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Colette Shen, Mo, pa

| y G A ’
The Evolving Role of Radiotherapy in the Management
0f Primary and Metastatic Brain Tumors

7
Colette Shen, MD, PhD, is an Associate Professor of Radiation Oncology at the University
of North Carolina at Chapel Hill, where she specializes in the treatment of central nervous
systemand head and neck cancers. Her research focuses on advancing care for patients
with brain metastases through novel drug-radiation combinations, enhancing responses
toimmunotherapy for patients with head and neck cancer, and investigating imaging
biomarkers to better assess treatment response and therapy related toxicities.
o
Colette Shen, w,no
Disclaimer: The views expressed herein are those of the
presenter, they donot necessarily reflect the viewsof the
contracted organization, department, School of Medicine,
nor the University of North Carolina at Chapel Hil.
8
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Our Presenter
9
Our Presenter
5 Colette Shen, M, Pho, is an Associate Professor of Radiation Oncology at the
» University of North Carolina at Chapel Hill.
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Our Presenter

5 Colette Shen, M, ph, is an Associate Professor of Radiation Oncology at the
= University of North Carolina at Chapel Hill.

a She specializes in the treatment of central nervous system and head and neck
»  Cancers.
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Our Presenter

5 Colette Shen, M, Pho, is an Associate Professor of Radiation Oncology at the
= University of North Carolina at Chapel Hill.

4 She specializes in the treatment of central nervous system and head and neck
»  Cancers.

3 Dr. Shen's research focuses on advancing care for patients with brain metastases
» throughnovel drug-radiation combinations.

12
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Our Presenter

Colette Shen, M, ph, is an Associate Professor of Radiation Oncology at the
University of North Carolina at Chapel Hill.

She specializes in the treatment of central nervous system and head and neck
cancers.

Dr. Shen's research focuses on advancing care for patients with brain metastases
through novel drug-radiation combinations.

Her aim is to enhance responses to immunotherapy for patients with head and neck
cancer.
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Our Presenter

Colette Shen, M, Pho, is an Associate Professor of Radiation Oncology at the
University of North Carolina at Chapel Hill.

She specializes in the treatment of central nervous system and head and neck
cancers.

Dr. Shen's research focuses on advancing care for patients with brain metastases
through novel drug-radiation combinations.

Her aim is to enhance responses toimmunotherapy for patients with head and neck
cancer.

She also investigates imaging biomarkers to better assess treatment response and
therapy related toxicities.
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Sample Poll Everywhere Question
B v &

&  when cancer that began somewhere else in the body spreads to the brain and causes a mass or brain tumor, it's
o= called metastatic brain cancer.

o%

%

Join by Web

€ Go to PollEv.com
© Enter UNCLCN

© Respond to activity

15
= ]
|| m
@& When cancer that began somewhere else in the body spreads to the brain and causes a mass or
e brain tumor, it's called metastatic brain cancer.
True
0%
False
0%
.. Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app ..
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Disclosures
* Consultant: Nanobiotix, Johnson&Johnson, GT Medical
Technologies
* Research support: AstraZeneca
* Employer: University of North Carolina
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Outline

* The evolving role of radiotherapy in the treatment of
gliomas

* Advancements in the management of meningiomas

* Optimizing management of brain metastases in an era
of precision medicine

19

Part 1: The Evolving Role of Radiotherapy in the
Treatment of Gliomas

20
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Abbreviated history of glioma treatment

* 1884—first primary brain tumor

resection (glioma) R \

* 1978—BTSG 69-01 demonstrated wf W\,  Uhmemm
improved survival with post-op RT (mOS o T
~8 months vs. ~3 mos supportive care) € of !

* 1980—BTSG 72-01 demonstrated 2 wl
improved survival in patients with *
malignant glioma with adjuvant RT + -
chemo (mOS ~10-11 months)

o L 1 L - -t

! ! 1 T L |
2 4 6 8 10 1214 16 18 20 22 24
MONTHS

Walker et al., NEJM 1980

21

Abbreviated history of glioma treatment

* 1884—first primary brain tumor resection
(glioma)

* 1978—BTSG 69-01 demonstrated improved
survival with post-op RT (mOS ~8 months
vs. ~3 mos supportive care)

* 1980—BTSG 72-01 demonstrated improved
survival in patients with malignant glioma

100
90+
80+
704
60
504
404
304
204

mOS 14.6 mos

Radiotherapy plus temozolomide

Probability of Overall Survival (%)

with adjuvant RT + chemo (mOS ~10-11 pIEmOsiiZinos T Sr— R
months) Months

* 1990s/2000s—PCV chemotherapy for ety m e e w2«
oligodendrogliomas (EORTC 26951, RTOG ™t 27 26 s w57 27 4
9402, RTOG 9802) i

* 2005—RT + TMZ established as SOC for

treatment of glioblastoma Stupp etal., NEIM 2005

22
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Why 60 Gy of radiation for high grade gliomas
BTSG - Dose Response

retrospective from 66-01, 69-01, 72-01

304 Dose (Gy WBRT) Median OS (wks)

90 - 0 18 Subsequent dose
o 801 50 28 escalation studies did
R 70 gg ig not improve survival or
S 80 o pattern of failure
0 - L]
0 so 6OGy RTOG 7401 to 70 Gy
T 40 4 * U Michigan to 90 Gy
o 30 - A + RTOG 9305 with SRS
N 20 boost

e 0Gy + NRG-BNO0O1 to 75 Gy

o J : (photon)
0 20 40 60 80 100
WEEKS

Walker et al., JROBP 1979

23

Radiotherapy for low grade gliomas

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

M) van den Bent D Afra Ben chroub, K

ABME Karim, for the FORT(

om, L Callette, M Piérart, R Minimanoff

Lancet 2005

* Randomized trial of early RT vs deferred RT at progression |
post-op for low-grade glioma (astrocytoma, ; :
oligodendroglioma, mixed OA, anaplastic), n=303 eligible s g
pts; accrual 1986-1997, median follow up 7.8 yrs B -sersisl ooty o R

» 53-55% with biopsy or STR, median age ~40, ~50%
astrocytoma

* mPFS 5.3 yrs with early RT, 3.4 yrs control (HR 0.59,
p<0.0001)

» Better seizure control at 1 yrin early RT group
* mOS similar between groups (7.4 yrs early RT, 7.2 yrs control)
* In control group, 65% received RT at progression

- In select patients, deferring RT until progression may be
appropriate and does not appear to impact OS S oA L

24

For Educational Use Only

Presented on 4/21/26

12



UNC Lineberger Cancer Network Presented on 4/21/26

Radiation plus Procarbazine, CCNU, Phase 2 Stuiyof @ TemezalomideBesnd. ..
2 Bicin & N ~1s Ch diation Therapy Regi for High-Risk,
and Vincristine in Low-Grade Glioma Low-Grade Gliomas: Long-Term Results of
Radiation Therapy Oncology Group 0424
Barbara J. Fisher, MD,* Stephanie L. Pugh, PhD,
David R. Macdonald, MD,* Arnab Chakravatri, MD, Glenn J. Lesser, MD,
Sherry Fox, PhD, RN, CNRN, C. Leland Rogers, MD,"
Maria Wemner-Wasik, MD," Thomas Doyle, MD,**
Jean-Paul Bahary, MD, ' John B, Fiveash, MD, ' Joseph A. Bovi, MD,
Steven P. Howard, i'll). Hsiang-Hsuan Michael Yu, MD, ScM s
M, and Wk ) Cora, s i R SO ik 6 i Wi RTOG 0424:
RTOG 9802: NEJM 2016 Minhee Won, MA, and Minesh P. Mehta, MO IJROBP 2020
A Overall SIZL\I_MI 10 Single arm study:
mOS 8.2 years
75 mOS: 13.3yrs z 75|
T = Historical comparisons,
g RT=pCV < \_H" “_\_\ RT alone:
2 5o ) 3 % - «  MOS~7.2.7.6yrs for
g No. of Patients - | \\ i i
% Who Died  Total No. RY alone & - EORTC intermediate
< po| RTHRQV s B S o risk pts
| :::I:;n:ano o:: (95%Cl, o4;z_i)s;)m e \ il * mOS~4.8-5.5yrs
poooos e for EORTC high risk
B A T T At s e I W pts
0 1 2 3 4 5 6 7 8 9 10 11 12 Years after Registration
Years after Randomization Fobients ot sk 129 108 bt "
No. at Risk
a1 121100 90 01 18 35 4 6 9 & % 2 - Chemo added to RT improves survival for LGG pts
25
Why delay RT for patients with LGG?
H M A immediate rocall B otal recal
» Studies on neurocognitive effects, o " bt
. 3 R 3 li A |
shorter term follow up: B o pee= —
v 10 w 40 1
. . g . . E E x
* Significant impact of the tumor itself but no & £ 2
difference +/- RT (mean 6 yr follow up) (Klein g g (Rmm—
z2 z ¥ jothera;
et al., Lancet 2002) ol 3 = Radoterney :
) . Basaline 6 months 12 months Baseline 6 months 12 months
* No impact on memory function and no el ity it he i
difference between RTvs TMZ up to 1 year " ‘f’“f’;‘_‘”ﬂm . Y iadaadbin
; el Eomomiomin | < 1,
after treatment (EORTC 22033-26033, Klein et $n LB T I i
al., Neuro-Oncology 2021) 2 R | BT, e i
28 28 [ 4
: o] o *‘ __________ | : 6
02 4 2 4
54| S MG
Qtr v v 0+ v é
Basaline 6 months 12 months Baseline € months 12 months
Time of measurement Time of measurement
Klein et al., Neuro-Oncology 2021
26
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Why delay RT for patients with LGG?

A Executive functioning

B Pyycremoter funcuaning

* Longer term follow up at mean 12 yrs: I i )
* Stable cognitive status in those who did not i3] ; ] ;
have RT but progressive decline in those N !
who had RT (Douw et al., Lanc Neurol 2009) “
]
1] —

Douw et al., Lancet Neurol 2009

27

The NEW ENGLAND
JOURNAL o MEDICINE

ESTABLISHED IN 1812 AUGUST 17, 2023

VOL. 389 NO.7

Vorasidenib in IDH1- or IDH2-Mutant Low-Grade Glioma

INDIGO Trial: Double-blind, phase 3 trial, n=331 pts with
residual or recurrent G2 IDH-mutant glioma, no prior
RT/chemo, asymptomatic; accrual 2020-2022

* Randomized to placebo vs vorasidenib, median follow up

14.2 months

* 52% 1p/19q co-deleted, median age ~40, median time

surgery->randomization 2.4 yrs

* PFS 27.7 mos vorasidenib vs 11.1 mos placebo, P<0.001
* Time to next intervention greater in vorasidenib group

* Likelihood of being alive without next intervention at 18 mos:
85.6% vorasidenib, 47.4% placebo

* Crossover: 31.9% of patients in placebo group crossed

over to vorasidenib at progression

A Progression-free Survival

or——y

o
il

s o
T

Probability of Progression-free Survival

No. at Risk
Vorasidenib 168 166 166 157 154154133 131 1
Placebo 163 162 161 146 145 143 117 116 114 7.

B Roceipt of Next Intervention
10+

Eanama N
094 e

084

Probabikty of Baing Alive and Not
Receiwing Next Intervention

168 163 167 167 165 161 160 156 146
163 163 162 161 159 156 155 146

07 \ "

7105 95 86 75
77 W 4

655748 3827 2518 151311 7 4 4 2 1
453502214117 652210

28
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Timing of RT for LGG in the INDIGO era

Upfront IDH
Upfront CRT versus inhibitor - CRT at
progression

* In young patients who may have >10-year survival, deferring toxicities of CRT is a
very important consideration

* Previous candidates for “watch and wait” strategy may be considered for IDH
inhibitor therapy = CRT at further progression — how might this impact OS?

* Which patients who might typically be offered CRT upfront could be considered for
IDH inhibitor first > CRT at progression?

. \é\_/ould avoid—higher grade/enhancing disease, symptomatic/high volume residual/recurrent
isease

* How might IDH inhibitor therapy after progression following CRT impact survival?
* What about combining IDH inhibitor + CRT for higher risk disease?
* What are the impacts on neurocognitive function, QoL, seizure control?

29

Case

* 42yo woman with small non-
enhancing tumor of L frontal lobe, s/p

near-total resection

* Path: CNS WHO G2, IDH-mutant
astrocytoma, 1p/19q intact

* Options discussed: observation, CRT,
vorasidenib

* She wants to pursue aggressive
approach and is proceeding with CRT

30
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Advanced RT techniques: Proton therapy

* Dosimetric studies of LGG pts M0
show reduced normal tissue doses o :
with proton RT (IMPT) compared to
other photon-based techniques

Eekers et al., Acta Oncol 2019

31

Advanced RT techniques: Proton therapy

* Given diffuse nature of G2+ gliomas, do more conformal techniques like
proton RT still maintain disease control/efficacy?

* Indelicato et al., JROBP 2019—Outcomes of proton RT for pLGG

* No marginal recurrences observed

-
o
o

A Tumor Histology

o 3
o o
1 1

Freedom from event (%)
8
1

= Qverall survival, 92% (CI, 85 - 95%)
~— Progression-free survival, 84% (C1 77 - 89%)
===Local control, 85% (CI 78 - 90%)

~n
o
I

i=1

T T T T 1
1 2 3 4 5
Years

o

* NRG-BNO0O05: A Phase Il Randomized Trial of Proton vs. Photon RT for
Cognitive Preservation in Patients with IDH Mutant, WHO G2/3 gliomas
* Completed accrual March 2024, awaiting results

32
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e Cognitive decline
Neuro-Oncology 5 10
3_5; — PT (E/N = 14/24)
e - IMRT (E/N = 19/35)
£ 08
g P=074
A prospective phase II randomized trial of proton g 06+ f—
radiotherapy vs intensity-modulated radiotherapy for g oi e
patients with newly diagnosed glioblastoma g i) rf
2 02
Paul D. Brown,' Caroline Chung,” Diane D. Liu, Sarah McAvoy, David Grosshans, Karine Al Feghali, % 0.0 4 ;
Anita Mahajan, Jing Li, Susan L. McGovern, Mary-Fran McAleer, Amol J. Ghia, Erik P Sulman, 8§ ¥ + T - - r T
Marta Penas-Prado, John F. de Groot, Amy B. Heimberger, Jihong Wang, Terri S. Armstrong, © 0 5 10 15 20 25
Mark R. Gilbert, Nandita Guha-Thakurta, and Jeffrey S, Wefel®
Months from 1st Cognitive Evaluation
# at Risk
. . P 4
» Randomized phase Il trial of proton RT vs meT 3% 5 5 3
photon IMRT for pts with newly diagnosed . PFS os
GBM (MD Anderson) | —gewes i
* N=90 enrolled, 67 evaluable, median i e
follow up 48.7 mos £ oo
* No significant difference in time to 1] 1o
cognitive failure or PROs at 6 mos (aside o N
from lower fatigue with PT) “1 )
* No difference in PFS/OS R RS B BT EEEY
Months from Registration Date Moehs from Registration Date
I I ot B
33
NRG-BNO001:Phase IIR Trial HypoFx Dose-Esc IMRT or proton therapy
vs. conventional photon RT with TMZ in newly diagnosed glioblastoma
| Basic Eligibility: Newly dxed GBM; Residual tumor/postop cavityl5cm; KPS>70 |
g R Completed
¢ a accrual 2022;
e n IMRT or PBT Dose- IMRT dose
RPA d Painting 75 Gy/50 Gy in escalation did
NeW| - a / 30 fx + TMZ .
y — ¢ o not impact OS,
dx GBM i MGMT | |m S proton RT dose
f I escalation does
z Standard Photon .
y RT 60 Gy/30 + TMZ improve OS
— e (ASTRO 2025)
’ Sample Size: 576 patients | —> Phase lll trial
‘ Primary endpoint: Overall survival ’ p la n ned
NRG Basic Statistical Design:
ONCOLOGY™ | Median survival 16 months with standard photon RT vs. 22.2 months with dose-esc IMRT or PBT
34
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* Initial experience has largely been for recurrent tumors

* There may be an important role for upfront Cs-131
gréalslhytherapy, especially for aggressive, rapidly growing

FLAIR dose will be delivered during 4-
weeks of fractionated EBRT (EBRT is to
FLAIR located between GT implant dose
and dotted green line).

“Concurrent™ TZM starts at time of EBRT,
continues thru 4 weeks of EBRT for total of
24 doses.

Newly Diagnosed GBM

EBRT
Starts at

25+/-4 4 week 3 weeks 3 weeks
days wait ot oft Elc

T™Z T™MZ T™MZ
EBRT M-F for 4 5d/mo x 5d/mo x 5d/mo x
Resection weeks (20 f : ) - ] 2 0)
TMZ 7d/wk
daily with RT
Adjuvant” Treatment Phase
(TMZ, +/- TTF)

Intracavitary brachytherapy—Cs-131 seeds

Mayfield Clinic

35

Case

protocol

* 52yo M with L parietal GBM, IDH WT, MGMT promoter methylated, Ki 67 40%, s/p STR
* 1 month post-op, found to have rapid recurrence on RT planning MRI

* Underwent resection with Cs-131 brachytherapy to the cavity

* This was followed by external beam RT over 4 weeks (20 fractions), similar to GESTALT

* Currently receiving adjuvant TMZ, without evidence of recurrence

After 2" surgery + Cs-131

Diagnosis Immediate post-op 1 month post-op

36
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Role of re-irradiation for GBM

* No standard treatment regimen for recurrent disease—options may
include re-resection, systemic therapy, re-irradiation

E Treatment Median OS Factors a/w better survival

Fogh etal., JCO 2010 147  H-SRT, 35Gy/10fx 11 mos Younger age, smaller volume
(retrospective)
Gutin et al., JROBP 2009 25 H-SRT, 30Gy/5fx + bevacizumab | 12.5 mos
(prospective)
Combs et al., Neurosurgery 108  Re-resection + re-RT, 36Gy/12- | 12 mos GTR, MGMT methylated, KPS=80,
2018 18fx time between RT courses >12
(retrospective) mos
Shen et al., Adv Rad Onc 118 Median 41.4 Gy (most with 9.6 mos Time between RT courses >24
2018 TMZ, bey, or both) mos, reRT dose >41.4 Gy, GTR
(retrospective)
Tsien et al., JCO 2022 182  BevonlyvsBev+RT 9.7 mos Bev alone, KPS 90-100, MGMT methylated
(RTOG1205) (35Gy/10fx) 10.1 mos Bev+RT
Helis et al., ASTRO 2023 196  Median ~35 Gy/10 fx, most with | 9.8 mos Dose >35Gy/10fx, tumor <5cm,
(multi-inst retrospective) TMZ or bev time between RT courses >12
mos
37
* Newly diagnosed GBM:
* Active: DOC-GBM2 trial—dendritic cell vaccine + SOC chemoRT
* Upcoming: GTM-105 trial—GammarTile brachytherapy with initial
resection 2 4 weeks of chemoRT vs SOC 6 weeks chemoRT (2:1
randomization)
* Recurrent GBM:
* Active: CAR-T cell trial
38
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Summary: Glioma management

* For select patients with low grade glioma (esp. younger with longer
expected survival), deferring CRT and associated toxicities until
progression may be appropriate

* Results from the INDIGO trial may introduce a new treatment paradigm
whereby IDH inhibitor therapy is considered upfront for pts with IDH-
mutant, lower grade tumors s/p GTR/NTR (in place of observation or
upfront CRT in select patients)—many questions remain!

¢ Currently would still recommend post-op CRT for: higher grade/enhancing
disease, symptomatic/high volume residual/recurrent disease

* The role of proton therapy is still being studied for low and high-grade
gliomas

* Cs-131 brachytherapy may be beneficial both in the recurrent and
newly diagnosed GBM setting, especially with rapidly growing tumors

* Re-irradiation for gliomas can be an effective treatment option,
especially for smaller volume tumors, patients with good PS, longer
interval from initial RT; often given with TMZ and/or bevacizumab

= 0
|| m
i For which patient could IDH inhibitor therapy be considered?
Concer Comter
52yo M with glioblastoma s/p gross total resection
0%
65yo M with CNS WHO G2, IDH-mutant astrocytoma, s/p subtotal resection with large volume residual disease at the corpus
callosum
0%
47yo F with G2 meningioma s/p gross total resection
0%
33yo F with CNS WHO G2, IDH-mutant astrocytoma, s/p gross total resection
0%
.- Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app .-
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Meningiomas

Part 2: Advancements in the Management of

41
Current treatment paradigms “Systermic therapy reserved
for progression/recurrence
RTOG 0539 (non-randomized Phase Il study)
I i e e
Low | GTR (Simpson I-11) Observation 5-year PFS: 94.3%
| STR (Simpson IV-V) 5-year PFS: 72.7%
Intermediate | Recurrent 54 Gy to GTV + 1cm | 3-year PFS: 93.8%
1l GTR
High 1l STR or recurrent 54 Gy to GTV +2cm,  3-year PFS: 58.8%
m o 60 Gy to GTV + 1cm
Rogers et al, Neuro Oncol 2023; Rogers et al., ) Neurosurg 2018; Rogers et al., JROBP 2020
NRG-BNO003 (randomized Phase Ill study, accruing)
A /
diagnosed GTR
(Simpson I-111) WHO \
grade |l meningioma RT 59.4 Gy
42
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Dose escalation for higher grade tumors?

RTOG 0539 (non-randomized Phase Il study)

GTR (Simpson I-11l) Observation 5-year PFS: 94.3%
| STR (Simpson IV-V) 5-year PFS: 72.7%
Intermediate | Recurrent 54Gyto GTV+1cm  3-year PFS: 93.8%
1l GTR
High 1l STR or recurrent 54 Gy to GTV + 2cm, | 3-year PFS: 58.8%
60 Gy to GTV +1cm
1l Any

Rogers et al, Neuro Oncol 2023; Rogers et al., ) Neurosurg 2018; Rogers et al., JROBP 2020

* Zeng et al., JROBP 2024
* Retrospective study of WHO G2/3 meningioma (n=118)

* 64 (54%) received standard dose (<66 Gy EQD2, a/p = 10), 54 (46%) received
dose escalation (=66 Gy EQD2, a/B = 10) (100% vs 66% had residual disease in
the dose-esc vs. standard dose group)

* Dose escalation a/w improved PFS and local control

* 3-year PFS: 78.9% dose escalation vs. 57.2% standard dose
* Radiation necrosis similar between cohorts (~6%)

43

SSTR targeting for imaging and treatment

* Nearly all meningiomas express somatostatin receptor 1/2
(SSTR1/SSTR2) (also highly expressed on most neuroendocrine
tumors)

* Molecular imaging techniques using SSTR ligands (e.g. %8Ga-
DOTATATE) are increasingly used and recommended for
diagnostic confirmation, surgical planning, radiation target
delineation, post-treatment surveillance

* RANO/PET Group recommendations for use of PET imaging (Galldiks et
al., Neuro Oncol 2017)

* Joint EANM/EANO/RANO/SNMMI practice guideline/procedure standards
(Albert et al., Eur J Nucl Med Mol Imaging 2024)
* Early studies are evaluating use of SSTR targeting for treatment of
meningiomas (e.g. '"’Lu-DOTATATE / Lutathera)

44
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Neuro-Oncology

26(8), 15261535, 2024 | https://doi.org/10.1093/neuonc/noae0b7 | Advance Access date 30 March 2024

Case: 67yo F with post-op residual
[Ga68] DOTATATE PET/MRI-guided radiosurgical G2 meningioma

treatment planning and response assessment in

meningiomas

Jana lvanidze®, Se Jung Chang Arsalan Haghdel JoonTae Kim, Arindam Roy Choudhury,
AlanWu, Rohan k tz, Bab Cisse, Ph|I|p Stieg, Leland Muller,
Joseph R. Osborne, Rajiv S. Magge | A Karak is, Michell y , Eaton Lin,
Susan C. Pannullo, Joshua D. Palmer”, and Jonathan PS. Knisely

* Prospective study of 27 patients with WHO G1 (26%), G2 (41%),
and G3 (26%) meningiomas
* Underwent post-operative [Ga68] DOTATATE PET/MRI for

radiation planning DOTATATE
* Followed post SRS or SBRT with DOTATATE PET/MRI at 6-12 mos

* Post-RT SUV decreased by ~40% PET
* At max follow up (42-44 mos), PFS was 100%/83%/54% in WHO
G1/2/3 subcohorts
Post-op/pre-RT 7 mos post-RT
45
* 43yo woman with WHO G2 L frontoparietal meningioma s/p GTR and
adjuvant RTin 2019
* MRl brain in 2024 showed questionable recurrent tumor vs. bony
changes/scarring
1
Initial dx pre-op 2024 ? recurrence DOTATATE PET confirming recurrence
- Underwent additional SRT
46
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CLINICAL CANCER RESEARCH | RESEARCH BRIEFS: CLINICAL TRIAL BRIEF REPORT

Evaluation of the SSTR2-targeted Radiopharmaceutical (L)
77 u-DOTATATE and SSTR2-specific °®Ga-DOTATATE S
PET as Imaging Biomarker in Patients with Intracranial

Meningioma 2024

Sylvia C. Kurz', Elcin Zan?, Christine Cordova®, Andrea B. Troxel*, Marissa Barbaro”, ’
Joshua S. Silverman®*, Matija Snuderi*”, David Zagzag™’, Douglas Kondziolka®, John G. Golfinos®®,
Andrew S. Chi®, and Erik P. Sulman®®

* Multicenter, single-arm
phase |l clinical study
(NCT03971461)

* 14 patients (WHO I, n=3;
WHO 2, n=10; WHO 3,
n=1)

* Priorresection + 21

63 y/o F with WHO grade 2 meningioma

Fused post-gad T1 & Fused post-gad T1 &

68Ga-DOTATATE PET Post-gad T1 $3Ga-DOTATATE PET  %%Ga-DOTATATE PET Post-gad T1 53Ga-DOTATATE PET

course of RT SUVe6.1 SUV 6.5
¢ Treatment well tolerated;
most common AEs of l
cytopenia, electrolyte ) :
abnormalities, fatigue
. PFS;G mos of 50% 2.8x2.5cm Suv3.8 1x0.9cm suv2.7
© >25% rgductIOI.‘l in PET Left tentorial meningioma Left middle cranial fossa meningioma
uptake in 2 patients 2D measurements (MRI): <25% increase in size (SD) 2D measurements (MRI): <25% decrease in size (SD)
(majority SD) 53Ga-DOTATATE PET: >25% reduction in SUV (SD)  **DOTATATE PET: >50% reduction in SUV (PR)
47
RTOG-3523—t0 open soon at UNC
* Open-label, multicenter, randomized, phase 2 clinical study to
evaluate the efficacy of [177Lu]Lu-DOTATATE in patients with
progressive grade 1-3 intracranial meningioma
* Randomized 2:1 to receive [177Lu]Lu-DOTATATE vs SOC therapy
* At progression, subjects on SOC arm may cross over to
[177Lu]Lu-DOTATATE arm
48
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enkwged
NS e ,,
I CLINICAL ARTICI F removed _ 7
i S Neurovurg 131, 16131628, 2019 - s
Tiles
.‘_. ,‘-_

8« Resection and permanent intracranial brachytherapy f\ -/
using modular, biocompatible cesium-131 implants: results I
in 20 recurrent, previously irradiated meningiomas

\
]

David G. Brachman, MD,’ Emad Youssef, MD,’ Christopher J. Dardis, MD,” Nader Sanai, MD,”
Joseph M. Zabramski, MD, Kris A. Smith, MD,2 Andrew $S. Little, MD,2 Andrew G. Shetter, MD 2
Theresa Thomas, MS,! Heyoung L. McBride, MD, MS * Stephen Sorensen, PhD,*

Robert F. Spetzler, MD,? and Peter Nakaji, MD*

Mayfield Clinic

0.8 4

0.6

0.44

Cs tiles

w—— A

—efore

Free of local progression (by MRI)

0.0

0 12 — 24 36

49
Summary: Meningioma management advances
* Management of G2 meningiomas after GTR remains controversial
* Observation or proceeding with RT are both reasonable
* | look at resection/coagulation of dural attachments, other high risk features
(more aggressive histologies, high mitotic index/Ki67) to guide
* Consider RT dose escalation for G2/3 meningiomas, especially with
residual disease post-op
» Consider %8Ga-DOTATATE PET:
* After resection of a G2 meningioma, to help decide on post-op management
* To aid in target delineation when post-surgical changes make MRI difficult to
interpret
* To help diagnhose progression/recurrence when MRl unclear
* Radiopharmaceutical therapy with 77Lu-DOTATATE is being studied for
progressive meningiomas
* Cs-131 brachytherapy may be beneficial both in the recurrent and
upfront setting
50
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l- =
e What novel imaging should be considered in the management of meningiomas?
18F-FDG-PET
0%
Ultrasound
0%
68Ga-DOTATATE-PET
0%
CT angiogram
0%
.- Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app
51
Part 3: Optimizing Management of Brain
Metastases in an Era of Precision Medicine
52
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Longer survival with brain metastases in era of
effective systemic therapy

1970s: WBRT
- Median OS 3-5 months

1980s-1990s: Addition of local therapy for single brain met
- median OS 7-10 months

1990s-2000s: Randomized studies of SRS +/- WBRT
- median OS 7-11 months

Current: Targeted or immune therapy + brain RT
- median OS 20-50 months

Borgelt et al., IJROBP 1980; Patchell et al., NEJM 1990; Andrews et al., Lancet 2004; Aoyama et al., JAMA 2006; Chang et al., Lanc Onc 2009;
Kocher et al., JCO 2011; Brown et al., JAMA 2016; Johung et al., JCO 2016; Knisely et al., JINS 2012; Welsh et al., JCO 2013

53

Treatment options have expanded

54

For Educational Use Only 27



UNC Lineberger Cancer Network

Presented on 4/21/26

* Johungetal., JCO 2016:

metastases from ALK-rearranged NSCLC

Very-long-term survival with new targeted therapies

* Multi-institutional retrospective study of 90 patients with brain

* Received brain RT (SRS or WBRT) and ALK-targeted TKI (majority

crizotinib)
A 10 B o 10
Median OS = 49.5 months) 3
&
0.8 S Z 081
S _ 5=
25 25
S= os 25 os
= =2
L <=
=L o —
T2 04 — T 04
2e 8=
S =
0.2 G 02
@
=
=
0 20 40 60 0
Time (months)
No. at risk 90 36 14 4 No. at risk

Median IC PFS = 11.9 months

20 40 60
Time (months)

15 a4 3
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CNS response to systemic therapies
@ / Yy 1 ﬁ / Yy /ﬁ
<25% CNS Response 25-50% CNS Response >50% CNS Response
Tucatinib + Transtuzumab Tucatinib + Transtuzumab + Dabrafenib + Trametinib
Abemaciclib Capecitabine Alectinib
Neratinib Lapatinib + Capecitabine Brigatinib
Pertuzumab / Neratinib + Capecitabine Erlotinib
Transtuzumab Temozolomide + Cisplatin Lorlatinib
Capecitabine + TDM-1 Osimertinib
Temozolomide Dabrafenib Bevacizumab + Carboplatin +
Vemurafenib Ipilimumab + Nivolumab Paclitaxel
Ipilimumab Afatinib
Gefitinib Nivolumab
Lapatinib Pemetrexed
Pembrolizumab
Tonse et al., Cancers 2021 (PMID 34359583)
56
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Lung cancer brain metastases

* EGFR inhibitors (erlotinib, afatinib, gefitinib, osimertinib)

- median intracranial response 40-100% (Welsh et al., 2013; Hoffknecht et al., 2015;
Ceresoli et al., 2004; Mok et al., 2017)

* ALK inhibitors (ceritinib, crizotinib, alectinib)

- median intracranial response 30-70% (DeCastro et al., 2017; Costa et al., 2015;
Gadgeel et al., 2014)

* PD-1 inhibitors (pembrolizumab, atezolizumab)
- median intracranial response 30-40% (Parakh et al., 2017; Gadgeel et al., 2023)

57

Osimertinib for CNS metastases

* Wu et al., JCO 2018 (subset analysis from AURA3
Ph3 randomized trial)

* Patients with asymptomatic, stable brain mets from
EGFR T790M-mutant NSCLC (n=116 with brain mets,
n=46 with measurable CNS lesions)

* Randomized 2:1 osimertinib vs platinum-pemetrexed

Al Osimertinib: ORR 70%, median DoR 8.9 mcls B Platinum-pem: ORR 31%, median DoR 5.7 mos

zo-J I I
04

20
0

-..II
-20

-40

W Complete response B Complete response

Partial response

-60

-80

Best Change From Baseline
in Target Lesion Size (%)
in Target Lesion Size (%)

3

Best Change From Baseline

ase
-100 -100 4 W Not evaluable

58
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Melanoma brain metastases

* BRAF/MEK inhibitors (dabrafenib+trametinib or
encorafenib+binimetinib)
- median intracranial response 44-59%, median OS 10.1-24.3 mos,
median duration of response 6.5-8.3 mos for asymptomatic BM and 4.5
mos for symptomatic (Davies et al., 2017)
* Combination PD-1/CTLA-4 inhibition (ipilimumab+nivolumab)

->median intracranial response 55% (76% for PDL1>5%), 9 month OS 83%
(Tawbi et al., 2018)

59

SRS in era of immunotherapy

| ORIGINAL ARTICLE |

Combined Nivolumab and Ipilimumab

in Melanoma Metastatic to the Brain

Patients
i
"
4
<

* Multicenter Ph2 study, 94 pts
with metastatic melanoma and
unirradiated, asx BM

e 76% with 1-2 mets, 87% mets
<2cm

* Treated with Ipi/Nivo only

438 56 64 2 50 38 9%
Weeks

* IC ORR 56%, 6 mos PFS 64%

* Clinical benefit 76% vs 48% for
PD-L1 =25% vs <5%

Figure 1. Time to and Duration of Intracranial Response.

Tawbi et al., NEJM 2018

60
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Breast cancer brain metastases, HER2+

* Lapatinib + capecitabine
- median intracranial response 55%, median OS 17 mos (Bachelot et al., 2013)

* Trastuzumab emtansine (T-DM1)
- median intracranial response 44%, median PFS 6.1 mos (Jacot et al., 2016)

* Tucatinib/trastuzumab/capecitabine (HER2CLIMB)
- median intracranial response 47%, median OS 18.1 mos (Lin et al., 2020)

* Trastuzumab deruxtecan (T-DXd)

- median intracranial response 44-73%, median PFS 14-16 mos (Jerusalem et
al., 2022; Bartsch et al., 2022; Perez-Garcia et al., 2023; Kabraji et al., 2023)

61

* TUXEDO-1 trial: single-arm, phase 2
trial of patients with HER2+ BC
* Newly diagnosed or progressing BM

* N=15 patients enrolled
* 100% prior trastuzumab + pertuzumab
* 60% prior T-DM1

ARTICLES

mlmvdi .
itos:doh.onk/103038/441591-022-01935-8 meaicine

Tfastuzumab deruxtecan in HER2-positive breast
cancer with brain metastases: a single-arm,
phase 2 trial

Rupert Bartsch', Anna Sophie Berghoff 2", Julia Furtner’, Maximilian Marhold @',

Elisabeth Sophie Bergen', Sophie Roider-Schur’, Angelika Martina Starzer ", Heidrun Forstner, ® 27% p rior La p atl ni b
Beate ', Karin Di ) Bago-Horvath®, Helmuth Haslacher®,
Georg Widhalm’, Ayseg0l lhan-Mutiu, Christoph Minichsdorfer!, Thorsten Fuereder’, * Best overall IC res ponse 73%
Thomas Szekeres®, Leopold Oehler?, Birgit Gruenberger®, Christian F. Singer®, Ansgar Weltermann®,
Rainer Puhr ' and Matthias Preusser ©'™% ° M ed i an P FS 1 4 mos
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Bartsch et al., Nat Met 2022
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Case

38yo woman with HR+/HER2+ breast cancer, metastases in the liver, bones, lungs,
with 8 new brain lesions on MRI.

63
Case
* Treated with SRS to 8 lesions (systemic therapy: THP)
 Started trial of TDM1+palbociclib right after SRS
* CNS progression in 1 lesion, additional SRS
» Stable for many years on HER2CLIMB regimen (tuc/cape/tras)
64
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Questions

* RT + systemic therapies with CNS activity 2 enhanced efficacy vs.
greater toxicity?

* Timing of SRS and systemic therapy?
* When to consider WBRT (+/- hippocampal avoidance)?

old 3 days
before and
after?

65

Risk of radionecrosis with systemic therapy +
SRS

Agent HR  95%CI N*

Any Concurrent Therapy 123 0,93 - 1.62 854 —
Upfront WBRT 1.54  1.06-2.52 251 e —
No Upfront WBRT 1.9 0.78-1.52 603 —_—
Cytokine Therapy 0.00 10
Targeted Therapy 1.60 451 —_——
VEGF Antibody 1.00 9

VEGFR TKI 1.64 19

HER2 Antibody 1.78 m

EGFRTKI 225 60

ALK TKI 0,00 0.00-0.00 2

BRAF Inhibitor 0,00 0.00-0.00 27

mTOR Inhibitor 1.4 0.13-8.01 12

PD-1/CTLA-4 Inhibitor 1,37  0.56 - 3.56 54
Cytotoxic Chemotherapy 0,53 0.29- 1.10 260 —_—r

gel 025 003-1.79 47

Nucleoside Analog 054 020-1.44 88

Folate Analog 033 005-231 35

Intercalating Agent 0.00  0.00-0.01 2

Platinum Agent 040 0.10-1.60 59

Taxane 081 034-194 3

Topoisomerase Inhibitor 0.46  0.06 - 3.40 27

Vinca Alkaloid 074 0.10-544 16
Hormone Therapy 124 083-1.86 300 g ——

0 ](“ 20 30 4.0 5.0

Hazard Ratio For Radiation Necrosis

Kim et al., JINO
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Contents lists available at

) Radiotherapy and Oncology

£ AN
ELSEVIER Journal homepage: www.thegraenjournal

Original Article Radiotherapy and Oncology 189 (2023) 109920

Factors associated with radiation necrosis and intracranial control in High tumor PD-L1 was associated
patients treated with immune checkpoint inhibitors and with increased risk of

g ic radiothera . . .
e aneRy radionecrosis following SRS + ICI

Jacob Hall ™, Kevin Lui ", Xianming Tan ', John Shumway °, Frances Collichio *,

Stergios Moschos *, Soma Sengupta*, Rekha Chaudhary ', Carolyn Quinsey *,

Sivakumar Jaikumar “, Jonathan Forbes ", Norberto Andaluz ", Mario Zuccarello ",

Timothy Struve ", Ralph Vatner ”, Luke Pater ”, John Breneman ”, Ashley Weiner ", Kyle Wang ",
Colette Shen

o -
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Journal of Neuro-Oncology (2026) 176:203
https://doi.org/10.1007/511060-026-05450-5

RESEARCH

§
T

;

Symptomatic radiation necrosis after concurrent targeted therapy Concurrent targeted systemic

and stereotactic radiosurgery for brain metastases: a bicentric therapies with SRS is generally
retrospective analysis safe, although anti-HER2 and

EGFR inhibitors may be
Ethan M. Steele' . Jacob T. Hall* - Kevin Lui’ - Rami Darawsheh* . John W. Shumway? - Lisa A. Carey®. . . .
Katherine E. Reeder-Hayes® . Carrie B. Lee® . Stergios J. Moschos® - Frances A. Collichio®- Soma Sengupta’ - associated with greaterris k of RN
Dominique M. Higgins® - Rekha T. Chaudhary’ - Lalanthica V. Yogendran'® . Timothy D. Struve® - Ralph E. Vatner'' .
Luke E. Pater’ - John C. Breneman’® - Norberto O. Andaluz' - Jonathan A. Forbes'? - Gaorav P. Gupta' -
Ashley A. Weiner' - Kyle Wang®* - Colette J. Shen'®

Rate of Grade 2+ Radiation Necrosis Per Patient

a) b)

Rate of Grade 2+ Radiation Necrosis Per Metastasis

Y Y .
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ASCO-SNO-ASTRO Guideline

* For patients with asymptomatic brain metastases, local therapy
should not be deferred unless these options are available (and
with multi-D discussion):

* Osimertinib oricotinib for EGFR-mutant NSCLC
* Alectinib, brigatinib, or ceritinib for ALK-rearranged NSCLC

* Pembrolizumab forimmunotherapy-naive, PDL1-NSCLC who are also
receiving pemetrexed and a platinum agent

* Ipi+nivo or dabrafenib+trametinib (BRAF-V600E-mutant) for melanoma

* Tucatinib, trastuzumab, and capecitabine for HER2+ breast cancer
progressed on prior trastuzumab, pertuzumab, and/or T-DM1

Vogelbaum et al., JCO 2022

69

JAMA | Original Investigation 2026

Treatment for Brain Metastases With Stereotactic Radiation
vs Hippocampal-Avoidance Whole Brain Radiation
A Randomized Clinical Trial

Ayal A. Aizer, MD, MHS; Kee-Young Shin, MS; Paul J. Catalano, ScD; Ivy Ricca, BA; Marciana Johnson, MPH;
Grant Benham; Kristin Roper, PhD; Beverly Spicer, RN; Eileen Mann, RN; Jennifer Nosker, PhD;

Michael W. Parsons, PhD; Mallika L. Mendu, MD, MBA; Jaroslaw Hepel, MD; Fallon Chipidza, MD:

Monica Krishnan, MD; Diana D. Shi, MD; Nayan Lamba, MD; Itai Pashtan, MD; Luke Peng, MD;

Brian Alexander, MD, MPH; Paul D. Brown, MD; Patrick Y. Wen, MD; Daphne A. Haas-Kogan, MD;
Rifaquat Rahman, MD; Shyam Tanguturi, MD

* Phase 3, randomized clinical trial between SRT vs HA WBRT
* Pts (n=196) had 5-20 brain metastases and no prior brain RT
* Median # brain mets: 14 (IQR 11-18)
* Primary endpoint: Symptom severity by MDASI-BT score, change from baseline to 6-month follow up
* SRT: 2.69->2.37 (mean change -0.32)
* HA-WBRT: 2.29->3.03 (mean change +0.74)
* Cancer-related outcomes:
* No difference in: OS, neurologic death, progressive intracranial disease, LMD, seizure, salvage
SRT or surgery
* New brain mets: 12-month Cl of 45% SRT group, 24% HA-WBRT group (P=0.003)
» Salvage WBRT: 12-month CI of 5% SRT group, 1% HA-WBRT group (P=0.02)

70
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Summary: RT in Brain Metastasis Management

* Advances in precision oncology and targeted therapeutics > endless
possibilities for SRS + systemic therapy combinations for brain metastases

* Patients are experiencing long-term survival with brain metastases, raising
the importance of minimizing late effects of treatment

* SRS is standard of care for up to 4 metastases and can be considered for up to 20
metastases in the newly diagnosed setting

* Consider hippocampal avoidance with WBRT (unless LMD) and use memantine

* Questions remain:
* What is the safety of these combinations?

* We typically hold CNS-active targeted systemic therapy 2-4 days before and after SRS, HER2-
targeting agents 1 week before and after SRS

* When can systemic therapy alone be considered upfront vs earlier SRS?

* Small (<1cm) asymptomatic brain mets, therapy with intracranial activity and potential
durable control

* When should we still consider WBRT?
* LMD
* High volume/number of lesions with no good CNS-active systemic therapy options
. Hl‘%h BM velocity (consider enrollment on NRG-BN009, phase Il study of SRS vs HA-SBRT for

velocity =4/year)
71
= 0
m m
& How would you manage a patient with EGFR-mutated NSCLC on Osimertinib with stable
e extracranial disease and 3 new ~1cm brain metastases (not requiring resection, no LMD)?
Cancer Center
Whole brain radiotherapy, conventional (not-hippocampal sparing)
0%
Treat with SRS, holding Osimertinib for 3 days before and after
0%
Continue Osimertinib alone
00/0
Whole brain radiotherapy, hippocampal sparing
0%
.- Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app .-
72
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Questions/Comments?
Nobody has responded yet.
Hang tight! Responses are coming in.
.- Start the presentation to see live content. For screen share software, share the entire screen. Get help at pollev.com/app ..
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Thank You...

University Cancer

Research Fund

UNC Lineberger Cancer Network

Lineberger Comprehensive
Cancer Center

The Telehealth Team

TimPoe e
Andrew Dodgson, 11 oo iatnn e
Patrick Muscarella - oo s ki
Kimberly Riddick, £:' 21 000 - panes

The song Back Rhodes written and performed by Don Poe
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Upcoming Live Webinars -

/) gutwstn May 6

\Cancer Health 12:00PM
. Equity Partnership

Community-Engaged Approaches to Gancer Gontrol

With American Indian and Alaska Native Communities in Galifornia
Claradina Soto, Pro
Patient- May13

I G171 o

57" care 12:00PM

Cancer Staging
Ted Yanagihara, wo,pio

%, Research May27
"3~ Practice 12:00PM
Breast Radiation Oncology in North Garofin:

Updates for Clinical Practice
Dana Casey, W0
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Maximizing Quality of Life after Cancer Surgery
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Psychosacial Oncology: Supporting the Mental Health of Cancer Patients
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We Thank You for Participating Today!

UNC Lineberger Cancer Network
Sign up for our monthly e-newsletter
Email:unclicn@unc.edu
Phone: (919) 445-1000

Check us out at
unclcn.org anglearn.unclicn.org

Look for us on these social media platforms

n facebook.com/unclen l@' unclinebergercancernetwork
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