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Background 

 

• Systemic disease to the brain is unfortunately a quite 
common event  

 

• Radiotherapy, especially with the great technical 
development during the past decades, represents a 
cornerstone of current treatment options  

 

• Despite advances in treatment options, the prognosis is still 
poor 

 



Sperduto et al.  

Breast cancer NSCLC 

Diagnosis-specific GPA 

MST: 3-14.8 months MST: 3.4-25.3 months 

 



Brain metastases:  
background 

 

• Many patients affected with brain metastases die as a 
result of extra-cranial disease progression 

 

• A substantial number of brain metastases patients suffer 
from the local tumor progression in the CNS 

 

• Optimising local control is thus of paramount importance 

 



Brain metastases:  
background 

 

Corollary:  

 

 

• development of symptomatic brain metastases has a 
substantial impact on patient’s quality of life (QoL) and 
neuro-cognitive function 

 



Brain metastases: clinical endpoints 

Local control 

Regional control: 
Freedom from new 
brain metastases 

Brain 
tumor 
control 

Survival 

Extracranial disease 
control 

Quality of Life  



Possible 

endpoints in 

clinical trials 



 

 

• Treatment decisions must be individualized based on a 
complex array of both patient-specific and tumor-
specific characteristics 

 

 



Multiple Brain Metastases 

Whole Brain Radiotherapy 



- WBI is the conventional treatment for majority of 
patients affected with (symptomatic) brain mets 

 

 

- Typical radiation schedule:  

- 30 Gy/10 fr 

- 20 Gy/5 fr 

- 37.5 Gy/15 fr  

 

 

WBI for Multiple Brain Metastases  



 

 

WBRT: Schedule  

“In summary, none of the randomized controlled trials have found a benefit (in terms 

of overall survival or neurologic function) with altered dose-fractionation schedules 

as compared to standard (3000 cGy/10 or 2000 cGy/5 daily fractions).” 

2012 



Multiple Brain Metastases 

Whole Brain Radiotherapy 

How to improve the efficacy of RT? 



- 538 patients enrolled 

         WBRT and Supplemental O2 +/- RSR-13 

 

No survival advantage:  5.3 vs 4.5 mo (p=0.17)  

• In subset of 111 pts with breast cancer: 

– Control  (n=52):     4.6 mo 

– RSR-13  (n=59):     8.7 mo 

 

Pts with metastatic breast cancer to the brain also 
sustained a statistically significant increase in RR 

 

Phase III Trial:   
WBRT +/- RSR-13 

A confirmatory phase III trial is underway 



WBRT 37.5 Gy in 15 fr. + SRS* • NSCLC with 1-3 brain metastasis 

• Max size ≤ 4 cm 

• KPS 70-100 

• RPA class I-II 

• Extracranial disease stable 

• n = 125 

• Toxicity ≥ G3 in 11%, 41% and 49% 

respectively (p <0.001) 

WBRT 37.5 Gy in 15 fr. + SRS* + 

Concomitant TMZ 75 mg/m2/d  + 

Sequential TMZ 200 mg/m2/d  for 5 days every 

28 for 6 cycles 

WBRT 37.5 Gy in 15 fr. + SRS* + Erlotinib 

(150 mg/d)  Sequential Erlotinib for 6 months 

* SRS: lesions <2 cm, 2.1-3.0 cm, and 3.1-4.0 cm 

received 24, 18, and 15 Gy, respectively 

Sperduto et al., 2013 

RCT to improve WBRT-SRS 

outcome 
 













One of the main barriers to recruitment seemed to be a lack of any 

preliminary randomised data to support the trial’s hypothesis (that omitting 

WBRT would not be detrimental) 



Evolving issues in Radiotherapy for brain mets: 

 
Survival/Brain Tumor control/QoL/Cognitive Function 

 Patients selection 

 prognostic scores only validated for OS  

 

New Strategies: 

1. Radiosurgery instead of Whole Brain Radiotherapy 

 

2. Partial Brain Radiotherapy 

 

3. Specific dosimetry for WBRT  



New delivery techniques allow for more complex tailored planning, including 

Simultaneous Integrated Boost (SIB) on oligomets 

 

  

•Dosimetric advantages (steeper dose gradients) 

• Logistic advantages (no separate procedures) 

• Patient tolerance advantages (outpatient, frameless, delivery ~5 minutes) 

Integrated WBRT + boost (VMAT) 

Specific dosimetry for WBRT 

 20 Gy/5 fr WBRT; 40 Gy/5 fr SIB 



EORTC 22111-26111 

 

Whole brain radiotherapy with or without synchronous integrated 

boost in patients with 2 to 5 brain metastases. A randomized Phase 

III Study of the EORTC ROG and BTG  

 

PI: B. Baumert, S. Erridge, F. Lagerwaard 

Initiating end of 2012 

Is radiation dose escalation clinically relevant in 

patients with multiple BM? 

 

Toxicity? Efficacy? 



Indications to WBRT 

 

Role of adjuvant WBRT 



RCT in oligometastatic patients 

Exclusive local treatment (surgery or radiosurgery) vs  

WBRT + local treatment (surgery or radiosurgery)  

S. Scoccianti and U. Ricardi, Radiother Oncol 2011 



 

 

Adjuvant Whole-Brain Radiotherapy Versus Observation After Radiosurgery or Surgical 

Resection of One to Three Cerebral Metastases: Results of the EORTC 22952-26001 

Study; Kocher et al. 2011 JCO 



 

 

Results of the EORTC 22952-26001 Study; Kocher et al. 2011 JCO 



UNIVERSITA’ DEGLI STUDI DI TORINO 





Radiosurgery(RS) 
maximum diameter ≤2cm:22-25 Gy; 

>2cm:18-20 Gy 

•1-4 lesions 
•Maximum diameter ≤ 3 cm 
•All the primaries 
•RPA class I and II 
 
•n=92/132 underwent the follow-up 
Mini-Mental State Examination (MMSE) 

Radiosurgery (RS) dose reduction by 
30% + WBRT  30 Gy in 10 # 

RCT and neurocognitive evaluation 



RCT and neurocognitive evaluation 

• Control of the brain tumor is the most 
important factor for stabilizing 
neurocognitive function 
 
• However, the long-term adverse effects of 
WBRT on neurocognition might not be 
negligible 
 
Criticism: MMSE, used as the sole 
measurement of neurocognitive function, 
has been criticized for having low specificity 
and sensitivity 



Radiosurgery (RS) 
maximum diameter <2cm: 18 Gy;  

2-3cm: 15 Gy; 3-4cm: 12 Gy 

•1-3 lesions 
•All the primaries 
•RPA class I and II 
 
 
•n=58  

Radiosurgery (RS) 
+ WBRT  30 Gy in12 # 

RCT and neurocognitive evaluation 

Patients treated with WBRT were at a greater risk of a significant 
decline in learning and memory function as measured with the 
Hopkins Verbal Learning Test – Revised [HVLT-R] total recall at 4 
months 



UNIVERSITA’ DEGLI STUDI DI TORINO 



RCT and neurocognitive evaluation 

Shortcomings of this study 
 
1) Neurocognitive function was assessed at a single time point of 4 months (it is 

known that WBRT may have a transient effect on memory measured by verbal 
learning tests) 

 
2)   The combined therapy group had a greater burden in terms of disease volume 

(median tumor volume 2.3 vs 1.4) and worse RPA class distribution. It is 
therefore unsurprising that baseline neurocognitive function was worse in this 
group  

 
3)   Authors failed to account for many medications, including opioids, sedatives, 

anticonvulsivant and steroids that are known to cause neurocognitive 
dysfunction 





Soffietti et al., 2013 





Brain 
oligometastatic 

patients 

Delayed 
WBRT 

Upfront 
WBRT 

 
neurologic 
death rate 

 

brain  
control 

risk of 
cognitive 
deficits at 

specific time 
points 

No 
difference 

in OS 

based on Phase III trials 

Upfront or delayed WBRT 

Less toxic radiotherapy 

Selection of patients for 
RT withdrawal 



• Injury to neural stem cells  
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Shors, Nature 2001 
 Chemotherapy 

Radiation induced neurotoxicity 



Hippocampal avoidance and WBI 







Evolving issues in Radiotherapy for brain mets: 

 
Survival/Brain Tumor control/QoL/Cognitive Function 

 Patients selection 

 prognostic scores only validated for OS  

 

New Strategies: 

 Radiosurgery instead of Whole Brain Radiotherapy 

 

 Partial Brain Radiotherapy 

 

 Specific dosimetry for WBRT  



SRS vs WBRT:  
 

it’s not a numbers game ! 





 
Brain mets in HER2-overexpressing 

breast cancer: conclusions 

 

• Multiple symptomatic brain mets: WBI (space for anti-HER2 
therapies) 

 

 

• Oligometastatic disease (1-4; now: 1-…?): Sx and/or SRS 
(“regional” adjuvant treatment to be discussed) 



 
What type of radiotherapy is indicated 
in brain metastases? A personal view 

 

• Neurosurgery has an important role 

• SRS is the best option for small and/or unresectable mets (≤ 3 cm) 

• Probably safe and effective to treat multiple small deposits 

• WBRT with hippocampal sparing may be useful for multiple mets 
where SRS not feasible 

• WBRT with SIB not yet shown to improve outcomes but has 
potential 

• No evidence that post-op SRS improves outcome 

• Individualise treatment !!! And: MDT evaluation 

	


