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Abstract

The diagnosis of glioblastoma (GBM) often carries a dismal prognosis, with a median survival of 14.6 months. A particular
challenge is the diagnosis of GBM in the elderly population (age > 75 years), who have significant comorbidities, present
with worse functional status, and are at higher risk with surgical treatments. We sought to evaluate the impact of current
GBM treatment, specifically in the elderly population. The authors undertook a retrospective review of all patients aged 75 or
older who underwent treatment for GBM from 1997 to 2016. Patient outcomes were evaluated with regards to demographics,
surgical variables, postoperative treatment, and complications. A total of 82 patients (mean age 80.5 & 3.8 years) were seen.
Most patients presented with confusion (57.3%) and associated comorbidities, and prior anticoagulation use was common in
this age group. Extent of resection (EOR) included no surgery (9.8%), biopsy (22.0%), subtotal resection (40.2%), and gross-
total resection (23.2%). Postoperative adjuvant therapy included temozolomide (36.1%), radiation (52.5%), and bevacizumab
(11.9%). A mean overall survival of 6.3 + 1.2 months was observed. There were 34 complications in 23 patients. Improved
survival was seen with increased EOR only for patients without postoperative complications. A multivariate Cox proportional
hazards model showed that complications (HR =5.43, 95% CI 1.73, 17.04, p=0.004) predicted poor outcome. Long-term
survivors (> 12 months survival) and short-term survivors had similar median preoperative Karnofsky Performance Scale
(KPS) score (80 vs. 80, p=0.43), but long-term survivors had unchanged postoperative KPS (80 vs. 60, p=0.02) and no
complications (0/9 vs. 23/72, p=0.04). The benefit of glioblastoma treatment in our series was limited by the postoperative
complications and KPS. Presence of a complication served as an independent risk factor for worsened overall survival in
this age group. It is likely that decreased patient function limits postoperative adjuvant therapy and predisposes to higher
morbidity especially in this age group.
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Introduction

Glioblastoma (GBM) is the most aggressive primary brain
tumor in adults and delivers an especially poor prognosis
in elderly patients [13]. It is well established that extent
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of resection (EOR) is associated with better prognosis in
the general population [20]. Maximal safe resection, with
a goal of gross-total resection (GTR), has been associated
with improved overall survival (OS) [4, 9]. Previous studies
have reported significantly improved survival with resec-
tion thresholds of > 98%, [7, 12] > 95%, [4] and > 78%,
[21] while other studies have endorsed supratotal resection
[3, 23]. Because of the infiltrative nature of GBM, it has
recently been suggested that extended resection (>53%)
of tissue beyond the region that enhances with contrast on
T2/FLAIR (fluid-attenuated inversion recovery) magnetic
resonance imaging (MRI) may confer additional significant
survival [14].

Whereas the benefits of maximal safe resection are
irrefutable in younger patients, the management of elderly
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patients with GBM remains controversial. Elderly patients
may present with diminished functional status at the time
of diagnosis, be subject to additional comorbidities com-
pared with younger patients, and show a slower recov-
ery. The landmark study by Stupp et al., in which patients
received maximal safe resection with radiotherapy and
temozolomide, excluded patients aged > 70 years [24].
Because of the paucity of clinical evidence directed spe-
cifically at the elderly patient population, neither maximal
resection nor cautious management has been thoroughly
substantiated in improving the mortality in this age group.
Because of the limited evidence regarding treatment in
the elderly, we evaluated the current standard of care in
the treatment of glioblastoma to determine whether this
patient population differs with respect to complications
and outcome after surgical resection.

Methods
Patient sample

After institutional board review approval, a retrospective
review of all consecutive patients seen from November
1995 through December 2016 was performed. All patients
aged > 75 years with GBM (World Health Organization
grade IV astrocytoma) were included. Patients either
underwent pathological diagnosis or were strongly sus-
pected to demonstrate GBM on imaging based on T1
contrast-enhanced sequences. Demographic, surgical,
and pathological variables were collected. Karnofsky
Performance Score (KPS) was identified retrospectively
by chart review. Patients with missing or incomplete data
were excluded. For surgical resection, subtotal resection
defined lesions with postoperative residual tumor while
gross-total resection included lesions without postopera-
tive residual. Residual tumor was identified by the pres-
ence of postcontrast enhancement on T1 imaging not seen
on non-contrast T1 imaging.

Statistical analysis

All continuous data were summarized as means =+ standard
deviation. Continuous variables were analyzed by t-test and
discrete variables were analyzed by Mann—Whitney U test or
Chi-squared test. Kaplan—Meier survival analysis was per-
formed, and a Cox proportional hazards model was created.
All variables with a p<0.05 on a univariate analysis were
entered into a multivariate model. Statistical analysis was
performed with SPSS (V20.0, IBM, Armonk, NY), with a
p <0.05 considered statistically significant.
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Results
Patient characteristics

A total of 82 patients with a mean age of 80.5 +3.8 years
were identified in this study (Table 1). The most common
presenting symptom was confusion (57.3%), but patients
presented with a wide array of symptoms, including weak-
ness (19.5%), language deficits (15.9%), headaches (12.2%),
seizure (8.5%), gait imbalance (8.5%), falls (6.1%), memory
deficits (4.9%), and visual deficits (3.7%). Comorbidities
included hypertension (43.9%), cardiac disease (25.6%; e.g.,
atrial fibrillation, coronary artery disease, stents, coronary
artery bypass graft), cancer (15.9%), diabetes (13.4%), and
venous thromboembolism (8.5%; e.g., deep vein thrombosis,
pulmonary embolism). Prior anticoagulation use included
aspirin (23.2%), warfarin (8.5%), and other drugs (2.4%).
Tumors were most often located in the temporal lobe
(25.6%), but lesions were also found in the parietal (20.7%),
frontal (17.1%), combined supratentorial lobes (13.4%), and
occipital (9.8%) areas (Table 2). Evaluation of preoperative

Table 1 Baseline characteristics in elderly patients with glioblastoma

Frequency (%)
(N=82)
Age in years (+SD) 80.5+3.8
Symptoms
Confusion 47 (57.3)
Other 20 (24.4)
Weakness 16 (19.5)
Language deficits 13 (15.9)
Headaches 10 (12.2)
Seizure 7 (8.5)
Gait imbalance 7 (8.5)
Falls 5(6.1)
Memory deficits 4 (4.9)
Visual deficits 3(3.7)
Comorbidities
Hypertension 36 (43.9)
Cardiac disease 21 (25.6)
Cancer 13 (15.9)
Diabetes 11 (13.4)
Venous thromboembolism 7 (8.5)
Anticoagulation
None 45 (54.9)
Aspirin® 19 (23.2)
Warfarin 7(8.5)
Other® 2(2.4)

4Aspirin 81 mg (n=14), aspirin 325 mg (n=5)
°Clopidogrel (n=1), dabigatran (n=1)



Journal of Neuro-Oncology (2018) 138:123-132

125

Table2 Surgical and treatment outcomes in elderly patients with
glioblastoma

Frequency (%)
(N=82)
Tumor location
Temporal 21 (25.6)
Parietal 17 (20.7)
Frontal 14 (17.1)
Combined supratentorial 11 (13.4)
Occipital 8(9.8)
Butterfly 4(4.9)
Other® 4.(4.9)
Cerebellum 1(1.2)
Thalamic 1(1.2)
Insula 1(1.2)
Resection
No surgery 8(9.8)
Biopsy 18 (22.0)
Subtotal resection 33 (40.2)
Gross-total resection 19 (23.2)
Unknown 4.(4.9)
Surgical adjuncts
Stealth 60 (89.6)
IMRIS 6(9.0)
Median preoperative KPS (IQR) 80 (70, 80)
Median postoperative KPS (IQR) 70 (57.5, 80)
Mutational status
IDH wild-type 22 (26.8)
IDH mutant 1(1.2)
IDH unknown 59 (71.2)
MGMT methylated 12 (14.6)
MGMT unmethylated 9(11.0)
MGMT unknown 61 (74.3)
Adjuvant therapy
None 17 (20.7)
Temozolomide 22 (36.1)
Radiation 32(52.5)
Bevacizumab 7(11.9)
Other® 4(4.9)
Mean length of stay (days) + SD 7+6
Mean overall survival (months) + SEM) 63+12

KPS Karnofsky Performance Scale score, IDH isocitrate dehydroge-
nase, MGMT O6-methylguanin-DNA-methyltransferase

#Atrial (n=1), splenium (n=1), unknown (n=2)

®Carmustine (n=1), pexidartinib (n=1), tamoxifen (n=1), temozo-
lomide/lomustine followed by irinotecan/bevacizumab/stereotactic
radiosurgery for progression

imaging studies suggested that GBM was highly suspected
in 54/82 (66%) of patients by the attending neuroradiolo-
gist based on radiology imaging reports, but present on
the differential diagnosis of all patients in this age group.

Most patients underwent a subtotal resection (STR, 40.2%);
smaller numbers of patients had GTR (23.2%), biopsy
(22.0%), or no surgery (9.8%). Surgical adjuncts included
stealth neuronavigation (89.6%) and intraoperative MRI
(IMRIS, 9.0%). The median preoperative and postopera-
tive KPS scores were 80 and 70, respectively. Tumor isoci-
trate dehydrogenase (IDH) status was wild-type in 26.8%
and mutant in 1.2%, but unknown in 71.2%; similarly,
0-6-methylguanine-DNA methyltransferase (MGMT) status
was unknown in most patients (74.3%) but was methylated
in 14.6% and unmethylated in 11.0%. Patients underwent
postoperative temozolomide (36.1%), radiation (52.5%),
bevacizumab (11.9%), or other (4.9%) treatment; however,
a sizeable portion did not undergo postoperative therapy
(20.7%). The mean length of stay was 7+ 6 days. A mean
OS of 6.5+ 1.2 months was observed along with a median
(50%) survival of 3.0 + 1.0 months.

Complications

Postoperative complications included 34 events in 23
patients (31.9%) (Table 3). Major complications, requir-
ing medical or surgical treatment, accounted for 76.4% of
the complications while minor complications accounted
for 23.5% of all complications. Postoperative neurological
deficits (29.4%) were most common; other complications
were postoperative hemorrhage (11.8%) and readmission
within 30 days for uncontrolled pain or headache (8.8%),
cardiac dysfunction (5.8%), altered mental status (5.8%),
stroke (5.8%), transfusion (2.9%), coagulopathy (2.9%),
conversion to craniotomy from biopsy due to hemorrhage
(2.9%), cerebrospinal fluid leak (2.9%), urinary tract infec-
tion (2.9%), status epilepticus (2.9%), unexpected postopera-
tive seizure (2.9%), tracheostomy (2.9%), respiratory distress
(2.9%), pneumonia (2.9%), and venous thromboembolism
(2.9%). A breakdown of major and minor complications
showed a higher tendency for complications to occur with
greater EOR. Univariable and multivariable logistic regres-
sion analysis of complication was performed (Table 4). Uni-
variable analysis showed that age (OR [odds ratio] =1.16,
95% confidence interval [CI] 1.01-1.34), postoperative KPS
(OR=0.9,95% C10.85-0.95), and length of stay (OR=1.11,
95% CI 1.01-1.23) predicted poor outcome; however, on
multivariable analysis only postoperative KPS (OR=0.89,
95% CI 0.96-1.49) predicted a complication after control-
ling for age and length of stay. Thus, patients with a lower
postoperative KPS were more likely to have a complication.

The distribution of change in median KPS is shown in
Fig. 1a for patients with complications, in Fig. 1b based on
IDH-1 status, and in Fig. 1c based on MGMT methylation
status. Overall, 41.5% of patients (n=34) showed a decline
in postoperative KPS, 2.4% (n=2) showed an improved
postoperative KPS, 37.8% (n=31) had an unchanged KPS,
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Table 3 Patient complications in elderly patients with glioblastoma

Complications Event frequency  No surgery Biopsy STR GTR
N=34in23 N=8 N=18 N=33 N=19
(31.9%) patients

Major complications N =26 events (76.4%); N =18 patients (78.2%)
Postoperative neurological deficit 10 (29.4) 1 2 5
Postoperative hemorrhage 4(11.8) 1 3
Cardiac dysfunction (e.g., atrial fibrillation, myocardial infarction) 2 (5.8) 2
Stroke 2(5.8) 2
Conversion to craniotomy from biopsy due to hemorrhage 1(2.9) 1
Cerebrospinal fluid leak 1(2.9)*
Status epilepticus 1(2.9) 1
Tracheostomy 12.9) 1
Respiratory distress requiring intubation 1(2.9) 1
Pneumonia 1(2.9) 1
Venous thromboembolism 1(2.9) 1
Massive transfusion 1(2.9) 1

Minor complications N =8 events (23.5%); N=5 patients (21.7%)
Readmission within 30 days for uncontrolled pain/headache 3(8.8)* 1 1
Altered mental status (i.e., delirium) 2(5.8) 1 1
Coagulopathy 1(2.9) 1
Urinary tract infection 1(2.9) 1
Postoperative seizure 1(2.9) 1

*Unknown surgical extent of resection for at least 1 occurrence

and 18.3% (n=15) had insufficient information to determine
a KPS change. The median preoperative KPS did not differ
between patients with and without complications (80 and 80,
p=0.83, Mann—Whitney U test), respectively, but the median
postoperative KPS was significantly lower for patients with
complications (75 and 55, p=0.003, Mann—Whitney U test).
The median change in KPS (postoperative minus preopera-
tive) was — 20 and O for patients with and without compli-
cations, respectively. Similarly, while median preoperative
KPS did not differ between patients with no, minor, or major
complications (80 vs. 80 vs. 80, p=0.86, Kruskal-Wallis
test), there was a significant decrease in median postopera-
tive KPS with either minor or major complications (75 vs.
55 vs. 55, p=0.0001, Kruskal-Wallis test). There was a
significant decrease in median change in KPS for patients
with either minor or major complication (0 vs. —20 vs. — 20,
p=0.0001, Kruskal-Wallis). These results suggest a similar
decrease in KPS for elderly patients with either minor or
major complications.

Overall survival prediction
Kaplan—Meier survival analysis was used to evaluate the
effect of EOR, surgical adjuvants, and complications on

OS. When survival was assessed based on the volume
of resection (Fig. 2a), a greater resection volume was
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significantly associated with a longer mean OS: no surgi-
cal treatment (0.8 + 0.3 months), biopsy (3.7 + 1.1 months),
STR (5.0 + 1.4 months), and GTR (12.1 + 3.0 months)
(p<0.0001, Log-rank test). Similarly, evaluation of OS
associated with postoperative adjuvant therapies—no treat-
ment (1.7 +£0.4 months), radiation only (4.9 + 1.1 months),
temozolomide (11.4 + 6.1 months), and radiation plus temo-
zolomide (16.8 +2.7 months)—indicated significantly bet-
ter survival with greater therapy (p <0.0001, Log-rank test)
(Fig. 2b). Survival was also evaluated separately in patients
with or without a complication (Fig. 2c, d). Significantly
longer survival was seen with greater resection margins in
patients who did not have a complication (p=0.003), but no
improvement in survival was seen with greater resection vol-
ume if the patient had an identified complication (p=0.87);
in fact, survival was significantly shorter than expected (OS
1.7 + 0.4 months) for patients with complications.
Univariate and multivariate Cox proportional haz-
ards models were used to identify variables affecting OS
(Table 5). Univariate analysis suggested that preoperative
KPS (Hazard ratio [HR]=0.97, 95% CI 0.95-0.99), post-
operative KPS (HR =0.96, 95% CI 0.94-0.98), adjuvant
radiotherapy (HR =0.28, 95% CI 0.15-0.51), adjuvant
temozolomide (HR=0.17, 95% CI 0.09-0.34), adjuvant
bevacizumab (HR =0.02, 95% CI10.06-0.68), compli-
cations (HR=3.12, 95% CI 1.71-5.68), and length of
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Tablel.l Logistic Fegr.ession Variable Univariate Multivariate®
analysis of complications
OR (95% CI) p value OR (95% CI) p value
Age 1.16 (1.01, 1.34) 0.04 1.19 (0.96, 1.49) 0.1
Tumor location
Temporal 0.67 (0.12, 3.73) 0.6
Parietal 0.74 (0.12, 4.73) 0.8
Frontal 0.59 (0.09, 3.98) 0.6
Occipital 0.53 (0.06, 4.91) 0.6
Other 0.22 (0.02,2.97) 0.26
Combined supratentorial Reference 0.9
Symptoms
Falls 0.68 (0.07, 6.96) 0.7
Memory 0.68 (0.07, 6.96) 0.7
Vision 4.5(0.39, 52.54) 0.2
Confusion 1.71 (0.57,5.2) 0.3
Headache 0.59 (0.11, 3.1) 0.5
Language 1.4 (0.4,4.9) 0.6
Weakness 1.06 (0.31, 3.58) 0.9
Seizure 3.19 (0.6, 15.7) 0.2
Gait N/A
Comorbidities
Venous thromboembolism 1.79 (0.36, 8.83) 0.5
Cardiac 2.19 (0.74, 6.47) 0.2
Hypertension 1.36 (0.49, 3.82) 0.6
Diabetes 0.51 (0.1, 2.66) 0.4
Cancer 2.86 (0.79, 10.33) 0.1
Aspirin use 0.99 (0.993, 1.006) 0.9
Warfarin use 0.82 (0.15, 4.63) 0.8
Extent of resection
No surgery N/A
Biopsy 0.56 (0.11,2.79) 0.5
STR 2.14 (0.61, 7.48) 0.2
GTR Reference 0.3
Surgical adjuncts
Stealth 2.43(0.27,21.72) 0.4
IMRIS 3.0 (0.55, 16.48) 0.2
Preoperative KPS 0.99 (0.95, 1.04) 0.7
Postoperative KPS 0.9 (0.85, 0.95) 0.0001 0.89 (8.82, 0.95) 0.001
IDH-1 status N/A
MGMT status 1.17 (0.15, 9.01) 0.9
Length of stay 1.11 (1.01, 1.23) 0.03 1.08 (0.96, 1.2) 0.2

Values in boldface type are statistically significant at p <0.05

OR odds ratio, CI confidence interval, STR subtotal resection, GTR gross total resection, KPS Karnofsky
Performance Score, IDH isocitrate dehydrogenase, MGMT O-6-methylguanine-DNA methyltransferase

stay (HR =1.04, 95% CI 1.001-1.083) were most pre-
dictive of poorer OS. In addition, a greater EOR pre-
dicted a reduced HR: no surgery (reference), biopsy
(HR=0.22, 0.08-0.66), STR (HR=0.22, 0.08-0.59),
GTR (HR =0.093, 0.03-0.285). On multivariate analysis,
only the presence of a complication (HR =5.43, 95% CI

1.73-17.04) significantly affected OS after controlling for

other factors.
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Change in KPS (postoperative minus preoperative) in patients with
and without complication are shown. Although a similar median

Long-term survivors

Patients living < 12 months were similar to those liv-
ing > 12 months (long-term survivors) in age (80.8 +3.8 vs.
78.7+3.4,p=0.12) and EOR (p=0.06) (Table 6), but there
was a significant difference in preoperative KPS (75412
vs. 84 +£5, p=0.04), postoperative KPS (65416 vs. 80+7,
p=0.007), and use of adjuvant therapy (p=0.003). Long-
term survivors were also less likely to have complications
(23 vs. 0, p=0.04).

Discussion

Although the results of this study support several well-
known aspects of glioblastoma treatment, they also
demonstrate the nuances of treatment in the elderly. Our
results supported the benefits of greater EOR and post-
operative adjuvant therapy in the elderly. However, our
results also support that postoperative complications
and lower KPS resulted in significantly shorter survival.
Patients with long-term survival showed sustained post-
operative KPS and were less likely to have postoperative
complications.

Our study suggests the potential for reduced survival in
the elderly treated with GBM. A number of factors may con-
tribute to the less robust survival benefit seen in the elderly.
Patients > 75 years generally undergo less extensive surger-
ies, or no surgery at all, compared with younger patients
[15]. Although more aggressive resection may improve
survival, such an approach also increases the risk of neuro-
logical deficits and diminished postoperative performance
status and may be attempted less often in elderly patients.

@ Springer

MGMT methylation
[l No
6— EYes

Frequency
T

10 20 -50 -40 -30 -20 -10 0 20 -40 -30 -20 -10 O 20
Change in KPS (post-pre)

Change in KPS (post-pre)

preoperative KPS (80 vs. 80, p=0.83) was seen in the two groups,
postoperative KPS (75 vs. 55, p=0.003) was significantly lower in
patients who experienced complications. Rate of change in KPS by
patient IDH-1 b and MGMT methylation ¢ status

While several studies indicate improved survival with
greater EOR, these studies have involved a younger subset
of elderly patients (median 61 to 75 years across studies)
[2, 17, 22, 26]. Poor KPS and cognitive deficits have been
associated with worse outcomes in adult patients [1, 5, 20],
and an increased combination of unfavorable symptoms as
seen in elderly patients may further diminish survival [5].
Polypharmacy and comorbid conditions frequently observed
in the elderly may also contraindicate the overall benefits
of surgery [25]. Our study showed many of these features
including significant rates of comorbidity, lower overall
function (e.g., KPS) both before and after surgery, common
presentation with confusion, and significant anticoagula-
tion use in this patient population. Postoperative KPS was
the only factor that predicted complications, although it is
unclear whether this was immediately postoperative or at
the end of the hospitalization. Finally, postoperative com-
plications may prohibit patients from receiving potentially
beneficial adjuvant therapies, and elderly patients may be
excluded from clinical trials because of their comorbidities,
making it more difficult to extend survival even following a
gross-total tumor resection.

Neurosurgery in the elderly

There are special considerations during neurosurgical care
of elderly patients. Chibbaro et al. [6] found a longer LOS
in elderly patients compared with the general population,
suggesting longer times for recovery. The effect of tradi-
tional radiotherapy and/or chemotherapy for the treatment
of GBM in the elderly has been less than robust [8, 18, 19].
Other studies have also shown that the elderly show worse
outcomes simply as a function of age during the treatment
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Fig.2 Kaplan—Meier survival curves for elderly patients with
GBM. Mean + SE of the mean (SEM) overall survival (OS) of
6.5+1.2 months was seen. a OS for patients who had no sur-
gical treatment (0.8+0.3 months) and those who had biopsy
(3.7« 1.1 months), STR (5.0+1.4), and GTR (12.1+3.0) were sig-
nificantly different (p<0.0001). b Survival was significantly longer
in patients who had more aggressive adjuvant treatment: no treatment
(1.7+0.4), radiation only (4.9+1.1), temozolomide (11.3+6.1), and
radiation plus temozolomide (16.8+2.7) (p<0.0001). ¢, d Compli-
cations affected the length of OS. In patients who had no complica-

of aneurysms, [16] spinal deformity, [11] and meningiomas
[10], among other diseases. Another interesting element
to consider is that there was a suspicion of GBM based on
reports from preoperative imaging in 54/82 (66%) patients
in our study, as well as a strong suspicion as the leading
diagnosis in all cases. This raises the question of whether
“confirming” the diagnosis via surgical removal of tumor is
necessary in cases where the patient may experience mul-
tiple medical comorbidities. Certainly misdiagnosis and
subsequently incorrect treatment would be considerations
without tissue diagnosis. The results of our study support
the potential for reduced survival in the elderly especially
those experiencing complications. A surgical strategy
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tions (c), survival improved with greater extent of resection (EOR):
no surgical treatment (1.0+0.7), biopsy (4.1+1.2), STR (7.8 +2.3),
and GTR (16.0+3.6) (p<0.003). Survival with no adjuvant therapy
(4.4+1.1), radiation only (12.3+2.8), TMZ (29.7 + 18.8 months) and
combined radiation and TMZ (40.9 +7.3) were significantly different
(p<0.0001). d On the other hand, in patients who experienced com-
plications, there was no difference in length of OS with greater EOR:
biopsy (1.1+0.2), STR (1.7+0.5), GTR (1.8 £0.6) (p=0.87). A log-
rank test was used for all comparisons. GTR gross total resection, STR
subtotal resection, RT radiotherapy, TMZ temozolomide

aiming to obtain tissue diagnosis while minimizing com-
plications may be warranted in this age group.

We did include 8 patients in this study who were pre-
sumed to have GBM based on MRI imaging but did not
undergo surgery to confirm pathologic diagnosis. Two of
these patient elected to go to hospice and did not receive
any adjuvant therapies. One patient elected to try radiation
alone acknowledging that this was not standard of care.
He passed away 51 days after diagnosis. One patient had
recently undergone a renal transplant and was deemed to
sick for surgical intervention. The remaining patients under-
went a combination of adjuvant chemotherapy/radiation
based on imaging results, oncology input, and patient/family
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Table 5 Cox proportional

. Variable Univariate Multivariate®
hazards model analysis of
overall survival HR (95% CI) p value HR (95% CI) p value
Age 1.06 (0.99, 1.12) 0.09
Symptoms
Falls 2.14 (0.64,7.13) 0.22
Memory 0.59 (0.14,2.41) 0.46
Vision 1.15 (0.36, 3.68) 0.82
Confusion 1.14 (0.67, 1.94) 0.63
Headache 0.46 (0.21, 1.03) 0.06
Language 1.41(0.73,2.72) 0.31
Weakness 1.80 (0.96, 3.36) 0.07
Seizure 0.83 (0.33, 2.09) 0.70
Gait 0.82 (0.33, 2.05) 0.67
Comorbidities
Venous thromboembolism 0.70 (0.30, 1.62) 0.4
Cardiac 1.40 (0.80, 2.42) 0.24
Hypertension 1.33 (0.80, 2.23) 0.27
Diabetes 1.85(0.89, 3.87) 0.1
Cancer 0.90 (0.46, 1.73) 0.74
Aspirin use 1.0 (0.997, 1.003) 0.85
Coumadin use 0.92 (0.39, 2.14) 0.84
Extent of resection 0.59 (0.29, 1.2) 0.14
No surgery Ref.
Biopsy 0.22 (0.08, 0.66) 0.007
STR 0.22 (0.08, 0.59) 0.003
GTR 0.093 (0.03, 0.285) 0.0001
Preoperative KPS 0.97 (0.95, 0.99) 0.02 1.000 (0.955, 1.049) 0.99
Postoperative KPS 0.96 (0.94, 0.98) 0.0001 0.98 (0.94, 1.02) 0.29
IDH-1 status 10.5 (0.95, 115.7) 0.06
MGMT status 1.0 (0.41, 2.76) 0.9
Adjuvant radiotherapy 0.28 (0.15, 0.51) 0.0001 0.41 (0.16, 1.1) 0.08
Adjuvant temozolomide 0.17 (0.09, 0.34) 0.0001 0.33 (0.10, 1.08) 0.07
Adjuvant bevacizumab 0.2 (0.06, 0.68) 0.008 0.75 (0.08, 7.0) 0.8
Complication 3.12 (1.71, 5.68) 0.0001 5.43 (1.73,17.04) 0.004
Length of stay 1.04 (1.001, 1.083) 0.04 1.03 (0.97, 1.09) 0.29

Values in boldface type are statistically significant at p<0.05

STR, subtotal resection, GTR gross-total resection, KPS Karnofsky Performance Score, IDH isocitrate

dehydrogenase, MGMT O-6-methylguanine-DNA methyltransferase

4p<0.05 entered into multivariate hazard model with p<0.0001

preference. The authors acknowledge that treating without a
tissue diagnosis is not current standard of care.

Limitations

One limitation to our study involves its single-center retro-
spective nature and the incomplete information regarding
mutational status of tumors. The effect of tumor mutation
on glioblastoma is well known. Many of the patients in
this series underwent treatment prior to the availability
of widespread testing for specific gene mutations, but it is

@ Springer

likely these patients had primary glioblastoma with a low
number of IDH-1 mutations. In addition, the duration of
completed postoperative chemotherapy and radiotherapy
was not available in this patient group. The patients in our
study also did not benefit from newer treatments that have
shown survival benefit in glioblastoma patients, such as
laser interstitial thermal ablation and the Optune device
[19].
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Table 6 Comparison of long-term survivors with patients with sur-
vival <12 months

Sur- Long-term sur- p value
vival < 12 months  vival > 12 months
N=73) N=9)

Age in years 80.8+3.8 78.7+£34 0.12

(xSD)

Extent of resection 0.06

No surgery 8 0

Biopsy 17 1

STR 31 2

GTR 14 5

KPS Preoperative 80 80 0.43

KPS Postoperative 60 80 0.02

Adjuvant therapy 0.003

None 25 0

RT 13 1

Temozolomide 3 1

RT+TMZ 11 7

Complications 23 0 0.04

Values in boldface type are statistically significant at p <0.05

STR subtotal resection, GTR gross-total resection, KPS Karnofsky
Performance Score, RT radiotherapy, TMZ temozolomide

Conclusions

This study supports the role of maximal safe resection
and postoperative adjuvant therapy in the treatment of
glioblastoma of the elderly. However, it emphasizes that
patient complications and KPS status play important roles
in prognosis as well. These data may be helpful in the
guidance of patients and in surgical decision-making.
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