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Summary Report on the Graded Prognostic Assessment: An
Accurate and Facile Diagnosis-Specific Tool to Estimate

Survival for Patients With Brain Metastases

Paul W. Sperduto, Norbert Kased, David Roberge, Zhiyuan Xu, Ryan Shanley, Xianghua Luo, Penny K. Sneed,
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Median survivals stratified by diagnosis and DS-GPA score for I
patients with newly diagnosed brain metastases.

Diagnosis Overall median Diagnosis-specific GPA

suval (m0) oy . GPAIS20  GPAI2S30  GPA:3S40
Median Median Median Median
survival (mo) survival (mo) survival (mo) survival (mo)

NSCLC (o) 55

SCLC 28 49 11 17.]
Meclanoma 34 4.1 8.8 3.2
Renal cell 33 13 1.3 148

] 3 44 0.9 13.5

g

3 )4 9.6 16.7

G, gastrointestinal; GPA, graded prognostic assessment; NSCLC, non-small cell lung cancer, SCLC, small ccll lung cancer,




LESSONSs from HISTORY
When you find them SINGLE.

Single Metastases

sSurgery witnh or w/o WBRT

1. Patchell RA

" JAMA 1998

—OR T C Kocher et
al, JCO, 2011

Cnristopner et al,
Neuro Onco, 2010




SURGERY FOLLOWED BY WBRT
Vs
WBRT ALONE

A Randomized Trial of Surgery in the Treatment of Single Metastases to the Brain

Adicle  Figures/Mediz

NEJM 1990

NECRoLOGY SfgEhit- GNR SN (3 SURGERY + WBRT

Treatment of single brain metastasis: Radiotherapy alone or iS better than

combined with neurosurgery

R MR PR A et WBRT alone

https://dol.org/10.1002/ana.4

Jncer

original Article =y ¥

A randomized trial to assess the efficacy of surgery in addition to
radiotherapy in patients with a single cerebral metastasis
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SURGERY FOLLOWED BY WBRT
Vs
SURGERY ALONE

Original Contribution

November 4, 1998
Postoperative Radiotherapy in the
Treatment of Single Metastases to the
Brain

A Randomized Trial

l\ 'l‘.'-l-\ :-'-V‘I; (‘\"I.I“I » Fhitlip A Tbbhs, MD; Willllam togine, o ) JAMA 1998

DB 28001 7):1485 1489

JANUARY

JOURNAL OF CLINICAL ONCOLOGY SU RG ERY + WB RT

Adjuvant Whole-Brain Radiotherapy Versus Observation After IS better th an

Radiosurgery or Surgical Resection of One to Three Cerebral
Metastases: Results of the EORTC 22952-26001 Study

artin Kocher, Ricoardo Seffietti, Ufuk Abacioghu, Saivador Vill, Francois Fauchon SURGERY alone
S i, bk o dn . e ot e o | ICO 2014 |
NEURO-ONCOLOGY | /e
)

Neaeuro Oncol 2010 Jul, 12(7). 711=-719 PMCID PMC2940¢

Published online 2010 Feb 14. doi: 10 1093/neuonc/neqg0s PMID: 20156GE

Adjuvant whole-brain radiation therapy after surgical resection of single
brain metastases

Chriglopher M. McPherson, RDima Sul

Fredarick F Lanag




Guidelines

Neuro-Oncology

19(2), 162-174, 2017 | doi:10.103%/neuonc/now241

Diagnosis and treatment of brain metastases from solid E A N O
tumors: guidelines from the European Association of
Neuro-Oncology (EANO)

Clinical Practice Guideline

IX35=lel Radiation Therapy for Brain Metastases:
An ASTRO Clinical Practice Guideline
Vinai Gondi, MD,”* Glenn Bauman, MD,” Lisa Bradfield, BA,"

Neuro-Oncology

24(3), 331-357, 2022 | https//doi.org/10.1083/neuonc/noab262 | Advance Access date 21 December 2021

ASCO-SNO-ASTRO

Treatment for Brain Metastases: ASCO-SNO-ASTRO
Guideline

Neuro-Oncology I

24(10), 16131648, 2022 | hitpsy/dolorg/10.1083/nevonc/noac 18 | Advance Access date 28 June 2022

SNO

Brain metastases: A Society for Neuro-Oncology (SNO)
consensus review on current management and future
directions



Surgery Vs SRS

No high quality RCT comparing
Surgery Vs SRS in single mets.

Most studies comparing Surgery
Vs SRS report similar outcomes.

They are Non-RCT & may be
affected by selection bias (class
lIb).




After Surgical Resection for single
mets...

What to give???
WBRT or
SRS to surgical cavity...

= WBRT is the standard of care to improve intracranial control
following resection.

= SRS to the surgical cavity : Used to reduce cognitive toxicity.

= High-level comparative data lacking.

= SRS on survival and cognitive outcomes compared with
WBRT In patients with resected brain metastasis.



Postoperative stereotactic radiosurgery compared with > i ®

whole brain radiotherapy for resected metastatic brain
disease (NCCTG N107C/CEC-3): a multicentre, randomised,

controlled, phase 3 trial NG

Paul D Brown, Karla V Ballman, Jane H Cerhan, S Keith Anderson, Xiomara W Carrero, Anthony C Whitton, Jeffrey Greenspoon, lan F Parney,
Nadia N I Laack, Jonathan B Ashman, Jean-Paul Bahary, Costas G Hadjipanayis, James J Urbanic, Fred G Barker ll, Elana Farace, Deepak Khuntia,

Caterina Giannini, Jan C Buckner, Evanthia Galanis, David Roberge

SURGERY FOLLOWED BY SRS V'S SURGERY FOLLOWED BY WBRT

* No difference in overall survival.
« Shorter time to intracranial failure: SRS 6.4 mos vs. WBRT 27.5 mos
 Improved overall QOL at 3 months with SRS

 Worse surgical bed control, LC and distant brain control with SRS

Conclusion:
After resection of a brain metastasis, SRS should be considered
one of the standards of care as a less toxic alternative to

WBRT.




Post-operative stereotactic radiosurgery versus observation

forlcompletely resected|brain metastases: a single-centre,

randomised, controlled, phase 3 trial

it S Prabhu, Frederick F Lang,

craer

* LANCET 2017

SURGERY FOLLOWED BY SRS VS SURGERY ALONE

SRS of the surgical cavity for 1, 2, or 3 metastases lowers local
recurrence compared to observation.

SRS after brain metastasis resection could be an alternative to WBRT.



What do we learn from these 2 trials?
(Brown et al & Mahajan et al)

Surgery alone is inadequate t/t.
Surgery + WBRT is probably too much given the toxicities.

SRS is a balance between preservation of neurocognition /
QOL and improved intracranial tumor control.

SRS is areasonable postoperative t/t for resected brain
metastases and a good trade-off between surgery alone and
surgery + WBRT.

= The local control rates were lower than expected.

= Possible reasons:
1. Low BED delivered, especially for larger cavities
2. Surgical tract not included
3. Radiation necrosis vs. progression




Dose recommendations —-RTOG 90-05 ; IUROBP 2000

CLINICAL INVESTIGATION

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 Scorr, Pu.D..' Luis Sounami, M.D..¥ RoserT DinaroLI, M.D. 5

<2cm 24 Gy
2.1-3cm 18 Gy
3.1-4cm 15 Gy

 Radiation Necrosis (RN) is the dose limiting toxicity.

« V10 and V12 are the predictive factors for RN.



Postoperative stereotactic radiosurgery comparedwith | Post-operative stereotacti radiosurgery versus observation
whole brain radiotherapy for resected metastatic brain | for completely resected brain metastases: aingle-centre,

disease (NCCTG N107C/CEC:3): amulticentre, randomised, | randomised, controlled, phase 3trial
control |ed’ phase 3 trial r '1 j0n, SalmaanAhmed, Mory Frances McAlee,Jffey S Weinberging L Poul Brown, Stephen et Sujt S Pobhu, FrederickF Lang

i L, SsanMeGover, Eikulman, i WeCtchon, Syt Acem, Dol Cl, Cludio oy Ay eimbege
o e L R S B e R Sherise Ferquson, Aol Ghia, ranco Demante Shaan Rz, Narvita uba-Thakur, James Yang,Raymand Sawaye, Kenneth R Hess
Paul D Brown, Karla Balman, Jane H Cerhan, S Keith Anderson, Xiomara W Carrero, Anthony C Whitton, Jefrey Greenspaon, lan F Parney, b8 s, ‘ ‘ s ‘
Nadia N Laack, Jonathan B Ashman,Jean-Paul Bahary, Costas G Hadjipanayis,James | Urbanic,Fred G Barker I, Elona Farace, Degpak Khuntia s MAHAJAN et al. LANCET 2017
Caterina Giannin, Jan C Buckner, Evanthia Galanis, David Rober BROWN et al. LANCET 2017
Volume of target SRS
(SURGICAL CAVITY SRS Dose | (Surgical cavity + 1 mm) Dose

+2 mm) VOLUME
<4.2cc 20 Gy
4.9-7.9 cc 18 Gy 10.1-15cc 14 Gy
8:0-14-3 cc 17 Gy > 15 cc 12 Gy

14-4-19-9 cc 15 Gy

20-0-29-9 cc 14 Gy Brainstem 1cc<12 Gy

<10 cc 16 Gy

230 cc 12 Gy Optic Nv & Tract  Max <9 Gy
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1-3 brain mets... WBRT + SRS vs WBRT alone
(Lessons from RTOG 9508...)

Whole brain radiation therapy with or without stereotactic
radiosurgery boost for patients with one to three brain
metastases: phase lll results of the RTOG 9508 randomised trial

LANCET 2004

WBRT + SRS

« Better local control and performance status (i.e. functional
autonomy, KPS) at 6 months
« Survival advantage only in patients with single metastasis (6.5

mo vs 4.9 mo).
J

patients with single Survival by tumour size

I

p=0-0132

RT+SRS MST 6:5 months WBRT+SRS; metastasis <2 cm
RT alone MST 4-9 months - WBRT alone; metastasis <2 cm
% — WBRT+SRS; metastasis =2 cm*

"-‘ “~~~~ WBRT alone; metastasis =2 ¢cm

p=0-0393 1 " *p=0.0449 vs WBRT alone




Rﬁdw‘?‘m? Oncology e

Official Journal of the American Society for Radiation Oncology

Secondary Analysis of RTOG 9508, a Phase 3 Randomized
Trial of Whole-Brain Radiation Therapy Versus WBRT
Plus Stereotactic Radiosurgery in Patients With 1-3 Brain
Metastases; Poststratified by the Graded Prognostic

Assessment (GPA)

Overall survival, all patients . Overall survival, GPA 3.5-4.0

— WBRT+SRS
WEBRT alone

18

Months from randomization Months from randomization




Can we do away with WBRT for limited
Brain metastasis?

LCat 1yr (%)

SRS+WBRT

JROSG -99-1 72.5 88.7
Aoyama et al (JAMA 2006) (p =0.002)

MDAC 67 100
Chang et al (Lancet (p =0.012)
2009)

EORTC 22952-26001 81
Kocher et al (JCO 2011) (p =0.04)

ALLIANCE - NCCTG

— NO574
Brown et al (JAMA 2016)

No OS benefit
with addition
of WBRT

OS (months)

SRS SRS + WBRT

8.0 7.5
(p=0.42)

15.2 2.7
(use of
systemic
therapy)

10.9
(p=0.80)

7.4
(p=0.92)

(p=0.03) A®

Poor
cognition with
WBRT

CLINICAL
o T

What kills
earlier??

Higher HRQOL in SRS
alone arm

Decline in immediate &
delayed recall, verbal
fluency, executive
functioning in WBRT
arm




1 - 4 Brain metastasis : Meta Analysis
SRS with WBRT Vs SRS ALONE

[nrermaronal Jourmal of
Radiation Oncology
bi

ogy @ physics

Clinical Investigation

Phase 3 Trials of Stereotactic Radiosurgery @L\H
With or Without Whole-Brain Radiation Therapy

for 1 to 4 Brain Metastases: Individual Patient

Data Meta-Analysis

Arjun Sahgal, MD,* Hidefumi Aoyama, MD, PhD,' Martin Kocher, MD,"
Binod Neupane, PhD,  Sandra Collette, PhD, Masao Tago, MD,"
Prakesh Shah, MD,” Joseph Beyene, PhD, and Eric L. Chang, MD™* *-'

< 50 years age: « >50 years age:
« Survival advantage for SRS alone  No difference in survival

» Distant brain relapse rates not « Distant Brain failure: Risk
affected by SRS alone decreased in WBRT
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SRS FOR MULTIPLE BRAIN METS...
(UP TO 10 METS!!!)

LANCET 2014 |
N=1194 pt.

& W o

Stereotactic radiosurgery for patients with multiple brain
metastases (JLGK0901): a multi-institutional prospective
observational study

Masaaki Yamamoto®, Toru Serizawa*, Takashi Shuto, Atsuya Akabane, Yoshinori Higuchi, junKawagishi Kazuhire Yamanaka, Yasunori Sato,

Hidegfumi jokure, Shoji Yoma, Osamu Nagana, HiroyukiKenal, Akihito Moriki, Satoshi Suzuki, YoshihisaKida, Yoshiyasu lwai, Motohiro Hayashi,
Hiroaki Onishi, Masazumi Gondo, Mitsuya Sato, Tomohide Akimitsu, Kenji Kubo, YasuhiroKikuchi, Toru Shibasaki, Tomoaki Goto, MasamiTakanashj

Yoshimasa Mori, Kintomo Takakura, Naokatsu Saeki, Etsuo Kunieda, Hidefumi Aoyama, Suketaka Momoshima, Kazuhiro Tsuchiya

Use of SRS: (3 Groups)
o With 1,

o 2to4or

o 510 10 brain metastases.

Result:
 Similar OS
« Similar t/t related toxicity etween groups with 2 to 4 & 5 to 10
mets.
« Cumulative volume of metastases, rather than the number is important.
SRS is suitable alternative for patients up to 10 brain metastases.




International Journal of
Radiation Oncology

biology e physics

Clinical Investigation

A Multi-institutional Prospective Observational
Study of Stereotactic Radiosurgery for Patients
With Multiple Brain Metastases (JLGK0901 Study
Update): Irradiation-related Complications and
Long-term Maintenance of Mini-Mental State
Examination Scores

Masaaki Yamamoto, MD, PhD,* Toru Serizawa, MD, PhD,'

Conclusion:
« MMSE score maintenance comparable.

 Post-SRS complication comparable.

« SRS alone for patients with 5 to 10 mets. Vs 2 to 4 mets. is doable.




Why FSRS?

Toxicity
— Single session SRS dose is limited by tumor size

— Fractionation allows for repair/recovery of radiation
effects in the normal tissue

— Use stereotactictechniques to spare dose to normal tissue
— Reirradiation
* Tumor control

— Able to give a higher cumulative dose to larger
tumors/target volumes

* Image guided frameless RT utilizing radiosurgical
margins to minimize toxicity and maximize tumor
control

Josh Yamada MD FRCPC, Department of Radiation Oncology
Memorial Sloan Kettering Cancer Center



FSRS - WHEN ? WHY ?

IJROBP 2016

1 yr Local control
Recurrence

Radionecrosis

1 yr Radionecrosis

CONCLUSIONS:
o Multifraction SRS : Effective t/t modality for large brain
metastases.

o Better local control & reduced risk of radiation-induced
radionecrosis. (Compared with Single Fraction-SRS).




DOSE FOR FSRS

Hypofractionated Stereotactic Radiation Therapy \!j
) CrossMark

to the Surgical Bed for Patients With Brain
Metastases Provides Effective Local Control for

Bed = 48
AM.S. Kumar, AE. Sloan,” J. Miller.” Y. Zhang, S.A. Hoffer,
D.B. Mansur, M. Machtay.' and S.S. Lo"; ‘Radiation Oncology,

*BED should be more than 2 48 Gy

o 30Gy In 5 fractions.
o 27Gy In 3 fractions.

Volume 99, Issue 2, Supplement, Page E85


https://www.redjournal.org/issue/S0360-3016(16)X0016-8

WBRT: What”’s the indication??? |

EANO ASTRO

WBRT or best supportive care Poor life expectancy (less than
should be considered for 3 months).

patients with:

Short life expectancy Use of WBRT may or may not
significantly improve
symptoms from brain
metastases.

Low KPS score.
Progressive systemic disease.

When employing initial WBRT, Comfort measures only, or

a monitoring of cognitive short course (20 Gy in 5 daily
functions with specific fractions) WBRT, is reasonable
batteries is recommended option.




Add life to your days,

not days to your life




Acta Oncologica, 2010; 44: 382388 informa

« Does WBRT works in all???
« Can WBRT be avoided in some patients???

ORIGINAL ARTICLE

Prospectiviyevaluation of thefpalliative g of whole-brain
radiotherap 1

Benefit of
WBRT in RPA 3
patients is
guestionable...

Paula Mulvenna, Matthew Nankivell, Rachae inne Faivre- la Wilson, Elaine McColl, E&bara Moore, fona Brisbane,

David Ardron, Tanya Holt, Sally Morgan, Caro Kathryn Waite, NeNgman, Cheryl Pugh, Benjamin Sydes, Richard Stephens,
Mahesh K Parmar, Ruth E Langley

Summary
Lancet 2016;388:2004-14 Background Whole brain radiotherapy’ (WBRT) and dexamethasone are widely used to treat brain metastases from




(ﬁf fi‘l’jcrg:a"e What is the optimal
CochraneDa:?;s,eofS WBRT dose
fractionation

schedule???

Whole brain radiotherapy for the treatment of newly
diagnosed multiple brain metastases (Review)

Tsao MN, Lloyd N, Wong RKS, Chow E, Rakovitch E, Laperriere N, Xu W, Sahgal A

Standard fractionation: (30 Gy in 10 fractions or 20 Gy in 5 fractions).

No differences in OS or symptom control with 30 Gy in 10 daily fractions or 20
Gy in 5 daily fractions.

Others: 37.5 Gy in 15 daily fractions and 40 Gy in 20 daily (or twice daily)
fractions.




American Society for Radiation Oncology

= Choosing ASTRO

- ‘
W|Sely Five More Things Physicians
- ABIM Foundation and Patients Should Question

Don't routinely add adjuvant whole brain radiation therapy to stereotactic
radiosurgery for limited brain metastases.

Adjuvant WBRT + SRS: SRS alone:

* No OS benefit * Importance of Surveillance
(Especially in pt. with  More risk of Distant brain
Good PS) failure

- Diminished cognitive * Better QoL without OS
function compromise




| Preservation of Memory With Conformal Avoidance of the

JourNaL oF Cuivicar Oxcorogy ~ Hippocampal Neural Stem-Cell Compartment During
Whole-Brain Radiotherapy for Brain Metastases (RTOG

2014 0933): A Phase II Multi-Institutional Trial
Vinai Gondi, Stephanie L. Pugh, Wolfgang A. Tome, Chip Caine, Ben Corn, Andrew Kanner, Howard Rowley,
) - PRESERVATION OF MEMORY WITH CONFORMAL AVOIDANCE OF Jco, 2014
Apollo| HIPPOCAMPAL NEURAL STEM-CELL COMPARTMENT DURING WBRT FOR GoRCIEtLIUSA
BRAIN METS - RTOG 0933 Ph Il Trial

= Hippocampal neural stem-cell injury during WBRT = may play a role in memory decline.
= IMRT to avoid hippocampus = may yield clinically significant neurocognitive benefit.

_m HISTORICAL CONTROL RESULTS |

- Brain mets 5 mm away - Matched eligibility - HA-WBRT associated with significant memory
from Hippocampus criteria preservation

- Primary Solid tumors Control arm of the PCI- - Mean relative decline in HVLT-R DR from baseline to 4
except SCLC/ GCT P-120-9801 phase lli months: 7% for HA vs 30 % for standard, p=.001

- RTOGRPAclasslorll trial

- Cognitive decline greater with P age, 1 D100% of
Hippocampus, previous neurological symptoms

Cognitive Decline assessed by HVLT-R DR (Hopkins - QOL preserved with HA-WBRT

Verbal Learning Test— Revised, Delayed recall) - Risk of developing brain mets in the HA region 2 low

CONCLUSION

\ QOL assessment Comparison with historical

A 4

control
- Hippocampal neural stem-cell niche is central to RT-
IMRT: 30 Gy/10 Fr | 30 Gy/10 Fr | induced memory decline

- HA-WBRT can be safely delivered for brain mets

ES-v1-CNS0018



Jul, 2015 — Mar, 2018
N-518

Baseline evaluation
=> MRI Brain, Cognitive
tests, QoL, Symptom
burden

Hippocampal Avoidance During Whole-Brain JCO ; Feb, 2020
Radiotherapy Plus Memantine for Patients With
Brain Metastases: Phase lll Trial NRG

Oncolog
Ippocampal avoidance

P D Brown,
Phase lll

CO01

coghition
J 1° End Point:

Evaluated @ 2 m, 4

Time to Cognitive Function
m,6mand12m

WBRT + Mem
L (N-257) Failure,

WBRT: @
Q 2° End Points:

OS, Intracranial PFS, Toxicity,

Med F.U. 7.9 m (for

HA-WBRT + Mem Patient-Reported Symptom @

alive pts)
e e R e " ——
Risk of cognitive failure => No significant difference in
significantly lower * 0§, intracranial PFS, or
| deterioration in SoRdel
* executive functionat4 m @ 6 m: Pt reported symptom burden

* Learning and memory at 6 m l

CONCLUSION:
HA-WBRT + Memantine
 better preserves cognitive function and patient-reported
symptoms,

« with no difference in intracranial PFS and OS

— Should be considered a Standard of Care for pts with
v’ good PS &
v no mets in the HA region




Let”’s Summarise

!J'u.d need
the*main 1deag




Take Home Message:

*Prognostication is the key.

*(Age, KPS, Extracranial control, Primary
ds...) — Choose wisely.

Number of lesion:
=Single:
=Without mass effect: SRS alone no compromise in OS

= With Mass effect: Sx -> SRS +/- WBRT:; if not
resectable SRS +/- WBRT

= FSRS is another option if volume is big.



Take Home Message:

*Oligo /Limited: 1-3or1-4o0r5-10...

=Multiple:
oWBRT + SRS boost
o WBRT Hippocampal sparing
oWBRT alone

"Volume of Metastatic lesion(s).

SRS Dose: Lesser the volume — Higher the dose



Take Home Message:

SRS alone: I.

= Better Neurocognitive function / Better QOL
= Risk of distant brain failure is high
*|ncreased requirement of surveillance and salvage t/t

*FSRS: For Larger Volume disease to prevent RN
WBRT: Poor KPS and poorly controlled disease,

Future direction:

= WBRT hippocampal sparing with SIB vs SRS alone
*WBRT with Memantine (To preserve neurocognition)






