J Neurooncol (2014) 117:153-160
DOI 10.1007/s11060-014-1368-7

CLINICAL STUDY

Conditional probability of survival and post-progression survival
in patients with glioblastoma in the temozolomide treatment era

Mairéad G. McNamara - Zarnie Lwin - Haiyan Jiang -
Caroline Chung - Barbara-Ann Millar - Arjun Sahgal -
Normand Laperriere - Warren P. Mason

Received: 28 October 2013/ Accepted: 13 January 2014 /Published online: 29 January 2014

© Springer Science+Business Media New York 2014

Abstract With standard treatment for glioblastoma
(GBM) consisting of surgery followed by radiotherapy
(RT) with concurrent and adjuvant temozolomide (TMZ),
median survival is ~ 14.6 months. This is not as infor-
mative to patients who have survived for some time.
Conditional probability of survival may offer more relevant
survival estimates. Outcomes/conditional probability of
survival and post-progression survival (PPS) estimates
were retrospectively reviewed in the TMZ treatment era of
882 consecutive patients with a diagnosis of GBM from
January 2004 to August 2010. Median age of entire cohort
was 62 years including 62 % males. Baseline performance
status (PS) was 0-1 in 67, 23 % had frontal lobe tumors,
58 % received concurrent RT/TMZ =+ adjuvant TMZ.
Survival (OS) was similar for those with frontal lobe
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tumors versus other locations (P = 0.25). OS for patients
receiving standard RT/TMZ + TMZ was 14.2 months.
Age, PS, extent of surgery, therapy post-surgery had sig-
nificant effects on OS. OS for entire cohort at 1, 2, 3, 4,
5 years was 43.4, 17.9, 104, 8.4, 7.2 % respectively.
Conditional probability of survival of an additional year
given survival to 1, 2, 3,4, 5 years was 41.4, 58, 80.7, 85.7,
81.5 % respectively. Conditional probability of survival for
those patients receiving concurrent RT/TMZ =+ adjuvant
TMZ was similar. Patients who progress >18 months after
their initial treatment for GBM had significantly greater 2
and 5 year PPS as well as OS. Conditional probabilities of
survival may provide more meaningful life expectancy
predictions for survivors of GBM than conventional sur-
vival outcomes.

Keywords Conditional probability of survival - Overall
survival - Post-progression survival - Frontal lobe tumor -
Glioblastoma - Temozolomide

Introduction

Primary malignant central nervous system tumors represent
~2 9% of all cancers but account for a disproportionate share
of mortality [1]. Glioblastoma (GBM) is the most aggressive
malignant primary brain tumor accounting for 54 % of all
primary brain gliomas [2]. The mainstay of treatment is
surgical removal without creating an unacceptable neuro-
logic deficit followed by radiotherapy (RT). This is based on
the early phase III clinical trials of the Brain Tumor study
group which compared treatment with postoperative sup-
portive care alone, carmustine alone, RT alone, and RT plus
carmustine. The 1 year survival for each of these treatment
arms was 3, 12, 24, and 25 % respectively [3].
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Current standard of care for patients with newly
diagnosed GBM includes maximal safe surgical resec-
tion, followed by concurrent temozolomide (TMZ)/RT
and then adjuvant TMZ [4]. A median survival time of
14.6 months and an estimated 2 year survival rate of
27 % have been reported utilizing this treatment regimen
[5].

However, patients enrolled in clinical trials are often
highly selected and as a result may have better outcomes
than patients treated in an unselected general population of
GBM patients. In addition, advances in the therapeutic
management of GBM patients have resulted in a larger
proportion of patients surviving beyond 2 years after
diagnosis. The disease outcome is typically described in
terms of estimated survival from diagnosis but conditional
probability offers more relevant information regarding
survival for patients once they have survived for some
time. Conditional probability of survival is defined as the
probability of surviving to some Y years after diagnosis
given survival to some X years (X < Y) [6]. For GBM, this
has become more relevant in the TMZ treatment era as
patients are now surviving for longer durations, and con-
ditional probability may be a predictor of continued long-
term survival.

Conditional probability of survival in GBM patients
has previously been studied in patients enrolled in seven
phase II clinical trials over a 22 year period up to 2007
[7] and in those who were treated with RT-containing
regimens within surveillance, epidemiology, and end
results (SEER) data over a 10 year period up to 2008 [8],
but never specifically in patients presenting to a general
neuro-oncology clinic setting in the era of TMZ
treatment.

The aim of this study was to retrospectively review and
report overall survival (OS) outcomes, the impact of pre-
viously reported prognostic clinical variables as well as
conditional probability estimates in patients treated for
GBM during the TMZ era at a large tertiary neuro-oncol-
ogy clinic. A wide range of patients present to this insti-
tution with this diagnosis and therefore this population
accurately reflects the full clinical spectrum of GBM. The
gold-standard endpoint in clinical trials is OS. However,
this endpoint takes years to observe and the availability of
surrogate endpoints that would enable earlier assessments
of treatment effects would be useful, therefore, the effects
of progression status on survival and post-progression
survival (PPS) were also investigated.

It has been reported that the phenotypic features that dis-
tinguish isocitrate dehydrogenase 17'3*MYT (IDH]R!32MUT)
GBM from other subtypes include better outcome and pre-
dominance of frontal lobe location [9], therefore effect of
frontal lobe GBM tumor location on survival was also
reviewed.
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Materials and methods
Patient population

882 consecutive patients presenting to Princess Margaret
Cancer Centre, Toronto with a new diagnosis of GBM were
followed from January 2004 to August 2010. Complete
demographics, Eastern Cooperative Oncology Group
(ECOG) performance status (PS), GBM localization, extent
of surgery (partial resection was defined as <90 % tumor
removal, subtotal resection was defined as <100 % but
>90 % tumor removal), percent receiving RT £+ TMZ,
time to first progression, PPS, OS and conditional proba-
bility of survival were analyzed. In patients with frontal
lobe involvement as the primary tumor location, a dis-
tinction was not made for the degree of involvement of the
corpus callosum. Thirty-four patients (4 %) had a radio-
logical diagnosis without pathological confirmation due to
tumor location and/or poor PS deeming biopsy unsafe.
These patients were included in this analysis so as to rep-
resent the heterogenous GBM population that presents to a
typical neuro-oncological clinic. O(6)-methylguanine DNA
methyltransferase (MGMT) promoter methylation status or
IDH1 mutation status were not available for patients as
these were not routinely requested in the time period
studied.

Institutional review board ethical approval was obtained
for this study.

Statistical methods

Summary statistics were provided for patient demograph-
ics, disease, and treatment factors. The estimates of OS
were calculated using the Kaplan—Meier method. Survival
time was calculated from the date of diagnosis to the date
of death; living patients were censored on the date of last
follow-up. PPS was calculated from the date of first pro-
gression to the date of death; living patients were censored
on the date of last follow-up. Group differences of OS and
OS for survivors with time to first progression available
were examined using the log-rank test. OS estimates from
date of first progression were examined using the P value
trend test. Conditional survival probability and confidence
interval (CI) were calculated using the method described
previously [6]. Conditional probability of surviving to
2 years, given survival to 1 year was calculated by dividing
the 2 year survival rate by the 1 year survival rate. Con-
ditional probabilities for other time intervals were calcu-
lated similarly. Variances of conditional survival were
estimated using a variation of the usual “Greenwood’s
formula” for unconditional survival [6].

Effects of clinical variables on survival were studied
using parametric models. Parametric models used include
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Table 1 Summary of patient characteristics with a diagnosis of
glioblastoma (N = 882)

Table 2 Effects of clinical variables on overall survival (multivari-
able analysis using log-logistic model)

Characteristics Patients (N %)
Gender

Male 545 (62 %)

Female 337 (38 %)
Performance status (ECOG)?

0-1 592 (67 %)

2-3 249 (28 %)

4 41 (5 %)
GBM localization

Frontal lobe 202 (23 %)

Other intracranial location 680 (77 %)
Extent of surgery

No biopsy 34 (4 %)

Biopsy only 197 (22 %)

Partial 514 (58 %)

Subtotal 94 (11 %)

NA® 43 (5 %)
Therapy

Concurrent RT/TMZ® + adjuvant TMZ 512 (58 %)

RT alone or TMZ alone or no treatment 370 (42 %)

* Eastern Cooperative Oncology Group
" Not available
¢ Radiotherapy

4 Temozolomide

exponential, Weibull, lognormal, and log-logistic. Because
of the presence of non-constant hazard, the log-logistic
model fitted the data better and was selected to do multi-
variable analysis. Multivariable analysis was performed by
including clinical variables: age, ECOG PS, extent of
surgery, frontal lobe localization and therapy received post
surgery. All tests were two-sided with oo = 0.05.

Results
Patients

The cohort included 882 consecutive patients with a
median age of 62 years (18-93). The median follow up
time of entire cohort of patients was 8.8 months and for
censored patients (alive/status unknown) was 16.3 months.
A summary of patient characteristics is detailed in Table 1.

For the 34 patients who did not have a biopsy, 17 (50 %)
received supportive care only, 12 (35 %) received RT
alone and 5 (15 %) received concurrent RT/TMZ followed
by TMZ.

Of the 512 patients who received standard therapy with
concurrent RT/TMZ followed by TMZ, 117 (23 %)

Variables Odds 95 % CI° P value
ratio®

Age; 10-year units 0.66 0.59-0.74 <0.001

ECOGS; PSY 0 or 1 versus 4 10.53 5.47-20.26 <0.001

ECOG:; PS 2 or 3 versus 4 3.62 1.94-6.75 <0.001

Frontal lobe versus other intracranial 1.01 0.75-1.36 0.94
location

Biopsy or no biopsy versus Partial or ~ 0.66  0.50-0.88 0.005
subtotal resection

Concurrent RT/TMZ' + TMZ 029 0.20-041 <0.001

versus RT or TMZ alone or no
treatment post surgery

% Odds ratio: the ratio of survival probability, constant over time
Confidence interval

Eastern Cooperative Oncology Group

Performance status

Radiotherapy

Temozolomide

Table 3 Overall survival of entire cohort based on gender, ECOG*
performance status, glioblastoma localization and extent of surgery
and therapy received post surgery (N = 882)

Median overall survival

[months (range)]

Gender
Male
Female
ECOG performance status***
0-1
2-3
4
GBM localization
Frontal lobe
Other intracranial location
Extent of surgery*
No biopsy
Biopsy
Partial
Subtotal
Therapy***

Concurrent RT?
TMZ® + adjuvant TMZ

Any radiotherapy (alone and in
combination)

Radiotherapy alone

10.1 (8.5-11.2)
9.7 (8.3-11.3)

13.8 (12.7-14.6)
3.7 (3.2-4.6)
1.6 (0.6-2.1)

10.3 (8.1-12.5)
9.7 (8.5-11.0)

3.7 (2.1-7.3)
4.5 (3.5-6.3)
11.0 (9.7-12.0)
15.0 (13.1-16.0)

14.2 (13.3-15.1)

11.2 (10.1-12.2)

42 (3.4-52)

* P < 0.05 (log-rank test); *** P < 0.001 (log-rank test)

* Eastern Cooperative Oncology Group
® Radiotherapy
¢ Temozolomide
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Table 4 Overall survival (OS) probability and conditional survival (CS) probability of one additional year at various time points for different

treatment groups

Treatment 1-year OS* 2-year OS 3-year OS 4-year OS 5-year OS OS Log-rank P value

RAD only 153 % 4.7 % 3.7 % 3.7 % 3.7 % <.0001

(N = 228)° (10.8-20.5) (2.1-8.7) (1.5-7.7) (1.5-7.7) (1.5-7.7)

RAD + TMZ 61.0 % 26.3 % 15.7 % 12.6 % 11.1 %

(N = 512)° (56.6-65.2) (22.4-30.5) (12.1-19.7) 9.1-16.7) (7.7-15.3)

Entire cohort 43.4 % 179 % 10.4 % 8.4 % 7.2 %

(N = 882) (40.046.7) (15.3-20.8) (8.1-13.0) (6.2-11.0) (5.0-9.8)

Treatment 1-year CS? 2-year CS 3-year CS 4-year CS 5-year CS

RAD only 30.5 % 80.0 % 100.0 % 100.0 % -

(N = 228) (12.1-48.8) (51.4-100.0)

RAD + TMZ 43.1 % 59.6 % 80.2 % 88.6 % 88.9 %

(N = 512) (37.0-49.2) (48.9-70.3) (66.9-93.6) (74.5-100.0) (70.5-100.0)

Entire cohort (N = 882) 414 % 58.0 % 80.7 % 85.7 % 81.5 %(60.9-100)
(35.9-46.9) (48.0-68.0) (68.4-92.9) (71.2-100)

95 % confidence intervals are presented within parenthesis
* Overall survival
" Radiotherapy

¢ Concurrent radiotherapy/temozolomide + adjuvant temozolomide

4 CS conditional probability of surviving one additional year; for example, the 1-year CS is calculated by dividing the 2-year OS rate by the

1-year OS rate [6]

received concurrent RT/TMZ only, 239 (47 %) received
<6 cycles of adjuvant TMZ, and 156 (30 %) received at
least 6 cycles adjuvant TMZ following concurrent treat-
ment. Failure to complete standard treatment was either
related to side effects of TMZ therapy or progressive dis-
ease. Two hundred and twenty-eight patients (26 %)
received RT alone with 61 % of these having a PS >2, and
80 % aged >60 years. At the time of data analysis, 43
patients (5 %) were still alive, 718 (81 %) were deceased,
and status was unknown/pending in 121 (14 %).

Overall survival

The median OS for the entire cohort was 10.0 months
(95 % CI 8.8-11.0 months). Age, ECOG PS, extent of
surgery and therapy received post-surgery had significant
effects on OS utilizing multivariable analysis with the log-
logistic model (Table 2).

Overall survival of the entire cohort based on gender,
ECOG PS, GBM localization, extent of surgery and ther-
apy received post surgery is summarized in Table 3. There
was no gender-related difference in OS between males and
females (10.1 vs. 9.7 months, log-rank test P = 0.96).
Similarly, there was no difference in OS for those with
frontal lobe tumors versus other intracranial tumor location
(10.3 vs. 9.7 months, log-rank P = 0.25).

@ Springer
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Fig. 1 Conditional probability of surviving an additional year at
various time points for entire cohort of patients (N = 882)

Conditional probability of survival
The OS and conditional probability of survival for the

entire cohort of 882 patients is tabulated (Table 4). The
conditional probability of surviving an additional year at
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Fig. 2 Kaplan—-Meier plot of overall survival after progression
stratified by progression time (N = 505)

various time points for the entire cohort is graphically
represented in Fig. 1. Survival probability decreases most
rapidly in the first 2 years after initial diagnosis. The
conditional probability of surviving one other year after
surviving 2 years post diagnosis for the entire cohort was
58.0 % and higher than the observed 2 year survival rate.
The OS and conditional probability of survival for the 228
patients who received RT alone and for the 512 patients
who received concurrent RT/TMZ followed or not by
adjuvant TMZ is also documented (Table 4). As there were
only 10 patients who received TMZ alone, OS and condi-
tional probability of survival for this group were not
reported.

Impact of time to first progression on overall survival
and post-progression survival

In patients with time to first progression available (N = 505),
the median OS from diagnosis for patients with time to first
progression (TTP) at <6 months (group 1) (N = 214),
6—18 months (group 2) (N = 233), and >18 months (group
3) (N = 58) was 7.3 months (95 % CI 6.3-8.8), 15.2 months
(95 % CI 14.5-16.9), and 50.6 months (95 % CI 36.6-82.4)
respectively (log-rank test P < 0.001).

The Kaplan—Meier plot of OS after progression stratified
for each of these three TTP groups, as described above, is
graphically represented in Fig. 2. The median OS from first
progression for each of these three TTP groups; group 1:
<6 months, group 2: 6-18 months, and group 3: >18 months
was 3.5 months (95 % CI 2.7-4.5), 5.3 months (95 % CI
4.4-6.3) and 15.9 months (12.4-26.4) respectively.

For each of these three TTP groups, the 2 year PPS was
9.3 % (95 % CI 5.4-14.6), 9.9 % (95 % CI 5.9-15.0) and
38.6% (95 % CI 21.6-55.3) respectively (trend test
P <0.001) and the 5 year PPS was 3.3 % (95 % CI

0.9-8.5), non-evaluable and 25.7 % (95 % CI 21.6-55.3)
(trend test P < 0.001) respectively.

There was significant association of TTP groups with age
[analysis of variance (ANOVA) P < 0.001], PS (Fisher’s
exact test P < 0.001), extent of surgery (Fisher’s exact test
P < 0.05), and treatment received (X2 test P < 0.001).

Discussion

Despite a higher median age (62 years) and lower rate of
debulking surgery (69 %) compared with data from Stupp
et al. [4] (84 %), the median survival and survival rate at
2 years were similar in this study for the subset of patients
who received the standard regimen of RT with concurrent and
adjuvant TMZ. The 2-year survival rate for the entire cohort
in this study was 17.9 % and this lower survival rate reflects
the greater heterogeneity in the patients seen with newly
diagnosed GBM in our neuro-oncology centre including
patients with greater age, worse PS and less extensive surgery
compared with patients who participate in clinical trials.

Advances in the therapeutic management of GBM have
resulted in a larger proportion of patients surviving beyond
2 years after diagnosis. As the observed and previous
reported survival rates for GBM are largely limited beyond
2 years, conditional probability allows for more relevant
survival estimates that are adjusted in ‘real-time’, based on
their survival to-date. The probability of surviving an
additional year for the entire cohort of 882 patients given
survival to 1, 2, 3, 4, and 5 years was 41.4, 58, 80.7, 85.7
and 81.5 % respectively and for the 512 patients who
received concurrent RT/TMZ followed by adjuvant TMZ
was 43.1, 59.6, 80.2, 88.6 and 88.9 % respectively. For
those patients who received RT alone, who survived
beyond 2 years (4.7 %), their conditional probability of
survival also increased. There were fewer long term sur-
vivors following RT alone but in those that did, their
conditional probability of survival was similar to those
following standard concurrent RT/TMZ followed by TMZ,
indicating that perhaps the treatment modality choice may
only play a minor role once patients have responded to
treatment and survived for a certain amount of time.

In our study, the patients who received RT alone had
similar 3, 4 and 5 year OS, therefore as the 3 year condi-
tional survival probability is calculated by dividing the
4 year OS rate by the 3 year OS rate [6], the 3 year con-
ditional survival probability of one additional year is
100 %. However, in the clinical setting, guarantees of this
nature can never be made to patients with a diagnosis of
GBM, and thus longer follow up data is required, as it is
anticipated that most patients with a diagnosis of GBM will
eventually progress.
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A previous report by other authors on the conditional
probability of survival in patients with newly diagnosed
GBM demonstrated the probabilities of surviving an
additional year given survival to 1, 2, 3, and 4 years as 35,
49, 69, and 93 % respectively [7]. However, this study
included patients enrolled onto seven phase two clinical
trials between 1975 and 2007, who received broad varia-
tions in therapeutic management and are often highly
selected. Another study in 2,743 patients with high-grade
glioma, diagnosed in Los Angeles County during the years
1990-2000 reported that the conditional probabilities of
surviving one additional year increases as the post-diag-
nosis survival time increases (from 43 4+ 2 % conditional
on surviving 1 year after diagnosis to 91 £ 2 % condi-
tional on surviving 5 years after diagnosis) [10]. In that
study, patients diagnosed with World Health Organisation
(WHO) grade III gliomas had higher conditional survival
probabilities than those diagnosed with WHO grade IV
gliomas. An additional study reported the conditional
probability of survival in patients diagnosed with GBM
from 1998 to 2008 who were treated with radiation-con-
taining regimens identified within SEER data. Conditional
probability of surviving an additional 2 years in this
manuscript ranged from 19.8 % at diagnosis to 65.9 % at
5 years after diagnosis [8].

In our study, the conditional probability of surviving an
additional year after survival to 2 years post diagnosis
exceeds the 1 year survival rate, indicating that the future
prognosis of a patient who has survived for 2 years may be
as good as those recently diagnosed. Therefore, the con-
ditional probability of survival increases with duration of
life. In addition, the conditional probability of survival for
the entire cohort of patients is similar to that for those who
received standard concurrent RT/TMZ followed by TMZ,
indicating that those receiving standard treatment are more
likely to be those patients who survive for longer. How-
ever, those patients receiving either RT or TMZ alone may
have already been pre-selected by the treating physicians as
patients unable to tolerate standard therapy with poorer
functional activity.

Indeed, on analysis of the 5 year summary data from the
landmark phase III study by Stupp et al. [5], 2, 3 and 4 year
conditional survival probabilities were 58.8, 75.6 and 81 %
respectively, calculated using the method described by
Davis et al. [6], for those patients receiving RT with con-
current and adjuvant TMZ, and are not dissimilar to our
reported conditional survival probability data.

In studies previously published on conditional proba-
bility of survival in patients with a diagnosis of GBM [6-8,
10], patients included were those treated on clinical trials,
treated with RT-containing regimens, and patients treated
mainly prior to the TMZ therapy era. Our series differs
through inclusion of patients treated in the post TMZ
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therapy era and is reflective of the entire spectrum of GBM
patients presenting to neuro-oncology clinics. In all of the
studies discussed [5-8, 10], including the data reported in
this manuscript, it is clear that there is a gain in conditional
survival probability over time in patients with a diagnosis
of GBM who receive either RT or systemic therapy.
Despite TMZ-based therapy [4] being accepted as standard
of care in upfront treatment of patients with GBM, con-
ditional probability of survival values have not changed
drastically in the years 1975-2010 (Table 5) [5-8, 10].
Therefore, regardless of therapy, long survival is not
unprecedented and highlights the importance of determin-
ing whether molecular heterogeneity in these tumors or
lack thereof, in this specific longer surviving population of
patients, is contributory and also highlights the need for
continued and improved drug development in this disease.

In this study, GBM survivors who have experienced
progression have a much different prognosis depending on
when they progress, and patients who progress >18 months
from diagnosis have greater 2 and 5 year PPS than those
progressing before that time point. This information is likely
to be useful for this population of patients as their options
for further treatment may expand as novel agents continue to
be developed. Although prior studies have also reported that
tumors located in the frontal lobe were associated with better
survival [9], we did not find this association and given the
lack of availability of IDH1 mutation status in our popula-
tion of patients, firm conclusions cannot be made.

Recent developments in glioma research include The
Cancer Genome Atlas Network and the report that classical
GBM tumors are characterized by abnormally high levels
of EGFR and survive the longest of the subgroups in
response to aggressive treatment [11, 12]. Furthermore,
MGMT promoter methylation, and chromosome 1p19q co-
deletion have been associated with prolonged progression-
free survival in secondary GBM, and patients with both
IDH mutation [13] and MGMT promoter methylation have
had the best reported response rate to TMZ [14]. In con-
trast, loss of heterozygosity 10q has been reported to be
predictive of shorter survival in GBM patients [15].

The main limitations of this study include its retro-
spective nature, the lack of correlative molecular data and
the smaller numbers of patients who survive beyond
2 years, therefore making any strong conclusions chal-
lenging. However, given the current median survival of this
population of patients following standard treatment in the
era studied, our study is relatively large and provides useful
information for long term survivors with a diagnosis of
GBM in the general neuro-oncology clinic setting, and also
provides information on the survival implication of later
progression. Ideally, these concepts could be investigated
in large randomized prospective trials with full molecular
data availability.
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In conclusion, conditional probabilities of survival and
PPS data in this general disease population in the era of
TMZ therapy may provide more meaningful life expec-
tancy predictions than conventional survival outcomes for
long term survivors. However, greater integration of clin-
ical and molecular information in GBM patients is neces-
sary, and stratified treatment plans are warranted
considering the molecular heterogeneity and difference in
prognosis among these patients.
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