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Sellar/suprasellar Region Intrinsic: 

Metastasis 

Haemangioblastoma 

Medulloblastoma 

Astrocytoma  

   (cerebellum /brainstem) 

Cerebral Hemispheres Ventricular System 

Pineal region 

Posterior Fossa 

Skull Base and Sinuses 

Hypothalamus 

Intrinsic: 

Astrocytoma 

Glioblastoma 

Ganglioglioma 

Lymphoma 

Metastasis 

 

 

Extrinsic: 

Meningioma 

Cysts-(Dermoid 

Arachnoid) 

Colloid cyst 

Choroid plexus papilloma 

Ependymoma 

Germinoma 

Teratoma 

Meningioma 

Pineo-cytoma/blastoma 

astrocytoma 

 

Extrinsic: 

Schwannoma 

Meningioma 

epidermoid/dermoid 

Arachnoid cyst 

Metastasis 

astrocytoma 

Pituitary adenoma 

Craniopharyngioma 

Meningioma 

Optic nerve glioma 

Epidermoid/dermoid 

Carcinoma (nasopharyngeal,  sinuses, ear) 

Chordoma 

Glomus jugulare tumour 

Osteoma> mucocoele 

aesthenioneuroblastoma 

Tumours can cause many local effects depending the structures close-by 



Connections 

The connections between different areas of the 

brain form complex networks associated with the 

higher functions of the mind 

Damage to the connections is at least as harmful  to 

neural networking as damage to eloquent sites 



Relative Neurosurgical Activity 

Lung 

Breast 

Thyroid  

Kidney 

Melanoma 

Glioblastoma                   Gd IV 

Anaplastic Astrocytoma Gd  III 

Astrocytoma                    Gd  II 

Pilocytic   Astrocytoma   Gd  I   

Incidence 16/100,000 

8/100,000 are malignant  - incidence is increasing! 

Primary CNS Lymphoma - 

 also increasing! 



Normal Cells 

Dividing Normal Cells 

Genetic mutation 

Cell Death 
Apoptosis 

Tumour 

Cell Proliferation 

Tissue invasion = Cancer 

Brain Tumours may grow locally (focal)  

or spread/invade (diffuse) or both 



Intracranial Tumours: 
 Pathological Classification (2) Germ Cells  : 

Germinoma 

Teratoma 

 

Tumours of the Sellar region: 

Craniopharyngioma 

Pituitary Adenoma 

 

Cysts and Tumour-like conditions: 

Epidermoid/Dermoid cysts 

Colloid Cysts 

 

Local extension from adjacent tumours: 

Glomus Jugulare 

Chordoma 

Chondroma 

Chondosarcoma 

 

Lymphoma: 

Primary Central Nervous System Lymphoma 

Metastatic Hodgkins 

 

Metastatic Tumours: 

Lung 

Breast 

Renal 

Melanoma 

-The rest 



Aims of Surgery in Brain 
Tumours 

1. Biopsy 

2. Reduction of Symptoms 
 - Focal 
 - Raised ICP 
3. Reduction of tumour mass 
 - Enhance adjuvant therapy 

 - Reduce Hypoxia 
4. Prolongation of survival? 
5. Introduction of Novel Treatments 
 - Drugs 
 - Gene Therapy 

 - Immunotherapy 

1. Pathology , Prognosis, Predict 
treatment response 

2. Patient feels better and has an easier 
time through radiation needing less 
steroids 

3. Improves response to radiation and 
chemotherapy 

 

4. Makes patient live longer? 

 

 

5. Access to New Treatments 

Does What? 



Obtaining a Tumour Biopsy 

• Stereotactic Biopsy  
• Surgical resection 

 
 
 

• Peroperative frozen section increases successful diagnostic 
yield 

• Imaging (MRI/PET) Hotspots can help direct the site for best 
biopsy 

• Multiple biopsies allow coverage and definition tumour 
heterogeneity 

• Biobanking of tumour = Tumour Samples +Blood Samples 

Tumour/Abnormal DNA      vs    Patients Normal DNA 



Stereotactic Bx Sampling 

12 

3 

6 

9 

a 
b 

c 
A= Low density 

B= Contrast +ve 

C= junction 

4 biopsies 2 x 4mm at each site 

3 sites  

12 biopsy samples 

Histopathology 

               + 

Chromosomal Analysis 

  Molecular Markers 



Image Directed Surgery  

Minimal Disturbance / Microscope 

Precise access to tumours 

Rapid access, and closure 

‘keyhole’ surgery? 
Laser Beam  Focus 

2-2.5cm 



Eg 1p19q 

Normal male Glioblastoma multiforme 

Karyotypes 
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Genetics and Biomarkers 
 

• Ip19q-Deletion associated with better prognosis AnO 7y vs 2y without 

  - Co Deletion prognostic of improved survival OD and OA 12-15 vs 5-
8yrs without 

             -Co Deletion predictive of AnO and OligoAstro sensitivity to PCV (and 
temozolomide) 

    - Co Deletion predictive of response to chemotherapy in OD NOA-4 2008   

• MGMT – methylation leads to loss of repair enzyme MGMT hence increased 
tumour killing from temozolomide 

• IDH1/2 mutations (132)  characteristic of LG > HG pathway tumours better 
prognosis (type II) 

• EGFR over expression indicates GBM and hence  predictive for 
Temozolomide regimen 

Diagnostic: classify tumour – especially LGG 

Prognostic: provide prognostic information 

Predictive :  choose treatment strategies 



Biomarkers 
Prognostic Predictive 

IDH 1 Mutation MGMT DNA Repair Deficit 

Stupp et al. 

 N Eng J Med 352 (2005) 987-996 



Aims of Surgery in Brain 
Tumours 

1. Biopsy 

2. Reduction of Symptoms 
 - Focal 
 - Raised ICP 
3. Reduction of tumour mass 
 - Enhance adjuvant therapy 

 - Reduce Hypoxia 
4. Prolongation of survival? 
5. Introduction of Novel Treatments 
 - Drugs 
 - Gene Therapy 

 - Immunotherapy 

1. Pathology , Prognosis, Predict 
treatment response 

2. Patient feels better and has an easier 
time through radiation needing less 
steroids 

3. Improves response to radiation and 
chemotherapy 

 

4. Makes patient live longer? 

 

 

5. Access to New Treatments 

Does What? 



Tumour Debulking/Resection  

Benefits 
• Reduces tumour mass 

• Controls symptoms 

• Allows reduction/cessation of 
steroids 

• Improves patient QOL 

• Easier passage through radiation 

• Control Seizures 

Risks 
• Damage/ Deficit 

• Time in Hospital 

• Seizures ~ 

• Hair Loss/Disfigurement 

• Independence 

• Death - <1% 

 

 32 yr Male  Severe Headache 
 Confusion   
Aggressive behaviour to young family 
 
‘Incomplete’ removal 
“Back to Normal” 
Anaplastic Oligodendroglioma  
 LOH/IDH1 +ve 



A Patient Acceptable Result 

22yr old female 

 Difficult Seizure Control 

Very anxious 

MRI and MRS  

suggests LGG 

Good Excision 

Good control of 

Seizures 

Cosmetic result 

24hr LOS 

 

 

 

Path: 

 IDH1 +ve 

 Diffuse        

Astrocytoma 
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Aims of Surgery in Brain 
Tumours 

1. Biopsy 

2. Reduction of Symptoms 
 - Focal 
 - Raised ICP 
3. Reduction of tumour mass 
 - Enhance adjuvant therapy 

 - Reduce Hypoxia 
4. Prolongation of survival? 
5. Introduction of Novel Treatments 
 - Drugs 
 - Gene Therapy 

 - Immunotherapy 

1. Pathology , Prognosis, Predict 
treatment response 

2. Patient feels better and has an easier 
time through radiation needing less 
steroids 

3. Improves response to radiation and 
chemotherapy 

 

4. Makes patient live longer? 

 

 

5. Access to New Treatments 

Does What? 



Natural History of Low Grade 
Gliomas 

• 15% of Gliomas 

• Pre Malignant not stable tumours.  

  -However many are truly indolent. 

• Imaging shows progressive growth  

• Altered Trajectory of growth may indicate 
transformation 

• All become malignant 

20 Rees J et al . Volumes and growth rates of untreated adult low-grade 

gliomas indicate risk of early malignant transformation 

Eur J Radiol. 2009 Oct;72(1):54-64.  



Problems 

• Seizures-  even minor affect QOL adversly  

• Cognitive problems: tumour /seizures/AED’s 

• Remarkable stability despite morphological change    
 (Duffau – plasticity) 

• Determining progression/transformation* 

• Individualising Treatment – Long Term Care 

21 

*NB: Unexpected large >20% proportion 

 are transforming tumours at presentation ! 



Current Questions 

• Can Infiltrating lesions be removed safely? 

 -thus no 'wait and see' vs prolonged morbidity 

• Extent of removal determines survival? 

 - vs more limited resection +/- RT 

• Retaining QOL 

• Should all have surgery ? – BAD Low Grades 

  

22 







Functional MRI 

Eloquent areas 
Critical Connections 



Preoperative MRI/MAG mapping vs 
Peroperative/DCS mapping 



Reducing Surgical Errors 
 

Consent   

 Patient Marked –Wrong side Surgery 

You must do this  

WHO Checklist 

UK Audit  April 2015   98.7% Compliance 
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Impact of intraoperative stimulation brain mapping on  

glioma surgery outcome: a meta-analysis.  

  
 De Witt Hamer PC et al, J Clin Oncol. 2012 Jul 10;30(20):2559-65  

Permanent severe neurological deficit:  

– 3.4% with mapping  

– 8.2% without mapping  

 

 “Gross Total Resection” (as by post-OP MRI):   

– 75% with mapping   

– 58% without mapping  
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Is it Safe to resect 
 large amounts of tissue  
containing tumour? 



Does it Impact on the 
 Natural History 
 of Low Grade Glioma?  



BrainSUITE iMRI Clinical Images 

Images are courtesy of C. Nimsky, Erlangen-Nuremberg University, Germany 

Left frontal WHO grade II 

Astrocytoma 

a-c: Stages of tumor resection 

through intra-operative T2-

weighted imaging 

d: Microscope view with 

overlayed, updated intra-

operative imaging 

e: Navigation screen with 

automatically registered intra-

operative T-1weighted images 

Intraoperative MRI 

32 Expensive ? Cumbersome? Precise? 





Choline Mapping 
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Clever Imaging 
 to find ‘bad’ areas 
 can help define 
 surgical  
approach/target 



MRI: 

Flair pattern 

 

 

 

MRS:  

Choline Mapping 

 

 

 

PET: 

Methionine 

FDG 

Diffuse Tumours 
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Optimal? Approach to Diffuse Low Grade Gliomas 



Individualised Therapy 

• Genetic profile of LGG essential for management and 
access to trials 

• Recent genomic studies on 'defined'   LGG show a small 
number contain genes highly predictive of rapid 
transformation 

• This Means  that All  Low Grades must be adequately 
biopsied at presentation 

• Game Changer ! 

 

Tennant D, Cruickshank G et al 2015  

Using our gene expression analysis approach, 

we may be able to prospectively identify 

patients for whom radical treatment 

approaches are indicated  

36 



Many Patients with Low Grade Tumours require anticonvulsant drugs  
and may suffer disabling  dose and side effects 
 – these should be considered for  early/further resection    
as >80%  will obtain dose improvement and better seizure control 
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All GBM patients do better with Aggressive Therapy? 

Brodbelt A, Greenberg D et al National Cancer Information network 

 Glioblastoma in England 2007- 2011 Eur J Cancer April 2015 

10,743 pts 



Older patients – as well? 

A HUGE  Challenge for the future  !  





Image Directed Surgery  

Minimal Disturbance 

Precise access to tumours 

Awake- Negative Mapping 

5 ALA Microscope Resection 

Rapid access, and closure 

Day Case Craniotomy?? 



* 

* 

*  Gadolinium Enhanced Post Operative MRI  





What is the Impact of this Policy? 

-Patient Selection 
-Some will be worse off 



Ann Oncol. 2013 Dec;24(12):3117-23 



Perhaps a useful criteria for optimising surgical resources  
 and reducing risks to patients?  



Intraoperative Ultrasound and 
Glioma Surgery? 
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Truly intra-operative  
 Good for access and resection  
BUT operator dependent and usefullness impaired 
   by peroperative hyper-echoic blanking   



Images are courtesy of C. Nimsky, Erlangen-Nuremberg University, Germany 

Right temporal 

Glioblastoma 

a-c: Pre-operative 

planning through iPlan 

Surgical Planning 

Software including 

segmentation of tumor 

and pyramidal tract 

d-f: Navigation and 

microscope images 

during the beginning of 

the procedure 

g-h: Identical slices of 

pre- and intra-operative 

T2-weighted images 

visualizing extent of 

tumor resection 

BrainSUITE iMRI Clinical Images 

Does Intraoperative MRI really help us ? 

Paediatric Neurosurgery—Medulloblastoma surgery     - ? Must Have    









What is the Tumour Load? 

How much removal gives benefit>>   75%  ->95% of what ?  



GBM:Results Summary 
2yr Survival (%) 

37 

25 

21 

16 

14.3 

10.4 

10. 

8.3 

0. 10. 20. 30. 40.

R

T 

RT + 

TMZ 

Placebo+RT 

Gliadel +RT 

RT 

RT + TMZ 

Gliadel +RT 

Placebo+RT 

     

  
Maximal 

Resection 

Maximal 

Resection 

1. Westphal M et al. Neuro-Onc 2003; April: 79-88.  

2. Stupp R et al. NEJM 2005; 352(10): 987-996. 

3. Van Dent Bent MJ et al. ECCO, Paris, 31 October 2005.Oral presentation and Eur J Cancer Supplements 

2005;3:134 

N=113 

N=113 

N=120 

N=120 

N=287 

N=286 

N=112 

N=110 



Incomplete removal> brain swelling 

54 yr old man with  

R. Frontal GBM 

 

1st Op  “v. Vascular” 

 

Poor recovery  with further  

deterioration at 24hrs 

 

MRI  worse brain oedema 

 

2nd Operation required 

 





My Conclusions –  

1. Gross total resection is the desired aim if it can be done safely 

 

2. BUT we do NOT know the total tumour load so we can never be sure as to the actual 

resection success --this explains why it is so difficult to prove survival benefit or  

   ? future improvements in survival from surgery  

 

3. New techniques make it possible to standardise a better resection (5ALA and 

Mapping) 

 

4. But what happens next is determined NOT by what has been removed  

 eg genetics, epigenetics etc but by what is left behind and we know next to 

nothing about this and how it changes after resection and treatment 

  

5. Most of our patients receive adjuvant therapy and the evidence would suggest  

that this works better with good resections 



Biological consequences of Resective 
Surgery of Gliomas 

• Fewer tumour cells 

 ↑ chance of sustained immune control 

 ↑ response to chemotherapy (gliadel) 

• Reduced Hypoxia ie normoxia 

 ↑  number of cells sensitive to RT 

• Reduced Oedema/ mass effect 

 ↓ need for steroids ↑ sensitivity to treatments  

• Microenvironmental Change 

 ↑ local release of growth factors →number of cells ‘in cycle’ 
(Ki67/PCNA)BUT ↑ chemo/radiation sensitivity 

 





Glioblastoma  -  Clinical Course 

Post-surgery 

Head trauma 

9M before 

9M 

Mild headache 

Post-chemo- 

radiotherapy 

Surgery  >> 

                    Radiation>> 

               Chemotherapy 

50% of patients Only 

1. Only Half get any Improvement  

       with Temozolomide 

2.  All will have recurrence of their tumours  





NB:   Recurrent surgery for GBM is much riskier   ! 



If you can detect early recurrence by doing 2 monthly MRI scans 
 you will be able to offer early treatment AND access to Clinical  Trials  





Future Neurosurgery 

 

 
1. Improved resection-  5ALA +   , iKnife   
2. Tumour Staging –Gene expression 
3. Tumour for Immuno- therapy- DCVax 
4. Window Studies- Neo adjuvant drug selection 
5. Drug delivery – Depot therapies, Convection Enhanced Delivery  
6. Enhanced Drug delivery- US, MRI 
7. In Situ  RT - Holmium  nanospheres 
8. In Situ  Electrical Therapy  - electrode placement 
9. Neurosurgical Robots  
10.  Surgeon Monitoring  -   

 



Dendritic Cell Therapy:  

Tumour sample 

From patient 

Dendritic Cells  

Isolated 
Dendritic Cells activated  

by exposure to orignal tumour protein 

Activated Dendritic  

Cells  grown 

Repeated SC Vaccination of patient  

Activated  Dendritic 

cells DC Vax Study 

Tumour Protein/Antigens isolated 





“there is a probability of 0.0356% that the 20 patients 

that received the DCVax vaccine had no increased 

survival due to the vaccine “ –independent  reviewer 



Drug/Agent Delivery 

Depot therapy 

Convection Enhanced 

Delivery Enhanced  -US/ blood brain        
barrier manipulation 



Drug Eluting Beads 
Irinotecan from drug eluting beads (IDEB Biocompatibles & UoB) 

Post resection depot therapy in recurrent GBM  - Phase 1 



Tumour volume at day 15 

Unloaded Beads Irinotecan DEB 

Irinotecan DEB Anti-tumour Activity 

 

Phase 1 Recurrent GBM : 

Injection of  

post resection cavity wall 

(SNO2015) 

Drug Eluting Beads 



Sapphire CED Delivery System 



SAPPHIRE trial 

• TGFbeta2 is a cytokine whose production is upregulated 
in glioma 

• It is intensely locally immunosuppressant 

• Impairment of TGFbeta production might enable antigen 
presentation to work effectively and enable long term 
control of disease 

• TGFbeta antisense  (Trabedersen) can be given by 
intermittent Convection Enhanced Delivery via 
implanted catheters. 



Planning CED delivery volumes 



Focused Ultrasound 

Burr hole insert US Probe 



Enhanced Surgery 

Reoperation 

Extent of Resection- 

Extended Resection-Endoscopic 

Robotics 



iKnife 

Electrocautery 'smoke' extracted to intraoperative M
as Spectrometer 
Mass Spectrometer Profile used to characterise a tiss
ue type 
Signal back to Surgeon 
 
? Resolution of probe 
? Calibration of system 



Endoscopic Tumour Resection 



Results 



Robotics 
Implantation  
- Electrodes 
- CED catheters 
- Depot Drug rods 



InSitu Radiotherapy 





Metastases Origin 

• Lung- Half of cases 
• Breast 
• Melanoma-highest incidence of any Cancer 40-

60%  (50-70y) 
• Renal cell 
• Colorectal 

 
• Other! 

82 



Surgical Resection 
• Confirms Histology ---markers/epigenomes 

• Rapid symptom control 

• Allows steroid reduction 

• Large Tumours 

 

• vs 

• Invasive 

• Morbidity (<5%)  vs site of lesion 

• Techniques en bloc vs piecemeal   vs recurrence 

• Selective Surgery and WBRT may be best for symptom and survival* 

• Added risks eg DVT in patients who have had much chemotherapy 
before.  

• Median Survival 8-16mths local recurrence 7-15% 
83 

* Phase III RCT Patchell et al 1998 JAMA 280:1485-1489 local and  

* distant recurrence lowest 



Metastases Imaging 

• MRI 50-80% Multiple 

• Breast vs Renal 

 

• Well Demarcated- but 
infiltration* ? 

• Enhancing (T1 + Gd) 

• Junction of Grey/White 

• Cerebrum/cerebellum 
/brain stem 80/15/5 

• Excess Oedema 
84 

* cv Glioma 







Current Practise 

• Recent tendency to avoid WBRT eg Breast Ca 
where survival >1yr expected for single brain 
met. 

• Local or recurrent Mets could then be treated 
surgically or SRS 

• NB: Need 2/12 imaging for one year. 

• Still needs RCT for evidence  
87 



Management Plan 

88 

Metastasis 

<1.5cm 1.5- 3.0cm >3.0cm 

SRS Surgery 

Clinical Status 

-patient 

-Tumour RT response 

- Neuro Status 



What is a Neurosurgeon 

• First Point of Contact  

• First to deliver ‘Bad News’ 

• Technical Expert 

• Disease Expert 

• Team Player 

• Team Leader 

• Team Headliner 



NeuroOncology Surgeon UK 

• Spends >50% of Surgical Time on brain tumours 

• Full attendance at  >66% of weekly Multidisciplinary 
Meetings 

• Carries out weekly Specialist Clinics in eg Glioma, Low 
Grades, Skull Base etc 

• Undergoes Annual Peer review (Web View) 

• Undergoes annual appraisal and surgical audit  



How am I doing? 

National Neurosurgical Audit 

 

iNeurosurgery  



Surgeon Reported Outcomes 

• Numbers of operations 

• Numbers of deaths 

• Numbers morbidity 

• Numbers of unexpected 
morbidity 

• Numbers related to surgeon 
error 

Areas of Measurement 



   FCE’s: Ao2   and Ao2 + C71 F 
Normalised Y axis values 

=  ~200 cases pa 



Acceptable? Mortality and 
Morbidity-intrinsic brain tumours 

Mortality 1.7 – 2.7% (30d) 

 Sawaya R, Hammond M, Schoppa, D et al  Neurosurgical outcomes 

 in a modern series of 400 craniotomies for treatmentof parenchymal 

tumours  

Neurosurgery 1998  42 1044-1055  

Stone S, Bernstein M Prospective error recording in surgery: an 

analysis of 1108 elective 

 neurosurgical cases Neurosurgery 2007 60:1075-1080  

 

Morbidity – surgical  5-8% for low 

comorbidity cases.  

         -medical 5-10%  
Wong J, Panchmatia J, Ziewacz J 

 Patterns in neurosurgical adverse events : intracranial neoplasm surgery 

NeuroSurgical Focus 2012 33: E16  

 



30day Mortality:  
Ao2  and Ao2 + C71 (ie GBM)  

Normalised Y axis values 



Funnel Plot 



Thanks to you  and My team 


