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ABSTRACT

Background Predictive markers and prognostic models are required in order to individualize
treatment of recurrent glioblastoma (GBM) patients. Here, we sought to identify clinical factors able
to predict response and survival in recurrent GBM patients treated with bevacizumab (BEV) and
irinotecan.

Material and methods A total of 219 recurrent GBM patients treated with BEV plus irinotecan
according to a previously published treatment protocol were included in the initial population.
Prognostic models were generated by means of multivariate logistic and Cox regression analysis.
Results In multivariate analysis, corticosteroid use had a negative predictive impact on response at
first evaluation (OR 0.45; 95% Cl 0.22-0.93; p = 0.03) and at best response (OR 0.51; 95% Cl 0.26-
1.02; p = 0.056). Three significant (p < 0.05) prognostic factors associated with reduced progression-
free survival and overall survival (OS) were identified. These factors were included in the final model
for OS, namely corticosteroid use (HR 1.70; 95% Cl 1.18-2.45; p = 0.004), neurocognitive deficit (HR
1.40; 95% Cl 1.04-1.89; p=0.03) and multifocal disease (HR 1.56; 95% Cl 1.15-2.11; p<0.0001).
Based on these results a prognostic index able to calculate the probability for OS at 6 and 12
months for the individual patient was established. The predictive value of the model for OS was
validated in a separate patient cohort of 85 patients.

Discussion and conclusion A prognostic model for OS was established and validated. This model
can be used by physicians to risk stratify the individual patient and together with the patient
decide whether to initiate BEV relapse treatment.
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to indicate a survival benefit in recurrent GBM treated with
BEV containing therapy. A confirmative phase Il trial is
awaited.

In non-BEV regimens used in recurrent GBM, the following
prognostic factors have been associated with OS: Age [8], WHO
performance status (PS) [8,9], corticosteroids [8,9], tumor size

Glioblastoma (GBM) is the most common primary malignant
brain tumor in adults. Despite aggressive standard treatment,
comprising maximal surgical resection, radiation therapy and
concomitant and adjuvant temozolomide, newly diagnosed
patients have a median overall survival (OS) of less than 15
months [1]. At tumor recurrence no standard treatment is

available and most known options have limited clinical effect.

Several phase Il studies of recurrent GBM patients treated
with bevacizumab (BEV) combination therapy have shown
high response rates [2,3] and patients who achieve response
have an improved OS as well as quality of life [4-6].
Consequently, BEV combined with irinotecan (IRI) has been
among the most frequently used treatments for recurrent
GBM over the last years. Recently, the BELOB trial suggested
that the combination of BEV with lomustine is superior to
either agent used alone [7]. This is the first randomized study

[9], multifocal disease [9], and frontal tumor location [9].
However, studies of these factors in recurrent GBM patients
treated with a BEV containing therapy have shown inconsistent
results [10-12]. More importantly, no validated predictive
baseline markers associated with clinical durable response to
BEV containing therapy have been identified.

The aim of this study was to identify prognostic and
potentially predictive clinical baseline factors associated with
response, progression-free survival (PFS) and OS in recurrent
GBM patients treated with BEV plus IRI.
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Materials and methods

Patients

This retrospective study was conducted in accordance with the
Helsinki Declaration and was approved by the Danish Data
Protection Agency (2006-41-6979).

Population 1 (initial cohort): By using a pharmacy database
and a pathology database, we identified all patients with a
pathologically confirmed diagnosis of GBM (WHO grade IV)
who were treated at recurrence with BEV plus IRl between May
2005 and December 2013 at Rigshospitalet. During this period,
BEV 10mg/kg and IRl 125 mg/m? every two weeks could be
prescribed to all recurrent GBM patients older than 18 years in
WHO PS 0-2 at baseline. Patients had to have measurable
progressive disease by contrast-enhanced magnetic resonance
imaging (MRI) after standard therapy and be at least four weeks
from prior chemotherapy and three months from completion
of radiotherapy. For patients who had undergone relapse
surgery a post-surgical MRl was performed prior to treatment
initiation. Detailed inclusion and exclusion criteria are
described in a previously published treatment protocol [5].

Population 2 (validation cohort): From a previously published
cohort of 292 high-grade gliomas diagnosed between January
2005 and December 2009 at Odense University Hospital [13],
we identified all patients with recurrent GBM treated with BEV
and IRI.

Clinical follow-up

Clinical follow-up was performed every four weeks and MRI
every eight weeks. MRI T1 and T2 sequences were employed,
and in recent years the T2/fluid-attenuated inversion recovery
(FLAIR) sequence was added. Treatment response and date of
progression were evaluated (investigator assessment) using
the Macdonald criteria [14]. In the more recent cases evaluated
by the T2/FLAIR sequence, response and date of progression
were retrospectively reviewed (by T.U., V.A.L.) based on Revised
Assessment in Neuro-Oncology (RANO) criteria [15] and a high
concordance with the initial evaluation was observed.

Statistical analysis

Response was estimated by employing logistic regression and
the results presented by odds ratios with 95% confidence
intervals (95% Cl) and the area under the receiver operating
characteristic curve. Survival probabilities were estimated with
the Kaplan-Meier method. Multivariable analysis included
covariates with p-value less than 10%. The Cox proportional
hazards model was used for multivariable analysis. Assessment
of the model assumptions was done using martingale
residuals. The results are presented by hazard ratios with
95% Cl and the concordance index (C-index) as a measure of
discrimination [16]. A prognostic index for OS was developed
based on the final multivariate analysis. The linear combination
of the chosen covariates were assessed for 6- and 12-month
survival using logistic regression and presenting the results by
the sensitivity, specificity as well as the area under the receiver
operating characteristic curve. The predictor for response, PFS
and OS from the training set was calculated for the validation
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study and tested in this. p-values <0.05 were considered
significant. Calculations have been performed using SPSS
(v19.0, IBM Corp., Armonk, NY, USA), R (R Development Core
Team, Vienna, Austria, //www.R-project.org) and SAS (v9.3, SAS
institute, Cary, NC, USA) software.

Results

Patient characteristics

Population 1: A total of 219 recurrent GBM patients (73 women,
146 men) treated with BEV plus IRl were identified. Patient
characteristics are summarized in Table | (full list according to
screened factors, see Supplemental Table |, available online
at //www.informahealthcare.com). After progression on BEV
and IRl therapy, 22 patients underwent resurgery and
19 patients received various types of experimental treatments.
Twenty patients were alive at the end of follow-up of whom
seven had not progressed (median follow-up=7.4 months,
range 0.3-69 months).

Table I. Patient characteristics.

Population 1 Population 2
(n=219) (n=285)

Gender, n (%)

Female 73 (33) 33 (39)

Male 146 (67) 52 (61)
Age, years (range)

Median 56 (21-79) 59 (27-79)
WHO performance status, n (%)

0 78 (36) 18 (21)

1 98 (45) 36 (42)

2 40 (18) 28 (33)

3 0 (0) 3 (4)

Missing 3 (1) 0 (0)
Relapse surgery, n (%)

Yes 111 (51) 28 (33)

No 108 (49) 57 (66)
Multifocal disease, n (%)

Yes 72 (33) 16 (19)

No 142 (65) 69 (81)

Missing 5(2) 0
Frontal location, n (%)

Yes 52 (24) 32 (38)

No 167 (76) 53 (62)
Tumor size, mm? (range)®

Median 1264 (90-8291) NR
Use of corticosteroids, n (%)°

Yes 155 (71) 55 (65)

No 59 (27) 30 (35)

Missing 5(2) 0
Corticosteroid dose, mg (range)

Median 37.5 (0-160) 25 (0-150)
Neurocognitive deficit, n (%)

Yes 116 (53) 52 (61)

No 103 (47) 33 (39)
Response, n (%)

Response (CR+ PR) 66 (30) 40 (47)

Non-response (SD + PD) 131 (60) 45 (53)

Not evaluable 22 (10) 0 (0)
Median progression-free survival, months 5.0 5.9

Responders 9.1 8.0

Non-responders 4.1 34
Median overall survival, months 7.5 78

Responders 133 10.4

Non-responders 6.7 5.8

CR, complete response; NR, not registered; PD, progressive disease; PR, partial

response; SD, stable disease.

Sum of products of perpendicular diameters of all measurable enhancing

lesions;
PPrednisolone >10 mg.
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Population 2: A total of 85 patients were identified and
included in the validation dataset. Characteristics are listed in
Table I. Two patients were alive and all had progressed at
the end of follow-up (median follow-up =7.8 months, range
0.9-76 months).

Response, PFS and OS, Population 1

A response was found in 66 of 219 patients (30%; 95% Cl 24-36).
Twenty-two patients were non-evaluable at first response
evaluation due to early progression, death or toxicity. Of the
197 evaluable patients, 66 patients were classified as respon-
ders (complete or partial response) and 131 patients as non-
responders (stable or progressive disease). Among the
responders 54 patients (82%) achieved response at first
treatment evaluation. In univariate analysis, factors associated
(p < 10%) with a reduced chance of response at first response
evaluation and at time of best response were: WHO PS 2 versus
0, corticosteroid use, higher corticosteroid dose and increasing
tumor size.

Median PFS was 5.0 months (95% Cl 4.2-5.3) and 6-month
PFS was 33.5% (95% Cl 27.3-39.8). In univariate analysis, factors
associated with reduced PFS were: Increasing age (p =0.06),
WHO PS 2 vs. 0 (p=0.009), multifocal disease (p=0.002),
corticosteroid use (p=0.01), higher corticosteroid dose
(p=0.005), increasing tumor size (p=0.05), neurological
objective deficit (p=0.05), neurocognitive deficit (p=0.02),
aphasia (p =0.01), hemiparesis (p = 0.03) and ataxia (p = 0.009).

The median OS for all subjects was 7.5 months (95% Cl
6.7-8.2). OS at 6 and 12 months were 63.8% (95% C| 57.4-
70.2%) and 23.5% (95% Cl 17.8-29.3%). Factors associated with
decreased OS in univariate analysis were: WHO PS 1 versus 0
(p=0.01), WHO PS 2 versus 0 (p=0.0005), multifocal disease
(p<0.00001), corticosteroid use (p=0.0002), higher corticos-
teroid dose (p<0.00001), increasing tumor size (p=0.009),
neurological objective deficit (p =0.02), neurocognitive deficit
(p=0.01), hemiparesis (p =0.02), ataxia (p =0.02) and aphasia
(p=0.05).

Multivariate analysis and prognostic models,
Population 1

Table Il summarizes the multivariate analyzes and prognostic
models for response and survival endpoints. Corticosteroid
dose (continuous) and corticosteroid use added equal predict-
ability to the models for response, PFS and OS and in order to
simplify the models it was decided to include only corticoster-
oid use. Use of corticosteroid was inversely related to response
and the only predictor to have a significant impact on the
likelihood of achieving a response at first evaluation (OR 0.45;
95% Cl 0.22-0.93; p =0.03) and at best response (OR 0.51; 95%
Cl 0.26-1.02; p=0.056). Tumor size and WHO PS were not
associated with response (p>0.20). Nevertheless, it was
decided to adjust the models for WHO PS along with the
prognostic factors identified below. The model for response at
first evaluation had a C-index of 0.66 and the model for best
response had a C-index of 0.63.

Multivariate analysis of PFS identified neurocognitive deficit
(HR 1.33; 95% CI 1.00-1.77; p=0.049), multifocal disease

Table Il. Multivariate analysis of response at first evaluation, best response,
progression-free survival and overall survival (Population 1).

Response first Best Progression-free  Overall
evaluation response survival survival
OR (95% CI) OR (95% Cl) HR (95% CI) HR (95% Cl)
WHO PS, 1 vs. 0 1.15 1.18 1.01 1.16
(0.56-2.38)  (0.59-2.35) (0.73-1.41) (0.82-1.63)
p=070 p=063 p=095 p=040
WHO PS, 2 vs. 0 0.41 0.52 1.14 1.29
(0.10-1.65)  (0.16-1.70) (0.73-1.78) (0.82-2.03)
p=021 p=028 p=058 p=027
Neurocognitive deficit, 0.94 1.00 133 1.40
yes vs. no (0.48-1.85)  (0.53-1.90) (1.00-1.77) (1.04-1.89)
p=086 p=099  p=0.049 p=003
Multifocal disease, 0.62 0.67 1.56 1.87
yes vs. no (0.30-1.29)  (0.34-1.31) (1.15-2.11) (1.37-2.56)
p=0.20 p=024  p=0004 p<0.0001
Corticosteroid use, 0.45 0.51 1.42 1.70
yes vs. no (0.22-0.93)  (0.26-1.02) (1.00-2.00) (1.18-2.45)
p=0.03 p=0056 p=0049 p=0.004
C-index 0.66 0.63 0.63 0.64

C-index, concordance index; WHO PS, WHO performance status.

(HR 1.56; 95% Cl 1.15-2.11; p=0.004) and corticosteroid use
(HR 1.42; 95% CI 1.00-2.00; p = 0.049) as significant prognostic
factors associated with an increased risk of progression.
Remaining factors identified in univariate analysis were not
significantly associated with PFS. However, it was decided to
keep WHO PS in the model based on the reasons described
above. The C-index for the model was 0.63.

Of factors identified by univariate analysis, three were found
significantly associated with reduced OS by multivariate
analysis when adjusted for WHO PS: neurocognitive deficit
(HR 1.40; 95% CI 1.04-1.89; p =0.029), multifocal disease (HR
1.87; 95% Cl 1.37-2.56; p<0.0001) and corticosteroid use (HR
1.70; 95% Cl 1.18-2.45; p =0.004). The C-index was 0.64.

Figure 1 shows the estimated survival curves based on the
combinations of the three significant covariates included in the
final model for OS. The median OS for the best group (negative
for all three covariates) was 13.8 months and 5.3 months for
patients in the group with the poorest signature (positive for
all three covariates). The estimated 6- and 12-month OS
corresponding to the eight possible combinations of the three
markers are shown in Figure 1. The area under the curve (AUC)
for 6-month survival was 0.67, with 51% sensitivity at 75%
specificity and for 12-month survival, the AUC was 0.71 with
55% sensitivity at 75% specificity.

Validation of prognostic models

Application of the predictor established in Population 1 for
best response to the validation set (Population 2) showed a
non-significant association (p=0.22) with a C-index of 0.58.
The results of applying the predictor for PFS to the validation
study showed a significant association (p = 0.01) with a C-index
of 0.59. OS in the validation study demonstrated a significant
association to the predictor estimated from the training set
(p =0.03) with a C-index of 0.62. Collectively, the predictor for
response was not validated, while the model for PFS and OS
was validated. The estimated OS probabilities for 6 and
12 months for the validation study using the predictor from
the training set are shown in Figure 1.
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Figure 1. Survival of risk groups. Survival curves (Population 1) and estimated survival probabilities at 6 and 12 months for Population 1 and 2. X indicates the
presence of a prognostic factor. 0S6, 6-month overall survival; 0512, 12-month overall survival.

Discussion

In this retrospective study of 219 patients with recurrent GBM
treated with BEV plus IRl we found that prognostic factors were:
Corticosteroid use, multifocal disease and neurocognitive deficit.
Based on these factors a prognostic model for OS was established
and validated in a cohort of 85 patients from another center.
The two cohorts included in this study differed in several
patient characteristics. However, as median PFS and OS of
5.0 months and 7.5 months in the initial cohort were

comparable to the validation cohort and other retrospective
studies [10,12], we conclude that our cohorts are representa-
tive for the general population of recurrent GBM patients
treated at different centers outside clinical trials.

In the initial cohort the response rate was 30% which was
significantly lower than in the validation dataset. Response
assessment is susceptible to considerable inter-observer
variability and this may explain most of the difference in our
observed response rates and why we were not able to predict
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response in the validation cohort. In the initial cohort
corticosteroid use was the only predictor inversely associated
with response and prolonged PFS and OS. Corticosteroid use is
a prognostic factor in recurrent GBM [8,9,11] and consequently
may reflect a subgroup of patients less likely to achieve early
benefit from BEV containing therapy in terms of response. In
addition, corticosteroid dose changes are known to influence
contrast enhancement, though the effect is considered
transient (<2 weeks) [17]. Also worth considering is a possible
corticosteroid-like effect of BEV influencing the contrast
enhancement. Hypothetically, the use of corticosteroids at
baseline may diminish the BEV-related effect on contrast
enhancement at subsequent scans, reducing the likelihood of a
radiological response. Lastly, use of corticosteroids was found
significantly associated with a higher risk of developing severe
(grade >3) lymphocytopenia. Whether this or other immuno-
suppressive effects of corticosteroids interfere with the efficacy
of BEV remains unanswered.

In addition to corticosteroid use, neurocognitive deficit and
multifocal disease were identified as independent poor
prognostic factors for both PFS and OS. All three have
previously been reported to affect survival in non-BEV-treated
recurrent GBM patients [8,9,18]. In a recently published study
on BEV-treated patients, corticosteroid use was associated
with reduced PFS and OS [11]. To our knowledge, no other
study has identified multifocal disease or neurocognitive
deficit as being prognostic in BEV-treated recurrent GBM
patients. In contrast to our expectations, and to previous
studies [8,9,11,12], PS was not an independent prognostic
factor. This might be due to a low number of patients with
poor PS, which was highly associated with the use of
corticosteroids. Consequently, the statistical power may not
be adequate to detect an association between PS and survival
endpoints.

In the present study we developed and validated
prognostic models for GBM patients who receive BEV plus
IRl at recurrence. Three risk factors predictive of early
progression and mortality were identified: Neurocognitive
deficit, corticosteroid use and multifocal disease. The prog-
nostic model can help physicians to objectively inform
patients about their prognosis and collaboratively decide
whether the patient should or should not initiate BEV relapse
treatment.
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