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Learning	
  Objectives

• Clinical	
  applications/paradigm	
  shifts	
  in	
  
radiation	
  treatment	
  for	
  CNS	
  tumors

• Approaches	
  to	
  improving	
  RT-­‐CNS	
  outcomes
• Brain	
  metastasis	
  SRS	
  and	
  Immunotherapy	
  
outcomes

• Introduction	
  to	
  proton	
  therapy	
  for	
  CNS	
  tumors
• RT	
  and	
  neurocognitive	
  function
• Example	
  cases



Neuro-­‐Radiation	
  Oncology	
  at

• One	
  of	
  25	
  centers	
  in	
  US	
  with	
  proton	
  therapy
• One	
  of	
  45	
  centers	
  selected	
  for	
  the	
  National	
  
Stereotactic	
  Radiosurgery	
  Database	
  (AANS-­‐ASTRO)

• One	
  of	
  the	
  largest	
  SRS	
  outcomes	
  databases	
  in	
  the	
  
world	
  with	
  >2000	
  metastases	
  treated	
  with	
  median	
  FU	
  
>3	
  yrs,	
  with	
  concurrent	
  systemic	
  therapy	
  	
  and	
  
volumetric	
  response	
  data	
  

• 18	
  presentations	
  at	
  national/international	
  meetings	
  
since	
  2016	
  on	
  CNS/proton	
  research

• Co-­‐author	
  ASCO	
  guidelines	
  for	
  breast	
  cancer	
  brain	
  
metastasis	
  treatment



• Fundamental	
  Advances:
– Immunotherapy
– Targeted	
  Therapies
– Personalized	
  Therapies
– Advanced	
  Radiotherapy

• Radiosurgery
• Proton	
  Therapy

• Patients	
  are	
  living	
  longer	
  with	
  fewer	
  side	
  effects	
  from	
  
treatment

• Requires	
  re-­‐assessment	
  of	
  treatment	
  paradigms	
  and	
  
treatment	
  techniques	
  for	
  best	
  possible	
  outcomes

A	
  pivotal	
  time	
  in	
  cancer	
  treatment



Radiation	
  for	
  benign/low	
  grade	
  	
  CNS	
  tumors

• Effective	
  in	
  definitive/adjuvant/recurrent	
  
setting
– Vestibular	
  schwannoma*
– Gr.	
  I	
  Meningioma
– Craniopharyngioma*
– Pituitary	
  Adenoma

• Improved	
  PFS
– Low	
  grade	
  glioma

Associated	
  with	
  85-­‐
95%	
  long	
  term	
  local	
  

control

*Paradigm	
  shift-­‐ shift	
  to	
  
greater	
  reliance	
  on	
  RT/SRS	
  
to	
  avoid	
  surgical	
  toxicity



Radiation	
  for	
  malignant	
  CNS	
  tumors

• Established	
  benefit	
  in	
  survival	
  and/local	
  
control in	
  upfront	
  and	
  recurrent	
  setting
– Gliomas grade	
  III-­‐IV
–Medulloblastoma*
– Pineoblastoma
– Atypical	
  and	
  malignant	
  meningiomas

*Paradigm	
  shift-­‐in	
  progress?	
  
molecular	
  subtyping	
  potentially	
  
redefining	
  role	
  of	
  RT



Radiation	
  for	
  CNS	
  metastases

• SRS	
  effective	
  as	
  ablative	
  local	
  therapy	
  with	
  
improved	
  QOL/neurocognitive	
  preservation	
  vs	
  
WBRT*,	
  with	
  increased	
  distant	
  brain	
  failure
– NSCLC
– Breast
–Melanoma
– Renal
– Colorectal

*Paradigm	
  shift-­‐ shift	
  to	
  greater	
  
reliance	
  on	
  SRS	
  in	
  setting	
  of	
  
improved	
  systemic	
  therapy,	
  longer	
  
survival	
  with	
  metastatic	
  cancer,	
  
and	
  appearance	
  of	
  CNS	
  active	
  
therapies	
  which	
  may	
  mitigate	
  
increased	
  rate	
  of	
  distant	
  brain	
  
failure.



Distant	
  brain	
  failure-­‐a	
  new	
  frontier

• WBRT-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐-­‐àSRS

SRS	
  results	
  in	
  improved	
  local	
  control	
  /QOL,	
  
but	
  increased	
  rate	
  of	
  distant	
  brain	
  failure



EF-­‐25	
  METIS	
  trial

• Randomized	
  phase	
  III	
  trial	
  
of	
  SRS+/-­‐ TTF	
  for	
  newly	
  
diagnosed	
  NSCLC	
  brain	
  
metatases



Disease-­‐specific	
  approaches	
  to	
  brain	
  
metastasis	
  management

All	
  brain	
  metastases	
  are	
  not	
  alike	
  and	
  our	
  approach	
  is	
  now	
  
differentiating	
  and	
  evolving	
  along	
  disease-­‐specific	
  lines

Ramakrishna	
  et	
  al.,	
  JCO	
  2014



Prognostic	
  factors:

Immunotherapy	
  Timing:
Before	
  ß-­‐-­‐-­‐-­‐-­‐-­‐à Before	
  and	
  Afterß-­‐-­‐-­‐-­‐-­‐-­‐à After

Immunotherapy	
  Checkpoint	
  Inhibitor	
  Type:
CTLA-­‐4 PD1

bRAF mutation	
  status
negativeß-­‐àunknownß-­‐-­‐à Positive

What	
  is	
  the	
  median	
  OS	
  of	
  a	
  melanoma	
  brain	
  
metastasis	
  patient?

Gaspar-­‐ RPA (1997) 2.1-­‐-­‐-­‐-­‐-­‐7.1	
  m
Sperduto-­‐ DS-­‐GPA (2012) 3.4-­‐-­‐-­‐-­‐-­‐13.2m
Sperduto-­‐molGPA (2017) 4.9-­‐-­‐-­‐-­‐-­‐34.1m

Prognosis	
  is	
  changing	
  rapidly!

Age,	
  KPS,	
  ECD	
  status,	
  #	
  brain	
  
mets

Neurologic	
  
death

Overall
Survival

Overall	
  Survival
Cause-­‐specific	
  Survival

following	
  SRS	
  for	
  melanoma	
  brain	
  mets

Initial
SRS

SRS
X

Melanoma	
  brain	
  
metastases	
  
treated	
  2008-­‐
2017	
  at	
  single	
  
institution



Table 1. Patient characteristics (N=68)
No. of patients (%)

Gender
• Female
• Male
•

23 (33.8)
45 (66.2)

Age at initial SRS
• <60 years
• ≥60 years

35 (51.5)
33 (48.5)

KPS at initial SRS
• <70
• ≥70

12 (17.6)
56 (82.4)

Study	
  population

Extracranial disease control at initial SRS*
• Controlled
• Not controlled

20 (29.4)
48 (70.6)

Patient received any WBRT
• No
• Yes

45 (66.2)
23 (33.8)

BRAF mutation status
• Unknown
• Negative

35 (51.5)
21 (30.9)

• Positive 12 (17.6)
2017 molGPA score at initial SRS**
• 0 – 1.0
• 1.5 – 2.0
• 2.5 – 3.0
• 3.5 – 4.0

6 (8.8)
24 (35.3)
28 (41.2)
10 (14.7)

• Single	
  institution
• 68	
  patients
• 230	
  metastases
• 11/2008-­‐ 2/2017
• Median	
  FU
– 29.05	
  months	
  
censored	
  patients

**Sperduto et al. IJROBP 2017

*Includes primary disease, visceral 
metastases, and osseous metastase



Survival-­‐ all	
  cohorts

• Median	
  overall	
  
survival
– 6.43	
  months

• Median	
  cause-­‐
specific	
  survival	
  
(neurologic	
  death)
– 10	
  months

OS

CSS



OS	
  vs.	
  Immunotherapy
MS 

(months)
95% CI Log-rank p-

value
Received immunotherapy
• No
• Yes
•

3.29
8.65

2.55-4.02
4.48-12.81

0.01

Immunotherapy subgroups

• Ipilimumab without PD1-inhibitors
• PD1-inhibitors with or without ipilimumab
• No immunotherapy 

6.43
23.51
3.29

2.86-10.00
5.15-41.87
2.55-4.02

<0.001



Survival	
  post	
  SRS	
  by	
  immunotherapy	
  
class

Table 5. Cox proportional hazards model for overall survival (entire cohort)
HR (95% CI) P-value

Immunotherapy subgroups   

• No immunotherapy
• Ipilimumab without PD1-inhibitors
• PD1-inhibitors with or without ipilimumab

-
0.25 (0.10-0.67)
0.09 (0.03-0.30)

-
<0.01
<0.01

8.65 vs.	
  3.29 mo

P<0.01

PD-­‐1	
  immunotherapy	
  results	
  in	
  
longer	
  overall	
  survival,	
  median	
  
OS	
  23.51	
  months

P<0.01

23.51 vs.	
  6.43 vs	
  3.29 mo



Immunotherapy	
  Sequence	
  and	
  OS

Overall Survival (months)

MS (months) 95% CI Log-rank p-value

Immunotherapy sequence MS p

• Completed prior to initial SRS
• Only received after latest SRS 
• Received both before and after SRS 

3.19
6.43

13.40

0.34-6.04
-
-

0.04

On	
  univariate analysis	
  only,	
  
association	
  between	
  median	
  OS	
  
and	
  immunotherapy(IPI/PD1)	
  
sequence

Table 5. Cox proportional hazards model for overall survival (entire cohort)

HR (95% CI) P-
value

Sequence of immunotherapy with SRS
• Received and completed prior to initial SRS
• Only received after latest SRS
• Received both before and after SRS
•

-
1.38 (0.51-3.72)
0.60 (0.21-1.74)

-
0.52
0.35



Immunotherapy	
  sequence	
  :	
  by	
  class
Ipilimumab-only cohort

P<0.57

PD1 inhibitors (n=15)

MS in months 
(95% CI if applicable)

Log-rank p-
value

1.08 (n=1)

9.44 (n=3)

30.01 (n=11)**

0.001

Ipilimumab only
(n=53)

MS in months 
(95% CI if applicable)

Log-rank p-
value

Sequence of immunotherapy* with respect to SRS
• Only received and completed prior to initial 

SRS
•

• Only received after latest SRS
•

• Received both before and after SRS

4.27 (n=9)

6.43 (n=17)

6.75 (n=8)

0.57

PD1 inhibitor cohort

By	
  UVA,	
  
immunotherapy	
  
sequence	
  vs	
  SRS	
  	
  
significant	
  for	
  PD1	
  

cohort	
  only	
  

P<0.001

**Median	
  OS	
  not	
  
reached	
  for	
  PD1	
  
before+after

cohort	
  at	
  30.01	
  
month	
  FU



Neurologic	
  death	
  post-­‐SRS	
  +/-­‐
immunotherapy

Kaplan-­‐Meier	
  estimate	
  of	
  	
  cause-­‐specific	
  survival
MS (months) 95% CI

Received immunotherapy
• No
• Yes
•

4.50
25.49

1.46-7.55
3.71-47.27

Immunotherapy subgroups
• Ipilimumab without PD1-inhibitors
• PD1-inhibitors with or without ipilimumab
• No immunotherapy 
•

14.29
28.38*
4.50

7.10-21.48
-

1.46-7.55

25.49 vs	
  4.5 mo

P=0.005

P=0.006

28.38* vs	
  14.29 vs.	
  4.5 mo

*Median	
  survival	
  not	
  
reached	
  for	
  PD1-­‐treated

patients	
  at	
  28.38	
  months	
  FU



Summary
• Dramatic	
  increases	
  in	
  overall	
  and	
  cause-­‐specific	
  
survival	
  for	
  melanoma	
  brain	
  metastasis	
  patient	
  
cohort	
  treated	
  with	
  SRS	
  with	
  PD-­‐1	
  class	
  
immunotherapy	
  relative	
  to	
  non-­‐
immunotherapy/ipilimumab cohorts.

• Improved	
  overall	
  survival	
  among	
  PD-­‐1	
  cohort	
  for	
  
those	
  receiving	
  immunotherapy	
  before	
  and	
  after	
  
SRS

• Prospective	
  clinical	
  trial	
  in	
  progress	
  to	
  validate	
  
retrospective	
  results



Improving	
  CNS	
  RT	
  outcomes:
• I.	
  More	
  dose	
  to	
  target	
  where	
  dose	
  escalation	
  is	
  
potentially	
  beneficial
– Chordoma/chondrosarcoma
– Atypical	
  and	
  malignant	
  meningiomas
– Glioblastoma?
– AVM

• II.	
  Less	
  dose	
  to	
  surrounding	
  brain
– Decrease	
  neurocognitive	
  sequelae
– Decrease	
  treatment-­‐related	
  chronic	
  fatigue
– Decrease	
  vascular	
  sequelae
– Decrease	
  long	
  term	
  effects	
  on	
  vision,	
  hearing,	
  balance,	
  
neuro-­‐endocrine	
  function



Visual	
  Rubric	
  for	
  clinical	
  benefit
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X-­‐ray	
  treatment	
  is	
  mainstay	
  of	
  Radiation	
  
Oncology

More	
  precise	
  and	
  focused	
  treatment	
  using	
  X-­‐rays	
  with	
  technology	
  
such	
  as	
  IMRT	
  (intensity	
  modulated	
  radiotherapy),	
  	
  	
  3D	
  image-­‐

guidance	
  and	
  robotic	
  positioning



X-­‐rays	
  à Protons

Source:	
  Presentation	
  by	
  Dr.	
  N.	
  Mendenhall,	
  University	
  of	
  Florida,	
  ASTRO	
  2006

X-­‐rays
3D	
  Conformal	
  5	
  Field

X-­‐rays
IMRT Proton	
  1	
  Field

Brain	
  
Stem

More	
  
Energy

Less	
  
Energy

Tumor

Protons	
  represent	
  a	
  fundamental	
  	
  advance	
  in	
  dose	
  
delivery	
  to	
  tumors,	
  which	
  in	
  many	
  cases	
  delivers	
  less	
  
dose	
  to	
  normal	
  tissue	
  thereby	
  potentially	
  reducing	
  	
  
the	
  side-­‐effects	
  of	
  treatment.



Proton	
  therapy	
  comes	
  to	
  Orlando	
  
Health
• One	
  of	
  60	
  worldwide
• One	
  of	
  25	
  in	
  the	
  nation

• Opened	
  April	
  2016
• Over	
  300	
  patients	
  
treated



Protons	
  – a	
  different	
  form	
  of	
  RT

Protons	
  race	
  around	
  wider	
  orbits	
  at	
  higher	
  and	
  
higher	
  speeds,	
  reaching	
  0.6*speed	
  of	
  light	
  
before	
  exiting	
  towards	
  the	
  target

Protons	
  extracted	
  
from	
  Hydrogen	
  

atoms

Accelerated	
  in	
  
devices	
  such	
  as	
  
synchrocyclotron



Proton	
  dose	
  deposition:	
  Bragg	
  Peak

X-­‐rays	
  deposit	
  high	
  dose	
  on	
  
their	
  way	
  to	
  tumor	
  and	
  high	
  
dose	
  on	
  their	
  way	
  past	
  the	
  
tumors.	
  	
  

Protons	
  deliver	
  less	
  dose	
  on	
  
their	
  way	
  in	
  and	
  NO	
  Dose	
  on	
  
their	
  way	
  out.



Proton	
  integral	
  dose:	
  less	
  overall	
  
normal	
  tissue	
  dose	
  than	
  X-­‐rays

Reduction	
  in	
  the	
  volume	
  of	
  tissue	
  receiving	
  both	
  high	
  dose	
  and	
  
low	
  dose	
  radiation	
  is	
  beneficial	
  to	
  organ-­‐related	
  toxicity	
  and	
  for	
  
reduction	
  of	
  risk	
  of	
  secondary	
  malignancies



Protons	
  decrease	
  the	
  risk	
  of	
  secondary	
  cancers	
  
caused	
  by	
  radiation

“According	
  to	
  the	
  study,	
  6.4	
  percent	
  of	
  patients	
  
who	
  underwent	
  proton	
  therapy	
  developed	
  a	
  
secondary	
  cancer	
  while	
  12.8	
  percent	
  of	
  
patients	
  who	
  had	
  photon	
  treatment	
  [X-­‐Rays]	
  
developed	
  another	
  type	
  of	
  cancer.”

A	
  2008	
  MGH	
  study	
  determined	
  that	
  protons	
  
decrease	
  the	
  risk	
  of	
  patients	
  developing	
  a	
  

secondary	
  cancer	
  by	
  50%(1)

1)	
  CS	
  Chung,	
  N	
  Keating,	
  T	
  Yock,	
  N	
  Tarbell,	
  “Comparative	
  Analysis	
  of	
  Second	
  Malignancy	
  Risk	
  in	
  Patients	
  Treated	
  with	
  Proton	
  Therapy	
  versus	
  Conventional	
  Photon	
  Radiation,”	
  International	
  Journal	
  Radiation	
  
Oncology	
  Biology	
  Physics	
  72	
  (2008):	
  S8.
2)	
  Estimated	
  Risk	
  of	
  Radiation-­‐Induced	
  Malignancies	
  5	
  years	
  After	
  Radiation	
  Therapy.	
  Conventional	
  radiation	
  risk	
  is	
  measured	
  against	
  surgery	
  in	
  McGee	
  et	
  al.,	
  “Comparison	
  of	
  Second	
  Cancer	
  Risk	
  in	
  Prostate	
  
Cancer	
  Patients	
  Treated	
  with	
  Neutron/Photon	
  Irradiation,	
  Photon	
  Irradiation,	
  or	
  Prostatectomy,”	
  	
  Int.	
  J.	
  Radiation	
  Oncology	
  Biol.	
  Phys.,	
  Vol.	
  66,	
  No.	
  3	
  S318-­‐S319,	
  	
  2006.	
  IMRT	
  risk	
  is	
  measured	
  from	
  relative	
  risk	
  of	
  
IMRT	
  and	
  conventional	
  radiation	
  from	
  Eric	
  J.	
  Hall’s,	
  “Intensity-­‐Modulated	
  Radiation	
  Therapy,	
  Protons,	
  and	
  the	
  Risk	
  of	
  Second	
  Cancers,”	
  Int.	
  J.	
  Radiation	
  Oncology	
  Biol.	
  Phys.	
  Vol.	
  65,	
  No.	
  1	
  pp.	
  1-­‐7,	
  2006.	
  Proton	
  
therapy	
  secondary	
  malignancy	
  risk	
  is	
  measured	
  from	
  the	
  relative	
  risk	
  of	
  protons	
  	
  and	
  conventional	
  radiation	
  from,	
  Chung	
  et	
  al.,	
  “Comparative	
  Analysis	
  of	
  Second	
  Malignancy	
  Risk	
  in	
  Patients	
  Treated	
  with	
  Proton	
  
Therapy	
  versus	
  Conventional	
  Photon	
  Therapy,”	
  Int.	
  J.	
  Radiation	
  Oncology	
  Biol.	
  Phys.	
  Vol.	
  72,	
  No.	
  1	
  S8,	
  2008.

Protons	
  decrease	
  the	
  risk	
  of	
  secondary	
  
malignancies	
  in	
  prostate	
  cancer	
  treatment	
  

over	
  5	
  year	
  period

Modality   Risk	
  of	
  Induced	
  Tumor(2)

Conventional 10%

IMRT 20%

Protons 5%



Cognitive	
  Domains	
  Compromised	
  by	
  
Radiation:	
  a	
  rationale	
  for	
  less	
  dose

• Learning
• Memory
• Processing	
  Speed
• Attention
• Executive	
  Function

Critical	
  for	
  CNS	
  patient	
  quality	
  of	
  life



Cognitive	
  function	
  and	
  RT	
  dose

• Acute	
  declines	
  in	
  verbal	
  memory	
  seen	
  after	
  1-­‐3	
  
fractions	
  WBRT	
  (Welzel IJROBP	
  72;5,	
  2008)
– Suggests	
  highly	
  sensitive	
  compartment	
  in	
  brain.

• Loss	
  in	
  IQ	
  correlates	
  to	
  temporal	
  lobe	
  dose	
  
(Merchant	
  et	
  al	
  IJROBP	
  65:1,	
  2006)

• Preclinical	
  murine	
  data:
– Depletion	
  of	
  cells	
  with	
  radiation	
  doses	
  <10Gy	
  in	
  
the	
  dentate	
  gyrus linked	
  to	
  deficits	
  in	
  spatial-­‐
temporal	
  learning/memory.



Hippocampal-­‐sparing:	
  Rationale

• Preclinical	
  and	
  clinical	
  evidence	
  support	
  
hypothesis	
  that	
  neural	
  stem	
  cell	
  compartment	
  
in	
  hippocampus	
  is	
  central	
  to	
  pathogenesis	
  of	
  
neurocognitive	
  defects.

• Neural	
  stem	
  cells	
  anatomically	
  clustered	
  
within	
  dentate	
  gyrus of	
  hippocampus

Monje ML,	
  Mizumatsu S,	
  Fike JR,	
  et	
  al.	
  Nat Med.	
  2002;	
  8:955–962.	
  



Effects	
  of	
  RT	
  on	
  mature	
  neurons
• RT	
  interferes	
  with	
  neurogenesis	
  (stem	
  cells)
– But	
  the	
  fraction	
  of	
  neurogenic	
  cells	
  in	
  the	
  brain	
  is	
  
extremely	
  small	
  

• What	
  are	
  effects	
  of	
  RT	
  on	
  mature	
  neurons?
– Mature	
  neurons	
  are	
  capable	
  of	
  significant	
  structural	
  
and	
  synaptic	
  plasticity-­‐ what	
  are	
  the	
  effects	
  of	
  
radiation	
  on	
  these	
  properties?

• Stem	
  cells	
  populations	
  are	
  sensitive	
  to	
  radiation	
  
but	
  so	
  are	
  mature	
  neurons	
  which	
  may	
  display	
  
profound	
  alterations	
  in	
  morphology,	
  with	
  
significant	
  functional	
  implications.



Effects	
  of	
  Radiation	
  on	
  neuronal	
  
morphometry

• Neural	
  networks	
  require	
  formation	
  and	
  
establishment	
  of	
  precisely	
  regulated	
  complexes	
  
of	
  dendritic	
  arbors	
  and	
  spines,	
  as	
  well	
  as	
  
synaptogenesis.

• Dendritic	
  complexity,	
  spine	
  morphology	
  and	
  
synaptic	
  density	
  are	
  critical	
  determinants	
  for	
  
learning	
  and	
  memory.

• A	
  pronounced	
  decrease	
  in	
  dendritic	
  spines	
  is	
  seen	
  
in	
  Huntington’s	
  disease,	
  Alzheimer’s,	
  and	
  HIV-­‐
dementia.



Radiation	
  reduces	
  neuronal	
  and	
  
dendritic	
  complexity

Parihar et	
  al.,	
  PNAS	
  2013



Benefits	
  of	
  Less	
  Dose:	
  	
  Vascular	
  
hypothesis	
  of	
  radiation	
  injury

• Vascular	
  insufficiency	
  and	
  increased	
  
infarctions	
  post	
  radiation
– Radiation-­‐induced	
  accelerated	
  atherosclerosis
– Radiation-­‐induced	
  mineralizing	
  micoangiopathy
– Similar	
  to	
  small	
  vessel	
  disease	
  seen	
  with	
  vascular	
  
dementia



Meningioma:	
  IMRT/Proton	
  dosimetry

IMRT Proton

Excess	
  IMRT	
  dose

20	
  Gy
10	
  Gy
5	
  Gy



We	
  don’t	
  need	
  more	
  dose	
  for	
  LGG



QOL	
  critical	
  in	
  Low	
  grade	
  gliomas

• Proton	
  RT	
  results
– No	
  decline	
  in	
  
neurocognitive	
  
function

Shih	
  et	
  al.,	
  Cancer	
  2015



Oligodendroglioma:	
  	
  41	
  yo

ProtonIMRT

Excess	
  IMRT	
  dose

20	
  Gy
10	
  Gy
5	
  Gy



Hippocampal	
  sparing	
  with	
  protons

Hippocampal	
  dose
Protons

IMRT



Diffuse	
  Midline	
  Glioma

• 32	
  year	
  old	
  presented	
  left	
  facial	
  numbness,	
  mild	
  
incoordination/gait	
  imbalance-­‐ biopsy	
  H3K27M	
  mutation

Planning	
  contours



Proton-­‐IMRT	
  dose	
  comparison

IMRT Proton

Excess	
  IMRT	
  dose



Dose	
  escalation	
  for	
  GBM:	
  revisited









Glioblastoma:	
  40	
  yo

IMRT Proton

Excess	
  IMRT	
  dose

20	
  Gy
10	
  Gy
5	
  Gy



GBM:	
  Comparative	
  DVH



Problems	
  with	
  Protons
• Range	
  uncertainty
– Far	
  greater	
  effect	
  on	
  
protons	
  than	
  X-­‐rays

– Sensitive	
  to	
  small	
  changes	
  
in	
  tissue	
  density	
  that	
  may	
  
result	
  from	
  motion	
  or	
  
variable	
  anatomic	
  
compartments

• Neutron	
  production
– Protons	
  interact	
  with	
  
material	
  in	
  beamline and	
  
tissue	
  to	
  produce	
  high	
  
energy	
  neutrons

Captain,	
  what	
  should	
  I	
  do	
  with	
  
these	
  unwanted	
  neutrons?	
  



Biological	
  effects	
  at	
  the	
  leading	
  edge:	
  
Unknown

• The	
  relative	
  
biological	
  
effect/dose	
  varies	
  
with	
  depth	
  of	
  the	
  
proton	
  dose	
  (spread	
  
out	
  Bragg	
  Peak)	
  
with	
  increased	
  
biological	
  dose	
  at	
  
the	
  distal	
  edge
– Increased	
  effects	
  on	
  
normal/tumor	
  cells

Paganetti et	
  al.,



Summary

• Radiation	
  treatment	
  is	
  an	
  important	
  modality	
  
for	
  management	
  of	
  CNS	
  tumors

• The	
  paradigms	
  for	
  best	
  RT	
  treatment	
  for	
  
primary	
  and	
  metastatic	
  cancer	
  is	
  evolving	
  
along	
  with	
  advances	
  in	
  systemic	
  therapy.

• There	
  is	
  considerable	
  interest	
  in	
  advancing	
  
CNS	
  RT	
  treatment	
  technology	
  for	
  the	
  purpose	
  
of	
  reduction	
  in	
  treatment-­‐related	
  toxicity	
  and	
  
improved	
  tumor	
  control.


