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In this context augmentation means 
additional measures taken during 

surgery, not adjuvant treatments at any 
time after sugery

Augmentation



• SURGICAL ISSUES 
• Technique of Resection 

 -  In toto Resection 
 -  Complete Resection  
  - IGS, Flourescence 
 -  Protection/Prevention of Seeding  

• Safety 
–IOM 
–IOUS 
–Tractograpy, fMRI

Key Issues I



• AUGMENTATION ISSUES 

• Intracavitary Treatments 
 - Radiation 
 - Chemotherapy 
 - “Gene Therapy“ 

Key Issues II



The Translational Gap in Modelling

Key Issues III



• Resection



4 Weeks post-partum, one seizure 

possibly angiofibroma ???

• Resection



Solitary Metastasis of NSCLC

• Resection



 In toto vs piecemeal : Complications

• Resection



 In toto vs piecemeal : Seeding

• Resection



How about cystic 
metastases

• Resection



• Resection



• Resection



• Resection



Issue : Dissemination



Issue : 
Dissemination



Issue : 
Dissemination



Issue : 
Dissemination



Issue : 
Dissemination



Resection : Safety





• Resection

Fluorescence 
guidance 

•5-ALA 

•Fluorescine



Local control 
apparently fails to 
increase overall 

survival



Resection : Safety



Resection : Safety



• AUGMENTATION ISSUES 

• Intracavitary Treatments 
 -  Radiation 
         -  Chemotherapy 
 -  “Gene Therapy“ 

Key Issues II



Resection : 
Augmentation



Resection : 
Augmentation



Resection : 
Augmentation







 Augmentation







Intracavitary Polymer Placement   Pericavitary Reagent Injections

Perilesional Interstitial Infusion (CED) Intracavitary Reagent Instillation

Gliadel Cerepro 

5-FU

Cintredekin-
Besudox

I-131  Anti-
Tenascin

DELIVERY CONCEPTS









❖ This could mean that one needs total 
resection 

❖ That post RS there could also be 
local radiation necrosis 

❖ That within the complex 
heterogeneous group of metastases 
there is limited activity of BCNU 

Intracavitary Carmustine



Gliadel® Wafer Use in 
Patients With Metastatic 

Brain Cancer 



Study Summaries

AUTHOR/ 
YEAR

N TYPE OF 
METASTASIS

ENDPOINT RESULT COMMENT

Ewend 2001 25 Lung, 
melanoma, 
renal cell, 
breast, other

Toxicity 
Tumor recurrence 
Survival

Median survival 434 days; 
No local recurrence; 
Seven treatment-related 
adverse events 

Phase I-II in 
initial surgery

Brem  
2003

29 Lung, 
melanoma, 
breast, colon

Toxicity 
Tumor recurrence 
Survival

No local recurrence; 
Mean survival 18.2 months

Consecutive 
patient series; 
23 initial and 6 
recurrent 
surgery

PROLONG 
2003 
(interim 
report)

10 Lung, breast, 
esophageal, T-
cell lymphoma, 
unknown

Toxicity 
Tumor recurrence

No local recurrence in initial 
and recurrent surgery 
patients; 
No adverse events reported

PROLONG: 
observational 
patient 
registry; 9 
initial and 1 
recurrent 
surgery



Study Summaries (Cont’d)

AUTHOR/ 
YEAR

N TYPE OF 
METASTASIS

ENDPOINT RESULT COMMENT

Hobbs, 
Ewend 
2004

6 NSCLC, 
melanoma

Tumor recurrence No local recurrence in 4/6 
patients

Retrospective 
chart review in 
recurrent 
surgery

Brem 2004 42 NSCLC, 
melanoma, 
renal, breast, 
sarcoma, 
colon, ovarian

Survival 
Tumor recurrence 
Hospitalization

Mean survival 16.8 months; 
No local recurrence

Prospective 
controlled trial; 
34 initial and 8 
recurrent 
surgery

PROLONG 
2004

36 Lung, breast, 
other, 
unknown

Toxicity 
Tumor recurrence

No local recurrence in initial 
surgery patients; 
55% survival and 
progression-free survival at 
48 weeks 

PROLONG: 
observational 
patient 
registry; 31 
initial and 5 
recurrent 
surgery



Ewend 2001: Design and 
Methods

• Multi-centered, phase I-II trial 
• Surgery + GLIADEL® Wafer + WBRT (44Gy) 
• Patients assessed for 

– Neurotoxicity 
– CNS recurrence 
– Survival

Ewend et al. Treating single brain mets with resection, placement of  BCNU  polymer wafers, 
and radiation therapy. AANS 2001 Toronto



Ewend 2001: Patient 
Characteristics

• N=25 
• Initial surgery for CNS metastasis 
• ECOG status 0 and 1 (2 if potentially reversible 

following surgery)  
• Malignancy type 

– 13 – lung 
– 3 – renal cell 
– 4 – melanoma 
– 2 – breast 
– 3 – other

Ewend et al. Treating single brain mets with resection, placement of  BCNU  polymer wafers, 
and radiation therapy. AANS 2001 Toronto



Ewend 2001: Results

• Median survival in 16 patients was 14.2 months 
• No local recurrence  

– 4/25 (16%) distant recurrence 
• Adverse events 

– No infection related to resection or implantation noted 
– Seven were possible or probably related to treatment 

• Seizures (2), nausea/vomiting (2), fever (1), constipation (2), 
alopecia (2), respiratory distress (1), eye pain (1) 

– One re-operation was needed for brain edema and 
mental status decline

Ewend MG, Brem S, et al.  Safety of treating brain metastases with surgery, BCNU-polymer 
wafers, and radiation therapy: phase I-Ii trial.  Neuro-Oncology 2000;2(4):260.



Brem 2003: Design and 
Methods

• Surgery + GLIADEL® Wafer +/- WBRT (44Gy)* 
• Patients assessed for 

– Neurotoxicity 
– CNS recurrence 
– Survival 

*WBRT (3000-3400 Gy administered to newly diagnosed patients 
only)

Brem S, et al. Implantation of BCNU chemotherapeutic wafers to prevent recurrence of brain 
metastases.  AANS 2003 San Diego [abstract 1431].



Brem 2003: Patient 
Characteristics

• 29 consecutive patients enrolled (9 from multicenter trial)* 
– Single brain metastasis  
– Stable systemic disease and life expectancy of ≥ 12 

months 
– 23 initial and 6 recurrent surgery for CNS metastasis 

• Malignancy type 
– 18 – lung   
– 8 – melanoma  
– 2 – breast 
– 1 – colon

Brem S, et al. Implantation of BCNU chemotherapeutic wafers to prevent recurrence of brain 
metastases.  AANS 2003 San Diego [abstract 1431].



Brem 2003: Results

• No local recurrences in newly diagnosed patients 

• Early deaths (< 3 mo) generally due to systemic 
(non-neurological) medical illness 

• Mean survival 18.2 mo for 21 patients with f/u > 12 
mo

Brem S, et al. Implantation of BCNU chemotherapeutic wafers to prevent recurrence of brain 
metastases.  AANS 2003 San Diego [abstract 1431].



Brem 2004: Design and 
Methods

• Prospective clinical trial 

• 42 initial and recurrent surgery patients with brain 
metastases 
– 34 were initial surgery and 8 were recurrent surgery patients 

• Treatment 
– Surgical resection 
– Gliadel Wafer 
– WBRT 30–44 Gy for newly diagnosed patients 

• Follow-up visits every 2−3 months  
– MRI

Brem S, et al. Interstitial chemotherapy for local control of CNS metastases.  A single center 
case series. SNO 2004 Toronto, Canada [abstract].



Brem 2004: Results

• Survival 
– Median survival was 16.8 months (n=41) 
– 56% (23/41) patients died due to systemic disease 
– 9 patients were still alive with no evidence of recurrent CNS 

disease 

• Recurrence 
– No local recurrence in any initial surgery patient (0/34) 
– Distant recurrence occurred in 3 patients 

• Hospitalization 
– Median length of stay after surgery was 1 day

Brem S, et al. Interstitial chemotherapy for local control of CNS metastases.  A single center 
case series. SNO 2004 Toronto, Canada [abstract].



❖ We see a constantly evolving field of 
surgical augmentation as for safety 
and efficacy. 

❖ There is slow adaptation of local 
radiotherapy and local chemotherapy 
but with no background of 
starndardized clinical trials 

Augmentation



The Translational Gap in Modelling new 
therapeutic concepts such as oncolytic 

virus or local immunotherapy 
•Prevention of meningeal disease ?? The last 
mechanistic study is from 2014 
•Many studies to improve local control in 
mouse models in a broad spectrum of 
histologies but NO translation and no 
unifying theme 

- if there is one …..

Key Issues III



The neurosurgeon has many 
opportunities to augment local control 
but that is not biology driven 

Augmentation of resection will only set 
the stage for better adjuvant entity 
targeted approaches getting at residual 
disease, - with BBB completely left out 
of this discussion 

The Modelling Gap



Dermatology 
Melanoma

Ob/Gyn 
Breast Cancer 
Ovarian Cancer

Gastroenterology 
Colon Cancer 

Oncologist

Urology 
Pulmonology 
others …..

Brain Metastasis Neurosurgery

Brain Metastasis Radiation Oncologist

Neuro - Oncologist

Guidance by Entity and molecular defined trials


