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Abstract: Glioblastoma (GBM) is the most common primary malignancy in the central nervous
system. In this study, we investigated the therapeutic effects of B-elemene (ELE) treatment in
patients with newly diagnosed GBM who received concomitant chemoradiotherapy and adjuvant
chemotherapy with temozolomide. Our results indicated that compared with control, patients who
received ELE showed significantly longer median progression-free survival (PFS) (8 months vs
11 months; P<<0.001) and overall survival (OS) (18 months vs 21 months; P<<0.001). Despite
the O-6-methylguanine-DNA methyltransferase (MGMT) promoter methylation status, ELE
treatment could significantly prolong the PFS (P=0.038) and OS (P=0.016). In multivariate
analysis, ELE was a significant prognostic factor for PFS (hazard ratio [HR], 0.34; 95%
confidence interval [95% CI]: 0.15-0.62; P=0.011) and OS (HR, 0.31; 95% CI: 0.14-0.69;
P=0.006). Furthermore, ELE could significantly reduce the hematologic toxicities induced by
chemoradiotherapy. In conclusion, ELE might provide a survival benefit in patients with GBM.
Further study for verification might be needed.
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Introduction

Glioblastoma (GBM) is the most common primary malignant brain tumor in adults.
The current treatments include surgery followed by concomitant chemoradiotherapy
with temozolomide (TMZ) and adjuvant chemotherapy with TMZ as described in the
randomized European and Canadian trial (EORTC/NCIC).!? Although advances in
treating GBM have been accomplished, the prognosis of patients with GBM is rather
poor and the median overall survival (OS) is only ~14.6 months.' At present, there is
a great demand to identify therapeutic drugs for GBM.?

B-Elemene (ELE) is a broad-spectrum antitumor drug extracted from the
medicinal herb Curcuma wenyujin.* ELE has been shown to be effective in treat-
ing many cancers, including gastric,’ lung,® and ovarian cancers’ and leukemia.®
Because of its small molecular weight and lipid solubility, ELE can penetrate
the blood-brain barrier* and has been used to treat glioma.’ Recently, several in
vitro studies showed that ELE treatment inhibited GBM cell proliferation,'®!
promoted differentiation,'?> induced apoptosis,'* and chemo- and radiosensitized
GBM cells.''2!* All these findings indicated the potential survival benefit of ELE
in treating GBM. However, so far, no clinical investigation about ELE treatment
with special focus on GBM has been done. In this study, we retrospectively ana-
lyzed the use of ELE in patients with newly diagnosed GBM and also assessed
the survival benefit of ELE.
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Methods

This study was approved by the institutional ethics committee
at Henan Provincial People’s Hospital and performed in
compliance with the Declaration of Helsinki. Since this was
aretrospective analysis, no informed consents were obtained
from the patients involved in this study.

Patients and treatments

Data of the patients who were diagnosed with primary GBM
between 2009 and 2014 at our hospital were retrospectively
reviewed. The inclusion criteria for this study were as
follows: 1) adult patients aged =18 years; 2) histopatho-
logically confirmed, newly diagnosed GBM; 3) patients
underwent surgery and postoperatively received concomitant
chemoradiotherapy and adjuvant chemotherapy with TMZ;
4) preoperative checks showed no sign of dysfunctions in the
heart, lung, liver, and kidney; 5) patients showed no postop-
erative complications; and 6) medical records were complete.
In total, 63 patients were enrolled in this study.

Within 4 weeks after operation, patients received the
standard treatments according to the protocol described by
Stupp et al.'! Radiotherapy (RT) consisted of fractionated
focal irradiation at a dose of 2 Gy per fraction given once
daily, 5 days per week, for a period of 6 weeks, for a total
dose of 60 Gy. Concomitant TMZ was administered at a
dose of 75 mg/m? daily, 7 days per week from the first day
to the last day of RT. After an interval of 4 weeks, patients
received up to 6 cycles of adjuvant TMZ according to a
standard 5-day schedule every 4 weeks. The TMZ dose was
150 mg/m? daily for the first cycle and increased to 200 mg/
m? daily at the beginning of the second cycle.

Evaluations
The baseline evaluations included magnetic resonance imag-
ing (MRI), hematological and serological tests, physical and
neurological examinations, and Karnofsky performance scale
score (KPS). Enhanced MRI was performed within 48 hours
after surgery, before RT, 4 weeks after concomitant chemora-
diotherapy with TMZ, at the second, fourth, and sixth cycles
of adjuvant chemotherapy, and every 3 months thereafter.
The extent of resection and tumor progression was evaluated
using a series of MRI taken as mentioned earlier. Complete
resection was defined as =95% removal of the initial tumor,
and partial resection was defined as <95%. Tumor progres-
sion was defined as an increase in tumor size of >25% or
by the presence of a new lesion on imaging.'s

The toxic effects of the treatment were determined
according to the National Cancer Institute Common Termi-
nology Criteria for Adverse Events (CTCAE version 3.0),

with a score of 1 indicating mild adverse effects, a score of 2
indicating moderate adverse effects, a score of 3 indicating
severe adverse effects, a score of 4 indicating life-threatening
adverse effects, and a score of 5 denoting death related to
adverse effects.

The methylation status of O-6-methylguanine-DNA
methyltransferase (MGMT) promoter was determined by
methylation-specific polymerase chain reaction as reported
previously.'®

The primary end point was OS. The secondary end
points were progression-free survival (PFS) and toxicity. OS
was defined as the time from diagnosis to death or the last
follow-up. PFS was defined as the time from diagnosis to
documented progression or death, whichever occurred first.

Statistical analysis

SPSS software (SPSS version 21.0, Chicago, IL, USA) was
employed to perform all the statistical analyses in this study.
OS and PFS were analyzed by Kaplan—Meier method and
tested by log-rank test. The risk factors for OS and PFS were
analyzed by COX proportional hazards regression model.
The factors with P<<0.2 in the univariate COX analysis were
used for further multivariate COX analysis. P<<0.05 was
considered as statistically significant.

Results

Baseline clinical characteristics of the
patients

The baseline clinical characteristics of the patients with
GBM are summarized in Table 1. Sixty-three patients com-
prising 38 men and 25 women were enrolled according to
the aforementioned inclusion criteria. The average age was
42.49£13.16 years. In total, 28 patients (44.4%) received
ELE treatment. The methylation status of the MGMT

Table | Demographic characteristics of the 63 patients with GBM

Parameters Values
Age (years) 42.49+13.16*
Gender (men/women), N 38/25
Preoperative KPS 77£12*
Extent of resection, N

=95% 31

<95% 32
MGMT promoter methylation status, N

Unmethylated 33

Methylated 23

Not available 7
Concurrent ELE treatment, N

No 35

Yes 28

Note: *Data presented mean =* standard deviation.
Abbreviations: GBM, glioblastoma; SD, standard deviation; KPS, Karnofsky performance
scale score; MGMT, 0-6-methylguanine-DNA methyltransferase; ELE, B-elemene.
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Table 2 Clinical parameters of the patients who received treatment
with (n=28) and without (n=35) ELE

Parameters Number of patients
ELE No ELE P-value
Age, years (mean £ SD) 43.07+11.86 42.03£14.27 0.757
Gender 0.954
Men 17 21
Women Il 14
Preoperative KPS (mean +SD)  76.85+12.07 77.50£12.05 0.834
Extent of resection 0.535
=95% I5 16
<95% 13 19
MGMT promoter 0.488
Unmethylated 16 17
Methylated 9 14

Abbreviations: ELE, B-elemene; SD, standard deviation; KPS, Karnofsky perfor-
mance scale score; MGMT, O-6-methylguanine-DNA methyltransferase.

promoter was positive in 23 patients (36.5%), negative in
33 patients (52.4%), and unknown in 7 patients (11.1%).
Thirty-one patients (49.2%) underwent complete resection,
and 32 patients (50.8%) underwent partial resection. The clin-
ical parameters of the patients who received treatment with
and without ELE are summarized and compared in Table 2.
As indicated in Table 2, no statistically significant differences
existed with regard to age, gender, preoperative KPS, extent
of resection, and the MGMT promoter methylation status
between the patients treated with and without ELE.

Survival outcome
Kaplan—Meier method was used to analyze the PFS and OS.
For the entire 63 patients, the median PFS was 9.2 months

A,
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(95% confidence interval [95% CI]: 6.8—11.7 months) and the
median OS was 19.6 months (95% CI: 16.5-24.2 months).
For patients who received ELE, the median PFS was
11 months (95% CI: 9.4-12.6 months) and the median OS
was 21 months (95% CI: 18.8-23.1 months) (Figure 1).
For patients who did not receive ELE, the median PFS was
8 months (95% CI: 7.6-8.3 months) and the median OS was
18 months (95% CI: 15.5-20.5 months) (Figure 1). Both the
median OS and the median PFS of the patients with ELE
treatment were significantly longer than those of patients
without ELE treatment (Figure 1, P<<0.001 for both).

The influence of the MGMT promoter methylation
status on the prognosis was also analyzed using Kaplan—
Meier method (Figure 2). The results showed that the
patients with methylated MGMT promoter had longer PFS
(median: 9 months, 95% CI: 5.9—12.1 months, vs median:
5 months, 95% CI: 3.4-6.6 months, P<<0.001) and OS
(median: 14 months, 95% CI: 10.6—17.4 months, vs median:
7 months, 95% CI: 4.8-9.2 months, P=0.008) than patients
with unmethylated MGMT promoter (Figure 2A and D),
which indicated a better prognosis in patients with methylated
MGMT promoter.

In order to further investigate the ELE treatment, the data
were stratified according to the methylation status of MGMT
promoter and analyzed using Kaplan—-Meier method again.
Results demonstrated that for the group with unmethylated
MGMT promoter, the median PFS of patients with ELE
treatment was 5 months (95% CI: 3—7 months), longer than
that of patients without ELE treatment (median: 4 months,
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Figure | Kaplan—Meier analysis of the (A) OS and (B) PFS according to the treatment.

Abbreviations: OS, overall survival; PFS, progression-free survival; RT, radiotherapy; TMZ, temozolomide; ELE, B-elemene.
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Figure 2 Kaplan—Meier estimates of the (A) PFS and (D) OS by MGMT promoter methylation status. (B) Kaplan—-Meier analysis of the PFS in patients with unmethylated
MGMT promoter by the treatment. (C) Kaplan—Meier analysis of the PFS in patients with methylated MGMT promoter by the treatment. (E) Kaplan—-Meier analysis
of the OS in patients with unmethylated MGMT promoter by the treatment. (F) Kaplan—-Meier analysis of the OS in patients with methylated MGMT promoter by the

treatment.

Abbreviations: PFS, progression-free survival; OS, overall survival; MGMT, 0-6-methylguanine-DNA methyltransferase; RT, radiotherapy; TMZ, temozolomide;

ELE, B-elemene.

95% CI: 1.4-6.6 months) (Figure 2B); the median OS
of patients with ELE treatment was 11 months (95% CI:
4.7-17.3 months), longer than that of patients without ELE
treatment (median: 7 months, 95% CI: 4.2-9.8 months)
(Figure 2E). For the group with methylated MGMT
promoter, the median PFS of patients with ELE treatment
was 12 months (95% CI: 6.2—17.8 months), longer than that
of patients without ELE treatment (median: 9 months, 95%
CI: 7.8-10.2 months) (Figure 2C); the median OS of patients
with ELE treatment was 15 months (95% CI: 11-32 months),
longer than that of patients without ELE treatment (median:
12 months, 95% CI: 10.2-13.8 months) (Figure 2F).

The earlier results indicated that ELE treatment could sig-
nificantly prolong the PFS (P=0.038) and OS (P=0.016)
despite the MGMT promoter methylation status (Figure 2B,
C,E, and F).

COX proportional hazards regression model was used
to assess the prognostic factors. As shown in Table 3, ELE
was the only prognostic factor for PFS (hazard ratio [HR],
0.34; 95% CI: 0.15-0.62; P=0.011). The prognostic factors
for OS included preoperative KPS (=70) (HR, 0.26; 95%
CI: 0.12-0.75; P=0.028), MGMT promoter methylation
status (HR, 0.44; 95% CI: 0.19-0.83; P=0.004), and ELE
(HR, 0.31; 95% CI: 0.14-0.69; P=0.006).
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Table 3 Univariate and multivariate COX analyses of prognostic factors for PFS and OS

Factors PFS (n=63) OS (n=63)

Univariate Multivariate: backward Univariate Multivariate: backward

stepwise stepwise

P-value P-value HR (95% CI) P-value P-value HR (95% CI)
Age (<45 years) 0318 0.283
Gender 0.602 0.771
Preop KPS (=70) 0.089 0310 0.021 0.028 0.26 (0.12-0.75)
Extent of resection 0.072 0.197 0.043 0.073
MGMT promoter 0.170 0.115 0.001 0.004 0.44 (0.19-0.83)
ELE 0.023 0.011 0.34 (0.15-0.62) 0.036 0.006 0.31 (0.14-0.69)

Note: Boldface indicates statistically significant values.

Abbreviations: PFS, progression-free survival; OS, overall survival; HR, hazard ratio; Cl, confidence interval; Preop, preoperative; KPS, Karnofsky performance scale score;

MGMT, 0-6-methylguanine-DNA methyltransferase; ELE, B-elemene.

Toxicity

In patients without ELE treatment, 4 patients presented
with neutropenia (grades 3—4) and 6 presented with
thrombocytopenia (grades 3—4), while in ELE-treated
patients, grades 3—4 neutropenia occurred in 1 patient and
grades 3—4 thrombocytopenia in 1 patient. Hence, grades
3—4 hematologic toxic effects occurred more frequently in
patients without ELE treatment (28.6%) than in those with
ELE treatment (7.1%) (y*=4.559, P=0.031). The hemato-
logic toxic effects were resolved by treatment with recom-
binant human granulocyte colony-stimulating factor and
chemotherapy was not stopped in any patients. Most of the
other toxicities were under grade 2. The non-hematologic
toxic effects such as nausea and vomiting were resolved
by 5-hydroxytryptamine-3 receptor antagonist. In patients
with ELE treatment, local pain and phlebitis occurred in
some patients because of the intravenous injection. The
local pain and phlebitis were resolved by local nursing
or local washing with 5 mg dexamethasone in 100 mL
physiological saline.

Discussion

ELE, a natural compound, is extracted from a traditional
Chinese medicinal herb Curcuma wenyujin It has been used
in cancer treatment in Chinese traditional medicine for many
years.!” ELE shows no cytotoxic effect on normal cells, dis-
plays a broad-spectrum efficacy in treating tumors, and has
some advantages over conventional chemotherapeutic drugs,
such as enhancement of host immune system and sensitiza-
tion of adjuvant radio- and chemotherapies.*>*%!7 In the
People’s Republic of China, ELE has been used to treat glioma
clinically.*'® Recent in vitro investigations have also shown
that when treating GMB, ELE was not only an antitumor agent
but also a chemo- and radiosensitizer."'* In this clinical study,
we focused on the use of ELE in GBM patients.

As one of the most frequent primary central nervous
system malignancies, GBM has a very poor prognosis.'
An international randomized European and Canadian trial
(EORTC/NCIC) compared the RT alone and concomitant RT
and TMZ for GBM patients and clearly proved the benefits of
adjuvant TMZ chemotherapy.'~ Since then, TMZ has been the
first-line chemotherapeutic agent for GBM. TMZ is an oral
alkylating drug that exerts its cytotoxicity through methylation
of the O6-position of guanine.>' However, this DNA damage
can be rapidly repaired by MGMT.?* 22 Clinical analyses have
illustrated that patients with epigenetic silencing of MGMT
gene through promoter methylation could benefit more from
TMZ treatment, and MGMT promoter methylation status
was a prognostic factor for patients with GBM.!%24 In our
investigation, we found a significant beneficial outcome in
patients receiving ELE in addition to concomitant chemo-
radiotherapy with TMZ. What is more, the effectiveness of
ELE in patients with GBM was independent of the MGMT
promoter methylation status. This result confirmed the previ-
ously reported conclusion that MGMT prognostic impact on
GBM was dependent on therapeutic modalities.?

Toxic effects, including myelosuppression associated
with concomitant chemoradiotherapy with TMZ, limit the
usage of TMZ in some patients.! Previous clinical inves-
tigations demonstrated that in treating brain glioma, ELE
could reduce the occurrence of toxic effects associated with
chemoradiotherapy.*® In this study, our results confirmed the
anti-toxicity effects of ELE in treating GBM. Especially, we
found that ELE treatment could reduce grades 3—4 hemato-
logic toxicities in GBM patients.

This study has several limitations. First, this is a single-
center retrospective investigation and a certain selection bias
occurs inevitably. Second, the case number might be still not
enough. The results and conclusions in this study need further
confirmation by a future multicenter prospective study.
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In summary, the results of this retrospective study dem-
onstrated that ELE treatment in patients with GBM provided
survival benefit, which was independent of the MGMT
promoter methylation status. Furthermore, ELE treatment
could also reduce the hematological toxicity induced by
chemoradiotherapy.
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