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Original article

SUMMARY: AIM. Patients with high-grade gliomas (grade IV gliomas and glioblastomas) have a median

survival of approximately 12 months, a rate that has not substantially improved over the years, despite advances

in medicine and surgery. It is therefore vital to elucidate the effects of surgery on the quality of life of patients

harbouring high-grade glioma, identifying factors associated with prolonged and reduced functional outcome

with a view to guiding treatment strategies and prolonging functional independence. For this reason we set out

to review the data pertaining to the patients surgically treated for high-grade glioma over the last seven years. 

MATERIALS AND METHODS. 156 patients (90 men and 66 women) of average age 66.6 years (range 26-79 years)

with high-grade glioma have been surgically treated by our team over the last seven years (2006-2012). The aim

of surgery was generally gross total removal. Subtotal resection was performed primarily when the tumour

involved the eloquent brain, as confirmed by intraoperative mapping and/or monitoring. Stereotactic biopsy was

performed for inoperable tumours. Resections were retrospectively classified as either gross total removal or

subtotal resection by an independent neuroradiologist comparing pre- and post-operative contrast CT/MR scans,

and pre-surgical Karnofsky performance status scores were compared with those at 6- and 12-month follow-up.

RESULTS. Gross total removal was achieved in 80 out of the 156 cases (51%), subtotal resection (more than 10%

residual mass detected) in 43 patients (28%), and stereotactic biopsy was performed in 33 patients (21%).

There were 5 cases of perioperative death (3%), and 27 patients (17%) developed new or increased motor,

visual, or language deficit. 90 patients then underwent conventional radiotherapy. Local chemotherapy was

administered in five cases via carmustine wafers. Oral chemotherapy with temozolomide was administered to

69 patients, of whom 45 (65%) received radiotherapy and temozolomide according to the protocol used in the

study of Stupp et al. (N Engl J Med, 2005). 38 young patients (< 55 years), treated only with gross removal

surgery, survived 12 months on average. 22 young patients with multimodal treatment (surgery, radiotherapy

and temozolomide) survived 18 months on average. 53/156 patients fell into the older age category (above 55

years), and were treated with surgery, chemo-irradiation and the adjuvant temozolomide. Their survival was

significantly lower than that of younger patients, at an average of 11 months

CONCLUSION. Survival prospects for patients with glioblastoma remain very poor, which makes it important to

understand the effects that surgery has on quality of life and, more specifically, functional independence for

patients with high-grade glioma. Indeed, although several early-phase clinical trials of targeted therapies in

high-grade glioma have been completed or are underway, either singly or in combination with standard

chemotherapy and/or radiation therapy, surgery remains the primary intervention at the present time.
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INTRODUCTION

High-grade gliomas (grade IV gliomas and glioblasto-

mas), also called malignant gliomas, are the most

common primary brain tumours in the adult popu-

lation. Their annual incidence is 5-10 per 100,000

people, and gliomas account for 42% of all primary

CNS tumours and 77% of all malignant primary CNS

tumours. Patients with these devastating cancers have

a median survival of approximately 12 months, a rate

that has not substantially improved over the years,

despite advances in medical and surgical therapy.

Indeed, high-grade gliomas have a propensity to

invade and infiltrate surrounding normal brain

parenchyma, making curative resection difficult, to

say the least. Pragmatically speaking, therefore, it is

therefore vital to elucidate the effects of surgery on

the QOL of patients harbouring high-grade glioma.

Indeed, the identification and consideration of factors

associated with prolonged functional outcome (pre-

operative KPS score ≥ 90, seizures, primary gliobla-

stoma, gross total resection, temozolomide) and de-

creased functional outcome (older age, coronary artery

disease, new postoperative motor deficit) may help

guide treatment strategies aimed at improving QOL

for patients with glioblastoma, with a view to pro-

longing functional independence. 

Although significant changes in the overall treatment

paradigms have remained elusive, several additions to

the surgeon’s armoury over the past several decades

have led to improved outcomes in this respect. Patients

who only receive “supportive care”, usually cortico-

steroid and anticonvulsant drugs, have a median sur-

vival of approximately 14 weeks or less, while, histori-

cally speaking, those treated with surgery alone have

a median survival duration of less than 6-12 months,

which is extended to approximately 9 months through

the addition of postoperative radiotherapy. Although

the value of glioma resection in obtaining histological

diagnosis and decompression are unquestionable,

there have been no significant advances in either

surgical technique or preoperative planning. What is

more, the effect of the extent of glioma resection on

progression and/or survival remains unclear.

AIMS. With a view to shedding light on the issues

raised above, we set out to review the data pertaining

to the patients surgically treated for high-grade glioma

over the last seven years. 

MATERIALS AND METHODS

We analysed 156 patients surgically treated for high-

grade glioma between 2006 and 2012. The sample

comprised 90 males and 66 females, whose age

ranged from 26 to 79 years (average 66.6 years).

All patients treated presented a neurological deficit or

mass effect hypertension ascribable to their tumour.

In order to alleviate/reverse these symptoms, the aim

of surgery was therefore generally to achieve GTR of

the tumour wherever possible. When intraoperative

mapping and/or monitoring (awake/speech language

mapping, direct cortical motor stimulation, and motor-

evoked or somatosensory-evoked potentials) indicated

that the tumour involved the eloquent brain, STR was

performed. Stereotactic biopsy was used for tumours

considered to be inoperable.

In order to determine whether this difference had any

effect on functional outcome and/or survival, the

extent of resection was retrospectively classified from

contrast CT/MR imaging reports obtained < 48 hours

after resection as either GTR or STR by an

independent neuroradiologist blinded to patient

outcomes. STR and GTR were defined, respectively,

as those tumours with residual and no residual

enhancement achieved upon comparison of pre- and

postoperative MR/CT images(7). 

Cases were further classified according to whether the

glioblastoma was primary, i.e., of de novo origin, or

secondary, i.e., arising in patients with a prior history

of a lower grade glioma(12). 

As genomic data was not routinely obtained at our

institution, the designation of primary vs. secondary

glioblastoma was based on clinical criteria alone. To

determine the survival and QOL of GTR vs. STR

patients, follow-up with KPS (60-90%) was per-

formed at 6 and 12 months.
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RESULTS

A total of 156 patients were surgically treated for

high-grade glioma in the frontal, temporal, parietal

posterior/occipital or anterior gyrus cinguli (reported

in order of frequency)(22, 23). 

GTR was achieved in 80 patients (51%), and STR in

43 cases (28%). STR was defined as mass reduction

with more than 10% residual mass detected with

contrast-CT scan performed 24 hours post-surgery.

33 patients (21%) were merely biopsied via stereo-

taxis. There were 5 cases of perioperative death (3%),

and 13 (8%), 3 (2%), and 11 (7%) patients developed

new or increased motor, visual or language deficits,

respectively, following surgery.

90 patients (75 after surgery: 55 GTR and 20 STR, and

15 after biopsy) were administered conventional radio-

therapy after their operation, whereas 5/75 was treated

with local chemotherapy with carmustine wafer. 

69 patients were given oral chemotherapy with temo-

zolomide: 45 (65%) of these received temozolomide

with radiotherapy after surgery, according to the

protocol used in the study by Stupp et al.(27), 24 (35%)

only temozolomide after surgery.

Patients were classed into two age ranges: < 55-year

age (60 patients) and 55-75-year age (96 patients). 38

young patients treated with gross removal surgery

alone survived for an average of 12 months. This

contrasted with the 22 young patients treated by a

triple-pronged approach (surgery, radiotherapy and

temozolomide), who survived 18 months on average. 

53 patients, who fell into the older age group (55 years

and above), were treated with surgery and chemo-

irradiation with concomitant adjuvant temozolomide

and survived for an average of 11 months. The survival

of patients in this older age group was significantly

lower than in younger patients (Table 1). 

STR, rather than GTR, had to be performed in 31 out

of the 53 older patients, but, in our experience, the

extent of surgery did not influence the prognosis in

our elderly population. 4 patients underwent repeat

surgery for glioblastoma recurrence. 

There seems to be no significant difference between

GTR (38 young patients) and surgery (STR/GTR)

with multiple therapy (75 patients, of whom 22

young) group in terms of QOL (KPS: 60-90%) at 6-

month follow-up (Table 2). 

In our experience, temozolomide, if well tolerated,

does however improve QOL in both age groups (KPS

70-90 after surgery in non-eloquent areas).

DISCUSSION

Evaluation of the effects of extensive resection on

clinical outcomes for patients with high-grade glioma

has been primarily limited to survival studies(3,7).

Recent reports have shown that GTR of malignant

gliomas is correlated with prolonged survival(5,10,11),

which may increase by as much as a median of 40%,

as compared with STR(22). We found similar results,

showing that GTR yields an approximate increase in

prolonged functional independence of 45%. 

Current neurosurgical innovations aim to improve

our anatomical, physiological, and functional under-

standing of the surgical region of interest, with a view

to preventing potential neurological morbidity during

resection. Emerging imaging technologies, as well as

state-of-the-art intraoperative techniques, can facili-

tate a greater extent of resection while minimizing the

associated morbidity profile. Specifically, the value

of mapping motor and language pathways is well
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Survival 

       

< 55 year age group 
60 Patients 

55-75 year age group 
96 Patients 

       
 
 
 
 
 
 

38 Patients         
treated only via 
surgery (GTR)     

Survival: 12 months 
on average 

33 Patients     
underwent biopsy 
and radio-and/or 
chemotherapy     

Survival: 8 months 
on average 

       
 
 
 
 
 
 
 
 

22 Patients    
treated via surgery 

+ radiotherapy      
+ chemotherapy   

Survival: 18 months 
on average 

53 Patients     
treated via surgery 

+ radiotherapy       
+ chemotherapy   

Survival: 11 months 
on average 

       
       
       
       
       
       
       
       
       
       
       

10 Patients out of 
protocol: 

5 cases of 
perioperative death 
after surgery         
5 cases of post-
surgical invalidity 
QOL:< 3 months 
survival 

       
Table 1. Survival of 156 patient treated for high-grade glioma.
Legend: GTR = Gross Total Removal; QOL = Quality of Life.



established for the safe resection of intrinsic tumours. 

In eloquent areas in our sample, all microsurgical

removals were approached via one or more trans-

cortical corridors(17,19). In general, we carry out a limited

craniotomy to expose the tumour and up to 2 cm of

surrounding brain. Indeed, the goal of surgery is often

directed towards the central necrotic region and the

imaging-defined enhanced margin. To limit morbi-

dity due to removal of functional brain tissue, how-

ever, the infiltrative tumour cells found in the sur-

rounding brain are generally not considered part of

the surgical target, making it more likely for tumours

to recur after treatment at this site(17).

Surgery for high-grade glioma is highly dependent on

imaging. MRI can provide an anatomical definition

of the lesion and functional capacity of critical

cortical regions, enabling their precise localization

within the brain. Perfusion MR imaging and MR

spectroscopy can potentially overcome the limitation

posed by sampling error, enabling non-invasive

histopathological grading of the entire lesion in vivo.

The common use of stereotactic guidance, intra-

operative imaging, functional magnetic resonance

imaging, and physiological monitoring has also

enhanced the surgeon’s ability to achieve aggressive

tumour removal while protecting the patient from

neurological impairment(17). 

We firmly believe that a tumour causing mass effect

and neurological deterioration is a clear indication for

surgical removal, whereas an infiltrating lesion that

produces no mass effect and no neurological in-

volvement is a more perplexing decision(22). Although

microsurgical resection seems to remain the surgery

of choice in all gliomas(8), there is no general con-

sensus in the literature regarding the efficacy of

whole or partial resection in improving patient

outcome(16). 

Nevertheless, maximum possible tumour resection

within safe limits can decrease tumour burden and

thereby enhance the effects of adjuvant therapies(2,6),

as well as improving mass effect symptoms, reducing

the frequency of seizures, and providing tissue for

pathological and genomic studies to better identify

and test novel therapies(10). This, however, may be

considered academic if survival and/or quality of life

are not dramatically enhanced by such an invasive

procedure. To this end, the literature reports recent

attempts to define the main survival time associated

with subtotal vs. gross total resection in high-grade

gliomas. The difference was defined as modest, with

an increase, from 11.3 to 14.2 months in WHO grade

IV tumours (12 studies analysed only these poor

grade tumours)(18). This would seem to indicate that a

“wait and see” policy can be advocated, particularly

in young patients affected by chronic epilepsy who

present small volume expanding lesions in critical

areas but no mass effect and CT/MRI contrast

enhancement. Indeed, although early resection of

potentially curable tumours is favoured, several

Authors have observed that delaying surgery in

minimally symptomatic patients is not associated

with poorer outcome(13,25). 

Nowadays the most efficacious means of managing

glioblastoma is certainly a double or triple-pronged

attack. Current initial management of grade IV glio-

ma consists of maximal feasible surgical resection

followed by post-surgical radiotherapy, the latter

being the standard treatment with a grade 1 level of

evidence(15). Concurrent temozolomide chemotherapy

is also commonly used to adjuvate radiotherapy, de-

spite ongoing controversy surrounding the role of

chemotherapy in the initial management of this dis-

ease(20). Temozolomide is an orally administered

alkylating agent that has 100% bioavailability and the

unique ability to deplete the DNA repair enzyme

AGT. To prevent repair of DNA damage and increase

the potential effectiveness of chemotherapy, MGMT,

the enzyme responsible for DNA repair following

alkylating agent chemotherapy, can be silenced by
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High-grade glioma outcomes: our experience 

                          
                          
    
    
    
 

GTR only 
(38 Patients) 

 

GTR/STR with 
radio- 

chemotherapy 
(75 Patients)  

Biopsy with 
radio- 

chemotherapy 
(33 Patients)  

                          
                          
                          
                          
                          
                          
                          
                          
                          
                          
                          
                          
                          
                          
 

6 month FU 
20 Patients 

(52%) 
KPS 60-90 

6 month FU 
40 Patients 

(53%) 
KPS 60-90 

6 month FU 
13 Patients 

(39%) 
KPS 60-90 

12 month FU 
25 Patients   

(33%) 
KPS 60-90 

12 month FU 
9 Patients    

(23%) 
KPS 60-90 

12 month FU 
3 Patients    

(9%) 
KPS 60-90 

Table 2. Follow-up (6-12 months) of 146 patients (10 patients
was out of protocol) that we treated for for high-grade glioma
between 2006 and 2012. Legend: FU = Follow-Up; GTR = Gross
Total Removal; KPS = Karnofsky Performance Status; STR 
= SubTotal Resection.



methylation of its promoter. In one study, this com-

bination (temozolomide and radiotherapy) prompted

a 6.4-month median survival benefit in patients

demonstrating methylation of the MGMT promoter,

as compared to an insignificant benefit in patients

who did not(9). 

As regards surgery, to date there is still a lack of

evidence in the literature on whether surgical

resection improves patient survival, although Pang et

al. state that “there are benefits, albeit short-term

ones, to expect after surgical resection, and these

should be borne in mind”(21). Although the modern

neurosurgical literature (1990 to the present) contains

no definitive answers as to the role of the extent of

resection in outcome for glioma patients, it does

provide some clues. Since 1990, twenty-nine studies

have applied statistical analysis to examine the extent

of the effect of resection in improving survival and

delaying tumour progression among patients with

grade IV glioma(3). Though greater resection was not

found to have a significant effect on tumour

progression or overall survival in all cases, every

study showed that resection, whether whole or

partial, did confer a survival benefit(10). 

HGG is predominantly seen in advanced age(4), which

remains a very strong and independent negative

prognostic factor in glioblastoma. This has prompted

an increase in the aggressiveness of treatment

provided to the elderly, although the gain seen in our

older age group seems very modest at best. Hence,

the prognosis of older patients still remains very poor,

despite the multimodal treatment available today. In

order for progress in glioblastoma treatment to come

about, therefore, more frequent genetic mutation

studies are required. According to the last two

editions of WHO classification, two types of genetic

variations bring about high-grade glioma growth,

namely oncogenic activation factors (EGF/R,

MDM2, PDGF/R) and oncosuppressor disactivation

factors (10p, 10q, 19q, DCC, p16, TP53, PTEN).

Mutation or inhibition of these factors can lead to

tumour development in the prostate, colon, breast or

brain(9,14,26). 

Epidermal growth factor receptor gene amplification

is the most common genetic alteration seen in high-

grade glioma, and about 50% of EGF/R-amplified

tumours also harbour a constitutively active mutant

form of the receptor, ∆EGFR. ∆EGFR greatly

enhances tumour growth, which makes it an

attractive target for anti-glioma therapies. However,

recent clinical experiences with EGFR kinase

inhibitors have been disappointing, because resis-

tance is common and tumours eventually recur. That

being said, there is still hope for the future, re-

presented by controlled trials of a glioma IV grade

treatment that allows tumoral and seric determination

of important factors like EGF, EGF/R, VEGF and

VEGF/R(24). The ultimate aim of trials such as these is

to provide more effective, more individualized therapy

with fewer collateral effects(1,26).

CONCLUSION

Survival for patients with glioblastoma remains very

poor. This makes it vital for us to determine the

effects of surgery on QOL and, more specifically,

functional independence for these patients. We

believe it is imperative to obtain 60-90% KPS in the

follow-up period to high-grade glioma treatment (6-

12 months), as anything less would be unacceptable.

In this respect, while surgery remains the primary

intervention, coadjuvant therapies do seen to help,

especially in young people. Several early-phase

clinical trials of targeted therapies in high-grade

glioma have been completed or are underway, either

singly or in combination with standard chemotherapy

and/or radiation therapy(13), but the current chemo-

therapeutic standard for glioblastoma patients is

temozolomide (75 mg/m2/die) as coadjuvant drug

during radiotherapy (60 Gy/30 fractions)(8,22). 

Nevertheless we still remain unable to treat the

disease or guarantee survival, which will only come

about through progress and increased understanding

of the biology and genetics of glioma, together with

truly useful experimental models. To this end, gene

expression profiling has proven to be a highly effec-

tive method of obtaining global signatures reflecting

the biological state of the tumour and its underlying

pathogenic mechanisms, providing markers for use in

diagnosis and clinical management. By identifying

the weaknesses of the tumour, in future we should be

in a position to offer very real opportunities for the

development of effective targeted treatments for

patients with these devastating diseases(14). 
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