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Current and future challenges in 
glioblastoma tretment





Glioblastoma WHO�IV

• The most common primary brain tumor, also the most malignant astrocytoma
• Most GBMs arise de novo (primary), others progress from less malignant astrocytomas (secondary)
• Primary GBM: more common in older Patients (mean age = 55years) after a short (< 3 month) 

history
• Secondary GBM: develop by malignant degeneration of WHO �II and�III astrocytomas (mean age

= 40 years)



Glioblstoma on MRI



Survival

Survival trends of grade I, II, and III astrocytoma patients and associated clinical practice patterns between 1999 and 2010: A SEER-based analysis
Xuezhi Dong et al., Neuro-Oncology Practice 3(1), 29–38, 2016 

n = 21 962
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Challenge:
to investigate the effect of different 

surgical resection concepts on survival



The current dogma of glioma surgery  

1. Infiltrative gliomas: no cure by surgery

3. New permanent deficits reduce
quality of life
McGirt et al. Neurosurgery 2009

2. Extent of resection correlates
with survival Lacroix et al. JNS 2001; Sanai and Berger 

Neurosurgery 2008; Sanai et al. JNS 2011; Stummer et al. Lancet Oncol 2006; 
Smith et al. J Clin Oncol 2008;  Salvati et al. JNS 2012

Glioblastomas
GTR vs. subtotal

and survival time

Maximum safe resection 



Sanai et al. J Neurosurg 115:3–8, 2011Glioblastomas

Maximum resection No deficits

The final 1-2% may matter most 
in terms of overall survival.

The final 1-2% may be the most 
dangerous part of resection.

Glioma surgery: the oncology vs. neurology problem



20705 adult patients with glioblastoma 
in the Surveillance, Epidemiology, and End Results (SEER) registry (1998–2009)

Real world results of glioblastoma surgery

Noorbakhsh et al. J Neurosurg 120:31–39, 2014



Identify presumed motor eloquence
Cortical Subcortical



Fibertracking (fMRI, TMS) 
and approach planning

Diffusion tensor imaging and 
fiber tracking

- corticospinal tract
- optic tract
- arcuate fascicle

Navigation planning
- anatomy synthesis 

Planning of craniotomy, 
approach and electrophysiology



Navigated repetitive transcranial magnetic stimulation

localizing motor cortex in 3D space
can be navigated

additive value to mapping?
clinical consequences?+ ?



Planning of craniotomy, approach and electrophysiology



Avoidance of vascular injury: going subpial
Identification of sulcal borders (deep sulcal extension of the tumor) g Cortical 
parasulcal incision g subpial tumor stripping with preservation of pial arteries



Sahar et al. Neurosurgery 2014

Imaging is unreliable to protect function
Brain shift attributable to tissue elasticity: 0 – 19 mm



Blue 400 fluorescence light (n=131)White light (n=139)

GTR: 36% GTR: 65%*

* p < 0.0001

5-ALA fluorescence guided resection of malignant glioma: 
a multicenter phase III RCT

Stummer et al. Lancet Oncol 7:392-401, 2006



Stummer et al. Neurosurgery 62:564-576, 2008

Overall survival stratified by results of resection. 
CR: complete resection, IR: incomplete resection





Fluorescence and tissue components of 
5-ALA stained glioblastoma

no fluorescence
„normal tissue“ 
(NPV 40%, 0-25% infiltrating cells) 

Stummer et al. Neurosurgery 2013

solid pink fluorescence
tumor bulk, completely shown in Gd+ MRI
(PPV 100%, 60-90% infiltrating tumor cells)

no fluorescence inside solid pink fl.
necrosis in Gd+ MRI
necrosis and tumor cells

faint or vague fluorescence
infiltrative tumor only partially shown in Gd+ MRI
(PPV 92%, 10-60% infiltrating tumor cells)



5-ALA resections go beyond MRI tumor

5-ALA guided 
resected
tumor volume
on average
200% of MRI-T1
Gado+ volume  

Schucht et al. Acta Neurochir. 2014

preop postop

Enhancing resection increases the risk
of neurological deficits



Challenge:
to protect quality of life and neurological

function



Tools to avoid deficits

Language
deficits

Visual field
deficits

Higher function
deficits

Electrophysiology

Awake surgery
50 Hz Mapping

General anesthesia
250 Hz / short train

MEP-monitoring
Mapping

Motor
deficits



Bern approach: 
MEP monitoring & continuous dynamic mapping

Direct cortical MEPs

Continuous dynamic mapping (train of five, acustic feedback)

Transcranial MEPs



Continuous dynamic mapping
Distance radar

Monopolar cortical or subcortical mapping: 
Stimulation intensity = Distance radar diameter

Raabe et al. J Neurosurg 120:1015–1024, 2014

+ acoustic feedback



Distance to CST = Stimulation intensity for MEP

Distance = 0.8 * mA + 1.6 mm
Electrical threshold of the CST: 1.6 mA 
Nossek et al. JNS 2011

y=0.0416 x2 + 0.4649 x + 1.891
Electrical threshold of the CST: 1.9 mA
Kamana et al. JNS 2009

1mA = 1mm (at >2 mA)
Bern "Surgeons rule of thumb“
Electrical threasold of the CST <1mA
Seidel et al. Neurosurgery 2012
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Distance = roughly 1 mm per 1 mA (cath.)
Electrical threshold of the CST: 1 mA
Shiban et al. JNS 2015





7 mA = 7 mm5 mA = 5 mm3 mA = 3 mm





Bern concept for motor tumors

stop 
resection

MEP monitoringContinuous motor mapping

threshold h >4mA
amplitude i >50%

stop, 
wait, irrigate, 

check retraction & CPP
use nimodipine

improved
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New motor deficits after surgery of motor eloquent brain tumors
246 patients: 9 patients (3.7%) permanent motor deficits
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Preservation of “higher” functions

ü Bipolar, 50 Hz, patient awake, performs specific tasks
ü Ice water irrigation, Keppra loading, ready for seizure control
ü Cortical and subcortical mapping, making errors is the testMapping



Preservation of “higher” functions

ü Error = positive mapping = no resection (no distance rule!)
ü Area of 1 cm is regarded a safe distance
ü Areas are marked to be preservedMapping





7.3.2013 15.3.2013 3.7.2013 15.10.2013

27.1.2014 20.2.2014 20.10.2014 13.2.2015

Surgery

2. Surgery Temozolomid

Radiotherapy
(MGMT meth.
negative)

73 y, female



4.5 (?)
16.2 
24.4 months

Chaichana et al. JNS 118:812-820, 2013

Surgery for recurrent glioblastoma and survival: pro 



Gorlia et al. Eur J Cancer 48(8):1176-84, 2012

Surgery for recurrent glioblastoma and survival: con

No resection of recurrent tumor

Resection of recurrent tumor



To assess survival and functional outcome after 
surgery followed by adjuvant second-line 

therapy versus second-line therapy in recurrent 
glioblastoma in a randomized multicenter trial.

Study investigators: Schucht, Weller, Stupp, Beck, Ochsenbein, Regli, Raabe 
and the Swiss Glioma Network



Challenge:
to develop new treatments
for non-resectable gliomas



Sahm et al. Arch Neurol 2012:69(4):523-526

Glioma – a systemic brain disease



Pallud et al. Neurology 2010

Diffuse LGG extend beyond MRI boundaries



Concomitant Radio- and Chemotherapy

Stupp	et	al.	N	Engl	J	Med	2005;	352:987-996

Glioblastma
Treatment

HR: 0.63



Hegi	et	al.,	N	Engl	J	Med	2005;	352:997-1003

Glioblastma
MGMT - O-6-methylguanine-DNA methyltransferase

O6-MeG 

MSH2 

MSH6 

MLH1 PMS2 

APOPTOSIS 

MMR 

O6-MeG 

TMZ TMZ 

MGMT-non methylated MGMT-Promoter methylated 

Cellcylce continues 

O6-MeG + MGMT 

MGMT 

[Degradation] 

O-6-methylguanine-DNA methyltransferase
MGMT, a DNA repair enzyme. Methylation is 
described to impair DNA transcription and 
therefore, expression of the MGMT enzyme



Tumor Treating Fields

Tumor Treating Fields, or TTFields, are low intensity, alternating electric fields (200kHz) that disrupt cell division 
through physical interactions with key molecules during mitosis in solid tumor cancers.

https://www.curetoday.com/publications/cure/2016/winter-2016/comments-from-readers-winter-2016



Stupp R Taillibert S Kanner AA et al. Maintenance Therapy With Tumor-Treating Fields Plus Temozolomide vs Temozolomide Alone for Glioblastoma: A Randomized Clinical Trial. JAMA.2015 ; 314 ( 23 ): 2535 – 2543 . 

Tumor Treating Fields



Hottinger, A. F., Pacheco, P., & Stupp, R. (2016). Tumor treating fields: a novel treatment modality and its use in brain tumors. Neuro-oncology, 18(10), 1338-1349.

Tumor Treating Fields



Photodynamic Therapy

http://www.mindsofmalady.com/2015/08/photodynamic-therapy-advances-offers.html



Photodynamic Therapy

Akimoto, J. (2016). Photodynamic therapy for malignant brain tumors. Neurologia medico-chirurgica, 56(4), 151-157.

Singlet oxygen is a high-energy form of oxygen.



Photodynamic Therapy

Akimoto, J. (2016). Photodynamic therapy for malignant brain tumors. Neurologia medico-chirurgica, 56(4), 151-157.

n=22 

Approved for GBM since 2014 in Japan.



Immunotherapy

https://www.curetoday.com/publications/cure/2016/winter-2016/comments-from-readers-winter-2016



Immunotherapy



Targeted Radiolabeled Compounds

Ionizing Radiation 



Targeted Radiolabeled Compounds

www.xofigo-us.com

223Ra was the first α-emitter approved by the FDA in the United States for treatment of bone metastases from prostate cancer, and is 
a recommended treatment in the UK by NICE.[3][13] In a phase III trial comparing 223Ra to a placebo, survival was significantly improved.
[14]



Targeted Radiolabeled Compounds

Cordier, D., Krolicki, L., Morgenstern, A., & Merlo, A. (2016, May). Targeted radiolabeled compounds in glioma therapy. In Seminars in nuclear medicine(Vol. 46, No. 3, pp. 
243-249). WB Saunders.



Targeted Radiolabeled Compounds

Dekempeneer, Y., Keyaerts, M., Krasniqi, A., Puttemans, J., Muyldermans, S., Lahoutte, T., ... & Devoogdt, N. (2016). Targeted alpha therapy using short-lived alpha-particles 
and the promise of nanobodies as targeting vehicle. Expert opinion on biological therapy, 16(8), 1035-1047.



CERN - Isolde

https://home.cern/about/updates/2013/09/cern-produce-radioisotopes-health

Largest range of available isotopes worldwide



CERN Medicis

https://home.cern/about/updates/2013/09/cern-produce-radioisotopes-health



Figure 2: in vivo specificity of cy5.5-IA-TLs towards αvβ3. in vivo fluorescence imaging showing tumor accumulation of intracranially infused cy5.5 labeled αvβ3 targeted 
nanoparticles (cy5.5-IA-TL) (n=3) and cy5.5 labeled untargeted nanoparticles (n=3) (cy5.5-UnTLs) 2 days (n=3) (A) and 5 days (n=3) (B) post intracranial infusion. (C) 
Cy5.5-IA-TLs accumulated within GBM tissue significantly greater than cy5.5- UnTLs 2 days and 5 days post intracranial infusion. (D) Brain sections from mice revealed 
Cy5.5-IA-TLs to be abundant within GBM tissue. Negligible presence of cy5.5-IA-TLs was found within normal regions of the brain surrounding GBM tissue. Data 
represented as mean +/- SEM. Student’s t-test was performed to assess difference between experimental groups (*p< 0.05(significant); ns= not significant). 

Alpha particle enhanced Blood Brain/Tumor Barrier permeabilization in glioblastomas using integrin alpha-v beta-3 targeted liposomes DOI: 10.1158/1535-7163.MCT-16-0907 

Orthotopic GBM



Cordier, D., Krolicki, L., Morgenstern, A., & Merlo, A. (2016, May). Targeted radiolabeled
compounds in glioma therapy. In Seminars in nuclear medicine(Vol. 46, No. 3, pp. 243-249). WB 
Saunders.



Glioblastma
Survival

Survival trends of grade I, II, and III astrocytoma patients and associated clinical practice patterns between 1999 and 2010: A SEER-based analysis  
Xuezhi Dong et al., Neuro-Oncology Practice 3(1), 29–38, 2016  

n = 21 962 



Challenge:
to visualize the

true tumor extension





Timing of surgery vs. scan and wait

Jakola et al. Comparison of a strategy favoring early surgical resection vs a strategy
favoring watchful waiting in low grade gliomas. JAMA 308:1-8, 2012



http://www.fz-juelich.de/inm/inm-1/DE/Forschung/Faserbahnarchitektur/Faserbahnarchitektur_node.html



http://www.fz-juelich.de/inm/inm-1/DE/Forschung/Faserbahnarchitektur/Faserbahnarchitektur_node.html









Innovating with the crowd

„The verb horao is common from Homer onwards and in the active means, “to see with your mind”
(Homer, Odyssey, 4, 540). „



Crowdfunding
Raise Awareness & Prize-Money





Crowdsourcing
Worldwide Prize-Based Competition



www.horao.eu facebook.com/horao.eu/

#horao



www.horao.edu

Crowdsourcing Competition





Thank you!

Bern, Switzerland

Bern, Switzerland


