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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
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Part 1: The Evolving Role of Radiotherapy in the 
Treatment of Gliomas
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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 with adjuvant RT + 
chemo (mOS ~10-11 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 
with adjuvant RT + chemo (mOS ~10-11 
months)
• 1990s/2000s—PCV chemotherapy for 

oligodendrogliomas (EORTC 26951, RTOG 
9402, RTOG 9802)
• 2005—RT + TMZ established as SOC for 

treatment of glioblastoma Stupp et al., NEJM 2005

mOS 14.6 mos

mOS 12.1 mos
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Why 60 Gy of radiation for high grade gliomas

Walker et al., IJROBP 1979

Subsequent dose 
escalation studies did 
not improve survival or 
pattern of failure
• RTOG 7401 to 70 Gy
• U Michigan to 90 Gy
• RTOG 9305 with SRS 

boost
• NRG-BN001 to 75 Gy 

(photon)

23

Radiotherapy for low grade gliomas

• Randomized trial of early RT vs deferred RT at progression 
post-op for low-grade glioma (astrocytoma, 
oligodendroglioma, mixed OA, anaplastic), n=303 eligible 
pts; accrual 1986-1997, median follow up 7.8 yrs

• 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 yr in early RT group
• mOS similar between groups (7.4 yrs early RT, 7.2 yrs control)
• In control group, 65% received RT at progression

à In select patients, deferring RT until progression may be 
appropriate and does not appear to impact OS

mPFS 5.3 yrs

mPFS 3.4 yrs

mOS 7.4 yrs

mOS 7.2 yrs

Lancet 2005
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RT + chemotherapy for high-risk low grade gliomas

RTOG 9802: NEJM 2016

mOS: 13.3 yrs

mOS: 7.8 yrs

RTOG 0424: 
IJROBP 2020

Single arm study:
mOS 8.2 years

Historical comparisons, 
RT alone:
• mOS ~7.2-7.6 yrs for 

EORTC intermediate 
risk pts

• mOS ~4.8-5.5 yrs 
for EORTC high risk 
pts

à Chemo added to RT improves survival for LGG pts

25

Why delay RT for patients with LGG?
• Studies on neurocognitive effects, 

shorter term follow up:
• Significant impact of the tumor itself but no 

difference +/- RT (mean 6 yr follow up) (Klein 
et al., Lancet 2002)

• No impact on memory function and no 
difference between RT vs TMZ up to 1 year 
after treatment (EORTC 22033-26033, Klein et 
al., Neuro-Oncology 2021)

Klein et al., Neuro-Oncology 2021
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Why delay RT for patients with LGG?
• Longer term follow up at mean 12 yrs:
• Stable cognitive status in those who did not 

have RT but progressive decline in those 
who had RT (Douw et al., Lanc Neurol 2009)

Douw et al., Lancet Neurol 2009

27

• 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

28
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Timing of RT for LGG in the INDIGO era

• 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 à 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 à CRT at progression?
• Would avoid—higher grade/enhancing disease, symptomatic/high volume residual/recurrent 

disease
• 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?

Upfront CRT 
Upfront IDH 

inhibitor à CRT at 
progression

versus

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
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Advanced RT techniques: Proton therapy
• Dosimetric studies of LGG pts 

show reduced normal tissue doses 
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., IJROBP 2019—Outcomes of proton RT for pLGG

• No marginal recurrences observed

• NRG-BN005: A Phase II 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
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• Randomized phase II trial of proton RT vs 
photon IMRT for pts with newly diagnosed 
GBM (MD Anderson)
• N=90 enrolled, 67 evaluable, median 

follow up 48.7 mos
• No significant difference in time to 

cognitive failure or PROs at 6 mos (aside 
from lower fatigue with PT)
• No difference in PFS/OS

Cognitive decline

PFS OS

33

Completed 
accrual 2022; 
IMRT dose 
escalation did 
not impact OS, 
proton RT dose 
escalation does 
improve OS 
(ASTRO 2025)
à Phase III trial 
planned

34
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Intracavitary brachytherapy—Cs-131 seeds
• Initial experience has largely been for recurrent tumors 
• There may be an important role for upfront Cs-131 

brachytherapy, especially for aggressive, rapidly growing 
GBM

Mayfield Clinic

35

Case
• 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 

protocol
• Currently receiving adjuvant TMZ, without evidence of recurrence

Diagnosis Immediate post-op 1 month post-op After 2nd surgery + Cs-131
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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
Study No. 

pts
Treatment Median OS Factors a/w better survival

Fogh et al., JCO 2010
(retrospective)

147 H-SRT, 35Gy/10fx 11 mos Younger age, smaller volume

Gutin et al., IJROBP 2009
(prospective)

25 H-SRT, 30Gy/5fx + bevacizumab 12.5 mos

Combs et al., Neurosurgery 
2018
(retrospective)

108 Re-resection + re-RT, 36Gy/12-
18fx

12 mos GTR, MGMT methylated, KPS≥80, 
time between RT courses >12 
mos

Shen et al., Adv Rad Onc 
2018
(retrospective)

118 Median 41.4 Gy (most with 
TMZ, bev, or both)

9.6 mos Time between RT courses >24 
mos, reRT dose >41.4 Gy, GTR

Tsien et al., JCO 2022 
(RTOG1205)

182 Bev only vs Bev + RT 
(35Gy/10fx)

9.7 mos Bev alone, 
10.1 mos Bev+RT

KPS 90-100, MGMT methylated

Helis et al., ASTRO 2023 
(multi-inst retrospective)

196 Median ~35 Gy/10 fx, most with 
TMZ or bev

9.8 mos Dose >35Gy/10fx, tumor ≤5cm, 
time between RT courses >12 
mos

37

Current and upcoming glioma trials at UNC 

• Newly diagnosed GBM:
• Active: DOC-GBM2 trial—dendritic cell vaccine + SOC chemoRT
• Upcoming: GTM-105 trial—GammaTile brachytherapy with initial 

resection à 4 weeks of chemoRT vs SOC 6 weeks chemoRT (2:1 
randomization)

• Recurrent GBM:
• Active: CAR-T cell trial
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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 

39
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Part 2: Advancements in the Management of 
Meningiomas

41

Current treatment paradigms
Risk Group Grade Resection/Recurrence Management Outcomes

Low I GTR (Simpson I-III) Observation 5-year PFS: 94.3%

I STR (Simpson IV-V) 5-year PFS: 72.7%

Intermediate I Recurrent 54 Gy to GTV + 1cm 3-year PFS: 93.8%

II GTR

High II STR or recurrent 54 Gy to GTV + 2cm, 
60 Gy to GTV + 1cm

3-year PFS: 58.8%

III Any

RTOG 0539 (non-randomized Phase II study)

NRG-BN003 (randomized Phase III study, accruing)

Pts with newly 
diagnosed GTR 

(Simpson I-III) WHO 
grade II meningioma

Observation

RT 59.4 Gy

Rogers et al, Neuro Oncol 2023; Rogers et al., J Neurosurg 2018; Rogers et al., IJROBP 2020

*Systemic therapy reserved 
for progression/recurrence
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Dose escalation for higher grade tumors?

• Zeng et al., IJROBP 2024
• Retrospective study of WHO G2/3 meningioma (n=118)
• 64 (54%) received standard dose (<66 Gy EQD2, α/β = 10), 54 (46%) received 

dose escalation (≥66 Gy EQD2, α/β = 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%)

Risk Group Grade Resection/Recurrence Management Outcomes

Low I GTR (Simpson I-III) Observation 5-year PFS: 94.3%

I STR (Simpson IV-V) 5-year PFS: 72.7%

Intermediate I Recurrent 54 Gy to GTV + 1cm 3-year PFS: 93.8%

II GTR

High II STR or recurrent 54 Gy to GTV + 2cm, 
60 Gy to GTV + 1cm

3-year PFS: 58.8%

III Any

RTOG 0539 (non-randomized Phase II study)

Rogers et al, Neuro Oncol 2023; Rogers et al., J Neurosurg 2018; Rogers et al., IJROBP 2020
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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. 68Ga-

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. 177Lu-DOTATATE / Lutathera)
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• 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

• Followed post SRS or SBRT with DOTATATE PET/MRI at 6-12 mos
• Post-RT SUV decreased by ~40%
• 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

MRI

DOTATATE
PET

Case: 67yo F with post-op residual 
G2 meningioma

45

Case at UNC
• 43yo woman with WHO G2 L frontoparietal meningioma s/p GTR and 

adjuvant RT in 2019
• MRI brain in 2024 showed questionable recurrent tumor vs. bony 

changes/scarring

Initial dx pre-op 2024 ? recurrence DOTATATE PET confirming recurrence
à Underwent additional SRT
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2024

• Multicenter, single-arm 
phase II clinical study 
(NCT03971461)

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

• Prior resection + ≥1 
course of RT

• Treatment well tolerated; 
most common AEs of 
cytopenia, electrolyte 
abnormalities, fatigue

• PFS-6 mos of 50%
• >25% reduction in PET 

uptake in 2 patients 
(majority SD)

47

RTOG-3523—to 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
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Mayfield Clinic

49

Summary: Meningioma management advances
• Management of G2 meningiomas after GTR remains controversial

• Observation or proceeding with RT are both reasonable
• I 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 68Ga-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 diagnose progression/recurrence when MRI unclear

• Radiopharmaceutical therapy with 177Lu-DOTATATE is being studied for 
progressive meningiomas
• Cs-131 brachytherapy may be beneficial both in the recurrent and 

upfront setting
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Part 3: Optimizing Management of Brain 
Metastases in an Era of Precision Medicine
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Longer survival with brain metastases in era of 
effective systemic therapy

1970s: WBRT 
 à Median OS 3-5 months

1980s-1990s: Addition of local therapy for single brain met 
 à median OS 7-10 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., JNS 2012; Welsh et al., JCO 2013

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

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

53

Treatment options have expanded

BRAF/MEK

ALK
HER2

EGFR
PD-1
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Very-long-term survival with new targeted therapies
• Johung et al., JCO 2016:
• Multi-institutional retrospective study of 90 patients with brain 

metastases from ALK-rearranged NSCLC
• Received brain RT (SRS or WBRT) and ALK-targeted TKI (majority 

crizotinib)

55

CNS response to systemic therapies

Tonse et al., Cancers 2021 (PMID 34359583)
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Lung cancer brain metastases

• EGFR inhibitors (erlotinib, afatinib, gefitinib, osimertinib)
à 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)
à median intracranial response 30-70% (DeCastro et al., 2017; Costa et al., 2015; 
Gadgeel et al., 2014)

• PD-1 inhibitors (pembrolizumab, atezolizumab)
à 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

Osimertinib: ORR 70%, median DoR 8.9 mos Platinum-pem: ORR 31%, median DoR 5.7 mos
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Melanoma brain metastases

• BRAF/MEK inhibitors (dabrafenib+trametinib or 
encorafenib+binimetinib)
à 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)
àmedian intracranial response 55% (76% for PDL1>5%), 9 month OS 83% 
(Tawbi et al., 2018)

59

SRS in era of immunotherapy

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

• 76% with 1-2 mets, 87% mets 
<2cm

• Treated with Ipi/Nivo only
• IC ORR 56%, 6 mos PFS 64%
• Clinical benefit 76% vs 48% for 

PD-L1 ≥5% vs <5%
Tawbi et al., NEJM 2018
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Breast cancer brain metastases, HER2+
• Lapatinib + capecitabine

à median intracranial response 55%, median OS 17 mos (Bachelot et al., 2013)

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

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

• Trastuzumab deruxtecan (T-DXd)
à 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
• 27% prior lapatinib

• Best overall IC response 73%
• Median PFS 14 mos

PFS

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)
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Questions

• RT + systemic therapies with CNS activity à enhanced efficacy vs. 
greater toxicity?
• Timing of SRS and systemic therapy?
• When to consider WBRT (+/- hippocampal avoidance)?

Hold 3 days 
before and 

after?

65

Risk of radionecrosis with systemic therapy + 
SRS

Kim et al., JNO 
2017
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Radiotherapy and Oncology 189 (2023) 109920

High tumor PD-L1 was associated 
with increased risk of 
radionecrosis following SRS + ICI

67

Concurrent targeted systemic 
therapies with SRS is generally 
safe, although anti-HER2 and 
EGFR inhibitors may be 
associated with greater risk of RN

68
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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 or icotinib for EGFR-mutant NSCLC
• Alectinib, brigatinib, or ceritinib for ALK-rearranged NSCLC
• Pembrolizumab for immunotherapy-naïve, 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

2026

• 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: 2.69à2.37 (mean change -0.32)
• HA-WBRT: 2.29à3.03 (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 CI 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)
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Summary: RT in Brain Metastasis Management
• Advances in precision oncology and targeted therapeutics à 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 
• High BM velocity (consider enrollment on NRG-BN009, phase III study of SRS vs HA-SBRT for 

BM velocity ≥4/year)

71
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