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The	PCG	database	(a	central,	IRB-approved	prospec\ve	
database)	was	queried	for	pa\ents	with	LGG	treated	with	
proton	therapy	between	1/2010	and	12/2015.	
Exclusion	Criteria:		Age	<21,	loca\on	outside	of	cerebrum	
or	cerebellum,	metasta\c	

Demographic,	pathologic,	and	treatment	informa\on	
were	collected	and	analyzed.			
Toxici\es	were	scored	according	to	CTCAE	version	4.0	at	
the	following	\me	points:		before	treatment,	end	of	
treatment,	and	at	3	months	follow-up.	
	

Paired	sample	t-tests	were	calculated	between	toxicity	
\me	points	to	determine	change	in	toxicity	during	and	
ager	PBT.	

Next	Step:	
Determining	paYerns	of	recurrence	in-field	versus	out-of-
field	by	comparing	MRI	at	\me	of	recurrence	with	the	
original	treatment	plan’s	isodose	lines	

To	determine	acute	toxicity	of	proton	beam	therapy	(PBT)	for	low-grade	
gliomas	(LGG)	
•  Most	individuals	with	LGGs	live	several	years	ager	therapy,	making	it	

essen\al	to	minimize	side	effects	
•  Proton	therapy	is	speculated	to	have	a	more	favorable	side	effect	profile	

than	photons	(Gridley	et	al,	2010)	
	

Shih	et	al	(2015)	showed	no	difference	in	neurocogni\ve	func\on	over	5	
years	in	a	prospec\ve	cohort	of	20	pa\ents,	with	the	most	common	
toxici\es	being	fa\gue,	headache,	alopecia,	and	erythema.	
Maquilan	et	al	(2014)	showed	mild	toxici>es	of	fa\gue,	headache,	and	
insomnia	during	proton	therapy	(n=23).	
	

This	study	looks	to	see	what	toxici>es	are	aPributable	to	proton	therapy	

Image:		Radiopaedia.org.	2016.	Recurrent	astrocytoma.	

Image:		no	reference.	

Image:	Franseen.	ArkLaTexHomepage.com.	2016.	Local	cancer	center	houses	leading	
treatment	machine.	

Image:	PCGresearch.org.	2016.	Proton	Collabora\ve	Group.	

161	primary	CNS	tumors	
treated	with	PBT	iden\fied	

58	included	in	study	

37	grade	3	or	4	
8	grade	unknown	
44	not	a	glioma	
2	loca\on	outside	
of	brain	

10	screen	failure	
1	age	<21	
1	incomplete	PBT	
treatment	

Excluded	

Key:	
				B	=	Baseline	
				EOT	=	End	of	Treatment	
				3mo	=	3	Month	Follow-Up		

Alopecia	
Grade	 0	 1	 2	 3	 Avg.	Grade	 Paired	Sample	T	Tests	
B	 96.6%	(56)	 3.4%	(2)	 0%	(0)	 0%	(0)	 0.03	+	0.2	 B	vs.	EOT	 p<0.0001	
EOT	 15.5%	(9)	 70.7%	(41)	 13.8%	(8)	 0%	(0)	 1.0	+	0.5	 EOT	vs.	3mo	p=0.2299	
3mo	 30.8%	(12)	 59.0%	(23)	 10.3%	(4)	 0%	(0)	 0.8	+	0.1	 3mo	vs.	B	 p<0.0001	
Anorexia	
B	 88.9%	(51)	 8.6%	(5)	 3.4%	(2)	 0%	(0)	 0.2	+	0.5	 B	vs.	EOT	 p=0.4961	
EOT	 79.3%	(46)	 20.7%	(12)	 0%	(0)	 0%	(0)	 0.2	+	0.4	 EOT	vs.	3mo	p=0.3236	
3mo	 87.2%	(34)	 12.8%	(5)	 0%	(0)	 0%	(0)	 0.1	+	0.3	 3mo	vs.	B	 p=0.7855	
Blurred	Vision	
B	 86.2%	(50)	 12.1%	(7)	 1.7%	(1)	 0%	(0)	 0.2	+	0.4	 B	vs.	EOT	 p=0.6213	
EOT	 81.0%	(47)	 19.0%	(11)	 0%	(0)	 0%	(0)	 0.2	+	0.4	 EOT	vs.	3mo	p=0.6234	
3mo	 84.6%	(33)	 10.3%	(4)	 5.1%	(2)	 0%	(0)	 0.2	+	0.5	 3mo	vs.	B	 p=0.3725	
Confusion	
B	 89.7%	(52)	 10.3%	(6)	 0%	(0)	 0%	(0)	 0.1	+	0.3	 B	vs.	EOT	 p=0.0571	
EOT	 81.0%	(47)	 17.2%	(10)	 1.7%	(1)	 0%	(0)	 0.2	+	0.4	 EOT	vs.	3mo	p=0.6234	
3mo	 87.2%	(34)	 10.3%	(4)	 2.6%	(1)	 0%	(0)	 0.2	+	0.4	 3mo	vs.	B	 p=0.5705	
Derma77s	Radia7on	
B	 100%	(58)	 0%	(0)	 0%	(0)	 0%	(0)	 0	+	0	 B	vs.	EOT	 p<0.0001	
EOT	 19.0%	(11)	 58.6%	(34)	 22.4%	(13)	 0%	(0)	 1.0	+	0.6	 EOT	vs.	3mo	p=0.0137	
3mo	 59.0%	(23)	 33.3%	(13)	 7.7%	(3)	 0%	(0)	 0.5	+	0.6	 3mo	vs.	B	 p<0.0001	
Dizziness	
B	 86.2%	(50)	 13.8%	(8)	 0%	(0)	 0%	(0)	 0.1	+	0.3	 B	vs.	EOT	 p=0.4434	
EOT	 81.0%	(47)	 19.0%	(11)	 0%	(0)	 0%	(0)	 0.2	+	0.4	 EOT	vs.	3mo	p=1.0000	
3mo	 82.1%	(32)	 15.4%	(6)	 2.6%	(1)	 0%	(0)	 0.2	+	0.5	 3mo	vs.	B	 p=0.1334	
Dysphasia	
B	 75.9%	(44)	 19.0%	(11)	 5.2%	(3)	 0%	(0)	 0.3	+	0.6	 B	vs.	EOT	 p=0.2890	
EOT	 82.8%	(48)	 12.1%	(7)	 5.2%	(3)	 0%	(0)	 0.2	+	0.5	 EOT	vs.	3mo	p=0.2048	
3mo	 87.2%	(34)	 10.3%	(4)	 2.6%	(1)	 0%	(0)	 0.2	+	0.4	 3mo	vs.	B	 p=0.0731	
Fa7gue	
B	 41.4%	(24)	 51.7%	(30)	 6.9%	(4)	 0%	(0)	 0.7	+	0.6	 B	vs.	EOT	 p=0.0208	
EOT	 22.4%	(13)	 62.1%	(36)	 15.5%	(9)	 0%	(0)	 0.9	+	0.6	 EOT	vs.	3mo	p=0.0002	
3mo	 53.8%	(21)	 46.2%	(18)	 0%	(0)	 0%	(0)	 0.5	+	0.5	 3mo	vs.	B	 p=0.0481	
Headache	
B	 51.7%	(30)	 37.9%	(22)	 10.3%	(6)	 0%	(0)	 0.6	+	0.7	 B	vs.	EOT	 p=0.8744	
EOT	 48.3%	(28)	 41.4%	(24)	 10.3%	(6)	 0%	(0)	 0.6	+	0.7	 EOT	vs.	3mo	p=0.0699	
3mo	 71.8%	(28)	 23.1%	(9)	 5.1%	(2)	 0%	(0)	 0.3	+	0.6	 3mo	vs.	B	 p=0.0621	
Insomnia	
B	 70.7%	(41)	 20.7%	(12)	 8.6%	(5)	 0%	(0)	 0.4	+	0.6	 B	vs.	EOT	 p=0.3591	
EOT	 79.3%	(46)	 13.8%	(8)	 6.9%	(4)	 0%	(0)	 0.3	+	0.6	 EOT	vs.	3mo	p=1.0000	
3mo	 84.6%	(33)	 5.1%	(2)	 10.3%	(4)	 0%	(0)	 0.3	+	0.6	 3mo	vs.	B	 p=0.4399	
Nausea	
B	 91.4%	(53)	 8.6%	(5)	 0%	(0)	 0%	(0)	 0.1	+	0.3	 B	vs.	EOT	 p=0.0022	
EOT	 70.7%	(41)	 27.6%	(16)	 1.7%	(1)	 0%	(0)	 0.3	+	0.5	 EOT	vs.	3mo	p=0.0731	
3mo	 87.2%	(34)	 12.8%	(5)	 0%	(0)	 0%	(0)	 0.1	+	0.3	 3mo	vs.	B	 p=0.4866	
Seizure	
B	 72.4%	(42)	 20.7%	(12)	 3.4%	(2)	 3.4%	(2)	 0.4	+	0.7	 B	vs.	EOT	 p=0.0079	
EOT	 91.4%	(53)	 5.2%	(3)	 3.4%	(2)	 0%	(0)	 0.1	+	0.4	 EOT	vs.	3mo	p=1.000	
3mo	 89.7%	(35)	 7.7%	(3)	 2.6%	(1)	 0%	(0)	 0.1	+	0.4	 3mo	vs.	B	 p=0.0211	

Percent	 Sample	Size	
Age	(Median,	Range)	 44,	21-72	
Sex	
					Men	 51.7	 30	
					Women	 48.3	 28	
Loca>on	
					Frontal	 55.2	 32	
					Parietal	 10.3	 6	
					Temporal	 20.7	 12	
					Occipital	 0.0	 0	
					Frontotemporal	 10.3	 6	
					Parietooccipital	 1.7	 1	
					Cerebrum	 1.7	 1	
Tumor	Laterality	
					Leg	 53.4	 31	
					Right	 27.6	 16	
					Bilateral	 1.7	 1	
					Not	Reported	 17.2	 10	
Tumor	Size	(Median,	Range)	 4.2,	0	-	9.0	
Histology	
					Astrocytoma	 37.9	 22	
					Oligoastrocytoma	 31.0	 18	
					Oligodendroglioma	 31.0	 18	
Tumor	Status	at	Consult	
					Ini\al	 55.2	 32	
					Recurrent	 41.4	 24	
Total	Cumula>ve	Dose	
					50.4	CGyE	 8.6	 5	
					52	CGyE	 6.9	 4	
					54	CGyE	 58.6	 34	
					59.4	CGyE	 24.1	 14	
Proton	Beam	Therapy	
					Proton	Alone	 93.1	 54	
					Proton	+	IMRT	Boost	 6.9	 4	
Surgery	
					Gross	Total	Resec\on	 22.4	 13	
					Subtotal	Resec\on	 37.9	 22	
					Biopsy	Only	 15.5	 9	
					Resec\on	-	Extent	Unknown	 19.0	 11	
					None	(previous	biopsy	before		
					recurrence)	 5.2	 3	
Chemotherapy	
					Temozolomide	 22.4	 13	
					PCV	 1.7	 1	
					No	 75.9	 44	
Prior	Radia>on	
					Yes	 8.6	 5	
					No	 91.4	 53	

Baseline	Characteris\cs	 Common	Toxici\es	

Less	Common	
Toxici\es	at	EOT	

Incidence	(%)	 Avg.	Grade	St.	Dev.	 Incidence	(%)	Avg.	Grade	St.	Dev.	 Incidence	(%)	Avg.	Grade	St.	Dev.	 Incidence	(%)	Avg.	Grade	 St.	Dev.	
Ataxia	 12.1	 0.3	 0.1	 Depression	 1.7	 0.0	 0.1	 Stomach	Pain	 1.7	 0.0	 0.1	 Pain	 0.0	 0.0	 0.0	

Muscle	Weakness	Right	 10.3	 0.1	 0.4	 Dry	Eye	 1.7	 0.0	 0.1	 Tinnitus	 1.7	 0.0	 0.1	
Peripheral	Sensory	
Neuropathy	 0.0	 0.0	 0.0	

Muscle	Weakness	Leg	 6.9	 0.1	 0.4	 Dysphagia	 1.7	 0.0	 0.1	 Ver\go	 1.7	 0.0	 0.1	 Stroke	 0.0	 0.0	 0.0	
Dysarthria	 6.9	 0.1	 0.3	 Ear	Pain	 1.7	 0.0	 0.1	 Vomi\ng	 1.7	 0.0	 0.1	
Pruritus	 3.4	 0.0	 0.2	 Eye	Pain	 1.7	 0.0	 0.1	 Bone	Pain	 0.0	 0.0	 0.0	
Tremor	 3.4	 0.0	 0.2	 Fall	 1.7	 0.0	 0.1	 Cons\pa\on	 0.0	 0.0	 0.0	
Anxiety	 3.4	 0.1	 0.3	 Gait	Disturbance	 1.7	 0.0	 0.1	 Edema	Face	 0.0	 0.0	 0.0	
Amnesia	 1.7	 0.0	 0.1	 Hydrocephalus	 1.7	 0.0	 0.1	 General	Weakness	 0.0	 0.0	 0.0	
Bloa\ng	 1.7	 0.0	 0.1	 Radiculi\s	 1.7	 0.0	 0.1	 Memory	Impairment	 0.0	 0.0	 0.0	
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No	grade	3	adverse	toxici>es	at	end	of	treatment	or	at	3	month	follow-up	
	
Derma>>s	radia>on	(81%)	and	fa>gue	(78%)	were	common	side	effects	of	
treatment	and	showed	interval	improvement	by	3	month	follow-up.	
•  Hauswald	et	al	(2012)	reported	32%	fa\gue	at	EOT	(n=19)	
•  Shih	et	al	(2015)	reported	100%	fa\gue	and	85%	erythema	by	EOT	and	

within	3	months	(n=20)	
	
Alopecia	(84%)	was	a	common	side	effect,	but	its	grade	did	not	show	a	
sta\s\cally	significant	change	at	3	months.		Although	most	pa\ents	showed	
interval	hair	growth	over	the	3	month	\me	interval,	the	amount	of	growth	
did	not	qualify	for	a	change	in	grade.	
•  Hauswald	et	al	(2012)	reported	68%	alopecia	at	EOT	
•  Shih	et	al	(2015)	reported	85%	alopecia	by	EOT	and	3	months	
	
Nausea	(30%)	may	be	par\ally	confounded	by	concurrent	chemoradia\on	
in	2	pa\ents,	(both	of	which	had	nausea.		If	these	two	were	excluded,	p-
value	=	0.0118)	
•  Shih	et	al	(2015)	reported	20%	nausea	by	EOT	and	3	months	
	
Seizures	appeared	to	decrease	from	baseline	(25%)	over	the	course	of	
treatment	(8%).	
•  Shih	et	al	(2015)	reported	25%	seizures	by	EOT	and	3	months	
•  EORTC	22845	(van	den	Bent	et	al,	2005)	showed	beYer	seizure	control	at	

1	year	in	those	receiving	photon	radia\on	(25%)	versus	those	not	(41%)	
	
Headaches	(51%),	insomnia	(21%),	anorexia	(21%),	dizziness	(19%),	
confusion	(19%),	blurred	vision	(19%),	confusion	(19%),	and	dysphasia	
(17%)	were	common	symptoms	experienced	during	proton	therapy	for	
LGGs	but	were	not	sta\s\cally	different	form	baseline	toxici\es.		This	study	
suggests	these	side	effects	are	not	heavily	influenced	by	proton	therapy.	


