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ABSTRACT

Objective: To evaluate the predictive significance of the duration of temozolomide (TMZ) in patients with glioblastoma multiforme
(GBM) who were treated with bevacizumab (Beva) as second-line setting.

Study Design: Descriptive study.

Place and Duration of Study: Bezmialem Vakif University School of Medicine Hospital, Istanbul, Turkey, from January 2014 to
September 2020.

Methodology: A total of 109 patients, 47 (43.1%) females and 62 (56.9%) males, were retrospectively included in the study. All
patients received TMZ as first-line and Beva as second-line treatment. Kaplan-Meier method and Cox regression model were
performed for survival and univariate/multivariate analyses, respectively.

Results: Patients treated with first-line TMZ were divided into two groups according to the PFS. Group 1 is <9 months and group 2 is
=9 months. Overall survival (OS) of group 1 and group 2 patients was evaluated after the initiation of second-line bevacizumab treat-
ment. The OS in group 1 was 7.8 months (6.9-8.6, 95% Cl), and group 2 was eight months (6.4-9.5, 95% Cl), but it was statistically
non-significant (p = 0.837).

Conclusion: Duration of first-line TMZ treatment was not a predictor for OS of the GBM patients, who were treated with Beva as
second-line setting.
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INTRODUCTION

Glioblastoma multiforme (GBM) is a lethal malignancy with poor
prognosis.’ The primary treatment of GBM patients is gross total
resection and adjuvant radiotherapy (RT) plus temozolomide
(TMZ).? Palliative systemic treatments are used in GBM patients
for whom local treatments are not appropriate, but options are
limited. TMZ is the only option in first-line systemic therapy, if the
patient progresses after along adjuvantinterval. Furthermore, in
GBM patients, who progressed with TMZ treatment, it is mostly
recommended to use bevacizumab (Beva) with or without cyto-
toxic chemotherapy (CT) in second-line treatment.’ Despite all of
these aggressive treatments, satisfactory survival results have
notbeenachievedin GBM patients.*
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Beva is a humanised antibody binding to vascular endothelial
growth factor (VEGF).” Beva (10 mg/kg every two weeks) shows
approximately 40% radiological response in patients with GBM;
and provides a significant improvement in patients' quality of
life. However, despite all these positive effects, it does not
prolong OS of newly diagnosed or recurrent GBM patients.®
Beva treatment also has many cardiovascular (hypertension,
thromboembolism, and left ventricular dysfunction) and non--
cardiovascular (proteinuria, delayed wound healing, and bleed-
ing) side effects.’

Many factors related to the treatment resistance of Beva have
been defined. Still, thisissue has not yet been fully clarified; and
today, there is no established marker predicting Beva's
response.®However, the detection of Beva's predictive markers
is vital for optimising individualised therapy. Thus, the treat-
ment costs and unnecessary side effects can bereduced.

Studies show that the duration of first-line treatment is predic-
tive for sequential treatment responses in many cancer types
settings. For example, the duration of first-line therapy in pros-
tate and gastric cancer patients is predictive for the second-line
treatment duration.**® However, the predictive significance of
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TMZ treatment duration for Beva in GBM patients is not well
known.

The aim of this study was to analyse whether that long initial
response to TMZ could predict response to subsequent therapy
with Bevain patients with GBM.

METHODOLOGY

In this descriptive study, archived records between January
2014 and September 2020 for all GBM patients in Bezmialem
Vakif University Hospital, Turkey, were used. Criteria of eligible
patients, who completed two series of treatments including
TMZ and Beva, aged 18 to 80 years, having a histologically
proven GBM (except anaplastic astrocytoma and anaplastic
oligodendroglioma), and follow-up available with apporpriate
imaging technique were included. The exclusion criteria were
patients whowere notinthefollow-up.

All patients underwent maximal safe resection. Following
surgery, have treated with concurrent RT (total dose: 60 or 70
Gy) and TMZ (75 mg/m’/ day). All patients received six cycles of
maintenance TMZ (150 or 200 mg, for five days every 28 days)
after completed chemoradiotherapy treatment. In the first-line
treatment, TMZ (150 or 200 mg/m?) for five days every 28 days’
treatment was continued until progression or intolerance in
patients, who were notsuitableforsurgery and RT after progres-
sion and who progressed six months after adjuvant therapy. If
there were no symptoms, the patients were followed every
three months with agadolinium-enhanced magneticresonance
(MRI). Patients with symptoms were evaluated immediately.
Beva was started as second-line therapy in patients with clinical
progression, with or without radiological progression evidence
by MRI. Beva (10mg/Kg®) for every two weeks of treatment was
continued until progressioninthesecond-line treatment.

SPSS for Windows, Version 24.0 (SPSS Inc., Chicago, IL, USA)
was used for statistical analysis. Quantitative and qualitative
variables were given as median and range, mean = standard
deviation, and frequency and percentage, respectively. Nor-
mality analysis of the data was performed using the Kolmo-
gorov-Smirnov test. Treatment response levels were compared
withthe Chi-square (x*) testforthe two groups. Correlation anal-
yses were performed using Spearman's correlation analysis
since the data did not conform to normal distribution. Survival
analysis was performed using the Kaplan-Meier method and
compared by the log-rank test. Cox regression analysis was
performed for univariate and multivariate analysis, and hazard
ratios (HR) with 95% confidence intervals (Cl) were used to
measure indices predicting survival. A value of p <0.005 was
considered statistically significant.

RESULTS

A total of 109 patients with GBM were identified in the institu-
tional database. Sixty-two (56.9%) patients were males, and
43.1% (n = 47) patients were females. The mean age of the
patients was 48.6 = 12.5 years. Seventy-four (67.9%) patients'

eastern cooperative oncology group performance score (ECOG-
PS) was 0-1 at the time of diagnosis. Thirty-five (32.1%),
patients' ECOG-PS was >1. The most common localisations
were frontal lobe (32.1%, 35); temporal lobe (28.4%, 31); pari-
etal lobe (20.2%, 22); and others (19.3%, 21). Primary GBM
developed in 89.9% (98) patients, and GBM secondary to low--
grade glioma developed in 10.1% (11) patients. Ki-67 was <
20% in 62 patients (56.9%), and Ki-67 was> 20% in 47 patients
(43.1%). P53 mutation was detected in 57 patients (52.3%). IDH
mutation was detected in 21 patients (23.1%). Surgery was
performed on 98 patients. Total excision was performed in 73
patients (74.5%) and subtotal excision in 25 patients (25.5%).
Total excision was performed in 75.8%, 68.4%, 83.3%, and
55.6% of patients with GBM located in the frontal, parietal,
temporal, and other lobes, respectively (p=0.071). All of the
patients evaluated received RT. While eight of these patients
(7.3%) received RT alone, 103 patients (92.7%) received TMZ
plus RT. After progression, 15 of the patients (13.8%) received
re-TMZ treatment. All patients, who progressed after TMZ,
received Beva treatment. Afterthefirst progression, 23 (21.1%)
ofthe patientsreceived gamma knife treatment (Tablel).

All patients received TMZ as first-line systemic therapy. The
impactofage (<50and =50years), tumourlocalisation, resec-
tion type (total excision or partial resection), ki-67, p53 and
IDH-1 status on treatment response were evaluated in patients

whotreated withtemozolomide. Inpatients whoreceivedfirst--
line TMZ, 36.7% (40), 24.8% (27), 38.5% (42) had objective
response (OR) (6.4% complete response (CR), 30.3% partial
response (PR)), stable disease (SD), progressive disease (PD),
respectively. Median progression-free survival (PFS) was 8.5
months (7.0-10.1, 95% Cl). The median duration of the use of
TMZ was six months (range: 2-24). Univariate and multivariate
analyses were performed to assess the predictive value for PFS
inall patients. Inunivariate Cox regression analysis; gender (HR
0.79 (0.54-1.17, 95% ClI), p=0.243), age (HR 1.12 (0.77-1.64,
95% Cl), p=0.554), primary and secondary GBM (HR 0.60
(0.32-1.12,95% Cl), p=0.106), Ki 67 level (HR 1.23 (0.84-1.80,
95% Cl), p=0.296), p53 mutation status (HR 0.79 (0.54-1.15,
95% CI), p=0.213) were not found to be associated with
survival, while ECOG-PS >1 (HR 3.57 (2.25-5.64, 95% ClI),
p<0.001), IDH wild type (HR 2.34 (1.4-3.91, 95% Cl), p=0.001)
and subtotal surgery (HR 1.70 (1.06-2.71, 95% Cl), p=0.028)
were found to be associated with worse PFS. Multivariate anal-
ysis revealed treatment-related IDH-wild (HR 2.28 (1.31-3.96,
95%Cl),p=0.003)andECOG-PS>1(HR=3.79(2.12-6.79,95%
Cl), p <0.001) as independent predictors of worse PFS on TMZ-
basedtherapy.

After first-line TMZ treatment progression, 13.8% (15/109) of
the patients received re-temozolomide treatment. All patients
received Beva as second-line systemic therapy. In patients who
received second-line Beva, 28.4 (31), 31.2% (34), 38.5% (42)
had OR (2.8% CR, 25.7% PR), SD and PD, respectively. Median
PFS was five months (3.9-6.1, 95% Cl). The median duration of
the use of TMZ wassix months (range =1-62).
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Table I: Demographic features and tumor characteristics of the patients.

Gender
Female 47/109(43.1%)
Male 62/109(56.9%) Age (meanz=sd) 48.6+£12.5
Age ECOG PS
<50 50/109(45.9%) 0-1 74/109(67.9%)
>50 59/109(54.1%) >1 35/109(32.1%)
Tumor localisation
Frontal 35/109 (32.1%) Type of surgery

0,
Temporal 31/109(28'4[@ Complete resection 73/98(74.5%)
Parietal 22/109(20.2%) Partial resection 25/98(25.5%)
Others 21/109(19.3%) '
Ki 67 P53 status
<20 62/109(56.9%) Mutated 57/109(52.3%)
>20 47/109(43.1%) Non mutated 52/109(47.7%)
IDH-1 status First line treatment
Mutated 21/91(23.1%) RT 8/109(7.3%)
Non mutated 70/91(76.9%) RT+Temozolamid 103/109(92.7%)
Origin Second line Temozolamid
Primer GBM 98/109(89.9%) Present 15/109(13.8%)
Seconder GBM 11/109(10.1%) Absent 94/109(86.2%)
Gamma knife
Present 23/109(21.1%)
Absent 86/109(78.9%)

ECOG PS: Eastern cooperative oncology group performance status, TMZ: Temozolomide, IDH: Isocitrate dehydrogenase, HR: Hazard ratio, GBM: Glioblastoma multiforme.

Table II: The correlation of first line and second line treatment responses.

First line temozolamide

treatment p-value
Clinical response Progressive disease Total
Clinical
response 53.7% (36) 46.3% (31) 100% (67)
Second line bevacizumab treatment Zir:élgsezswe 69% (29) 31% (13) 100% (42) 0.113
Total 59.6% (65) 40.4%(44) 100% (109)

medilnsos was 7 8 months

0,64 (6.9-8.6 95% CI)

0.4 median OS was 8.0 months
(6.4-9.595% CI)

00 T T T T
0 5 10 15 20 25

overall survival (months)

Figure 1: Kaplan-Meier curves according to temozolamid pfs (<9
months and = 9 months) of overall survival with bevacizumab.

0S: Overall survival, pfs: Progression free survival.

84

Univariate and multivariate analyses were performed to
assess the predictive value for PFS in all patients. In
univariate Cox regression analysis; age (HR 0.88 (0.58-1.33,
95% Cl), p=0.544), gender (HR 1.17 (0.78-1.76, 95%),
p=0.447), Ki 67 level [HR 1.09 (0.73-1.63, 95% Cl),
p=0.683], p53 mutation status (HR 1.03 (0.69-1.53, 95% Cl),

p=0.904), IDH mutation status (HR 1.34 (0.79-2.30, 95% Cl),
p=0.282), re-temozolomide treatment (HR 1.18 (0.65-2.13,
95% Cl), p=0.582), clinical response level with temozolo-
mide (HR 0.96 (0.63-1.45, 95% CI), p=0.833), and gamma
knife treatment (HR 1.67 (0.98-2.83, 95% Cl), p=0.058) were
not found to be associated with survival, while ECOG-PS >1
(HR 5.15 (3.19-8.32, 95% CI), p<0.001) and subtotal surgery
(HR 1.62 (1.0-2.62, 95% CI), p=0.050 ) were found to be
associated with worse PFS. Multivariate analysis revealed
treatment-related ECOG-PS >1 [HR = 5.21 (3.12-8.70, 95%
Cl], p <0.001) as independent predictors of worse PFS on
Beva-based therapy.

First-line temozolomide treatment showed a clinical
response (OR + SD) in 61.5% of patients, and the clinical
response rate with second-line bevacizumab treatment was
59.6% in these patients. Clinical response rate with second--
line bevacizumab treatment was 69% (p = 0.113) in 38.5%
of patients who had no clinical response with temozolomide
treatment. The correlation of the first line and second-line
treatment responses summarised in Table Il.

The patients were divided into two groups according to their
first-line TMZ PFS duration (group 1 <9 months and group 2
=9 months). The survivals of group 1 and group 2 patients
were evaluated after the initiation of second-line beva-
cizumab treatment. The median OS in group 1 was 7.8
months (6.9-8.6, 95% Cl), and group 2 was 8 months
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(6.4-9.5, 95% Cl), but it was statistically non-significant (p =
0.837, Figure 1). No correlation was found in the correlation
analysis between temozolomide PFS and OS values after
bevacizumab treatment (correlation coefficient -0.008, p =
0.937).

DISCUSSION

GBM is a tumor that shows high vascularity; and expresses a
very high rate of VEGF-A. In addition, VEGF-A expression is
associated with poor survival in GBM patients.™ Therefore,
the monoclonal anti-VEGF-A antibody Beva was an attractive
treatment candidate for GBM patients.

Phase 2 trials showed the OS and PFS benefit of Beva plus
CT in patients with recurrent GBM. However, unlike recurrent
GBM, the contribution of Beva to survival in newly diagnosed
GBM patients has not been demonstrated in a randomised
phase 3 studies.”

First-line TMZ and second-line Beva with or without CT are
the standard treatment in the daily practice in patients with
GBM. Due to the side effects and cost of Beva therapy, it is
increasingly important to investigate predictive factors.
Many predictive factors have been studied in Beva treat-
ment. Carvalho et al. showed that hypertension and protein-
uria are associated with better disease control in Beva treat-
ment of GBM patients."® Vaios et al. showed that the
increase in the number of eosinophil, lymphocyte, and
platelets in Beva treatment responses of recurrent GBM
patients was associated with better clinical response.* In the
previously published study, pretreatment inflammatory
markers might be an independent predictive marker for
patients with GBM who are treated by Beva."” Another study
also showed the relationship between high gene expression
of angiotensinogen with Beva resistance in recurrent GBM
patients.’ Surprisingly, although the relationship between
the duration of sequential treatments response in many
cancer types has been studied, there are no published
studies in GBM patients. Dulgar et al. showed the relation-
ship between second-line hormone treatment responses of
prostate cancer patients and first-line hormone treatment
responses.’ In addition, it has been shown that the first-line
treatment duration of patients with advanced her2-positive
gastric adenocarcinoma and metastatic renal cell carcinoma
is predictive for second-line survival benefit."**’ This may be
due to the change in the tumor microenvironment, caused
by first-line therapy.

Newly diagnosed and recurrent GBM disease is molecularly,
genetically, and clinically different. Moreover, GBM can be
divided into three groups by transcriptional profiling as clas-
sical, proneural, and mesenchymal. The mesenchymal
subtype has higher VEGF expression and appears more
frequently in recurrent GBM. Therefore, Beva therapy has
been shown to be associated with better survival in the GBM
mesenchymal subtype.*® A high genetic mutation burden is

also expected in patients with recurrent GBM. For example,
TP53 mutation is more common in patients with recurrent
GBM compared to newly diagnosed GBM. Moreover, TP53
mutation and IDH1 mutation are more common in proneural
GBM patients compared to other groups. The differences
between newly diagnosed and recurrent GBM may explain
their different responses to Beva treatment.”” The authors
designed this study considering that TMZ treatment expo-
sure may have a role in this molecular change. Although the
authors could not conduct molecular studies in the same
patient group, the relationship of these molecular and
genetic differences, shown in previous studies with TMZ
exposure and its reflection on the Beva response, was
exaimed hereby. However, this study showed that the
second-line Beva treatment response was not correlated to
the first-line TMZ treatment response.

The limitations of this study are its retrospective and single--
centre design. The lack of an MGMT result can also be consid-
ered a limitation due to its prognostic significance. However,
phase 3 studies have shown that MGMT status does not
affect the survival benefit of Beva.”

CONCLUSION

In this study, the duration of TMZ was shown not to be
predictive for sequential Beva treatment responses in
patients with GBM cancer settings. Switching to Beva treat-
ment early may cause the patient to lose benefit from TMZ
treatment. Prospective studies with more patients are
needed on this subject.
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