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I have no disclosure



Brain metastases are the most common intracranial tumors in adults

• 10–40% of cancer patients

• The frequency of BM appears to be rising as a result of:
Ø an aging population
Ø the improved neuroimaging 
Ø the better treatment of systemic disease

Sallabanda et al. Clinical and Translational Oncology 2020
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Issues

Ø Limited Brain Disease

Ø Large Brain Metastases

Ø Multiple Brain Metastases



SRS alone for intact BMs (1-4)
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Single dose SRS
RTOG protocol 90-05 
≤ 20 mm   24 Gy  LC >90-95% 
 
21-30 mm  18 Gy  LC 49%  
31-40 mm  15 Gy  LC 45%

Single high dose SRS limited by toxicity to adjacent normal brain

Dose and Fractionation



Radionecrosis    most important late toxicity

     up to 20%

2016

2010 2011

2021



Normal brain plus target             V12Gy ≤ 10 cc



289 patients with brain metastases >2 cm

151pts SF-SRS  18 Gy  2-3 cm 
   15-16 Gy  >3 cm

138pts MF-SRS  27 Gy/3 fractions

2016



Recurrences  25 pts SF- SRS  
   11 pts MF-SRS  p=0.03

1 year LC rates  77% SF-SRS
   91% MF-SRS    p=0.01

Brain RN   31 pts SF-SRS 
   11 pts MF-SRS  p=0.004

1 year RN rates  18%  SF-SRS
     9%  MF-SRS  p=0.01

MF-SRS effective treatment for large BMs associated with better LC and reduced risk of RN compared with 
SF-SRS





Surgical resection evalutation: 

Ø limited number (1 to 4) of newly diagnosed brain metastases 

Ø in case of lesions of ≥2.1 cm in diameter (symptomatic or not)

Ø lesions with necrotic or cystic appearance 

Ø edema/mass effect

Ø lesions located in the posterior fossa with associated hydrocephalus

Ø lesions located in symptomatic eloquent areas 

Surgery & SRS-HSRS



Surgery alone Local recurrence 46-59%
Surgery + WBRT   Local recurrence 10-28%

Surgery & SRS-HSRS

Patchell et al, JAMA 1998

Kocher et al, JCO 2011

No OS benefit

WBRT: 
Decline of neurocognitive function and quality of life



2017

132 patients  1-3 BMs          KPS>70%     Maximum diameter ≤4cm

SRS   16 Gy (range 12–18) to the 50% isodose line
   
   12-month freedom from LR
68 observation group  43%
64 SRS group   72%  p=0.015



Postoperative SRS/HSRS:

The risk of radionecrosis following postoperative SRS seems higher (9%–17.5%)
   (Minniti et al., Int J Radiat Oncol Biol Phys. 2013 / Ling et al., Neurosurgery 2015)

2013

101 patients

1- 2-year LC 93% - 84% 
1- 2-year BDF 50% - 66%
RN  9% 

2019

101 patients

1- 2-year LC 99% - 86% 
1- 2-year BDF 31% - 49%
G3 RN  6% 



The shift from postoperative WBRT to tumor cavity focal therapy has led to the observation of a unique form
of recurrence:    
     nodular meningeal disease 

Surgical perturbation of the tumor   risk of tumor spillage via the cerebrospinal fluid 
     development of nodular tumor recurrence

Risk of nodular meningeal disease at 1-year  28% 
     poor survival outcomes
     up to three fourths having a neurologic death

Postoperative SRS/HSRS: Meningeal Disease

Mahajan A, et al. Lancet Oncol. 2017
Prabhu RS, et al. Neuro-Oncol.  2019
Cagney DN, et al. JAMA Oncol.  2019



Several potential advantages:

• a better target delineation to an intact lesion 

• the  reduction of normal brain irradiated considering the useless of additional margins
• the potential prevention of any cells spilled during resection
• a greater oxygenation ratio of the intact region 
• a sterilization effect
• the resection of the majority of irradiated tissues

Preoperative SRS/HSRS



Pts Diam Volume doses 6m
LC

12mLC 24mLC RN LMD BDF% mBDF

Asher R+P 2013 47 pts 3.04 cm    
(1.34-5.21 
cm)

8.49 cc      
(0.89-46.7 cc)

14 Gy     
(11.6-18 
Gy) 80%

98% 86% 72% 0 no 38 8 m

Patel K., J 
Neurooncol 2016 R

66* NA 8.3cc 14.5Gy 94.2% 84.2% 77.2% 1.5% 1y 
4.9% 2 y

3.2% NA NA

Prabhu , JNS 2018 
R-P

117
24 p
93 r

NA 8.3 cc (4.6–
13.3cc)

15 Gy (14–
17 Gy)

NA 80% 75% 4.8%
G2-G3

5.1%
At mtime
11.6 m

60% (at
2 years) 

NA

Patel K., J 
Neurooncol 2017 R

66 NA 8.3cc 14.8 
(12.0–
19.0) 

NA NA 75.5% 5.6% 3.5% 53.2% NA

Patel A., WN 2018 
R

12 3.66(2.19-
4.85)

14.69 cc 
(3.38-34.85)

16 (12-21) 82% 49% NA 0 17% (2pts) 
at mtime
11.3m

67% 
(8pts) 

7.2m





Aim: whether SRS without WBRT for patients with 5-10 BMs is non-inferior to 
that for patients with 2-4 BMs in terms of OS

 Prospective observational study 1194 patients 
 BM   <10 mL and <3 cm - total cumulative volume ≤15 mL
 BM   <4 mL  22 Gy
 BM   4–10 mL  20 Gy

2014

SRS alone for intact multiple BMs (>4)



mOS  13.9 months 455 pts 1 BM
  10.8 months 531 pts 2-4 BMs
  10.8 months 208 pts 5-10 BMs 

 
TRT  50 (9%) pts 2-4 BMs 
  18 (9%)  pts 5-10 BMs  

Conclusion  SRS without WBRT in pts with 5-10 BMs is non-inferior to pts with 2-4 BMs 
  Considering the minimal invasiveness of SRS and the fewer side-effects than WBRT,  

 it might be a suitable alternative for patients with up to 10 BMs



2019

mOS  14.6 months 989 pts 1 BM

    9.5 months 882 pts 2-4 BMs
    7.5 months 212 pts 5-15 BMs 

5-10 BMs 190 pts
11-15 BMs 22 pts







Take home messages

Ø Limited Brain Disease: 

§ SRS, strong recommendation

Ø Large Brain Metastases

§ MF-SRS

§ SRS on surgical cavity

Ø Multiple Brain Metastases

§ SRS, conditional recommendation

V12Gy ≤ 10 cc




