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Abstract Glioblastoma has a poor prognosis with median
survival of 12-14 months. Long-term survivors (LTS),
alive at least 2 years from diagnosis, comprise 13% of this
population. This study aims to provide a clinical profile of
LTS at two institutions in Melbourne, Australia. Histologi-
cal diagnosis of glioblastoma from 1st January 2006 to 31st
December 2012 were identified from pathology/oncology
databases. Demographic, treatment and survival character-
istics were recorded (follow-up to 31st December 2015).
Relevant inter-group statistics were used to identify differ-
ences between LTS and those surviving less than 2 years.
Survival estimated by Kaplan—Meier. 776 patients were
identified with 154 surviving >2 years. Compared with
patients surviving <2 years, LTS were more likely to be
younger (median age 56 vs. 65 years, p <.001), have ECOG
0-2 (97 vs. 65%, p<.001), gross tumour resection (91 vs.
61%, p<.001), and receive chemoradiotherapy (94 vs. 40%,
p<.001). Most common presenting symptoms amongst
LTS were headache (42%), seizure (28%) and speech dis-
turbance (16%). Of LTS, 111 patients (72%) progressed at a
median of 20.1 months from diagnosis, with 46% undergo-
ing a second craniotomy. The most common non-surgical
second line treatments were temozolomide (41%), followed
by radiotherapy (12%). One-third of LTS received three or
more lines of treatment, and 10% underwent three or more
craniotomies. LTS of glioblastoma (20%) are more likely
to be younger, have unilateral tumours, good performance
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status and undergo multimodality treatment. These data may
assist in predicting LTS at diagnosis and understanding their
clinical journey to facilitate planning of treatment and sup-
portive care.
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Introduction

Glioblastoma is the most common primary brain tumour in
adults. Despite the advances in surgical and radiotherapy
techniques, and the introduction of chemotherapy as stand-
ard treatment, the prognosis of glioblastoma remains poor
with a median survival of 12—-14 months [1].

In 2005, the National Cancer Institute of Canada and
European Organization for Research and Treatment of Can-
cer published a seminal study showing an improvement in
overall survival with the addition of concurrent oral temo-
zolomide to standard radiotherapy [1]. After a median of
5 years follow-up, addition of chemotherapy to radiotherapy
improved 3 year survival from 4.4 to 16% [2].

Long-term survivors defined as those alive at least 2 years
from diagnosis, comprise 13% of all patients diagnosed with
glioblastoma [3]. These patients may experience changes
in neurocognition and significant functional dependence [4,
5]. Early prediction of those patients who are likely to be
long-term survivors and a full understanding of their clinical
course can thus assist clinicians in providing tailored treat-
ment and support to patients and their families.

The aim of this retrospective study is to (1) identify clin-
ical predictive factors for longer survival among patients
diagnosed with glioblastoma and (2) describe the clinical
experience of long-term survivors of glioblastoma.
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Methods

Consecutive adult patients with newly diagnosed and histo-
logically confirmed glioblastoma (WHO grade IV glioma)
from 1 January 2006 to 31 December 2012 treated at two
institutions in Melbourne (Australia) were retrospectively
identified from pathology and oncology databases (and
cross-referenced between each database to ensure all eligible
patients were captured), and followed up until 31 Decem-
ber 2015. Secondary glioblastoma was included. Patients
without a histological confirmation of glioblastoma were
excluded.

De-identified data were collected from the medical
records including patient demographic and clinical charac-
teristics, date of histological diagnosis, surgical and onco-
logical treatment information and date of death or last fol-
low-up. Performance status, based on Eastern Cooperative
Oncology Group (ECOG) score [6], was assessed post-sur-
gery at initial contact with the medical or radiation oncolo-
gist. This was either recorded directly or estimated by the
Principal Investigator (LG). Tumour location and laterality
were determined based on review of pre-operative imaging
studies (Magnetic Resonance images or Computed Tomog-
raphy scans), with deep lesions defined as those involving
the corpus callosum, thalamus or brainstem.

The study was approved by the Institutional Human Eth-
ics Committee at St Vincent’s Hospital, Melbourne, and The
Alfred Hospital, Melbourne.

Statistical analyses

Descriptive statistics were used to describe patient demo-
graphic and clinical characteristics. Categorical variables
are presented as observed counts and weighted percentages,
and continuous variables as median with the corresponding
range. Survival was estimated by the Kaplan—-Meier method.
Overall survival (OS) was defined as the time from surgery
to death or censored at the date of last follow-up.

In a univariate analysis, variables associated with OS
were assessed using the log-rank test, with p values <0.05
were considered statistically significant [7]. Significant pre-
dictors from the univariate analyses were then included in
a multivariate analysis using a Cox proportional hazards
model to determine their relative effect on OS, after adjust-
ment for other clinically important variables. Patients with
missing data were excluded from multivariate analysis.

Subgroup analyses examining differences in the clini-
cal, management and outcome characteristics of patients
with glioblastoma who survived more or less than 2 years,
and between those surviving more than 2 years and more
than 5 years (extreme survivors) were conducted. Relevant
inter-group test statistics were applied (chi square for cat-
egorical variables, independent samples t test for continuous
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variables, or Fisher’s exact test when sample size was less
than five) to identify statistical differences between the sur-
vival cohorts. Age was considered a continuous variable.
The remainder, including ECOG, were considered categori-
cal variables. A logistic regression was performed to ascer-
tain independent predictors for long-term survivors and
extreme survivors.

All analyses were performed using R programing soft-
ware (version 3.4.0). Statistical tests were two sided and p
values < 0.05 were considered statistically significant.

Results
Patient characteristics

Seven hundred and seventy-six patients with glioblastoma
were identified during the 7-year study period, and all were
included in the analysis, with a median follow-up time of
71.5 months (range 36—121 months). The demographic and
clinical characteristics of all patients is shown in Table 1.
The median age was 63 years (range 20-91 years), with 46%
aged over 65 years. 80% were unilateral tumours, and 18%
were bilateral. Most patients had an ECOG performance
status of 0-2 post-operatively. Two-thirds underwent gross
tumour resection. Following surgical intervention, 10% did
not receive any oncological intervention and 16% received
radiotherapy alone. Half of the cohort received combined
chemoradiotherapy.

Survival and prognostic factors

The median overall survival for all patients estimated by
Kaplan Meier was 11.0 months (CI 9.7-12.3). Significant
predictors for longer survival from the univariate analysis
shown in Table 2 were included in a multivariate analysis.
The multivariate analysis included 497 patients with com-
plete data available. Results for improved overall survival
are shown in Table 3. The significant factors on multivariate
analysis were age (HR 0.98, C10.97-0.99, p<.0001), ECOG
performance status (HR 0.52, CI 0.36-0.74, p=.0003),
gross tumour resection (HR 0.57, CI 0.45-0.73, p<.0001)
and extent of oncological treatment: radiotherapy alone (HR
0.24, CI 0.16-0.36, p<.0001), chemoradiotherapy (HR
0.08, CI 0.05-0.12, p<.0001). There was no significant
interaction between ECOG performance status and treatment
(p=.28). There was a correlation between age and the fol-
lowing factors: ECOG performance status (p <.001), surgery
(p=.3) and extent of oncological treatment (p <.001). When
age was removed from the multivariate analysis, ECOG per-
formance status (HR 0.51, CI 0.36-0.73, p=.0002), gross
tumour resection (HR 0.57, CI 0.44-0.73, p<.0001) and
extent of oncological treatment: radiotherapy alone (HR
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Table 1 Clinical characteristics of all patients at baseline and differences based on survival (n=776)
Characteristic No. of patients Survival <2 years Survival > 2 years p
n (%) n (%) n (%)
776 (%) 622 (%) 154 (%)
Median age 63 65 56.5 <.0001*
(range 20-91) (20-91) (21-81)
Gender .07
Male 456 (59) 376 (60) 80 (52)
Female 320 (41) 246 (40) 74 (48)
Laterality .10
Unilateral 617 (80) 483 (78) 134 (87)
Left 278 (45) 217 (45) 61 (46)
Right 339 (55) 266 (55) 73 (54)
Bilateral 139 (18) 119 (19) 20 (13)
Unclear 20 (3) 20 (3) 0 (0)
Post-operative performance status (ECOG) <.0001*
0-1 438 (56) 303 (49) 135 (88)
2 111 (14) 97 (16) 14 (9)
34 76 (10) 75 (12) 1(<1)
Unknown 151 (19) 147 (24) 4 (3)
First surgical intervention <.0001*
Biopsy only 145 (18) 134 (22) 11(7)
Gross tumour resection 519 (67) 379 (61) 140 (91)
Partial debulking 282 (54) 217 (57) 65 (46)
Maximal debulking 237 (46) 162 (43) 75 (54)
Unclear 112 (14) 109 (17) 3(2)
First line oncological intervention post-operatively <.0001*
No oncological intervention 77 (10) 77 (12) 0(0)
Radiotherapy alone 126 (16) 125 (20) 1(<1)
Chemoradiotherapy 391 (50) 246 (40) 145 (94)
Other/unknown 182 (24) 174 (28) 8(6)
Median OS (months) 11.0 8.4 38.3 <.0001*

(range 0.0-120.2)

*p<.05 deemed significant

0.18, CI 0.13-0.30, p<.0001), chemoradiotherapy (HR
0.07, CI0.04-0.10, p<.0001), remained significant.

Long-term survivor cohort 154 patients (20%) survived
2 or more years following diagnosis and were deemed long-
term survivors. Amongst long-term survivors, there was
equal distribution of male and female gender. Most tumours
were unilateral, with 47% right sided and 40% left sided.
Over 90% underwent surgical resection with 49% undergo-
ing maximal tumour debulking and 42% undergoing partial
debulking. Over 80% completed radiotherapy with concur-
rent temozolomide followed by adjuvant temozolomide and
12% received radiotherapy with concurrent temozolomide
only. One patient underwent radiotherapy alone due to
patient preference, and less than 5% received chemotherapy
alone.

The most common presenting symptoms were head-
ache (42%), seizure (28%) and speech disturbance (16%).

Confusion was present in 11% and memory loss in 6%. Anti-
convulsants were prescribed in 79%, most commonly phe-
nytoin (73%). Twenty-one patients (14%) had a prior history
of glioma (WHO grade II or III). Over half of these patients
were asymptomatic with disease detected on routine surveil-
lance scans, and were subsequently histologically confirmed.
There was no statistically significant difference in median
overall survival based on past history of glioma.

As shown in Table 1, compared with patients surviving
less than 2 years, long-term survivors were more likely to be
younger (median age 56 vs. 65 years, p<.0001), have ECOG
0-2 (97 vs. 64%, p<.0001), undergo gross tumour resection
(91 vs. 61%, p <.0001), and receive chemoradiotherapy (94
vs. 40%, p<.0001). Median overall survival was three times
longer in the long-term survivor cohort, compared with the
entire cohort (38.3 vs. 11.0 months, p<.0001). There was
no significant difference between the two cohorts in terms of
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Table 2 Univariate analysis of
factors affecting overall survival
in all patients diagnosed with

Characteristic

Median OS (months) )4
(95% confidence Interval)

glioblastoma Age (years) <.0001%
<65 13.9 (11.9-15.9)
> 65 7.8 (6.4-9.2)
Gender 37
Male 10.8 (9.1-12.5)
Female 11.3 (9.3-13.4)
Post-operative performance status (ECOG) <.0001*
34 2.4 (1.1-3.7)
0-2 13.4 (11.7-15.1)
Laterality .021*
Bilateral 6.7 (3.5-9.9)
Unilateral 11.6 (10.1-13.1)
Surgery intervention <.0001*
Biopsy 4.8 (3.3-6.3)
Gross tumour resection 13.5(11.7-15.3)
Oncological intervention post-operatively <.0001*
None 1.7 (-1.1-4.5)
Radiotherapy alone 9.7 (8.6-10.8)
Chemoradiotherapy 17 (14.9-19.2)
*p <.05 deemed significant
Table 3 Multivariate . Characteristic Hazard ratio P
analysis of f.acto.rs affectlpg (95% confidence interval)
overall survival in all patients
diagnosed with glioblastoma Age 0.98 (0.97-0.99) <.0001*
(n=497) Post-operative performance status (ECOG)
34 1
0-2 0.52 (0.36-0.75) .0003*
Laterality
Bilateral 1
Unilateral 0.92 (0.72-1.16) .50
Surgery intervention
Biopsy 1
Gross tumour resection 0.57 (0.45-0.73) <.0001%*
Oncological intervention post-operatively
None 1
Radiotherapy alone 0.24 (0.16-0.36) <.0001*
Chemoradiotherapy 0.08 (0.05-0.12) <.0001*

*p <.05 deemed significant

gender or laterality. The significant independent predictors
for long-term survivors on logistic regression were younger
age (p<.0001), gross tumour resection (p=.002) and receipt
of chemoradiotherapy (p <.001). ECOG was not a signifi-
cant independent predictor.

Of all long-term survivors, thirty-two patients (20%) sur-
vived at least 5 years, termed extreme survivors. Compared
with patients surviving at least 2 years, extreme survivors
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were more likely to be younger (median age 47 vs. 59 years,
p=.02). There were no other statistically significant differ-
ences between the two groups (see Table 4).

Treatment received at recurrence is outlined in Table 5.
Data at recurrence is available for one hundred and eleven
patients (72%). An additional 14 patients did not recur dur-
ing the follow up period. The median time to progression
was 20.1 months from diagnosis. Almost half underwent
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Table 4 Clinical .cha.racteristics Characteristic Survival > 2 years Survival > 5 years P
of long-term survivors n (%) n (%)
ar}d extreme survivors anq 123 (%) 31 (%)
differences based on survival
(n=154) Median age 59 47 025
Past history glioma 17 (14) 4 (13) .19
Gender 57
Male 62 (50) 18 (58)
Female 61 (50) 13 (42)
Laterality 49
Unilateral 109 (89) 25 (81)
Left 50 (48) 11 (44)
Right 59 (52) 14 (56)
Bilateral 14 (11) 6 (19)
Post-operative performance status (ECOG) 42
0-1 108 (88) 27 (87)
2 11 (9) 309
34 1(<1) 0(0)
Unknown 32 1(3)
First surgical intervention .30
Biopsy only 12 (10) 0(0)
Gross tumour resection 108 (88) 31 (100)
Partial debulking 51 (47) 14 (45)
Maximal debulking 57 (53) 17 (55)
Unclear 32 00
First line oncological intervention post-operatively 18
No oncological intervention 00 00
Radiotherapy alone 00 1(3)
Chemoradiotherapy 115 (94) 30 (97)
Chemotherapy alone 54) 0(0)
Other/unknown 3(Q2) 0 (0)

Table 5 Treatment received
by long-term survivors of
glioblastoma at recurrence

*p <.05 deemed significant

Treatment 1st recurrence Median survival 2nd recurrence 3rd recurrence
n (%) post st recurrence  n (%) n (%)
(n=111) (mos) n=72) (n=36)
None 7(5) 9.37 21 (29) 18 (50)
Surgery 51 (46) 14.27 16 (23) 6(17)
No further treatment 16 15.53
Followed by radiotherapy 3 4
Followed by chemotherapy 27 12.53
Followed by clinical trial 5 4
Radiotherapy 13 (12) 18.13 5() 1(3)
Chemotherapy 57 (51) 14.40 33 (46) 10 (28)
Temozolomide 44 12.62 11 1
Carboplatin 3 i 11 2
Carmustine 3 4 4 2
Bevacizumab 6 i 6 5
Other 1 4 2 2
Clinical trial 10 (9) 24.70 4(5) 1(3)

#Median survival not estimated for groups of 6 or less
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a second craniotomy. Thirty-six patients received further
treatment following their second craniotomy. Three patients
received further post-operative radiotherapy, 27 patients
received further post-operative chemotherapy and five
patients were enrolled in a clinical trial. Temozolomide was
the most common non-surgical second line treatment (41%),
followed by radiotherapy (12%). Enrolment in a clinical trial
following recurrence was associated with a statistically sig-
nificant difference in survival post recurrence (clinical trial
24.7 months vs. no clinical trial 14.37 months, p=.049 on
Mann—Whitney test) (see Table 5).

Seventy-two patients progressed following second line
treatment. Of these, 70% received third line treatment,
mostly chemotherapy (46%) followed by surgery (23%).
Thirty-six patients progressed following third line treatment,
with 50% receiving treatment. With each recurrence, a lower
proportion of patients underwent surgery or received onco-
logical intervention. Overall, 10% of long-term survivors
underwent three or more craniotomies.

Discussion

This study details the clinical characteristics of, to our
knowledge, the largest group of long-term survivors of
glioblastoma.

There is currently a lack of consensus on a definition for
“long-term survivor” in glioblastoma with survival from
diagnosis ranging from 18 months to 5 years. In this study,
survival of 2 years from diagnosis was used as this is twice
the median survival for patients with glioblastoma and cor-
responds with a halving of the cumulative relative survival
rate [8]. Other reported studies have used 3 or 5 years post
diagnosis. Extreme survivors, defined as those surviving at
least 5 years, have also been reported.

An important outcome of this study is the examination of
the characteristics of long-term survivors of glioblastoma
that may be identified at baseline. Field et al. (2014) reported
the predictors for long-term survivors, surviving more than
24 months, compared with short term survivors, defined
as those surviving less than 6 months [9]. Their analysis
included 269 patients, with those long-term survivors more
likely to be younger, have improved performance status, and
have undergone gross macroscopic resection. Further to this,
they found frontal tumours, unifocal disease, multiple opera-
tions and participation in a clinical trial to be more likely in
long-term survivors. However, the only independent pre-
dictors for survival were age, performance status, extent of
resection and clinical trial participation [9]. Similarly, other
authors have determined in comparisons of long-term survi-
vors, defined as surviving over 3 years, with non-long-term
survivor controls, that long-term survivors were significantly
younger, had better performance status, and were more likely
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to undergo gross total resection and adjuvant chemotherapy
[10, 11]. These studies however, included only small num-
bers of long-term survivors (less than 20 patients) and did
not address the independent predictors for survival. Mean-
while, Krex et al. (2007) described the characteristics of 55
long-term survivors and found they were young and had a
good performance status at diagnosis; however, no compari-
son was made to determine if these were significant predic-
tors [12].

Our study included 154 long-term survivors and com-
pared these with a case control matched population of 622
patients. In this large cohort, the independent predictors
for improved survival confirmed the findings of others and
included being younger age, improved performance status,
gross tumour resection and receipt of concurrent chemo-
radiotherapy. The differences between long-term survivors
and those surviving less than 2 years were also confirma-
tory. However, the only significant independent predictors
for long-term survivors at diagnosis were age, gross tumour
resection and receipt of chemoradiotherapy. Interestingly,
performance status was not a significant independent predic-
tor and may be due to the interaction between performance
status and treatment received.

Within this group of long-term survivors, there were 32
extreme survivors. This constitutes approximately 4% of all
patients diagnosed with glioblastoma in this cohort, and is
in keeping with other population studies [3]. The only sig-
nificant factor for determining extreme survivors amongst
long-term survivors was younger age.

These findings suggest that younger patients treated
aggressively may subsequently become long-term survivors
and should be identified early in their disease course. How-
ever, it is important to note that despite age being an inde-
pendent predictor, 15% of long-term survivors were aged
over 70 years, with three of these elderly patients surviving
at least 5 years.

This study also aimed to document the clinical experience
of long-term survivors of glioblastoma. Long-term survi-
vors can present with a wide variety of neurological symp-
toms. The symptoms recorded in this study were similar in
nature and rates to those seen in previous works [11, 13], in
particular headache which has been reported in up to 56%
[13]. Symptom comparison between short-term survivors
and long-term survivors was not analysed as part of this
study. Long-term survivors may also experience multiple
relapses and undergo multiple lines of therapy [11, 13]; how-
ever, treatment practices at first recurrence varies between
institutions.

Rates of craniotomies at first recurrence in long-term
survivors are reported at approximately 50% [11, 13], and
has been shown to improve post-recurrence survival and
overall survival if complete resection is achieved [14-16].
In our study, the median post-recurrence survival of those
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that underwent craniotomy at first recurrence and those that
did not was not significantly different. However, a signifi-
cant proportion of patients received further treatment fol-
lowing their second craniotomy, suggesting a contribution
of these treatments to survival. In 2014, Nava et al. (2014)
published a large cohort study also showing that survival
was not improved with resection at first recurrence, yet there
was a survival advantage with second line stereotactic radio-
surgery or chemotherapy [17]. Similarly, Ringel et al. (2016)
retrospectively reviewed 503 patients, all of whom under-
went re-resection at first recurrence and demonstrated an
improvement in survival with the addition of chemotherapy
from 8.5 to 13.4 months [18]. In our study, there was no
significant difference in post-recurrence survival with the
addition of chemotherapy. Our study also showed a statisti-
cally significant improvement in post-recurrence survival if
patients were enrolled in a clinical trial over standard treat-
ment. This has been suggested by Shahar et al. (2012) in
a cohort of recurrent glioblastoma irrespective of survival
status [19].

There has been little published data addressing the psy-
chosocial and cognitive outcomes of long-term survivors of
glioblastoma. Results from three studies with a combined
total of 66 patients have shown that these patients are at
risk of psychological symptoms and neurocognitive impair-
ment [13, 20, 21]. Despite this, quality of life is relatively
preserved [20, 21].

Whilst this study has not addressed these aspects directly,
these data will be used as part of a larger project which will
explore the psychosocial and neurocognitive outcomes and
the impact they have on the survivorship experience. This
will assist in documenting in further detail the clinical expe-
rience of this small but important patient population.

Limitations

This retrospective analysis relied heavily on documentation.
Where specifics were missing, parameters such as ECOG
performance status were estimated from the medical notes
available. Documentation of ECOG performance status
was missing in 27% of patients. Similarly, extent of surgical
resection was often difficult to determine from operation
reports and thus post-operative imaging (a more objective
parameter) was used. Finally, documentation of mental state
and cognitive functioning at the time of diagnosis was not
consistently recorded and could not be reliably interpreted
from the notes. As such, it was not possible to include recur-
sive partitioning analysis in this study.

Molecular subtyping was not routinely performed
between 2006 and 2012, and as such, this parameter could
not be explored in our study. Both institutions are quaternary
referral centres for the management of brain tumours. Our
results may have limited generalizability to other sites with

different practice patterns and patient populations. Nonethe-
less, this study reports upon large numbers of patients whose
clinical characteristics provide an important baseline against
which future patient cohorts can be compared.

Conclusions

In summary, long-term survivors of glioblastoma (20%) are
more likely to be younger, have good performance status
and undergo multimodality treatment. They experience an
individualised clinical course that may involve multiple cra-
niotomies and lines of drug therapy. These data may assist in
predicting long-term survivors at diagnosis and understand-
ing their clinical experience to facilitate planning of treat-
ment and supportive care. The quality of life and quality of
survival of this patients group is an important outcome that
must be fully elucidated in future studies.
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