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Abstract

Patients with glioblastoma (GB) are known to have poor prognoses, and among these patients,

those with poor neurological function have an even poorer prognosis. Consequently, aggressive

surgeries and adjuvant therapies are often withheld because of this dismal outlook. The effects of

aggressive therapies in this small subset of patients remain unknown. The goal of this study was to

evaluate outcomes and factors associated with survival for poor functioning patients who

underwent aggressive resection of their GB. Adult patients who underwent surgical resection of an

intracranial primary GB at an academic tertiary-care institution between 1997 and 2007 were

retrospectively reviewed. Patients with a Karnofsky Performance Scale (KPS) score of ≤60 were

included. A total of 100 patients with primary GB met the inclusion criteria. The average age

(±standard deviation) and KPS score of this cohort were 54 ± 15 years and 53 ± 12, respectively.

No patient (0%) experienced perioperative mortality, and 0 (0%), 10 (10%), and 3 (3%) of patients

incurred a new or increasing language, motor, and visual deficit, respectively. At last follow-up,

88 (88%) patients died with a median survival of 6.6 months. The factors associated with

improved survival were age <65 year (p = 0.005), tumor size >2 cm (p = 0.01), radical tumor

resection (p = 0.01), and temozolomide (p = 0.001). This study identifies a subset of patients with

poor functional status who may benefit from aggressive surgical resection.

Keywords

Glioblastoma; Karnofsky Performance Scale score; Outcomes; Poor neurological status; Survival

1. Introduction

Patients diagnosed with glioblastoma (GB) have a dismal prognosis. 1,2 However, even

though median survival is poor, individual survival is heterogeneous with some patients

surviving for several years.1,3 This heterogeneity has motivated several studies to evaluate

factors that predict prolonged survival for patients with GB.2,4,5 One factor most strongly
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associated with survival is preoperative functional status.2,4,5 Not surprisingly, higher

functioning patients make up the majority of surgical studies, clinical trials, and outcome

studies.6–9

Studies dedicated to poor functioning patients with GB are few and limited.6–8 This is

primarily due to aggressive therapies being withheld from this patient population.6–8 As a

result, factors that predict outcome for patients with poor preoperative neurological status

who undergo surgical resection remain poorly understood. The goal of this paper was to

therefore identify factors that predict outcome for patients with the worst prognoses.

2. Methods

2.1. Patient selection

A total of 701 patients underwent surgery for an intracranial primary GB at a single

academic tertiary care institution between 1997 and 2007. Adult patients (age >18 years)

with a Karnofsky Performance Scale (KPS) score ≤60 and who underwent non-biopsy,

surgical resection of a primary GB were included in the analysis. A KPS score ≤60 was used

because it is significantly associated with survival in several studies, and designates patients

who are functionally dependent on others and require considerable assistance in their

care.5,10,11 The pathology was determined by a senior neuropathologist in all instances, and

the grading criteria were based on the World Health Organization (WHO) classification

system.12 Patients with infratentorial gliomas, multicentric lesions, and prior lower grade

gliomas were excluded from the analysis. This was to achieve a more uniform patient

population with similar tumor types, tumor location, and treatment strategies.

2.2. Recorded variables

The clinical, operative, and hospital course records of the patients who met the inclusion

criteria were reviewed retrospectively. The KPS score was used to classify patients’

preoperative functional status. 13 The KPS indices were assigned by two clinicians blinded

by patient outcomes at the clinical visit prior to surgery during a chart review.

The MRI were obtained and reviewed. The characteristics that were recorded included:

lesion size (largest diameter on T1-weighted gadolinium-enhanced images), specific lobe

involvement, and adjacency to the lateral ventricles.2,14 Extent of resection was classified

from MRI obtained <48 h after surgical resection as either radical (>95%) or subtotal

resection (STR) (<95%) by an independent neuroradiologist blinded to patient outcomes.

Recursive partitioning analysis (RPA) was assigned as described previously.15

Survival data for all patients were obtained from the social security index database.16 Time

to death was defined as the time from surgery to death. For patients with recurrent GB, time

to death was defined as time from repeat surgery to death. Patients whose deaths were

unconfirmed were classified as lost to follow-up at the time of the last clinic visit.

2.3. Perioperative treatment

The general aim of each surgical resection was to achieve radical resection of the tumor

when possible. STR primarily occurred when the tumor involved eloquent brain as
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confirmed by intraoperative mapping and/or monitoring (awake/speech language mapping,

direct cortical motor stimulation, and motor-evoked or somatosensory-evoked potential).

Patients not considered candidates for extensive surgical resection were excluded. The use

of adjuvant therapies was typically determined by the patient and multidisciplinary team

consisting of the surgeon, medical oncologist, and radiation oncologist.

2.4. Statistical analysis

All analyses were performed using JMP 9 (Statistical Analysis Software) (SAS Institute,

Carey, NC, USA) unless otherwise noted. Summary data were presented as mean ± standard

deviation for parametric data and as median (interquartile range [IQR]) for non-parametric

data. Percentages were compared via Fisher’s exact test for categorical variables and the

Student’s t-test for continuous variables. The Kaplan–Meier method was used to plot

survival as a function of time, and the Log-rank analysis was used to compare Kaplan–Meier

plots (GraphPad Prism 5, La Jolla, CA, USA). Stepwise multivariate proportional hazards

regression analysis was used to identify factors associated with survival for patients with

GB. Values with p < 0.05 in these analyses were considered statistically significant.

3. Results

3.1. Preoperative, perioperative, and postoperative characteristics of all patients

The preoperative characteristics of the 100 patients who met the inclusion criteria are

summarized in Table 1. The average age was 54 ± 15 years at the time of surgery. The

average preoperative KPS was 53 ± 12. The average size of the tumor was 4.7 ± 1.7 cm. The

tumor was periventricular in 48% of patients and 33% had recurrent GB resections.

The perioperative and postoperative outcomes are summarized in Table 2. Radical resection

was achieved in 55% and STR in 45%, respectively; and 23%, 22%, and 78% of patients

had carmustine, temozolomide, and radiation therapy.

At last follow-up, 88% patients had died. The patients who were not confirmed as deceased

had a median [IQR] follow-up time of 6.4 [2.4–9.3] months. The median survival of the

entire cohort was 6.6 months from the time of GB diagnosis, where the 6-month and 12-

month survival rates were 52% and 32%, respectively (Fig. 1). The median survival times

for patients who had a preoperative KPS score of 60, 40–50, and 20–30 were 6.6, 7.9, and

3.7 months, respectively (Fig. 2) (p > 0.05).

3.2. Factors independently associated with survival

3.2.1. Univariate analysis—In a univariate proportional hazards regression analysis, the

factors associated with survival were: age, ataxia, tumor size, STR, temozolomide, and

radiation therapy. No other clinical or imaging variable was found to be associated with

survival. There was no association between preoperative KPS and survival [KPS of 60 (p =

0.89), ≥50 (p = 0.49), ≥40 (p = 0.61), ≥30 (p = 0.59), and ≥20 (p = 0.89)] (Table 3).

3.2.2. Multivariate analysis—In stepwise multivariate proportional hazards regression

analysis (Table 3), the factors that remained significantly associated with improved survival

were: decreasing age (relative risk [RR] 95% confidence interval [CI]; 0.985 [0.969–0.995],
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p = 0.05), tumor size >2 cm (RR [95% CI]; 0.269 [0.119–0.722], p = 0.01), radical resection

(RR [95% CI]; 0.415 [0.226–0.798], p = 0.01), and temozolomide (RR [95% CI]; 0.465

[0.274–0.756], p = 0.001). Among the different ages, patients younger than 65 years (RR

[95% CI]; 0.985 [0.969–0.995], p = 0.005) had the greatest statistical association with

improved survival. There were 20 (20%) patients with a tumor size <2 cm.

3.2.3. Subgroup analysis—Subgroup analysis was performed on the factors identified in

multivariate analysis. When evaluating age (Fig. 3A), patients younger than 65 years had a

median survival of 7.6 months as compared to 3.9 months for patients older than 65 years (p

= 0.02). When evaluating extent of resection (Fig. 3B), patients who underwent radical

resection had a median survival of 7.3 months as compared to 4.3 months for patients who

underwent STR (p = 0.05). When evaluating tumor size (Fig. 3C), patients with tumors >2

cm had a median survival of 7.6 months as compared to 3.1 months for patients with smaller

tumors (p = 0.006). When evaluating temozolomide therapy (Fig. 3D), patients who

received this adjuvant therapy had a median survival of 12.9 months as compared to 5.1

months for patients who did not receive this adjuvant therapy (p = 0.002).

4. Discussion

Patients with GB have a median survival of approximately 12 months, but individual

survival is heterogeneous.1,3 Age and preoperative neurological function are the two factors

most consistently associated with survival in several studies.1,3,17,18 In addition to older

patients, patients with poor neurological function are often excluded from clinical trials and

withheld aggressive therapies because of their poor prognoses.6–8,15,19 An understanding of

outcomes for poor functioning patients with GB therefore remains unclear. This lack of

clarity will continue to prevent these patients from being offered surgical and medical

therapies, which are typically offered to higher functioning patients. Among poor

functioning patients with GB, there may be a subset of patients who benefit from surgical

resection.

Previous studies on patients with GB with poor neurological function are few and limited

(Table 4).6–8,19 Marina et al. studied 74 patients with GB and KPS ≤50, where 38 patients

underwent needle biopsy and 36 patients underwent surgical resection.7 They found that

patients with lower RPA class, patients who received resection as compared to biopsy, and

patients who underwent radiation therapy as compared to no radiation had improved

survival.7 Likewise, Jeremic et al. studied 47 elderly patients with GB, where 31 patients

had a KPS score ≤70.6 Among this group of patients, in which 21 underwent needle biopsy,

they found that the extent of surgery and tumor size were the only factors associated with

survival.6 Mohan et al. studied 102 patients with GB, where 53 patients underwent needle

biopsy and only 28 patients had a KPS ≤60. They found that KPS, RPA class, and optimal

treatment (radical resection or STR with radiation) were associated with improved

outcomes.8

Patients with younger age were more likely to have prolonged survival regardless of the

magnitude of their poor preoperative neurological status. This finding has also been

documented in prior studies, which primarily consisted of high functioning patients.2,5 Older
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age may lead to decreased abilities to withstand neurological insults caused by the tumor,

surgery, and/or adjuvant therapy.5,20 Furthermore, older patients may harbor tumors with

different molecular profiles and resistance genes that confer a more aggressive-behaving

tumor.21 These features may explain why older patients with GB tend to have poorer

outcomes.

Patients with smaller tumors surprisingly had poorer survival as compared to patients with

larger tumors. This is contradictory to prior studies, which have shown that larger tumors are

associated with poorer prognoses.22 These studies, however, are primarily comprised of high

functioning patients.22 Poor functioning patients with smaller tumors may have less benefit

from surgery. Their functional status might have less to do with mass effect caused by

smaller tumors, and therefore may have less benefit from surgical resection. These smaller

tumors may exert their effect on function by being either deep seated or located in more

eloquent areas.

Extent of resection was associated with survival for poor functioning patients in this study.

This advantage in survival may be as a result of extensive resection, which may decrease the

tumor burden to a point that makes adjuvant therapy (radiotherapy and chemotherapy) more

effective. A lower tumor load has increased the efficacy of adjuvant chemotherapy and

radiotherapy in killing remaining cells and increasing survival.23 This surgical resection goal

is more plausible as a result of advances in surgical adjuncts including functional MRI,

cortical mapping, and intraoperative MRI.24

The use of temozolomide therapy independently predicted longer survival for patients in this

study. This has been also seen in prior studies.25 Most patients in these studies, however,

had high preoperative function.25,26 Patients with poor function are often withheld

aggressive chemotherapeutic regimens.6–8,15,19,27 The present study shows that poor

functioning patients with GB may also have improved survival similar to their higher

functioning counterparts.

4.1. Clinical implications/treatment recommendations

Patients with GB with poor neurological function are considered to have dismal prognoses.

Their seemingly inevitable poor survival make them non-ideal candidates for aggressive

interventions. Extensive surgical resection can be achieved in this patient population with

minimal morbidity and mortality. Patients with younger age and larger tumors may benefit

the most from non-biopsy surgical resection. Older patients and patients with smaller tumors

may not have the same benefits. When surgery is pursued, the aim of surgery should be to

achieve at least near total resection, if safe to do so, to provide a survival advantage.

Postoperatively, patients should be offered temozolomide and radiation. These features may

help prolong survival for patients who are typically considered to have the worst prognoses.

4.2. Strengths and limitations

We believe this study provides several useful insights. First, the role of non-biopsy, surgical

resection in poor functioning patients is poorly understood. This study shows that surgery

can be performed in these patients with minimal morbidity and mortality, and certain

patients can experience prolonged survival similar to high functioning patients with GB.
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Second, studies attempting to ascertain factors associated with surgical resection for patients

with poor functional status are few and limited. The present study is the largest study to date

and uses multivariate analyses to identify independent predictors of survival in this cohort

with presumed poor prognoses. Additionally, prior studies on poor functioning patients with

GB are limited by small patient numbers, lack of multivariate analyses, inclusion of patients

who underwent biopsy, and failure to separate high functioning from low functioning

patients.6–8,19 Outcomes for poor functioning patients therefore remains unclear. Last, this

study may provide useful information that may help guide treatment strategies aimed at

prolonging survival for the small subset of patients with GB with poor function.

This study, however, has some limitations. One limitation is that these findings apply only to

poor functioning patients undergoing a craniotomy for tumor resection, and are not

necessarily applicable to high functioning patients and patients undergoing needle biopsies

of their lesion, or those undergoing conservative management of their tumors. This study

also does not evaluate patients with previously diagnosed lower grade gliomas, but evaluates

only those patients who underwent surgery for a primary GB. This study also includes

patients with recurrent GB. An additional limitation is that this study does not analyze the

prognostic implication of molecular markers and genotypes. Furthermore, the patients in this

study underwent disparate treatment regimens. Most patients in this study did not undergo

gross total resection and/or receive aggressive triple combinatorial adjuvant therapy

(carmustine wafer, temozolomide, radiation). As a result, the relevance of the findings in

this study may be altered in the context of those patients receiving the most aggressive of

treatment regimens. Finally, this study is inherently limited by its retrospective design, and,

as a result, it is not appropriate to infer direct causal relationships. However, we tried to

create a uniform patient population by utilizing strict inclusion and exclusion criteria, thus

providing more relevant information for patients with low KPS scores. We included only

patients who underwent non-biopsy surgical resection and excluded patients with

incomplete medical records, prior history of lower grade gliomas, and pediatric patients.

Furthermore, we performed multivariate analyses to control for potentially confounding

variables, which included disparate treatment regimens. Given these statistical controls and a

relatively precise outcome measure, we believe our findings offer useful insights into the

role of surgical resection for poor functioning patients with GB. However, prospective

studies are needed to provide better data to guide clinical decision-making.

5. Conclusion

A small subset of patients with GB has poor neurological function at presentation and

aggressive therapies are often withheld from them of because of their poor prognosis. The

present study shows that surgical resection can be achieved safely in these patients. Age less

than 65 years, tumors >2 cm, gross or near total resection, and temozolomide therapy are

factors that independently predicted prolonged survival for patients with poor neurological

function. Patients with one or more of these factors may have similar survival times as their

higher functioning counterparts. The findings of this study may help guide treatment

paradigms, prognosticate survival, and provide more information for poor functioning

patients who are often withheld aggressive treatments.
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Fig. 1.
Percentage survival for patients with poor preoperative Karnofsky Performance Scale scores (KPS). Kaplan–Meier curve for

patients with KPS ≤60 prior to glioblastoma resection. Median survival was 6.6 months, where the 3-, 6-, 12-, and 18-month

survival rates were 73%, 52%, 32%, and 14%, respectively.
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Fig. 2.
Survival for patients with poor preoperative Karnofsky Performance Scale score (KPS) stratified by their preoperative KPS

score. Median survival for patients with preoperative KPS score 60 was 6.6 months, where the 6-, 12-, and 18-month survival

rates were 35%, 21%, and 9%, respectively. Median survival for patients with preoperative KPS score of 40–50 was 7.9 months,

where the 6-, 12-, and 18-month survival rates were 11%, 8%, and 3%, respectively. Median survival for patients with

preoperative KPS score of 20–30 was 3.7 months, where the 6-, 12-, and 18-month survival rates were 6%, 4%, and 4%,

respectively. In Log-rank analysis, there was no statistical significance in survival between the cohorts (p > 0.05).
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Fig. 3.
Survival for patients with poor preoperative Karnofsky Performance Scale scores stratified by independent predictors of

outcome. (A) Survival by age. Patients older than 65 years had a median survival of 3.9 months as compared to 7.6 months for

patients younger than 65 years (p = 0.02). (B) Survival by extent of resection. Patients who underwent subtotal resection (STR)

had a median survival of 4.3 months as compared to 7.3 months for patients who had radical resection (p = 0.05). (C) Survival

by tumor size. Patients who had tumors <2 cm in size had a median survival of 3.1 months as compared to 7.6 months for

patients with larger tumors (p = 0.006). (D) Survival by temozolomide therapy. Patients who did not receive temozolomide had

a median survival of 5.1 months as compared to 12.9 months for patients who received adjuvant therapy (p = 0.002).
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Table 1

Preoperative characteristics of patients (n = 100) with Karnofsky Performance Scale score (KPS) ≤60 who

underwent surgery for an intracranial glioblastoma (GB)

Characteristics Number (%)

Age (years)* 54 ± 15

Male 51 (51%)

Presenting symptoms

KPS* 53 ± 12

KPS 60 65 (65%)

KPS 40–50 23 (23%)

KPS 20–30 12 (12%)

RPA classes

RPA IV 31 (31%)

RPA V 61 (61%)

RPA VI 8 (8%)

Preoperative symptoms

Seizures 23 (23%)

Headaches/nausea/vomiting 25 (25%)

Sensory deficit 7 (7%)

Motor deficit 54 (54%)

Language deficit 26 (26%)

Visual deficit 16 (16%)

Confusion/memory loss 9 (9%)

Recurrent GB 33 (33%)

Radiographics

Tumor size (cm)* 4.7 ± 1.7

 Location

 Frontal 51 (51%)

 Temporal 15 (15%)

 Parietal 28 (28%)

 Occipital 6 (6%)

 Hemorrhagic 15 (15%)

 Periventricular 48 (48%)

RPA = recursive partitioning analysis.

*
Mean ± standard deviation.
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Table 2

Perioperative and postoperative characteristics of patients with Karnofsky Performance Scale score (KPS) ≤60

who underwent surgery for an intracranial glioblastoma (GB)

Characteristics Number (%)

Surgical variables

Radical resection (>95%) 55 (55%)

Subtotal resection (<95%) 45 (45%)

Perioperative

Mortality 0 (0%)

New motor deficit 10 (10%)

New language deficit 0 (0%)

New visual deficit 3 (3%)

Hospital stay (days)* 6 (5–10)

Adjuvant therapy

Carmustine wafers 23 (23%)

Temozolomide 22 (22%)

Radiation therapy 78 (78%)

Survival

Died at last follow-up 88 (88%)

Median survival (months) 6.6

3-month survival rate 73%

6-month survival rate 52%

9-month survival rate 41%

12-month survival rate 32%

18-month survival rate 14%

24-month survival rate 8%

*
Median (interquartile range).
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Table 3

Multivariate associations with survival for patients with preoperative Karnofsky Performance Scale score

(KPS) ≤60 who underwent surgery for an intracranial glioblastoma (GB)

Multivariate associations with survival

Variables Relative risk (95% CI) p value

Factors associated with improved survival

Decreasing age 0.985 (0.969–0.995) 0.05

Age <65 years 0.455 (0.275–0.779) 0.005

Tumor size >2 cm 0.269 (0.119–0.722) 0.01

Radical resection 0.415 (0.226–0.798) 0.01

Temozolomide 0.465 (0.274–0.756) 0.001

Factors notably not associated with survival

Preoperative KPS score 0.996 (0.980–1.014) 0.66

RPA IV 0.860 (0.544–1.325) 0.50

RPA V 1.136 (0.752–1.741) 0.55

RPA VI 1.125 (0.501–2.186) 0.75

Motor deficit 0.846 (0.546–1.270) 0.42

Language deficit 0.733 (0.447–1.156) 0.19

Recurrent GB 0.921 (0.584–1.424) 0.71

CI = confidence interval, RPA = recursive partitioning analysis. Values in bold are statistically significant.
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Table 4

Outcomes for patients with poor Karnofsky Performance Scale scores (KPS) with glioblastoma (GB) reported

in the literature

Yearref No. patients with GB No. patients with poor KPS scores No. patients with biopsy Multivariate analysis

Present –2012 100 100 0 Yes

199428 29 18 15 No

19949 38 11 17 No

19988 102 28 53 Yes

19996 47 31 21 Yes

200319 59 21 13 No

20117 74 74 38 Yes

J Clin Neurosci. Author manuscript; available in PMC 2014 April 22.


