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 RT plays a critical role in the local tumor
control of brain tumors (meningiomas/LGG)

 The longer the survivorship, the better the 
therapeutic ration of PT.

 PT can be used for dose-escalation and/or
 PT can be used for decreasing the likelihood

of radiation induced-toxicity
 Will limit this educational session to 
◦ Meningiomas
◦ LGG
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Introduction

Meningioma &
other benign
tumors

19 (17.3%)

CNS tumors 32 (29.4%)
Chordoma 17 (15.6%)
Chondrosarcoma 7 ( 6.4%)
Soft tissue
tumors

16 (14.7%)

Bone tumors 8 ( 7.3%)
H&N tumors 9 ( 8.3%)
Other 1 ( 0.9%)
Total 109 (100%)

Disease Site Grand 
Total

Breast 200
CNS Adult 492
CNS Pediatric 335
Colorectal/Anal 64
Esophagus 68
Eye 58
Head & Neck 415
Liver 41
Lung 299
Lymphoma 86
Other 182
Pancreas 26
Prostate 2265
Sarcoma/Chordo
ma 322
Grand Total 4853

*REG001-09 Enrollment by Disease Site – as of 31Apr2015
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Meningioma

• Majority	are	benign	meningiomas
• Atypical	(Grade	II)	or	malignant	(Grade	III)	account	for	4.7	– 7.2%	and	
1.0	– 2.8%	of	all	resected	meningiomas

• Complete	resection	of	Grade	I	meningiomas	results	68	‐92%	long	term	
control

‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
RT	(open	questions)
• Dose	escalation	EORTC	22042	/	RTOG	0539
• Atypical	(ROAM	EORTC	1308)	‘R0’	(Simpson	1‐3)
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
Proton	Indication	at	PSI:	 complex	benign	meningiomas

atypical	meningiomas
malignant	meningiomas
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Subluxated 
Lens

Meningioma – PSI Series
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Meningioma – PSI Series
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Tomotherapy IMPT

Meningioma 
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Meningioma 

Study Grade WHO N= Median
Dose

Gy RBE

Outcome

Orsay (2005) 1 51 60.6* 1/51 PD (G3)

Heidelberg 
(2011)

2-3 10 18 GyE 5yOS: 90%
10yOS:90%

MGH (2011) 1 50 13 pSRS 3yLC: 94%

LLMC (2012) Cavernous sinus 
meningioma

1-2

72 57-59 LC 99% G1
LC 50% G2

PSI 1-3 39 56 LC 84.8%
LC G1 100%

Orsay (2015) 1* (ONSM) 15 52.2* LC 100%

Bloomington
(2015)

2 22 63 5yLC: 71.7%
< 60 Gy: 50%
> 60 Gy 87.5%



J Neuroophthalmol. 2013 Jun;33(2):165-8. doi: 
10.1097/WNO.0b013e31828292b8.
Radiation optic neuropathy after proton beam therapy for optic
nerve sheath meningioma.
Siddiqui JD1, Loeffler JS, Murphy MA.

1 patient treated with 50.4 Gy RBE. 27 months post PT, developp. 
of a RON
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Visual Toxicity 

Toxicity type N= (%)

Grade 4 Optic
neuropathy

2 (5)

Grade 2 Retinis 2 (5)
TOTAL 4 (10)
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Weber et al. Int J Radiat Oncol Biol Phys 2012;83(3):865-71 
• N	=	39

- 24	benign	
- 9	atypical
- 1	malignant
- 5	(radiological	dx)

• 1997	‐ 2010
• median	prescribed	dose	56	Gy(RBE)	(range,	52.2–66.6)
• median	follow‐up	54.8	months	(range,	6.23	– 146.7)
‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐‐
• 5‐yr	overall	local	control	=	84.8%
• 5‐yr	Grade	I	local	control	=	100%
• 5‐yr	toxicity	free	survival	=	84.5%

Meningioma – PSI Series
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Meningioma – PSI Series

Weber et al. Int J Radiat Oncol Biol Phys 2012;83(3):865-71 

WHO G1

WHO G2-3

P=0.001

< 21.5 cc

≥ 21.5 cc

P=0.03
Grade Residual 

GTV



 Low-grade gliomas (LGGs) are a diverse
group of primary brain tumors 

 often arise in young, otherwise healthy 
patients 

 generally have an indolent course with 
longer-term survival in comparison with 
high-grade gliomas (median OS 7-10 years)

 the impact of treatment on neurocognitive 
function and quality of life is of paramount 
importance. 
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Low grade gliomas
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Low grade gliomas
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Low grade gliomas

Forst D et al. The Oncologist 2014;19:403
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Low grade gliomas

Study Patient 
N=

Treatement Outcome

RTOG 9802/PRT Shaw 
EJ JCO 2012

251 RT vs. 
RT+PCV

PFS superior but OS 
identical

RTOG 0424 /Phase II
Fisher BJ 2013
(Abstract only)

High-risk

LGG
RT/TMZ + 
12mo TMZ

3y-OS: 73.1% sup. to 
EORTC 22845/ 
EORTC 22 844

EORTC 22033 / Phase 
III
Baumert B 
unpublished

RT vs. TMZ No difference PFS/OS
1p non-del.: trend to 
inf. PFS with TMZ

ECOG-E3F05/Phase III Recruiting RT vs. 
RT/TMZ

NA
Endpoints: PFS/OS
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Low grade gliomas
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Low grade gliomasGreenberger BA et al. N=12/32



Low grade glioma – PSI Series
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PFS 56%
OS 83.4%

Toxicity Grade 2-3 late 
radiation necrosis 
developed in one 

2 (7%) and 1(4%)  

Grade 2 hypopituitarism 8(29%)
Grade 2 memory or 

cognitive impairment
2 (7%)



Low grade glioma – PSI Series
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Low-grade gliomas
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Low Grade Glioma
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Optic Pathway Glioma
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Optic Pathway Glioma
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Low-grade gliomas

Study
(year)

N= LOC. Mean age
Years

(range)

Mean FU
Years

(range)

Dose Gy 
RBE

(Range)

Outcome

LLMC 
(2002)

27 Brain 8.7
(2-18)

3.3
(0.6-68)

55.2
(50.4-
63.0)

*LC 87%
*OS 93%

MGH 
(2014)

32 Brain &
Spine

11 
(2.7-21.5)

7.6
(3.2-
18.2)

52.2 
(48.6-54)

8y-PFS: 
82.8%
8y-OS: 100%

MGH 
(2015)

20 Brain 37.5 5.1 54 3y-PFS: 85%
5y-PFS 40%

Heidelberg 
(2012)

19 Brain 29 0.4
(0-1.8)

54 
(48.6-54)

12 SD; 1 
pseudo PD; 2 
CR

PSI (2015) 28 Brain 12.3
(2.2-53.0)

Min. 3 
months

54 3y-PFS: 56%
3y-OS:83.4%
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Low-grade gliomas
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Low grade glioma hippocampal sparing

Estimated risks for developing memory 
impairment after a prescribed dose of 
23.4 Gy were 44% (IMAT), 41% (IMRT), 
and 33% (IMPT).
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Low grade glioma hippocampal sparing
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Conclusions 1

 Volumetrically challenging Meningiomas can 
be treated with protons

 Some data suggests that Dose escalation for 
Grade 2-3 meningiomas would be beneficial.

 CAVE: dose constraints for optic apparatus 
(OSNM).

 The survivorship of LGG is good. Decreasing 
radiation-induced toxicity with protons?

 Limited number of series < 30 pts suggests 
that the outcome of pts treated with p+ is 
good.



 In practise: Meningioma G2-3 (dose 
escalation)

 Meningioma skull-base or hemisph. grade 1 
meningioma, voumetrically challenging.

 Conservative dose constraints for the ON/OC
 Optic Nerve R/L 40 Gy(RBE)/<50 Gy(RBE) (Mean/Max)
 Chiasma 40 Gy(RBE)/<50 Gy(RBE) (Mean/Max)
 LGG +/- chemotherapy: children, young

adults with hippocampal sparing
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Conclusions 2
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