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Brain Mets: Incidence 

 Occur in 10-30% of all adult cancers 

 Relative incidence increasing, due to 

 Effective systemic treatments  with longer survival 

 Improved imaging techniques and their increased availability 

 Approx. half of all brain mets due to NSCLC, others: 

 Breast cancer 

 Melanoma 

 Unknown primary 

 Renal cell carcinoma 

Barnholtz-Sloan… Sawaya RE.  
J Clin Oncol 22:2865-72, 2004 
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Definitions and Paradigms 

 Metastasis: “The spread of disease from 
one part of the body to another, as when 
cancer cells appear in parts of the body 
remote from the site of the primary tumor »   

 Metastases are commonly multiple 

 Treatment is dictated by the histology 
and origin of the primary tumor 
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Definitions and Paradigms 

 Metastatic disease dissemination 
requires a systemic therapy 

 Mets in the brain respond just as well to 
systemic treatment than other mets (if 
the drug reaches its target, BBB!) 

 Conclusion: 

 Brain mets are a manifestation of a 
primary tumor, not a diagnosis per se 
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Brain metastases 

 Is a symptom and disease 
manifestation, not a diagnosis 

 Management & recommendations need 

to be disease specific 

 Literature (Pubmed Aug 2012 – July 2014): 

>150 publications on brain mets 

without specifying tumor type in title 
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Challenges of research in  brain 
metastases 

 Lack of preclinical 
models 

 Little knowledge of 
biological predisposing 
factors 

 Role of the blood-brain 
barrier 

 Unique 
microenvironnment in 
the brain 
 sanctuary site (?) 

 

 

 Exclusion of pts from 
clinical trials 

 Risk of hemorrhage 

 

Incidence brain mets  

 Improved systemic 
therapy 

 Longer survival 

 Better detection of 
occult metastases 
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Different biology ? 
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Melanoma: Concordance between 
extracranial and brain metastases 

Sequenom analysis: 154 hotspot 
mutations 

 16 matched pairs 

 100% concordance 

Gene expression profiling (25 pairs) 

 Highly concordant expression 

 

 

 Guo Chen, Nitin Chakravarti, Kimberly Aardalen,, Alexander J. Lazar, Michael Tetzlaff, Bradley Wubberhorst, 
Sang-Bae Kim, Scott Kopetz, Alicia Ledoux, Y.N. Vashisht Gopal, Cristiano Goncalves Pereira, Wanleng Deng, 
Ju-Seog Lee, Katherine L. Nathanson, Kenneth D. Aldape, Victor G. Prieto, Darrin Stuart, and Michael A. Davies 

 Clin Cancer Res Published OnlineFirst May 6, 2014 

Immunohistochemistry: PTEN 
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VEGF & brain mets formation 
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Lung & colon 

Imaging model: 
 Stepwise brain mets 

formation 

 Interaction tumor cell by 
angiogenesis or vessel  co-
option 

 VEGF inhibition  mets 
formation  
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CNS metastasis from solid tumors 

Incidence 
Clinical 

(%) 

 
Autopsy 

(%) 

Median interval 
from diagnosis 

(months) 

 
Range 

(months) 

Lung cancer 
     small cell 
     adenocarcinoma 
     squamous cell 

 
30-45 
24-30 

30 

 
30-70 

50 
40 

 
2.6 
2 

0.2 

 
0-15 
0-66 
0-31 

Breast cancer 10-20 20-40 23 0-121 

Melanoma 20-45 40-90 36 3-83 

Renal cell cancer 20 20 39 19-119 

Colon cancer 4 6-10 22 0-48 
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So maybe after all 

 Biology of CNS metastases not so 
different from visceral metastases 
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Why do we treat brain mets differently ? –  
Brain as a sanctuary ! 

 Blood-brain barrier 
 Disrupted for macroscopically overt mets  

(contrast enhancement !) 

 Intact for micrometastases 

 Poor prognosis 
 Presence of [symptomatic !] CNS mets 

associated with advanced disease 

 Screening (MRI) allows detection of 
occult/silent mets  earlier diagnosis, lead 
time bias and stage migration 
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Prognosis – 
the individual and the median 
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RPA classification for  
brain mets 



Z u r i c h  U n i v e r s i t y   
C a n c e r  C e n t e r  

Brain mets: Prognostic Indices: 
RTOG RPA 

Int. J. Radiation Oncology Biol. Phys 1997; 37: 745-751  
 2000; 47: 1001–1006 

Class 1:  

 KPS≥70% 

 Age<65 yrs 

 primary controlled,  

 no other mets 

Class 3:  

 KPS< 70% 

Class 2:  

 Not class 1 or 3 
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Brain Mets: Prognosis 
“Graded Prognostic Assessment” 

 Performance status 

 Age 

 No. of mets 

 Extracranial disease 

2.6 11  (months) 6.9 3.8 

3.5-4 

3.0 
1.5-2.5 

0-1.0 

GPA scores 

Sperduto et al for RTOG. 
Int J Radi Oncol Biol Phys 2008; 70:510–514 
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Histology matters …! 

Median Survival 

Breast cancer:  7.2 months  

  Lung cancer:     4.4 months  

   Other cancers:  5.0 months  
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Mehta MP, et al. J Clin Oncol. 2003;21:2529-2536. 
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Breast 

GI 

NSCLC 

SCLC Melanoma 

Renal cell 

Sperduto et al.  
J Clin Oncol 2011; 30:419-425 
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Experts are inaccurate in prognostication 

 The Oncologist 2010;15:782–789 
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Experts are inaccurate in 
prediction of survival  

Kondziolka ... & Stupp. J Neurosurg 120:24–30, 2014 

 150 patients treated with SRS 

 Estimate survival by 18 MD’s  

Clinical data available:  

 cancer type 

 number of brain metastases, 

 neurological presentation, 

 

 

 extracranial disease status, 

 Karnofsky Performance Scale score,  

 Recursive Partitioning Analysis class, 

 prior whole-brain radiotherapy, 

 synchronous or metachronous 



Z u r i c h  U n i v e r s i t y   
C a n c e r  C e n t e r  

Prognosis 
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Why are we treating patients with 
brain metastases ? 
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Why are we treating patients with 
brain metastases ? 

 Quality of life 

 Avoidance of neurological progression 

 Symptom control 

 prophylaxis 
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No improvement in QoL after WBRT 

Steinmann et al. BMC Cancer 2012, 12:283 

QoL before / after RT (EORTC QLQ-15PAL +BN20) 
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 Quality of life after radiotherapy 

Caissie et al. Int J Radiat Oncol Biol Phys. 2012 ;83:1238-45 

EORTC QLQ-C15-PAL scores 
 
mean scores, 108 pts 

 
• before 
• 1 month after WBRT 
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Short survival of most (!) brain 
mets pts receiving WBRT  

 183 pts randomized 

 RPA class 1 (25%) 
RPA class 2 (75%) 

 NSCLC 62% 

 >3 brain mets: 80% 

 Median surv. 4 mo 

Knisely for RTOG: Int. J. Radiation Oncology Biol. Phys 2008:71; 79–86 
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Europ. J Cancer 2012;48:377-84 

N=59 pts with NSCLC 
Survival ≥ 3 months:  58.1% (95% CI 42.1–73.0%) 

Median survival   5-6 months only ! 
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Management of brain metastases - 
Audit of all pts  with brain mets at a single cancer centre 
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RT +/- surgery or
radiosurgery

radiosurgery +/- RT

surgery +/- RT

palliative care

surveillance

systemic therapy
Clarke, Brock & Brada. J Pall Med 2013; 16.836 

Graph courtesy 
M. Brada 

Median survival  5.3 month   
  (95% CI 3.5–7.1) 
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40% die within 3 month 
22% no active anti-tumor therapy 
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Radiosurgery 
useful or an expensive toy ? 

 Linac-based stereotactic 
systems 
 Frame-based 

 Frame-less 

 Gamma-Knife 

 Cyber-Knife 

 … 

 

 Fractionated 

 Single fraction 
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Andrews et al  2004   RTOG trial 9508 
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Availability of SRS  increased use  (OR >12) 

  Hodgson et al. Int J Radiation Oncol Biol Phys 2013; 85:335-340 
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Availability of SRS  increased use  (OR >12) 

  Hodgson et al. Int J Radiation Oncol Biol Phys 2013; 85:335-340 

• Availability of on-site SRS 

• Fewer brain metastases 

• Controlled extracranial disease 

• Age 
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Expectations 
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Overestimation of treatment benefit 

Weeks ... Schrag: N Engl J Med 2012;367:1616-25 
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Overestimation of treatment benefit 

Weeks ... Schrag: N Engl J Med 2012;367:1616-25 

Cure Life Extension 
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Overestimation of treatment benefit 

Weeks ... Schrag: N Engl J Med 2012;367:1616-25 
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Key Questions in brain metastases 

1. Is the primary tumor known ? 
 Work-up, histology, sensitivity to chemotherapy or targeted 

agents 

2. Single vs multiple brain mets ? 
 Sugery vs radiosurgery vs WBRT 

3. Is the systemic disease controlled or controllable ? 
 Systemic treatment needed ? 

4. Do the brain mets cause symptoms ? 
 Symptomatic vs screening detection 
 Improvement after steroids ? 

5.  Goal of treatment and expected outcome ?  
 Improvement of general condition+ QoL 
 Prevention of complications 
 Cure of true solitary metastasis 
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RTOG-9508: Phase III Trial 

R 

WBRT (37.5 Gy) + SRS 
 [15-24% did not receive SRS !!] 

164 

WBRT (37.5 Gy) alone 

Stratification: 

 Number of brain metastases: 

 (1 vs 2 - 3) 

 Extracranial mets  

(none vs present) 

RT + SRS (MS=6.5 mos) 

RT alone (MS=4.9 mos) 

P=0.0470 
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Andrews DW, et al. Lancet 2004;363:1665-1672. 

167 
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RTOG9508: Subgroup analysis of 
single brain met (=56% of pts) 

RT + SRS (MS=6.5 mos) 

RT alone (MS=4.9 mos) 

P=0.0470 

100 

80 

60 

40 

20 

0 

0 6 12 18 24 
Months 

%
 A

li
v
e
 

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

R 

WBRT (37.5 Gy) + SRS 
 [15-24% did not receive SRS !!] 

164 

WBRT (37.5 Gy) alone 167 
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Initial Chemotherapy for NSCLC 
with brain metastases 

 44 pts with newly 
diagonsed NSCLC 

 Adeno-Ca 84% 

 RR 35 % 

 Cerebral RR 42% 

 PD 26%; brain 14%, 
extracranial 19% 

Treatment: 
 CDDP/Pemetrexed 

x 2-4 cycles, followed 
by WBRT (received in 
61% pts) 

Barlesi et al.  
Annals of Oncology 22: 2466–2470, 2011 



R 

Sx/RS alone (Observation) 179 

Sx/RS + WBRT (10 x 3 Gy) 180 

J Clin Oncol 2011; 29:134-141 
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WBRT (n=60; 35% of all pts / 

      43% of PD pts 

Patient Characteristics: 
Lung Ca    53% 
Breast    12% 
Kidney, Melanoma, Colorectal each  8% 
 



(months) 
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149 179 112 71 41 29 19 14 11 8 5 1 

152 180 118 73 52 34 25 17 13 10 9 7 

no RT 

WBI 

% 

EORTC 22052-26001: 1o endpoint: 

Survival with PS ≤ 2   (ITT) 

HR = 0.96 (95%CI: 0.76 – 1.20) 

63.0% (95%CI: 55.4-69.6) 

66.9% (95%CI: 59.4-73.2) 

  

P=0.709, stratified by S vs RS 

WBRT 

Obs 

Median: 9.5 (95%CI: 7.8-11.9) 

Median: 10.0 (95%CI: 8.1-11.7) 



EORTC 22052-26001: 

Sx/RS ± WBRT 

Secondary endpoints: 

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

• Overall survival 

• Cummulative incidence  
of CNS progression 
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O N Number of patients at risk : Treatment

174 179 47 21 13 10 6 5 4 3 2 2

167 180 75 36 24 17 14 11 8 8 5 3

no RT

WBI

22952: PFS
 

%

Progression Free Survival (ITT) 

26.3% (95%CI: 20.1-32.9) 

42.2% (95%CI: 34.8-49.3) 

WBRT 

no RT 

HR = 0.71 (95%CI: 0.58 – 0.88) 

P=0.002, stratified by S vs RS 

Median: 4.6 (95%CI: 3.9-6.1) 

Median: 3.4 (95%CI: 3.1-3.9) 

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



EORTC 22052-26001: Sx/RS ± WBRT  

Global Health Status/ QoL 

Global Health Status Physical Functioning 

Cognitive Functioning Emotional Functioning 

Soffietti et al. J Clin Oncol. 2013 Jan 1;31(1):65-72.  
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To treat or not to treat 

 Brain metastases are not a diagnosis 
  Histology and molecular characteristics matter 

 Management:  
 tumor extension local & distant 
 goals of therapy 

 Visible mets: Blood brain barrier disrupted, 
treatment responses comparable to visceral mets  

 Benefit of therapy overestimated,  
 asymptomatic multiple mets may not require therapy 
 Management may not need to be different from 

systemic disease 

 Patient selection important 
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Brain Mets – Patient Cases 

Sunday, 28. September 2014 
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