradiation
10 — .
—_ _
o T T T T T T T 1
0 3 [ 9 12 15 12 21 24
Months
Mo. at Risk
Control 143 115 58 36 15 3 2 1
Irradiation 143 119 67 44 26 17 11 [

Figure 3. Overall Survival.

Patients in the irradiation group had a longer median overall survival (6.7
months) than did those in the control group (5.4 months) (P=0.003; haz-
ard ratio, 0.68; 95% Cl, 0.52 to 0.88).
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Outline

Anatomically and physiologically critical structures for neurotoxicity

British Journal of Cancer (2001) 85(3), 12331239

© 2001 Cancer Research Gampaign . )
doi: 101054/ bjoc.2001.2100, available online at http:/www idealibrary.com on I I E i L http://www.bjcancer.com

Review

Radiation induced CNS toxicity - molecular and cellular
mechanisms

C Belka, W Budach, RD Kortmann and M Bamberg
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Anatomically and physiologically critical structures for neurotoxicity

Neurogenesis persists predominantly in subventricular

and subgranular zone
Ventricles {blue)

Stem cell

Neural stem cells contribute to intrinsic brain plasticity e

& repair

Radiation can depopulate these regions & impair

neurogenesis by inﬂammatory processes

Radiation to SVZ eliminates Proliferating neural

precursor ceﬂs and migrating neuroblasts

Subgranular
stem cell

Lateral 1
ventricle Subventricular CAY
stem cell zone
(SvZ) f

Qb

stem cell zone
(8vz)

11 Int 1. Radiation Oncology Biol. Phys., Vol. 68, No. 2. pp. 324333,
doi: 10.1002/stem.1214




Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Anatomically and physiologically critical structures for neurotoxicity

[rradiation increases hippocampal apoptosis and decreases hippocampal proliferation
Loss of hippocampal neurogenesis even at doses <2Gy
( irradiation of murine embryonic brains)
POSSIBLE CONSEQUENCES =2
Responsible for short-term memory formation and recall
Deficits in learning, memory, attention
and spatial processing due to radiation

induced hippocampal injury

KLINIKUM DER UNIVERSIT,
12" Radiotherapy and Oncology 97 (2010) 370-376 Klinilcund Poliklinik fur Stre

und Radioonkologie




Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Neurotoxicity of whole brain radiotherapy

Spectrum of different toxicities with variable time course
Late toxicity: dementia in <11%: several months to years following RT
Early toxicity: verbal and short-term memory recall: 1-4 months after RT

No decline in neurocognitive function if fraction size <3Gy

KLINIKUM DER UNIVERSITAT MUNCHEN®
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?
Neurotoxicity of whole brain radiotherapy

Table 3 Randomized controlled trials assessing quality of life and impaitment of nemocognitive Tunction in patients with bain metastases

A hor Sty type tients  BEvalvable  Treatment RS WEBRT Copnilive assessmenl Copgnilive oulcome Fallow-up
pratienis arms - or quality of life
for Dose Total Dose questionnaires
eognitive dise per
— fraction
Aoyama Phase 111 132 92 RS =2 cm: MMSE RS alone: Shorler Median 5.3 m
|54, 45] rankymizesd RS | WRRET 2225 Gy 3 Gy 3Gy Lirmes (0L7-58.7 m)
comirolled =7 em: MEUTOCnEni tive
trial 18- detenaration
{Dhose reduction
by M¥% For patients
tresatedd with
WHER'T)
Chang [15] Phase 111 S a8 R5 =2 em: 18 Gy, Standandized 1esis RS + WRRET; Median 9.5 m
randkmized R% + WRRT 2% em: 15 Gy, Woy 275 Gy lfium‘linnill assessment .‘eignifi:::iuﬂly Illlwcl'
cqnlmllui T g eme 17 Gy ol e therapy hrain, OO N Hﬂ!‘lkll‘l.‘:
trial : A Ls L Haopkins werhal verhbal learmng
learning test-revised at
Test-rewised, 4 months
Wechs ler adall assessment
inelligence scale
I, Contralled
onl word
associalion)
Soffieti [57]  Phase 11 A5 k1N B5 ar 5 20 iy - - AR O b5 ES or s 4+ WHRT: NA {The
Ko her [43] rangdamized RSar5 + WBRT 3 Gy 3 Gy and BN} detenaration in analysis
comirolled global HR-Chal. foeused
trizl at 9 m assessment, om the Dirst
in Physical lunctiomne  year alter the
al 2 m assessment treatment)
and in cognitive
fumctiom at 2 amd
12 m evaluation for
patients treated with
the eombined
tresabmenl
B |44 ] Phase 111 14 15 B or 5 MNA - - ISR T 1 Mot sipnificant Mexdian
rangdaimized RS ar A or T or and BN} di frerence 0,2 years
comntrolled 5 4+ WEET W Gy 3 Gy MMSE between the two
trial treatment arms

WHRT whaole braun radistherapy, £8 mediosurgery, 8 surgery, fr ractions, MMSE mini mental ste examination, SOLF spiteer gquality of hfe mdex, SORTC QOF-C30 BORTC quality of lile
M-item gquestionnaire CML BAS20 brain cancer module 200, FRE-(EN. health-related quality of life, s months, ¥ = years

J Neurooncol (2002) 108:291-308



Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Anatomically and physiologically critical structures for neurotoxicity

OAR definition:

- SVZ: strip of periventricular striatum (= lateral wall of lateral ventricles +

5mm)
- SGZ: hippocampal formation + 5mm

Estimated dose tolerance: 10-20Gy, notable fraction-size dependence

STEP 1: LEVEL OF THE TEMPORAL HORN STEP 2: CONTINUING INFERIORLY
o\ o\ =

Cingulate Gyrus
Anterior Nucleus AE A/ .
Septal Nuclei R N} A ( Fornix
3‘ = TR e Mammillothalamic
Hypothalamus . N ) 8 ~ R Tract
-y J \( L

Mammillary Body == i 7 SRR —
il 2 Formation



Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Distribution of brain metastases

+ 1 Py 1. 1 1. 1 . Py .
Intra
Location of metastases in relation to the hippocampus
250
200 Median no. of
Cancer netastases per patient
Non-small- cell g ~ 5.2
Small-cell lung 8 13.2
o
Breast cancer E 7.7
Other L 5.7
.s o
£ 100
£ B
=
50
0 -
<5 5-10 10-15 >15
Distance from hippocampus (mm)
Fig. 1. Location of brain metastasis as a function of distance from the hippocampus.

KLINIKUM DER UNIVERSITAT MUNCHEN® s
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Distribution of brain metastases

Within hippocampus + 5mm: in 8.6%

1200

1000

800

600

400

No. of Metastases

200

No.of Metastases

of patients and in 3.0% of brain metastases

Patients according to distance from the hippocampus of the closest metastasis.

e | — ]
<5Smm  5to<10mm 10to 215mm
' | <15mm
34 61 73 965

Total

1133

Distance from Hippocampus

17 Radiotherapy and Oncology 95 (2010) 327-331

<5 mm 5 to <10 mm 10 to <15 mm =15 mm
Primary site
NSCLC 14 (9.0%) 20 (12.9) 22 (14.2) 99 (63.9)
SCLC 4(10.5) 5(13.2) 10 (26.3) 9 (50)
Breast 4(6.3) 9(14.3) 11 (17.5) 9 (61.9)
Melanoma 7 (14.9) 5(10.6) 3 (6.4) 2 (68.1)
Renal 0 0 2(13.3) 3 (86.7)
Other 3(5.7) 6(11.3) 6(11.3) 8 (71.7)
Aggregate number of memsmses
1 10 (6.7%) 0(6.7) 11 (7.4) 118 (79.2)
2 7 (8.9) (11 A4) 14 (17.7) 49 (62.0)
3 7 (15.9) 5(11.4) 7 (15.9) 25 (56.8)
>4 8 (8.1) 21 (21.2) 22 (22.2) 48 (48.5)
Aggregate volume of metastases
< Median® 9 (4.9%) 15 (8.1) 23(12.4) 138 (74.6)
> Median® 23 (12.4) 30(16.1) 31(16.7) 102 (54.8)
Total 32 (8.6%) 45 (12.1) 54 (14.5) 240 (64.7)

Abbreviations: NSCLC, non-small cell lung cancer; SCLC, small cell lung cancer.

Percentage of patients within each row given parenthetically,
4 Median aggregate volume of intra-cranial metastases = 4.9 cm?.

KLINIKUM DER UNIVERSITAT MUNCHEN®
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Technical strategies for reduction of neurotoxicity in whole brain radiotherapy

12x 2.5Gy: hippocampus mean 6.1Gy, max 13.5Gy; V95% brain 81.7% NON IMRT

KLINIKUM DER UNIVERSITAT MUNCHEN®
18 Radiﬂtherapy and Dn.,:n[ﬂg:.},r 102 {2[]12) 225-227 Klinik und Poliklinik fir Strahlentherapie

und Radioonkologie



Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Technical strategies for reduction of neurotoxicity in whole brain radiotherapy

12x 2.5Gy: hippocampus mean 6.1Gy, max 13.5Gy; V95% brain 81.7% NON IMRT
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Radiotherapy and Oncology 102 (2012) 225-227
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?
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SPARING OF THE NEURAL STEM CELL COMPARTMENT DURING WHOLE-BRAIN
RADIATION THERAPY: A DOSIMETRIC STUDY USING HELICAL TOMOTHERAPY

James C. Marsu, M.D.,* Rourr H. GopsoLE, B.S.," ArnoLp M. Herskovic, M.D.,*
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HIPPOCAMPAL-SPARING WHOLE-BRAIN RADIOTHERAPY: A “HOW-TO”
TECHNIQUE USING HELICAL TOMOTHERAPY AND LINEAR
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Aronso N. GuTERrez, PH.D.,* DaviD C. WESTERLY, M.Sc.,* WOLFGANG A. ToME, PH.D.,*%_
Hazmm A. JARADAT, Pu.D..' THOMAS R. MA{;K[E, Pu.D..*"* SgrREN M. BEN‘T:ZEN, Pu.D.. D.Sc..'
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CLINICAL INVESTIGATION Brain

WHOLE BRAIN RADIOTHERAPY WITH HIPPOCAMPAL AVOIDANCE AND
SIMULTANEOUS INTEGRATED BOOST FOR 1-3 BRAIN METASTASES: A
FEASIBILITY STUDY USING VOLUMETRIC MODULATED ARC THERAPY
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Technical strategies for reduction of neurotoxicity in whole brain radiotherapy

" LINAC: 10x 3Gy: hippocampus median 7.8Gy, max 15.3Gy

T T - T 1 I

—PTV

et S
Hippocampus
Lenses

Normalized Volume

e 1} | 1

20 25
Dose (Gy)

40 45

Dose—volume histogram for hippocampal avoidance during whole-brain radiotherapy using linear accelerator
KLINIKUM DER UNIVERSITAT MUNCHEN® s
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Technical strategies for reduction of neurotoxicity in whole brain radiotherapy

" Tomo: 10x 3Gy: hippocampus median 5.5Gy, max12.8Gy
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Dose—volume histogram for hippocampal avoidance during whole-brain radiotherapy using helical tomotherapy.
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Technical strategies for reduction of neurotoxicity in whole brain radiotherapy

LINAC

TOMO

Gray shade: Hippocampus
Orange contour: Hippocampal avoidance region

KLINIKUM DER UNIVERSITAT MUNCHEN®
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Technical strategies for reduction of neurotoxicity in whole brain radiotherapy

The prescription to the whole brain was 32.25 Gy in 15
fractions to 95% of the volume

Dose to brain metastases was 63 Gy to 95% of the volume

for lesions >2.0 cm in diameter and 70.8 Gy to 95% of the
volume for lesions <2.0 cm in diameter

KLINIKUM DER UNIVERSITAT MUNCHEN®
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Technical strategies for reduction of neurotoxicity in whole brain radiotherapy

Dose [cGy] Table 1. Dcscr‘rption of metastases fmd VMAT treatment
ool T8 s a4 2w} 3sd0  axe 9% ses 62 70%0 time for the 10 patients
} ‘ } \ ‘ No. of PT\}" Prescription  Treatment
| ‘ PVi23 || Patient metastases {cm™) dose (Gy) time (min)
5 it } } 1 1 1.17 70.8 3.6
2 | 2 2 15.15 63.0 34
Y | | 1.19 70.8
3 | 3 2 2.88 70.8 3.5
= 60 | 0.61 70.8
fg ‘ \ 4 2 0.38 70.8 3.5
2 \ ‘ 0.16 70.8
2 \ 5 3 0.16 70.8 34
s % \ Il 0.13 70.8
3 Hippo \ \ 0.17 70.8
% 1 \ \ 6 1 1.29 70.8 3.9
“ s | | 7 2 2.01 70.8 3.6
’° ; | 3.11 63.0
1 8 1 3.80 63.0 33
\ \ ‘ 9 3 0.72 70.8 4.1
. | \\ AR LI, 0.87 70.8
0 10 20 30 40 50 60 70 80 % 100 0.82 70.8
Relte o f) 10 1 0.37 70.8 33
Total =18 Mean =194 Mean = 3.6
+3.47 +03
Abbreviations: VMAT = volumetric modulated arc therapy;
PTV = planning target volume. Data are presented as mean + stan-
dard deviation.
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Conclusions

Sparing of hippocampus structures is possible
IMRT, VMAT, Tomo seem to be suitable
No data on improved neurological outcomes available

No data on tumour control outcomes available

KLINIKUM DER UNIVERSITAT MUNCHEN®
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Does IMRT, IMAT, tomotherapy reduce the neurotoxicity of whole brain radiotherapy?

Conclusions = Clinical trials

RTOG 0933 and others
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