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increasing incidence for BM:

- improved detection by imaging

- early screening

- from renal cell-, colorectal-, ovarian carcinoma

- improved systemic therapy => longer survival

- generally still poor prognosis, dependent on

- age, KPS, total intracranial tumor volume, status of systemic 

disease, GPA score (including histological / molecular features)   

Brain Metastases (BM): General Facts

Kraft 2019, Lam 2014, Nieder 2011, Tabouret 2012, Langer 2005 and other Authors 
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- SRS + WBRT show no benefit of on overall survival 

- SRS + WBRT vs. SRS alone have equal rate of neurological death

- adjuvant WBRT improves distant control

- SRS provides better local control

- more salvage therapy after SRS alone

- close follow-up when SRS alone

- impact on cognitive functioning and quality of life related to WBRT

- WBRT reduces local failure after resection

Level 1 evidence for treatment BM

Aoyama 2004, Kocher 2011, Chang 2009, Soffietti 2013, Nieder 2011, Kondziolka 1999, Andrews 2004, Knisely 2011 and other Authors
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- multiple BM (+ status in treatment guidelines)

- tumor bed SRS after surgery

- neoadjuvant SRS

- distinction between recurrence and therapy induced changes

Frontiers in SRS for BM
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SRS for multiple brain metastases 
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Cases
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phase 2 trail (evidence level IIIa)

- pat. with newly diagnosed 1-10 BM

- defined MR imaging protocol

- max. volume: 10 ml for largest and 15 ml total

- excluded: KPS<70; leptomeningeal dissemination; sarcoma/lymphoma

- primary endpoint: overall survival

- secondary endpoints: neurological death, worsening neurological status

local recurrence, distant failure, leukoencephalopathy, salvage therapies
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- 1194 pat, 23 centres, 2009-2012

No. of lesions per Patient singular 2-4 5-10

Patient No. 455 531 208

Median OS (months) 13.9 10.8 10.8

Adverse Events 2% 2% 3%

- primary and secondary endpoints did not differ significantly between  
groups of 2-4 vs. 5-10 BM
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Conclusion:

- SRS without WBRT is not inferior in 2-4 vs. 5-10 BM

- SRS has fewer side-effects than WBRT

- => suitable for patients with ≤ 10 brain mets



24.10.201915 Frontiers in Radiosurgery, Oct. 2019, Milan| Maximilian I. Ruge | Department of Stereotactic and Functional Neurosurgery, University of Cologne

Overall survival influenced by:

- KPS, age, RPA, primary disease control, male, lung cancer, HER 2 neg.

leptomeningeal seeding, SCLC, melanomatous tumor, use of TKI/ mTOR/     

VEGF inhibitors

- total treatment volume

- volume of largest metastasis

- symptomatic recurrence and presents of initial neuro symptoms

- marginal dose

- > 1 brain met

SRS for Multiple Brain Metastases: Prognostic Factors

Amendola 2002, Baschnagel 2013, Bhathnagar 2006, Caballo 2011, Chang 2010, Choi 2013, Cochran 2012, Gonda 2014 a,b, Grandhi

2012, Hunter 2012, Jang 2016, Jawahar 2005, Karlsson 2009, Kim 2008, Knoll 2016, Kuremsky 2013, Kurtz 2014, Lam 2014, Liew 2011, 

Likhacheva 2013, Maranzano 2012, Matsunaga 2010, Mininiti 2013, Mohammadi 2012, Nam 2005, Rava 2013, Radlow 2013, Salvetti

2013, Serizawa 2000, 2010, Suzuki 2000, Vern-Gross 2012, 2014, Tam 2014, Yamamoto 2012, 2013, Yomo 2013, Zhang 2017
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- Is overall survival a suitable outcome parameter ?

- Impact of histopathology and molecular markers ?

- How does a high tumor load from brain mets affect cognition and 

quality of live?

- Influence of tumor-specific systemic therapies (e.g. immunotherapy)

- (Current) lack of level I Evidence for BM > 4

- Need for well-designed randomized trials…...

Current prospective trails (registered at ClinicalTrials.gov)

from Kraft et al. 2019
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Post OP SRS for brain metastases
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phase 2 trail (2004 – 2009) 

- median FU 12 months

- 49 patients / 50 lesions; 

- 18 Gy (median; 15-22 Gy) 

results:

- 39 patients with 40 lesions received SRS

- local failure 22%; distant failure 44% (after 12 month)

- SRS reduced local failure significantly  (P = 0.008)
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- significant prognostic factors for local control: 

- NSCLC histology  (P = 0.048)

- tumor diameter < 3 cm (P = 0.01)

- deep localization (P = 0.036)

- high risk for local failure:

- superficial (dural/pial)

- tumor ≥3 cm (53.3 % after 12 month)

- significant risk of distant failure in infra- vs. supra-tentorial tumors (P<0.001)
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Meta-analysis: 

- 50 studies with 3458 patients

- parameters: - local control after 12 month (LC12)

- presents of radiation necrosis

- leptomeningeal disease dissemination

in press
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results:

- overall LC12 83.7% 

- SRS fractionated better than single fraction (LC12 87.3% vs. 80.0%; p=0.021)

- no benefit of adding a margin (LC12 84.3% vs. 83.1%; ns.)

- 6.9% radiation necrosis; 13% leptomeningeal disease

conclusion:

- post-op SRS to the resection cavity as a safe and efficacious

- fractionated SRS appears to be beneficial

in press
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Neoadjuvant SRS for brain metastases 
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Case (by Routman et al.2018)
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retrospective analysis (2005-2016)

- 117 patients with 125 BM
- single fraction SRS 15 Gy (median)  

- median time from SRS to surgery: 2 days
- tumor volume 8.3 cm3 (median) 

results: after 1 and 2 years
- local control rates: 80.1% / 74.9%
- leptomeningeal disease rates: 4.3% 
- symptomatic radionecrosis rates: 2.6% and 4.8%
- overall grade 3 toxicity: 2.6%

J Neurosurg. 2018
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retrospective multi-centre analysis (2005-2013)

- pre OP vs. post OP SRS

- main parameters:  - overall survival                                                                                         

- local and distant control

- leptomeningeal disease 

- symptomatic radiation necrosis
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results:

- 180 patients with 189 BM: 66 pre OP vs. 116 post-OP SRS

- no difference for overall survival, local and distant recurrence

- leptomeningeal disease at 2 years: 

pre OP vs. post OP SRS = 3.2% vs 16.6% (p = 0.010)

- symptomatic radiation necrosis at 2 years:

pre OP vs. post OP SRS = 4.9% vs 16.4% (p = 0.010)
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conclusion:

“preoperative SRS for resectable BM can provide similar outcomes compared 

with postoperative SRS and may have important advantages regarding 

leptomeningeal disease and radionecrosis.”

→ need for prospective data from well-designed trials to confirm this.



24.10.201928 Frontiers in Radiosurgery, Oct. 2019, Milan| Maximilian I. Ruge | Department of Stereotactic and Functional Neurosurgery, University of Cologne

Trial Type Sponsor Patient 
Number

Primary Outcome 
Measure

Estimated
Completion

Phase III 
Randomized-Controlled Trial

Mayo Clinic 140 CNS-CE event
(up to 5 years)

2025

Phase II

University Health
Network, Toronto

30 Symptomatic
radiation toxicity rate

(at 1 year)

2022

Phase  I/II

Case 
Comprehensive 
Cancer Center

36 MTD at day 0,
Local control rate   (up 

to 1 year)

2019

Phase II
Indiana University 44 Local control rate        ( 

6 months)
2021

Phase I
Dose Escalation

Cedars-Sinai 
Medical Center

25 MTD at 1- month 2020

Phase I
Dose Escalation vs. 

De-escalation 
15 Gy vs. 12 Gy

University of 
Alabama at 
Birmingham 

20 MTD at 1 year 2018
(actual

completion)

MTD= maximum tolerated dose, CNS-CE = Central Nervous System Composite Endpoint

Current prospective trails (registered at ClinicalTrials.gov)
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Treatment induced changes vs. local recurrence
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Radiation injury 
(after RS of a breast cancer BM)
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Recurrent metastasis 
(after RS of a malignant melanoma BM)
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Single vs. fractionated SRS for large brain metastases
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Meta-analysis

- 24 studies with 1887 brain metastases (2008-2017)

- multi- vs. single fraction SRS  

- parameters: - local control after 12 month (LC12)

- presents of radiation necrosis

- group A: 4-14 cm3 vs.  group B: > 14 cm3  

- definitive vs. post OP treatment

- random effects estimate
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Results: LC12

definitive SRS:     

- group A:  single- / multi-fraction SRS: 77.6% vs. 92.9%  (P=0.18)

- group B:  single- / multi-fraction SRS: 77.1% vs. 79.2%  (P=0.76)

post OP SRS:

- group B:  single- / multi-fraction SRS: 62.4% vs. 85.7%  (P=0.13)
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Results: radionecrosis

definitive SRS:     

- group A:  single- / multi-fraction SRS: 23.1% vs. 7.3% (P=0.003)

- group B:  single- / multi-fraction SRS: 11.7% vs. 6.5% (P=0.29)

post OP SRS:

- group B:  single- / multi-fraction SRS: 7.3% vs. 7.5% (P=0.13)
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Conclusion:

“treatment for large brain metastases with MF-SRS regimens may offer a

relative reduction of radionecrosis while maintaining or improving relative 

rates of 1-year LC compared with SF-SRS. These findings are hypothesis-

generating and require validation by ongoing and planned prospective clinical 

trials.”
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Cases
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- evidence level IIIa - IV 

- number of BM treated has no effect on overall survival

- overall treatment volume to be considered

- high rate of salvage therapies 

- close follow-up when SRS alone

- median OS 7-13 months *

SRS for 1-10  Brain Metastases: Facts

Yamamoto, 2014, Serizawa, 2000, 2010, *Chang, 2010, Park 2009, and other Authors
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- evidence level III - IV 

- no significant difference in OS regarding number of lesions but overall 

treated tumor volume *

- no significant difference in OS between patients with 1-5 vs. 6-10 vs. 11-15

- vs. >15 BM **

- higher risk for new distant brain metastases with increased number of 

treated lesions (<14 vs. >14 mets*** , <15 vs. >15 mets**) 

=> SRS can be an effective and feasible option in selected patients 

with >10 brain lesions

SRS for > 10  Brain Metastases: Facts

* Serizawa et al. 2000, Grandhi et al. 2012, Bhatnagar et al. 2006, Yamamoto et al. 2013,  ** Chang et a. 2010, 

***Grandhi et al. 2012
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Pending Results: SRS vs. WBRT for Multiple Brain Mets:

- NCT01731704 trial (by North American Gamma Knife Consortium)

- ≥ 5 brain mets (KPS ≥70) SRS vs. WBRT (30 Gy in 10 fractions)

- primary end point: cognitive function after 6 mo.

- sec. endpoints: cognitive function after 12 mo.,

quality of life, salvage treatment and OS

- NCT01644591 / NCT01592968 (by MD Anderson Cancer Center)

- 4-10 brain mets SRS vs. WBRT 

- neurocognitive outcome in melanoma / non melanoma patients

- and many other RCT trails registered at clinicaltrails.gov

SRS for Multiple Brain Metastases: Perspective


