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Multiple brain metastases

*What is ‘multiple’ with respect to brain metastases ?
* 2+ (literal definition) ?
* >4 (definition for which relatively
few studies exist for SRS alone) ?
*>10 (definition for which many would consider
whole brain radiotherapy — WBRT — vs. SRS alone) ?
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Multiple brain metastases

Patient factors Cancer factors Treatment
*What is multiple with respect to brain metastases ? @
2+
2-4 >4 — For SRS alone: limited data
For SRS alone: - primarily retrospective and
- Plenty of retrospective data  single arm prospective
- Recent Phase Ill data
Cancer Cancer
intracranial extent intracranial extent
M Treatment - # Treatment
e treatment for brain Lo treatment for brain
Karnofsky Performance Scale extracranial + or extent WBRT KPS extracranial £ or extent WBRT
SRS/fractionated SRS SRS/fSRS
resection resection
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National Comprehensive Cancer Network .
(NCCN) Guidelines Version 1.2019 ASTRO Model Policy for SRS

"Limited" brain metastases defines a group of patients for whom SRS is equally

Indications and Limitations of Coverage and/or Medical Necessity
tive and offers g p pared with WBRT. The
definition of "limited" brain metastases in terms of number of metastases or total Indications for Coverage:
intracranial disease volume is evolving and may depend on the specific clinical
situation.

7. Metastatic brain, independent of the number of lesions if other positive clinical indications exist, with stable

systemic disease, Karnofsky Performance Status 40 or greater (and expected to return to 70 or greater with

treatment), and otherwise reasonable survival expectations, OR ECOG Performance Status of 3 or less (or
expected to return to 2 or less with treatment).

Updated in 2014

ASTRO

= Choosing = 3 Cancer
= “ H H ﬂ intracranial extent
Choosing —

Patient
Wisely

ps treatment for brain

extracranial + or extent WBRT
SRS/fSRS
American Society for Radiation Oncology AS RO

resection

Treatment

Dot routinely add aduvant ol besi rciation therapy o sereotactic
raciosurgery fof imiced brainmetasases

adition
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Environmental factors Environmental factors
occupation, environment Cancer occupation, environment Cancer
habits: diet, tobacco intracranial extent habits: diet, tobacco intracranial extent
EtOH .. # Treatment EtOH .. # Treatment
patient volume patient volume
atien extracranial  or extent treatment for brain —ratient extracranial + or extent treatment for brain
age histology/biology WBRT age histology/biology WBRT
KPS i.e. NSCLC: EGFR, ALK SRS/fSRS KPS i.e. NSCLC: EGFR, ALK SRS/fSRS
Sex, race melanoma: BRAF resection sex, race melanoma: BRAF resection
breast ca: ER/PR drug (systemic) therapy SES breast ca: ER/PR drug (systemic) therapy
comorbidities many: PD1 hemoth comorbidities many: PD1 remoth
factors (7) other genomic factors (?) chemotherapy enomic factors (?) other genomic factors (?) chemotherapy
genomic fact ? & ? hormonal therapy B ? & : hormonal therapy
Lt . immunotherapy Lt . immunotherapy
“ " biologic therapy “ " biologic therapy
treatment for cancer treatment for cancer
systemic therapy systemic therapy
local therapy (RT, surgery, ablation ..) local therapy (RT, surgery, ablation ...
ouTcoMES SURVIVAL CANCER-SPECIFIC SURVIVAL BRAIN TUMOR CONTROL
SES = socio-economic status

Environmental factors

Environmental factors

occupation, environmen Cancef Cancer
habits: diet, tobacco intracranial extent \ habits: diet, tobacco Intracranial extent \
EtoH (4] Treatment [#] Treatment
Patient volume Patient volume
e or extent treatment for brain treatment for brain
histologyJbiology WBRT WBRT
i.e. NSCLC: EGFR, ALK SRS/fSRS i.e. NSCLC: EGFR, ALK SRS/fSRS
sex, race melanoma: BRAF resection sex, race melanoma: BRAF resection
SES breast ca: ER/PR drug (systemic) therapy SES breast ca: ER/PR 3 drug (systemic] therapy
comorbidities many: PD1 hemotherapy comorbidities many: PD1 chemotherapy
genomic factors (?) other genomic factors (?) hormonal therapy genomic factors (?) other genomic factors (?) hormonal therapy
. immunotherapy L. immunotherapy

biologic therapy biologic therapy

systemic therapy
local therapy (RT, Surgery, ablation ...)

systemic therapy
local therapy (RT, Surgery, ablation ...)

OUTCOMES SURVIVAL +——— CANCER-SPECIFIC SURVIVAL +——— BRAIN TUMOR CONTROL OUTCOMES SURVIVAL *+——— CANCER-SPECIFIC SURVIVAL *——— BRAIN TUMOR CONTROL
and Du: Li EU GNITIVE FU! ION
highlighted _|= factors accounted for in brain metastases DS-GPA (for # - only 1, 2-3 or >3 or more is considered) highlighted _|= factors accounted for in brain metastases DS-GPA (for # - only 1, 2-3 or >3 or more is considered)
for lung and melanoma

forlung and melanoma
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What are the data on SRS alone vs. SRS+WBRT 4 RCTs of SRS alone vs. SRS+WBRT
for multiple metastases ? m e W D | W

TETZII 132 patients with SRS
(NFR 14 metastases, WBRT+SRS  11% (p=0.002)  41% (p=0.003) 16% (p<0.001) 0% 75 (p=042)
2006 all <3 cm
Ch: 58 patients with SRS 23% 55% 87% 33% 15.2
({0 55e 1 13 brain metastases  WBRT+SRS. 0% (p=0.01)  27%(p=0.02) 7% 0% 57
2009 (p=0.003)
359 patients with SRS or 31% ~48%
13 brain metastases  resection ~57% 2% BeE DEXES DD
WBRT+ SRS or ~ ~19% ~33%
'WBRT+resect. ~27% ~23% }ae% 13% 1107 (Ns)
(p0.003)"  (p<0.001)*
Brown 213 patients with SRS 23% 30% 32% 16% .4
1-3 metastases, WBRT+SRS 10% (p=0.003) 8% (p<0.001) 8% (p<0.001) 1% 7.4 (p=0.92)

alls3cm

* pvalue of aditionvs. omission or WBRT

4 RCTs of SRS alone vs. SRS+WBRT Omission of WBRT in patients with 1-4 brain metastases

1-year distant. Rate of Rate of
SR (i e e T  increases local tumor recurrence (~23-31% vs. 0-19% @ 1Y)
‘Aoyama 132 patients with SRS 28% 64% 43% 16% 8.0

OSSN 1.4 metastases, WBRT+SRS 11% (p=0.002)  41% (p=0.003) 16% (p<0.001) 0% 7.5 (p=0.42)  increases distant brain recurrence (~30-64% vs. 8-41% @1Y)
2006 alls3 cm

PR 58 patients with ss 23% 55% 7% 33% 152 * increases rate of salvage treatment (~32-87% vs. ~7-16%)

(YNG9 1.3 brain metastases ~ WBRT+SRS 0% (p=0.01)  27%(p=0.02) 7% 0% §
2009 (p=0.003)
359 patients with SRS or ~31% ~a8%
13 brain metastases  resection ~57% ~42% DS e R
WBRT+SRS or  ~19% ~33%
WBRT+resect.  ~27% ~23% DA D3 HR(E)
(p<0.003)* (p<0.001)*
CIET 213 patients with SRS 23% 30% 32% 16% 104
LM 1.3 metastases, WBRTASRS  10% (p=0.003) 8% (p<0.001) 8% (p<0.001) 1% 7.4(p=0.92)

2016 all £3 cm

8%, 57%, 1 metastasis
* p value of additionys. omission or WBRT
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Omission of WBRT in patients with 1-4 brain metastases 4 RCTs of SRS alone vs. SRS+WBRT
* increases local tumor recurrence (~23-31% vs. 0-19% @ 1Y) +vs. - WBRT
* increases distant brain recurrence (~30-64% vs. 8-41% @1Y) ol x?s:r;::f'ei‘fvm.f;‘,mld:;;lf,:g:;; 01516 months (=0.05)
« increases rate of salvage treatment (~32-87% vs. ~7-16%) iﬁi =Mineurologicifunction:lpreserved Inj72\vs3/0%((220:35)

- HVLT-R: drop in total recall (64% vs. 20%) at 4 months (96% confidence in difference)
- Battery of other cognitive and QOL assessments performed as well

Kocher - WHO-PS decline (to a score of >2): 9.5 vs. 10 months (p=0.71)

- QOL - multiple domains significantly worse with WBRT

Brown - cognitive function (battery of tests): deterioration at 3 months 92% vs. 63% (p<0.001)
(Alliance) - FACT-BR: worse at 3 months (p=0.03) with WBRT

2016 - ADLs: similar

MMSE = mini mental status examination HVLT = Hopkins Verbal Learning Test (test of recall)

KPS = Karnofsky Performance Scale FACT-BR = Functional Assessment of Cancer Therapy-Brain
WHO PS = World Health Organization Performance Score ~ ADL = Activities of Daily Living

X R (MDAC
* does NOT detriment overall survival 200

SRS alone for >4 metastases ?

Omission of WBRT in patients with 1-4 brain metastases™®

* increases local tumor recurrence (~23-31%vs. 0-19% @ 1Y)
* increases distant brain recurrence (~30-64% vs. 8-41% @1Y)
* increases rate of salvage treatment (~32-87% vs. ~7-16%)

* does NOT detriment overall survival

* less detriment in neurocognitive function
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SRS alone for >4 metastases

Asius Sahgel, Mask Ruschin, Lijun Ma, Wilko Verbakal, David Larson, ad Paul D, Brown

« Systematic (PRISMA) literature search 1947 through 2015
for studies with ALL or SUBGROUP or patients having >4 metastases
- 3,084 articles > >
« 10 articles (all but 1 were retrospective)
* ALL patients had >4 metastases treated with SRS
* 5-37 metastases (mean range from 6-17)
« Total target volume 3.2-10.9 cc

* Additional 5 studies excluded for not reported distant brain control

Sahgal A, et al. Stereotactic radiosurgery alone for multiple brain metastases? A review of clinical and technical issues. Neuro Oncol. 2017;19(s2):i2-15.

SRS alone for >4 metastases
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Sahgal A, et al. Stereotactic radiosurgery alone for multiple brain metastases? A review of clinical and technical issues. Neuro Oncol. 2017;19(s2):ii2-15.

SRS alone for >4 metastases

* 1-year local recurrence: 6.5 - 58.3%
* “heterogeneity in cohorts with respect to histology and
definition of local tumor control”
* “consistent with the literature overall”

* Distant brain recurrence: 22 - 90%
* “heterogeneity in primary tumor type and definition of
extracranial disease control status”
- Prior WBRT in some patients

* Median survival: 3.4 - 13 months

 Favorable factors: better RTOG RPA score, 1KPS, favorable histology (i.e. breast),
controlled extracranial tumor, Yage

Sahgal A, et al. Stereotactic radiosurgery alone for multiple brain metastases? A review of clinical and technical issues. Neuro Oncol. 2017;19(S2):ii2-15.

SRS alone for >4 metastases
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Sahgal A, et al. Stereotactic radiosurgery alone for multiple brain metastases? A review of clinical and technical issues. Neuro Oncol. 2017;19(s2):ii2-15.
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SRS alone for multiple metastases : JLGKO901 study

* Prospective observational study (2009-2012)
* 1-10 metastases
* all<10 mland <3 cm
* Cumulative volume <15 ml
* 1 metastasis (n=455)
* 2-4 metastases (n=531)
* 5-10 metastases (n=208) -- included in Sahgal review

Yamamoto et al. Stereotactic radiosurgery for patients with multiple brain metastases (JLGK0901): a multi-institutional prospective observational study.
Lancet Oncol. 2014 Apr;15(4):387-95.  ILGK - Japanese Leksell Gamma Knife

SRS alone for multiple metastases : JLGKO901 study

1 vs. 2-4 vs. 5-10 metastases groups :
* OS: greater for 1 vs. 2-4 (median 13.9 vs. 10.8 M, p=0.0004)
2-4 similar to 5-10 (HR=0.97, p=0.78) — median 10.8 M for both
* Neurologic death similar across groups (p=0.27), and <10%,
* LC similar (p=0.78) across subgroups (10-16%)
* Distant brain metastases 48% for 1 metastasis
* Similar for 2-4 and 5-10 metastases (63 and 69%)
* Salvage WBRT used in ~10% need to follow patients
* Savage SRS used in 40% } with serial brain MRI

Yamamoto et al. Stereotactic radiosurgery for patients with multiple brain metastases (JLGK0901): a multi-institutional prospective observational study.
Lancet Oncol. 2014 Apr;15(4):387-95.

SRS alone for multiple metastases: lesion number

ssicy | it | o | oo anfed by mmber motastses
4-18

Bhatnagar 205 0: number of metastases not significant (p=0.33)
(2006/2007)
uPMC RPA: worse O subgroup: total treatment volume >7 cc and >7 metastases
Serizawa 1,508 110 0S:1vs. 2-4 (HR=0.70; p<0.0001)
(2010) Japan 2-4vs.5-10 (HR=1.12; p=0.10)
Serizawa 2,246 110+  need for salvage therapy: >10 > 5-10 metastases (p=0.023)
(2012) Japan
Yamamoto 2,553 189 Net tumor volume 1-4 vs. 5+ metastases
(2013) - 0s:worse in 5+ group (HR 1.18, p=0.01)
Japan - neurologic survival (without neurologic death): similar (p=0.77)
- salvage therapy: similar in both groups
JLGK0901 1,194 110 0S:1vs. 2-4 (HR=0.76; p=0.0004)
(2014) 2-4vs.5-10 (HR=0.97; p=0.78)
Japan
Ali (2017) 5,750 110+
Japan &

Australia

With SRS alone for one or multiple brain metastases

 Survival outcomes: - better with 1 metastasis (vs. >1)
- similar across patients with 2-10 metastases

- worse with >10 metastases

* CNS distant control: worse >10 metastases
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SRS alone for 1 or multiple metastases: lesion volume

[ Stucy | patients | sions | Outcomes analyaea by tmor voume

Bhatnagar 205 418 OS: treatment volume was the most significant predictor (p=0.002)
(2006/2007)

upPmCc RPA: best OS subgroup: total treatment volume <7 cc and <7 metastases
Serizawa 2246 110+  Nettumor volume >15 cc, worse (p<0.0001)

(2012) - os

Japan - neurologic survival (without neurologic death)

- qualitative survival (without impaired ADL)
“Mesion volume = PMumor progression

Yamamoto 2,553 1-89 0S: cumulative tumor volume of >10 cc

(2013) (HR>1.4, p<0.001 for all patients, and subgroups with 1-4 vs. 5+ mets)

Japan

JLGK0901 1,194 1-10 maximum tumor volume (21.6 vs. <1.6 cm) | adverse factors for OS on univariate
(2014) cumulative tumor volume (21.9 vs. <1.9 ml) | but not multivariate analyses
Japan

i (2017) 5,750 1-10+  0S: cumulative intracranial volume: HR of 1.015 per cc (p<0.001).

Japan &

Australia

With SRS alone for multiple brain metastases

« Survival outcomes: - better with 1 metastasis (vs. >1)
- similar across patients with 2-10 metastases
- worse with >10 metastases
- worse with greater net GTV

* CNS distant control: worse >10 metastases

With SRS alone for multiple brain metastases *

* Survival outcomes: - better with 1 metastasis (vs. >1)
- similar across patients with 2-10 metastases
- worse with >10 metastases
- worse with greater net GTV

* CNS distant control: worse >10 metastases

* What is the role of SRS alone for ?

5-10 and for >10 brain metastases °

Future study for those with 4+ brain metastases

* Phase Il studies of SRS alone
* Phase Ill studies of SRS alone vs. WBRT (+SRS)
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Phase Il
R PO P P O -
group patients g outcomes
UT Southwestern NCT03508752 45 6+ metastases SRS Cognition (HVLT-R)
..
NCT01644591 49 4+ metastases SRS Local control
from melanoma Cogpition

Randomized

oo sty Lot iy | suam | o

g p nts g outcomes

MDACC NCT01592968 100 4-15 metastases - WBRT Local control
(enrolling) all35cm - SRS Cognition (HVLT-R)

CT01731704 closed 5 metastases - WBRT Cognition
before  All 10 cc - SRS QoL
accrual et GTVS15 cc

Netherlands NCT 260 4- - WBRT QoL
(closed.. all<2.5cm - SRS
fornow ?) net GTV=30 cc.
ICT03075072 196 5-20 metastases - WBRT (with or without QoL
- SRS

CT03550391 206 5-15 metastases - WBRT (w/hippocampalsparing)  OS
als Group/NRG (enrolling) all<2.5cm + memantine Neuro-cogn. PFS
- SRS
nnybrook Health NCT03775330 125  5-20 metastases - SRS + WBRT Cognition (HVLT-R)
Sciences Centre (enrolling) (allow upto30) - SRS

Future study for those with 4+ brain metastases

* Phase Il studies of SRS alone
* Phase Ill studies of SRS alone vs. WBRT (+SRS)
* Phase II/lll studies of systemic therapy

¢ ALK-rearranged NSCLC

* EGFR mutant NSCLC

* BRAF-mutated melanoma

* Solid cancers with high expression of PDL1

Take home points

* SRS alone for appropriately selected patients with:

* 2-4 brain metastases: is an accepted standard based
on level 1 evidence

* >4 brain metastases: is emerging as an accepted standard
* >10 brain metastases: is arguably investigational, though

perhaps warranted in patients with
low volume burden disease

10
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Omission of WBRT in patients with 1-4 brain metastases™®

« increases local tumor recurrence (~23-31% vs. 0-19% @ 1Y)
* increases distant brain recurrence (~30-64% vs. 8-41% @1Y)
* increases rate of salvage treatment (~32-87% vs. ~7-16%)

* does NOT detriment overall survival

¢ less detriment in neurocognitive function

With SRS alone for multiple brain metastases *

* Survival outcomes: - better with 1 metastasis (vs. >1)
- similar across patients with 2-10 metastases
- worse with >10 metastases
- worse with greater net GTV

* CNS distant control: worse >10 metastases

* What is the role of SRS alone for ?

5-10 and for >10 brain metastases °
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