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Abstract 
 
Background 
Despite extensive research the prognosis for patients with glioblastoma (GB) 
remains poor. A growing body of clinical data highlights the prognostic importance 
of minimising post-operative residual enhancing disease (RED) following resection, 
underlining the importance of gross total resection (GTR). GTR is defined by the 
absence of RED on early post-operative MRI. The introduction of new surgical 
technologies and the advent of neurosurgical sub-specialisation offer an opportunity 
to target improved surgical resection of enhancing tumour as a means to improving 
patient outcomes.  Here we report the results of a service evaluation of practice in 
the United Kingdom. 
 
Methods 
The study was in two parts: an electronic questionnaire sent to UK neuro-oncology 
surgeons to assess surgical practice followed by a 3-month prospective multi-centre 
observational study of current neurosurgical oncology practice. The questionnaire 
was completed in March 2016 and observational data collected between 
01/05/2016 and 31/07/2016 through the British Neurosurgery Trainee Research 
Collaborative. Inclusion criteria included adult patients (age >18) with suspected GB 
on presenting magnetic resonance imaging (MRI) scan and multi-disciplinary 
meeting (MDT) decision that the tumour was suitable for GTR. Exclusion criteria 
included children (age <18) and subsequent histology that confirmed an alternative 
diagnosis. 
 
Results 
Twenty-seven surgeons representing 22 neurosurgical units completed the 
questionnaire. Prospective data was collected from 15 surgical units from 113 
patients who were deemed suitable for GTR of glioblastoma. There was varying use 
of surgical adjuncts between differing neurosurgical units. Most patients (70.8%) 
had a postoperative MRI scan within 72 hours of surgery. GTR was deemed to be 
achieved at time of surgery in 82% (91/111) of cases, but in only 45% (36/80) on 
postoperative MRI. RED was deemed operable in 16.3% (13/80) of cases, however, 
no patient underwent early repeat surgery for RED. The most commonly cited 
reason (38.5%, 5/13) was perceived lack of clinical benefit. 
 
Conclusion 
There is a subset of patients in which GTR is thought possible, but not achieved at 
primary surgery. Residual disease may be amenable to early re-intervention and this 
may improve patient prognosis. There is a paucity of studies looking at the potential 
benefit of this early re-intervention. Further prospective surgical research is 
required to better define the prognostic implications of RED/GTR and explore the 
options for converting sub-total resection to GTR before commencing adjuvant 
treatment.  
 
Key words: Residual Enhancing disease, Glioblastoma, Glioma, neurooncology, 
Glioma Surgery, Survival
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Introduction 
Glioblastoma (GB) is the most common and most malignant primary brain tumour in 
adults, with over 20 years of life lost per patient 1. Survival trends for patients with 
CNS malignancies have remained largely static 2. Despite optimal treatment the 
median survival for such patients is still only 14-24 months with a two-year survival 
of 26.5% 3,4 and a five-year survival of approximately 10% 5 .The current gold 
standard of treatment involves gross total resection (GTR) followed by concurrent 
radiotherapy and chemotherapy with temozolomide and subsequent adjuvant 
temozolomide chemotherapy 4. GTR is defined by complete resection of contrast 
enhancing tumour on a contrast-enhanced T1-weighted postoperative magnetic 
resonance imaging (MRI) scan performed within 72 hours of surgery 6.    
 

GB is an intrinsic brain tumour, infiltrating normal brain tissue. Microscopically 
there is no distinct tumour/brain interface and radical resection risks causing 
permanent neurological deficit, worsening prognosis 7,8. In fact, in some patients 
GTR is not possible, because of the eloquent location and multi-focal distribution of 
the tumour. Nevertheless, the importance of obtaining a gross total resection where 
possible is increasingly recognized 3,9–23 and is being incorporated into European 
guidelines for the management of patients with GB 24,25. Some surgical studies 
suggest that there is a stepwise increase in survival with extent of resection (EoR) 
from a threshold of 78-80% 23,26 up to 95-100%. Other studies suggest that removal 
of all contrast enhancing disease is necessary 12,27 or that supra-maximal resection of 
GB may provide further survival benefit 10,28,29. A recent meta-analysis of 37 studies 
(41117 patients with newly diagnosed GB) concluded that GTR “substantially 
improves overall and progression-free survival” but added that “the quality of the 
supporting evidence is moderate to low” 30.  

 
The opportunity for awake tumour surgery to identify and preserve eloquent 
function, along with advances such as 5-ALA that accumulates in tumours, and intra-
operative MRI, have improved the neurosurgeons ability to maximise the extent of 
surgical resection. Despite the use of operative adjuncts in cases where GTR is the 
expressed preoperative aim, there are circumstances where GTR is not achieved 
31,32. In some cases this may reflect changing surgical priorities, for example in the 
context of bleeding, but in other cases it may be unintentional. In these patients 
there may be prognostic benefit from re-operating on the residual enhancing disease 
(RED). This will also have risks, but there is some preliminary evidence to suggest 
that it is safe 33. 
 
The study was conducted in two parts: (1) an electronic questionnaire to neuro-
oncology surgeons and (2) a 3-month prospective multi-centre observational study 
of current neuro-oncological practice, both in the UK.  
 
Methods 
Study design – Questionnaire  
An electronic questionnaire was sent to UK neuro-oncology surgeons to assess 
surgical practice including the throughput of tumour patients and the numbers 
deemed suitable for GTR (supplementary file). There were also questions regarding 
access to surgical adjuncts such as 5-ALA, awake surgery, and attitudes towards 
contributing to a randomised control trial investigating early repeat operation.  
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Study design – Prospective cohort study 
The second part of the study was a prospectively collected multi-centre 
observational study on current neuro-oncological practice.   
 
Patient Selection 
Patients with suspected GB that were scheduled to undergo GTR at first surgery 
following discussion at a multi-disciplinary meeting (MDT) between 01/05/2016 
and 31/07/2016 were eligible for inclusion. Patients were identified prospectively 
at MDT meetings and data was collected prospectively during their subsequent 
inpatient stay. Inclusion criteria included adult patients (age >18) with suspected GB 
on presenting magnetic resonance imaging (MRI) scan and MDT decision that the 
tumour was suitable for GTR. Exclusion criteria included children (age <18) with 
subsequent histology that confirmed an alternative diagnosis. Patients with 
recurrent tumours were included in the study provided GTR was the aim at surgery. 
 
Data Collection 
Data on patient demographics, tumour location, surgical adjuncts, residual disease 
intraoperative/postoperative MRI as well as adjuvant treatment and complications 
(Supplementary data) was collected through the British Neurosurgery Trainees 
Research Collaborative (BNTRC). As with previous models of research performed by 
the BNTRC 34, each neurosurgical unit had a trainee principal investigator and a 
consultant principal investigator. Data was collected locally and then collated 
centrally after the end of the study period. Data was analysed in Microsoft Excel 
(2011).  
 
Results 
Surgical Practice 
There were responses from 27 neuro-oncology surgeons from 22/38 neurosurgical 
units in the UK, who estimated a total of ~3000 operations for newly diagnosed GB 
per year, of which roughly 1800 (60%) were amenable for GTR. 24/27 (88.9%) of 
responders said >90% of patients were discussed at MDT before surgery. 
 
With regards to surgical adjuncts, 100% of surgeons had access to intraoperative 
neuro-navigation. 44.4% of surgeons said they had routine access to 5-ALA with a 
further 29.6% of surgeons having limited access for specific cases and 25.9% of 
surgeons having no access to 5-ALA. 17/27 (63%) of surgeons said they routinely 
used awake surgery with bipolar stimulation where indicated, with 16/27 (59.3%) 
using speech and language testing and 4/27 (14.8%) using electromyography 
recordings under general anaesthetic. 
 
The majority of surgeons (24/27, 88.9%) were able to obtain a MRI within 72 hours 
of surgery routinely, with only 1 surgeon unable to obtain postoperative MRI 
imaging. Most surgeons estimated there to be 11-20 patients per annum who were 
deemed suitable for GTR, but who had RED on their post operative scan (9/27, 
33.3%), followed by 5-10 patients in 6 (22.2%) of surgeons with 4 (14.8%) surgeons 
estimating over 20 cases per annum. 
 
Service Evaluation 
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We prospectively collected data on 113 patients from 15 neurosurgical centres 
(range 1 – 26 patients per centre) with a mean age of 58.2 (range 28-85) and a 
male:female ratio of (73:40). Table 1 highlights the demographic information of the 
cohort of patients included in the study. Most patients were independently 
functioning at presentation with 91 patients (80.5%) classified as World Health 
Organisation (WHO) Performance Score (PS) 0 or 1 (table 1). 89 patients (78.7%) 
had at least once comorbidity (table 1). The most common presenting symptom/sign 
was headaches (44/113, 38.9%) followed by focal neurological deficit (40/113, 
35.3%) (table 1).  The intracerebral distribution of tumours can be seen in table 1. 
 
There was varying practice in the use of intraoperative surgical adjuncts, illustrated 
in table 2. 5-ALA was the most commonly used adjunct, being used in 18 (15.9%) of 
cases followed by awake surgery (14, 12.4%) and intraoperative ultrasound (14, 
12,4%). There was little use of iMRI (4, 3.5%), reflecting the small number of centres 
with access to this technology in the UK. 
 
Postoperative complications were seen in 27 (23.6%) patients (table 2), of which the 
majority were medical complications (6/27) or miscellaneous (8/27). Other 
complications included worsening cognition, hydrocephalus, new focal neurological 
deficit, bowel perforation and rapid clinical decline. 
 
In 91/111 (82.0%) cases the operating surgeon felt that GTR was achieved at the 
time of surgery. Reasons for residual disease were: tumour adherent to vessels 
(2.7%), eloquent brain (5.4%), cardiac instability (0.9%), unknown (7.2%).  
 
After surgery 80 patients (70.8%) had a MRI scan within 72hours. In marked 
contrast to the operating surgeon’s perception the imaging data confirmed 44 
patients (55%) had RED on their postoperative scan. This RED was deemed operable 
in 13 cases (16.3%). However, no patient had a repeat debulking within 1 week of 
primary surgery. Reasons for non-operation include perceived lack of clinical benefit 
(5/13), medical comorbidities/poor PS (2/13) and disagreement between surgeon 
and radiologist about whether there was RED (2/13) and unknown (4/13). 
 
Discussion 
This study highlights varying practices amongst neurosurgical units in the UK in the 
approach to resection of suspected GB amenable to GTR. This likely represents the 
wide variety of surgical techniques available and a lack of consensus over the best 
surgical practice. In addition, financial restraints may restrict the access to 
investigations and equipment such as postoperative MRI scans within 72 hours of 
surgery and intraoperative surgical adjuncts. It is encouraging that over 70% of 
patients now receive a postoperative MRI as baseline for identification of residual 
disease in order to plan adjuvant therapy. Our survey also demonstrates that the 
utilisation of surgical adjuncts to maximise the extent of surgical resection is low. 
This may reflect cost pressures in the publically funded National Health Service, but 
the 15.9% of patients who had 5-ALA used in their surgery contrasts to the 44.4% of 
surgeons who reported routine access to 5-ALA in the questionnaire. Consistent 
with these observations we note that while 22 units responded to the questionnaire, 
only 15 units participated in the survey. So it is likely that our data under-represents 
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the true incidence of RED and may over-represent the extent to which advanced 
surgical adjuncts are used. 
 
The lack of utilisation of surgical adjuncts is a concern when a significant proportion 
of patients have postoperative RED even where GTR was thought possible pre-
operatively. Identifying the enhancing tumour margin intra-operatively with only 
microscopy and image guidance can be challenging, as evidenced by only 30-40% of 
operations achieving maximal resection when these traditional methods were used 
6.  The failure to achieve GTR in our study cohort is underlined by the discrepancy 
between the perceived rate of GTR at the time of surgery and the actual rate of GTR 
on the postoperative scan (82% c.f. 55%), reflecting the difficulty identifying the 
tumour margins. This is not a new phenomenon, and reports demonstrate that 
surgeons ability to judge GTR at the time of surgery is only correct in approximately 
one third of cases 31,32.  Newer techniques, such as iMRI, 5-ALA and awake surgery 
are reported to facilitate surgeons in achieving doubling of GTR rates to over 65% in 
selected patients 6,11,16,35,36. The failure to achieve GTR may also reflect a failure to 
correctly assess whether GTR was possible.  
 
16.3% of patients in our study had RED that was thought amenable to early repeat 
resection before adjuvant therapy, but no patient went back to surgery. Early re-
operation to remove RED in patients with GB before further treatment has been 
shown to be feasible without increased morbidity 33. In that study only 6% of 
patients underwent early re-intervention.   
 
GTR as a predictor of outcome does not necessarily imply that revision surgery 
would be of benefit. There is very little data looking at whether rapid reoperation to 
resect RED will improve clinical outcome to the same level as patients in whom GTR 
was achieved at first surgery. One worry about repeat surgery is that whilst it may 
offer a theoretical survival advantage by reducing the tumour load, the potential 
delay to radiotherapy may impact negatively on survival. There have been numerous 
studies looking at the relationship between timing of radiotherapy and survival, with 
some showing a beneficial effect of early radiotherapy37, whilst others suggested no 
impact of timing as long as it is commenced within a 6 week window 38. One study 
even showed a beneficial effect of waiting at least 4 weeks postoperatively 39. 
Encouragingly, a recent meta-analysis of 8716 GB patients has found no difference in 
overall survival (OS) related to the time to radiotherapy 40. If this is the case then 
that early reoperation may not negatively impact on survival through delay to 
radiotherapy. However, other risks of revision surgery including neurological 
dysfunction or infection may delay definitive treatment.  
 
The most common reason UK surgeons gave for not undertaking this early surgery 
was a lack of perceived clinical benefit (38.4%) despite a growing body of evidence 
to suggest GTR is an independent positive prognostic factor (Watts & Sanai 2016 and 
Table 3). Maximally reductive surgery not only increases survival independently, but 
also increases the effectiveness of adjuvant therapies 41. 
 
If the data favours maximal resection of tumours where possible, debate exists over 
the minimum EoR that is associated with maximal survival benefit. Studies have 
historically classified EoR into 3 or 4 categories: gross total resection (GTR), near 
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total resection (NTR), subtotal resection (STR) and partial resection (PR). Apart 
from GTR, which is classified as the complete removal of contrast enhancing disease 
on a postoperative MRI performed within 72 hours, the definition of the other 
categories is variable and subjective in nature, making it difficult to incorporate into 
clinical management protocols, or indeed to compare studies 17,20,22,42–44.  
 
Quantification of residual tumour volumes can produce more accurate data on EoR 
and RED. Lacroix et al. published a volumetric series looking at patients undergoing 
resection for GB. They reported that a minimum EoR of 89% was required to achieve 
any benefit in survival from surgery with incremental benefit from further resection 
up to a maximum of 4.2 months with 98% resection 23. This was followed by a study 
by Sanai et al. that found a survival difference in a dichotomised cohort with EoR 
values of 78% or above but a clinically meaningful survival difference of 3.8% only 
in patients EoR values at or above 95%. They conclude that “whereas the 78% 
threshold represents the minimum value at which a survival benefit is seen, 
[recursive partition analysis] selected 95% as the most significant predictor of 
survival in patients with GB, emphasizing the added value of a complete 
resection”.26. A common interpretation of these data is that an EoR as low as 78% is 
sufficient to yield a clinically meaningful survival benefit. However, analysis of 
recent clinical data suggests that “complete” resection (defined as the absence of 
RED on post-operative MRI) provides optimal clinical benefit. For example in a trial 
of Enzasturin patients with GB who had GTR on their baseline post-op MRI had 
enhanced PFS-6 (progression-free survival at 6 months) 45. In EORTC 26071-22072 
(CENTRIC) GTR conveyed a 6.6 month survival advantage in the experimental arm 
(30.4 vs 24.8 month) and 10.7 month survival advantage in the control arm (34.3 vs 
23.6 month).46. In the DIRECTOR trial (NCT00941460) complete resection of 
contrast-enhancing tumor volume was associated with improved survival in 
recurrent glioblastoma (Suchorska et al 2016). 
 
 
Conclusion and Future Directions 
 
This study is the first to prospectively evaluate the current surgical management of 
GB patients in the UK who were judged suitable for radical surgery by the SMDT. We 
show that there is wide variation in approaches to achieving GTR in the UK. Where 
RED occurs despite surgery there remains clinical doubt as to whether these 
patients would benefit from early revision surgery. Whilst there is a large volume of 
retrospective data to support the beneficial effects of maximal safe resection in 
patients with GB there is little prospective data. Consequently relatively little is 
known about the impact of GTR on prognosis, morbidity and quality of life for 
patients. In order to develop and optimise surgical management protocols further 
prospective research is required to determine the clinical impact of RED and early 
re-intervention to convert STR to GTR. 
 
 
Collaborators 
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 8 

Angelos Kolias, Rohit Sinha (Cambridge); Mr Kevin O’Neill (Charing Cross, London); 
Fahid Rasul, Prof Keyoumars Ashkan (Kings’ College, London); Mr Robert Corns 
(Leeds); Mr Michael Jenkinson (Liverpool); Mr Neil Kitchen (National Hospital for 
Neurology and Neursorugery, London); Mr Damian Holliman (Newcastle); Laurence 
Glancz, Ahmed Aly, Prof Stuart Smith (Nottingham); Mr Puneet Plaha (Oxford); 
Edward Dyson, Sebastian Toescu, Mr Nick Haliasos (Romford); Arnab Ghosh, Mr 
Edward McKintosh (Royal London, London); Olamide Rominiyi, Mr David Jellinek 
(Sheffield); Mat Gallagher, Mr Tim Jones (St George’s, London); Victoria Wykes, Mr 
Paul Grundy (Southampton); Imran Haq, Mr Howard Brydon (Stoke-on-Trent). 



 9 

 
References 

 

1.  Burnet NG, Jefferies SJ, Benson RJ, Hunt DP, Treasure FP. Years of life lost 
(YLL) from cancer is an important measure of population burden--and should 
be considered when allocating research funds. Br J Cancer. 2005;92(2):241-
245. doi:10.1038/sj.bjc.6602321. 

2.  Rachet B, Mitry E, Quinn MJ, Cooper N, Coleman MP. Survival from brain 
tumours in England and Wales up to 2001. Br J Cancer. 2008;99 Suppl 1:S98-
101. doi:10.1038/sj.bjc.6604603. 

3.  Stummer W, Meinel T, Ewelt C, et al. Prospective cohort study of radiotherapy 
with concomitant and adjuvant temozolomide chemotherapy for glioblastoma 
patients with no or minimal residual enhancing tumor load after surgery. J 
Neurooncol. 2012;108(1):89-97. doi:10.1007/s11060-012-0798-3. 

4.  Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy plus concomitant 
and adjuvant temozolomide for glioblastoma. N Engl J Med. 
2005;352(10):987-996. doi:10.1056/NEJMoa043330. 

5.  Stupp R, Hegi ME, Mason WP, et al. Effects of radiotherapy with concomitant 
and adjuvant temozolomide versus radiotherapy alone on survival in 
glioblastoma in a randomised phase III study: 5-year analysis of the EORTC-
NCIC trial. Lancet Oncol. 2009;10(5):459-466. doi:10.1016/S1470-
2045(09)70025-7. 

6.  Stummer W, Pichlmeier U, Meinel T, et al. Fluorescence-guided surgery with 5-
aminolevulinic acid for resection of malignant glioma: a randomised 
controlled multicentre phase III trial. Lancet Oncol. 2006;7(5):392-401. 
doi:10.1016/S1470-2045(06)70665-9. 

7.  McGirt MJ, Mukherjee D, Chaichana KL, Than KD, Weingart JD, Quinones-
Hinojosa A. Association of Surgically Acquired Motor and Language Deficits on 
Overall Survival after Resection of Glioblastoma Multiforme. Neurosurgery. 
2009;65(3):463-470. doi:10.1227/01.NEU.0000349763.42238.E9. 

8.  Watts C, Sanai N. Surgical approaches for the gliomas. Handb Clin Neurol. 
2016;134:51-69. doi:10.1016/B978-0-12-802997-8.00004-9. 

9.  Chaichana KL, Cabrera-Aldana EE, Jusue-Torres I, et al. When Gross Total 
Resection of a Glioblastoma Is Possible, How Much Resection Should Be 
Achieved? World Neurosurg. 2014;82(1-2):e257-e265. 
doi:10.1016/j.wneu.2014.01.019. 

10.  Li YM, Suki D, Hess K, Sawaya R. The influence of maximum safe resection of 
glioblastoma on survival in 1229 patients: Can we do better than gross-total 
resection? J Neurosurg. 2015;124(April):1-12. 
doi:10.3171/2015.5.JNS142087. 

11.  Roder C, Bisdas S, Ebner FH, et al. Maximizing the extent of resection and 
survival benefit of patients in glioblastoma surgery: High-field iMRI versus 
conventional and 5-ALA-assisted surgery. Eur J Surg Oncol. 2014;40(3):297-
304. doi:10.1016/j.ejso.2013.11.022. 



 10 

12.  Suchorska B, Weller M, Tabatabai G, et al. Complete resection of contrast-
enhancing tumor volume is associated with improved survival in recurrent 
glioblastoma-results from the DIRECTOR trial. Neuro Oncol. 
2016;18(November 2015):nov326-. doi:10.1093/neuonc/nov326. 

13.  Kuhnt D, Becker A, Ganslandt O, Bauer M, Buchfelder M, Nimsky C. Correlation 
of the extent of tumor volume resection and patient survival in surgery of 
glioblastoma multiforme with high-field intraoperative MRI guidance. Neuro 
Oncol. 2011;13(12):1339-1348. doi:10.1093/neuonc/nor133. 

14.  Grabowski MM, Recinos PF, Nowacki AS, et al. Residual tumor volume versus 
extent of resection: predictors of survival after surgery for glioblastoma. J 
Neurosurg. 2014;v(November):1-9. doi:10.3171/2014.7.JNS132449. 

15.  Yong RL, Wu T, Mihatov N, et al. Residual tumor volume and patient survival 
following reoperation for recurrent glioblastoma. J Neurosurg. 
2014;121(October):1-8. doi:10.3171/2014.6.JNS132038. 

16.  Coburger J, Hagel V, Wirtz CR, König R. Surgery for Glioblastoma: Impact of the 
Combined Use of 5-Aminolevulinic Acid and Intraoperative MRI on Extent of 
Resection and Survival. PLoS One. 2015;10(6):e0131872. 
doi:10.1371/journal.pone.0131872. 

17.  McGirt MJ, Chaichana KL, Gathinji M, et al. Independent association of extent of 
resection with survival in patients with malignant brain astrocytoma. J 
Neurosurg. 2009;110(1):156-162. doi:10.3171/2008.4.17536. 

18.  Chaichana KL, Jusue-Torres I, Navarro-Ramirez R, et al. Establishing percent 
resection and residual volume thresholds affecting survival and recurrence for 
patients with newly diagnosed intracranial glioblastoma. Neuro Oncol. 
2014;16(1):113-122. doi:10.1093/neuonc/not137. 

19.  Orringer D, Lau D, Khatri S, et al. Extent of resection in patients with 
glioblastoma: limiting factors, perception of resectability, and effect on 
survival. J Neurosurg. 2012;117(5):851-859. doi:10.3171/2012.8.JNS12234. 

20.  Salvati M, Pichierri A, Piccirilli M, et al. Extent of tumor removal and molecular 
markers in cerebral glioblastoma: a combined prognostic factors study in a 
surgical series of 105 patients. J Neurosurg. 2012;117(2):204-211. 
doi:10.3171/2012.4.JNS101702. 

21.  Sanai N, Berger MS. Glioma Extent of Resection and its Impact on Patient 
Outcome. Neurosurgery. 2008;62(4):753-766. 
doi:10.1227/01.NEU.0000310769.20996.BD. 

22.  Kreth FW, Thon N, Simon M, et al. Gross total but not incomplete resection of 
glioblastoma prolongs survival in the era of radiochemotherapy. Ann Oncol. 
2013;24(12):3117-3123. doi:10.1093/annonc/mdt388. 

23.  Lacroix M, Abi-Said D, Fourney DR, et al. A multivariate analysis of 416 
patients with glioblastoma multiforme: prognosis, extent of resection, and 
survival. J Neurosurg. 2001;95(2):190-198. doi:10.3171/jns.2001.95.2.0190. 

24.  Stupp R, Brada M, van den Bent MJ, Tonn JC, Pentheroudakis G. High-grade 
glioma: ESMO clinical practice guidelines for diagnosis, treatment and follow-
up. Ann Oncol. 2014;25(April):93-101. doi:10.1093/annonc/mdu050. 



 11 

25.  Weller M, van den Bent M, Hopkins K, et al. EANO guideline for the diagnosis 
and treatment of anaplastic gliomas and glioblastoma. Lancet Oncol. 
2014;15(9):395-403. doi:10.1016/S1470-2045(14)70011-7. 

26.  Sanai N, Polley M-YY, McDermott MW, Parsa AT, Berger MS. An extent of 
resection threshold for newly diagnosed glioblastomas. J Neurosurg. 
2011;115(1):3-8. doi:10.3171/2011.2.JNS10998. 

27.  Suchorska B, Jansen NL, Linn J, et al. Biological tumor volume in 18FET-PET 
before radiochemotherapy correlates with survival in GBM. Neurology. 
2015;84(7):710-719. doi:10.1212/WNL.0000000000001262. 

28.  Yan J-L, van der Hoorn A, Larkin TJ, Boonzaier NR, Matys T, Price SJ. Extent of 
resection of peritumoral diffusion tensor imaging–detected abnormality as a 
predictor of survival in adult glioblastoma patients. J Neurosurg. 
2017;126(1):234-241. doi:10.3171/2016.1.JNS152153. 

29.  Price SJ, Young AMH, Scotton WJ, et al. Multimodal MRI can identify perfusion 
and metabolic changes in the invasive margin of glioblastomas. J Magn Reson 
Imaging. 2016;43(2):487-494. doi:10.1002/jmri.24996. 

30.  Brown TJ, Brennan MC, Li M, et al. Association of the Extent of Resection With 
Survival in Glioblastoma. JAMA Oncol. 2016;352(10):987-996. 
doi:10.1001/jamaoncol.2016.1373. 

31.  Kuhnt D, Ganslandt O, Schlaffer S-M, Buchfelder M, Nimsky C. Quantification of 
Glioma Removal by Intraoperative High-Field Magnetic Resonance Imaging: 
An Update. Neurosurgery. 2011;69(4):852-863. 
doi:10.1227/NEU.0b013e318225ea6b. 

32.  Orringer D, Lau D, Khatri S, et al. Extent of resection in patients with 
glioblastoma: limiting factors, perception of resectability, and effect on 
survival. J Neurosurg. 2012;117(5):851-859. doi:10.3171/2012.8.JNS12234. 

33.  Schucht P, Murek M, Jilch A, et al. Early re-do surgery for glioblastoma is a 
feasible and safe strategy to achieve complete resection of enhancing tumor. 
PLoS One. 2013;8(11):3-9. doi:10.1371/journal.pone.0079846. 

34.  Brennan PM, Kolias AG, Joannides AJ, et al. The management and outcome for 
patients with chronic subdural hematoma: a prospective, multicenter, 
observational cohort study in the United Kingdom. J Neurosurg. November 
2016:1-8. doi:10.3171/2016.8.JNS16134. 

35.  Kubben PL, ter Meulen KJ, Schijns OEMG, ter Laak-Poort MP, van Overbeeke JJ, 
van Santbrink H. Intraoperative MRI-guided resection of glioblastoma 
multiforme: A systematic review. Lancet Oncol. 2011;12(11):1062-1070. 
doi:10.1016/S1470-2045(11)70130-9. 

36.  Hatiboglu MA, Weinberg JS, Suki D, et al. Impact of intraoperative high-field 
magnetic resonance imaging guidance on glioma surgery: a prospective 
volumetric analysis. Neurosurgery. 2009;64(6):1073-81; discussion 1081. 
doi:10.1227/01.NEU.0000345647.58219.07. 

37.  Valduvieco I, Verger E, Bruna J, et al. Impact of radiotherapy delay on survival 
in glioblastoma. Clin Transl Oncol. 2013;15(4):278-282. doi:10.1007/s12094-
012-0916-x. 



 12 

38.  Sun MZ, Oh T, Ivan ME, et al. Survival impact of time to initiation of 
chemoradiotherapy after resection of newly diagnosed glioblastoma. J 
Neurosurg. 2015;122(5):1144-1150. doi:10.3171/2014.9.JNS14193. 

39.  Han SJ, Rutledge WC, Molinaro AM, et al. The Effect of Timing of Concurrent 
Chemoradiation in Patients With Newly Diagnosed Glioblastoma. 
Neurosurgery. 2015;77(2):248-253. doi:10.1227/NEU.0000000000000766. 

40.  Loureiro LVM, Victor E da S, Callegaro-Filho D, et al. Minimizing the 
uncertainties regarding the effects of delaying radiotherapy for Glioblastoma: 
A systematic review and meta-analysis. Radiother Oncol. 2016;118(1):1-8. 
doi:10.1016/j.radonc.2015.11.021. 

41.  Stummer W, Van Den Bent MJ, Westphal M. Cytoreductive surgery of 
glioblastoma as the key to successful adjuvant therapies: New arguments in an 
old discussion. Acta Neurochir (Wien). 2011;153(6):1211-1218. 
doi:10.1007/s00701-011-1001-x. 

42.  Höllerhage HG, Zumkeller M, Becker M, et al. Influence of type and extent of 
surgery on early results and survival time in glioblastoma multiforme. Acta 
Neurochir (Wien). 1991;113(1-2):31-37. 
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med3&NEWS
=N&AN=1665950. Accessed June 28, 2016. 

43.  Simpson J., Horton J, Scott C, et al. Influence of location and extent of surgical 
resection on survival of patients with glioblastoma multiforme: Results of 
three consecutive radiation therapy oncology group (RTOG) clinical trials. Int J 
Radiat Oncol. 1993;26(2):239-244. doi:10.1016/0360-3016(93)90203-8. 

44.  Vecht CJ, Avezaat CJ, van Putten WL, Eijkenboom WM, Stefanko SZ. The 
influence of the extent of surgery on the neurological function and survival in 
malignant glioma. A retrospective analysis in 243 patients. J Neurol Neurosurg 
Psychiatry. 1990;53(6):466-471. 
http://www.ncbi.nlm.nih.gov/pubmed/2166137. Accessed June 28, 2016. 

45.  W. W, J.P. S, M. P, et al. Enzastaurin before and concomitant with radiation 
therapy, followed by enzastaurin maintenance therapy, in patients with newly 
diagnosed glioblastoma without MGMT promoter hypermethylation. Neuro 
Oncol. 2013;15(10):1405-1412. 
http://www.embase.com/search/results?subaction=viewrecord&from=expor
t&id=L369953284%5Cnhttp://dx.doi.org/10.1093/neuonc/not100%5Cnhttp
://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=15228517&id=doi:10.1093/n
euonc/not100&atitle=Enzastaurin+before+and+concomitan. 

46.  Stupp R, Hegi ME, Gorlia T, et al. Cilengitide combined with standard 
treatment for patients with newly diagnosed glioblastoma with methylated 
MGMT promoter (CENTRIC EORTC 26071-22072 study): a multicentre, 
randomised, open-label, phase 3 trial. Lancet Oncol. 2014;15:1100-1108. 
doi:10.1016/S1470-2045(14)70379-1. 

 


