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OUTLINE!

•  Introduction!
!

•  To review current indications, modalities, 
outcomes and toxicities of stereotactic 
radiosurgery (SRS) for brain metastases!

!

•  To highlight (some) current issues of interest !



INTRODUCTION!
•  Most frequent malignant brain tumor!
!
•  20-30% of patients with cancer may have brain metastases at autopsy!

Lassman AB, et al. Neurol Clin 2003;21:1-23!



Histology! % of all Brain Metastases!

Lung! 50%!

Breast! 15-20%!

Melanoma! 10-15%!

Colorectal! 2-12%!

Kidney! 1-8%!

Thyroid! 1-10%!

 Brain metastases by histology!

INTRODUCTION!



Location! % of all Brain Metastases!

Brain! 50%!

Cerebellum! 15-20%!

Basal ganglia! 10-15%!

 Brain metastases by location!

INTRODUCTION!



•  Surgery!

•  Radiotherapy (RT):!

1.  Whole-brain RT (WBRT)!

2.  Stereotactic radiosurgery (SRS) (single/multisession)!

3.  Combination of both!

•  Chemotherapy!

•  Supportive care!

•  Combination of them!

Therapeutic options!

INTRODUCTION!



Low KPS!
Uncontrolled primary!
Extracranial metastatic disease!

WHY ARE WE DISCUSSING ABOUT BRAIN METS TODAY? !

 Forecasting the evolving relative role of WBRT and SRS!



 Leksell Gamma Knife Society!
!
!

Metastatic patients treated worldwide!



WHY ARE WE DISCUSSING ABOUT 
BRAIN METS TODAY? !

 Population aging!
!
!

Should we take it into 
account?!

!
•  QoL!

•  Neurocognitive status!



WHY ARE WE DISCUSSING ABOUT BRAIN METS TODAY? !

 More effective systemic therapies may translate into CNS 
metastases increase!

•  In women with HER-2+ breast cancer, the widespread use 
of HER-2 target therapy with trastuzumab has unmasked a 
population in whom CNS progression is a significant source 
of morbidity and mortality since trastuzumab does not 
penetrate the CNS but is effective outside the CNS.!

 More effective systemic therapies may translate into 
OS lengthening!

Should we take it into account?!
!

•  QoL!
•  Neurocognitive status!

Bardell JC, et al. Cancer 2003;97:2972-2977!
Lin NU, et al. Clin Can Res 2007;13:1648-1655!



WHY ARE WE DISCUSSING ABOUT BRAIN METS TODAY? !

 Sophisticated platforms increase access and efficiency of SRS treatments.!
!
Moreover, they allow treatment of a larger number (> 4) of brain metastases 
than before and with greater efficiency.!

!
Should we take it into 

account?!
!



• Spherical/pseudospherical!
!
• Most less than 3-4 cm diameter!
 !
• Typically grey-white matter location (non-eloquent)!
!
• Generally well-circumscribed, non-infiltrative!
!
• Improved LC of single lesions may leads to better survival!
!
• Need for higher dose than achieved with WBRT for LC !

(General) Radiosurgery rationale for brain metastases!

CURRENT INDICATIONS!



•  Number of metastases!

•  Size of lesion(s)/mass effect!

•  Location!

•  Neurologic deficit!

•  Age/KPS!

•  Primary tumor/stage!

•  Extracranial disease!

•  Patient’s choice!

Factors used to assess therapy!

INTRODUCTION!



 Prognostic factors and patient selection!

15!2.3 months!Class III – KPS <70!

65!4.2 months!Class II – all others!

20!7.1 months!Class I!
   <65 (age) KPS >70!
   Controlled primary!
   No extracranial mets!

% in Analysis!Median Survival!

Gaspar L, et al. Int J Radiat Oncol Biol Phys 2000;47:1001-1006!
Gaspar L, et al. Int J Radiat Oncol Biol Phys 1997;37:745-751!

RTOG Recursive Partioning Analysis (RPA) Classification!

INTRODUCTION!



 Prognostic factors and patient selection!

Graded Prognostic Assessment (GPA) Classification!

Sperduto P, et al. Int J Radiat Oncol Biol Phys 2008;70:510-514!

Score! Median Survival 
(months)!

3.5-4! 16.7!
2.5-3! 9.6!
1.5-2! 5.4!
0-1! 3.1!

INTRODUCTION!



CURRENT INDICATIONS!
 Single brain metastases!

Tsao MN, et al. Practical Radiation Oncology 2012;2:210-225!



 Multiple brain metastases!

Tsao MN, et al. Practical Radiation Oncology 2012;2:210-225!

CURRENT INDICATIONS!



SRS dose prescription: RTOG 90-05!

Shaw E, et al. Int J Radiat Oncol Biol Phys 2000;47:291-298!

•  Type of study: phase I, dose escalation!

•  Population: recurrent, previously !

irradiated primary brain tumors/brain mets.!

•  Endpoint: max tolerated dose!

Accrual by arm and dose:!

CURRENT INDICATIONS!



RTOG 90-05: results!

Shaw E, et al. Int J Radiat Oncol Biol Phys 2000;47:291-298!

Lesion Size! Max. Tolerated Dose!
≤ 20 mm! 24 Gy!
21-30 mm! 18 Gy!
31-40 mm! 15 Gy!

CURRENT INDICATIONS!



SRS/WBRT Toxicity!

•  Radiation-related necrosis (≅ 5-10%; strong correlation with V10-V16)!
•  Visual damage (≅ 1-3%)!
•  Seizure (≅ 3-5%; more frequent over 18 Gy single dose)!
•  Endocrine deficit!
•  Hearing deficit!
•  Hair loss!
•  Scalp irritation!
•  Nausea!
•  Fatigue !
•  Worsened neurological function!
•  Dementia-like neurocognitive changes!
(that can be seen subacutely and chronically)!

CURRENT INDICATIONS!



Toxicity and efficacy are related to dose and tumor size!

McDermott and Sneed, Neurosurgery 2005;47:S45-53!Vogelbaum M, et al. J Neurosurg 2006;104:907-912!

•  202 pts with 375 lesions!
•  1-year LC rates by margin dose:!

1.  24Gy 85% (78-92)!
2.  18Gy 49% (30-68)!
3.  15Gy 45% (23-67)!

Time to local failure by prescribed dose!

p < 0.0005!

CURRENT INDICATIONS!



WBRT vs WBRT with SRS boost: Pittsburgh Study !

•  Type of study: single-inst. phase III, RCT!

•  Population: 2-4 brain mets. (≤ 25 mm !) !

•  Primary endpoint: LC!

•  Interim analysis @ 60% accrual!

Kondziolka D, et al. Int J Radiat Oncol Biol Phys 1999;45:427-434!

RT regimen:!

•  WBRT: 30 Gy/12 fr (2.5 Gy/fr)!

•  SRS boost: 16 Gy!

•  Gamma Knife!

CURRENT INDICATIONS!



WBRT vs WBRT with SRS boost: Pittsburgh Study 
(Interim Analysis) Results!

Local control! Survival!

LC did not depend on:!
•  histology (p=0.85)!
•  N. of brain mets. (p=0.25)!
•  Extracranial disease (p=0.26)!

Kondziolka D, et al. Int J Radiat Oncol Biol Phys 1999;45:427-434!

OS did not depend on:!
•  histology (p=0.17)!
•  N. of brain mets. (p=0.42)!
OS did depend on:!
•  Extracranial disease (p=0.02)!

No significant difference in toxicity!

CURRENT INDICATIONS!



WBRT vs WBRT with SRS boost: RTOG 95-08 !

Andrews DW, et al. Lancet 2004;363:1665-1672!

•  Type of study: multi-inst. phase III, RCT!

•  Population: 1-3 brain mets. no previous RT !

•  Primary endpoint: OS!

•  Secondary endpoints: !

tumor response and LC!

overall intracranial recurrence rate !

cause of death!

functional performance!

WBRT regimen!
37.5 Gy/15 fr (2.5 Gy/fr)!
!
SRS boost!
Within 1 wk of completing WBRT!
Both Gamma Knife and LINAC!

!!
Dose (according to RTOG 90-05):!

!< 2 cm = 24 Gy!
!2 – 3 cm = 18 Gy!
!3 – 4 cm = 15 Gy!

!

CURRENT INDICATIONS!



WBRT vs WBRT with SRS boost: RTOG 95-08 - Results !

Andrews DW, et al. Lancet 2004;363:1665-1672!

(Other) Results!

•  No significant difference in toxicity!
•  SRS reduces oedema (p=0.0017) and steroid dependence (p<0.0158)!
•  SRS improves performance status (p=0.0331)!
•  No difference by technique (Linac vs Gamma Knife)!
•  Post-hoc, unplanned subset analysis suggest survival benefit for patients with:!

–  1 to 3 mets with RPA Class 1 (p=0.0453)!
–  1 to 3 mets with NSCLC (p=0.0508)!

CURRENT INDICATIONS!



SRS vs WBRT and SRS: JRSOG-9901 !

Aoyama H, et al. JAMA 2006;295:2483-2491!

•  Type of study: multi-inst. phase III, RCT!

•  Population: 1-4 brain mets. (≤ 3 cm !)  !

•  Primary endpoint: OS!

•  Secondary endpoints: !

brain tumor control and LC!

functional performance!

toxicity!

cause of death!

WBRT regimen!
30 Gy/10 fr (3 Gy/fr)!
!
SRS!
Within 1 wk of completing WBRT!
Both Gamma Knife and LINAC!

!!
Dose:!

!≤ 2 cm = 22-25 Gy!
!> 2 cm = 18-20 Gy!

!
30% dose reduction for SRS+WBRT!

CURRENT INDICATIONS!



SRS vs WBRT and SRS: JRSOG-9901 - Results !

Aoyama H, et al. JAMA 2006;295:2483-2491!

(Other) Results!
!
•  No significant difference in toxicity!
•  SRS alone needs more salvage treatment (p<0.001)!
•  No difference in neurologic preservation (p=0.99)!
•  No difference in death due to neurologic causes 

(p=0.64)!

CURRENT INDICATIONS!



SRS vs WBRT and SRS: EORTC 22952-26001 !

Kocher M, et al. J Clin Oncol 2011;29:134-141!

•  Type of study: multi-inst. phase III, RCT!

•  Population: 1-3 brain mets. (≤ 2.5/3.5 cm !)  !

•  Primary endpoint: WHO PS deterioration to 
more than 2!

•  Secondary endpoints: brain tumor control 
and LC, PFS, OS, toxicity,  QoL!

WBRT: 30 Gy/10 fr (3 Gy/fr)!

SRS: 25 Gy to isocenter!

CURRENT INDICATIONS!



SRS vs SRS and WBRT: EORTC 22952-26001 - Results !

No difference in WHO PS 
deterioration to more than 2 (p=0.71)!
!
No difference in toxicity, PFS, OS !
!
WBRT significantly reduced 2-year 
risk of both local (p=0.04) and 
intracranial relapse (p=0.023) !

Kocher M, et al. J Clin Oncol 2011;29:134-141!

CURRENT INDICATIONS!



SRS vs WBRT and SRS: JRSOG-9901!
Neurocognitive Assessment !

Aoyama H, et al. Int J Radiat Oncol Biol Phys 2007;68:1388-1395!

Results !
!

Deterioration in MMSE p=0.21!
!

Freedom-from-3 point drop MMSE p=0.73!

CURRENT INDICATIONS!



SRS vs WBRT and SRS: Neurocognitive outcomes !

•  Type of study: single-inst. phase III, RCT!

•  Population: 1-3 brain mets. (≤ 3 cm !)  !

•  Primary endpoint: Neurocognitive function!

Deterioration: 5-point drop compared to 
baseline in Hopkins Verbal Learning Test-
Revised (HVLT-R) @ 4 months!

•  Secondary endpoints: !

LC, distant brain control, OS!

WBRT regimen!
30 Gy/12 fr (2.5 Gy/fr)!
!
SRS dose according to RTOG 90-05:!

!< 2 cm = 24 Gy!
!2 – 3 cm = 18 Gy!
!3 – 4 cm = 15 Gy!

!
Pts assigned to SRS+WBRT received SRS first!

Chang EL, et al. Lancet Oncol 2009;10:1037-1044!

CURRENT INDICATIONS!



SRS vs WBRT and SRS:!
Neurocognitive outcomes after early stopping !

(Other) Results!

•  SRS+WBRT better LC (p=0.01)!

•  SRS+WBRT better distant brain 
control (p=0.02)!

•  SRS alone better OS (p=0.03)!

Chang EL, et al. Lancet Oncol 2009;10:1037-1044!

CURRENT INDICATIONS!



CURRENT ISSUES OF INTEREST!

Reference! Study! Pts #! Lesion #! SRS dose/fr! 1-y LC! DF! RN!
Brennan ‘14! Phase II! 49! 1-2! 15-22/1! 85%! NR! 17.5%!
Choi ‘11! Retrosp.! 112! 1-3! 15-30/1-5! 90.5%! 59%! 7%!
Do ‘09! Retrosp.! 30! 1-4! 15-27.5/1-6! 82%! 63%! 7%!
Hatford ‘13! Retrosp.! 47! 1-3! 12-20/1! 85.5%! 63%! NR!
Hwang ‘10! Retrosp.! 25! 1+! 15-20/1! 100%! 28%! NR!
Jensen ‘11! Retrosp.! 106! 1+! 11-23/1! 80%! 54%! 3%!
Ogiwara ‘12! Retrosp.! 56! 1! 14-20/1! 75%! 37.5%! NR!
Mathieu ‘08! Retrosp.! 40! 1-7! 11-20/1! 74%! 54%! 0%!
Prabhu ‘12! Retrosp.! 62! 1-3! 15-21/1! 78%! 51%! 8%!
Minniti ‘13! Retrosp.! 101! 1! 27/3! 93%! 51%! 9%!
Steinmann ‘12! Retrosp.! 33! 1! 30-40/5-10! 71%! 60%! 0%!
Wang ‘12! Retrosp.! 37! 1-3! 24/3! 80%! 20%! 3%!

SRS BOOST RESECTION CAVITY  !



SRS alone in patients with more than four brain metastases !

Jairam V, et al. CNS Oncol 2013;2:1-18!

CURRENT ISSUES OF INTEREST!



CURRENT ISSUES OF INTEREST!
SRS alone in patients with more than four brain metastases !

Yamamoto M, et al. Lancet Oncol 2014;15:387-395!

•  Type of study: single-inst., observational!

•  Population: 1-10 brain mets. (Cumulative 
volume ≤ 15 ml)  !

•  Primary endpoint: OS!

•  Secondary endpoints: !

LC, distant brain control, NCF (MMSE)!

Results!
•  Better OS for 1 lesion SR (p=0.0004)!
•  Comparable OS 2-4 vs 5-10 (p=0.02)!
•  Comparable LC 2-4 vs 1 vs 5-10!
•  Better DF 1 vs 2-4 vs 5-10 (p<0.0001)!
•  Comparable NCF 1 vs 2-4 vs 5-10!



Potential role of PROTON SRS alone!
in patients with multiple brain metastases !

TV 1cc! TV 26cc!

CURRENT ISSUES OF INTEREST!

Verhey LJ, et al. Int J Radiol Oncol Biol Phys 1998; 40:497-505!



Smith V, et al. Int J Radiat Oncol Biol Phys 1998;40:507-513!

Protons!

X-Rays!

Courtesy of!
J. Loeffler & H. Shih!
MGH !

CURRENT ISSUES OF INTEREST!
Potential role of PROTON SRS alone!

in patients with multiple brain metastases !



Hippocampal-Sparing WBRT with SIB  for brain metastases !

Gutierrez AN, et al. Int J Radiat Oncol Biol Phys 2007;69:589-597!

Hsu F, et al. Int J Radiat Oncol Biol Phys 2010;76:1480-1485!

CURRENT ISSUES OF INTEREST!



Hippocampal-Sparing WBRT with SIB  for brain metastases !
CURRENT ISSUES OF INTEREST!

Awad R, et al. Rad Oncol 2013;8:62!



…thank you for your attention…!

Questions?!


