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Background: Currently, there is no consensus on the standard of care for patients with recurrent glioma.
This study investigated the efficacy of combined carboplatin and etoposide (CE) treatment in recurrent
glioma.

Methods: A retrospective analysis was performed on adult patients with recurrent glioma who received
combination chemotherapy consisting of CE from September 2017 to November 2020 at the Beijing Shijitan
Hospital, Capital Medical University, Beijing. The response rate (RR), defined as the complete response
(CR) + partial response (PR), and the disease control rate (DCR), defined as CR + PR + stable disease (SD),
were analyzed by Chi-square or Fisher’s exact test according to different clinical characteristics. Time to
progression (TTP) was estimated using Kaplan-Meier plots and the log-rank test was used to compare
differences.

Results: A total of 55 patients were assessed and 47 patients were eligible to be enrolled in this study. There
was 1 case of CR (2.1%), 3 patients with PR (6.4%), and 18 patients with SD (38.3%). The RR was 8.5% and
the DCR was 46.8%. When the patients were stratified by World Health Organization (WHO) grade, the
DCR was significantly higher in patients with grade 2 and 3 tumors (83.3% and 50%, respectively) compared
to patients with grade 4 tumors (29.6%; P=0.039). For patients with grade 4 gliomas, the median TTP and
median overall survival (OS) were 2 [95% confidence interval (CI): 0.988 to 3.012] and 7 (95% CI: 3.626 to
10.374) months, respectively. By comparison, the TTP and OS for patients with grade 2-3 gliomas were 4
(95% CI: 1.947 to 6.053) and 13 (95% CI: 0.000 to 26.47) months, respectively. The 6-month progression
free survival (PFS) and 12-month OS were 11.1% and 16.3%, respectively, in patients with grade 4 glioma,
compared to 37.9% and 48%, respectively, in patients with grade 2-3 gliomas.

Conclusions: CE regimen may be effective as a salvage treatment for recurrent glioma. Patients with
anaplastic or low-grade glioma may benefit more from such therapy compared to patients with grade

4 tumors.
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Introduction

Gliomas are primary malignancies of the central nervous
system (CNS), accounting for 80% of all malignant
CNS tumors (1,2). The commonly used World Health
Organization (WHO) classification grades tumors from
1-4 according to their presumed cell of origin (astrocytes
or oligodendrocytes) (3). Despite much progress in
multimodality treatments, relapse or progression is
inevitable, especially for high-grade gliomas such as grades
3 and 4, and partial low grade gliomas with risk factors (4,5).
The initial treatment for gliomas includes resection, adjuvant
radiotherapy with or without concomitant chemotherapy,
and adjuvant chemotherapy of various duration depending
on histological types and extent of resection (EOR).
The most common chemotherapy for recurrent glioma
includes temozolomide (TMZ), nitrosourea, irinotecan
and platinum based regimen. However, unlike the putative
principles in initial therapy, there is currently no consensus
or recommended standard of care for recurrent gliomas
because the prognosis of recurrent glioma is poor and the
survival benefit conferred by salvage systemic treatment is
marginal in most cases (6-8).

While the National Comprehensive Cancer Network
(NCCN) supports the use of platin-based therapy for
relapsed gliomas, there is no preferred recommendation
on the specific combination of drugs (9). Combination
treatment consisting of carboplatin and etoposide (CE) is
widely used in various malignant tumors including small
cell lung cancer (SCLC) (10). However, there is a paucity
of consistent data regarding the efficacy of CE therapy in
relapsed gliomas (11-13). Therefore, clarification of the
efficacy of CE treatment in relapse or progressive glioma
patients is urgently warranted.

Although combined carboplatin and etoposide
chemotherapy had been used for patients with recurrent
glioma in more than one study, the efficacy of the regimen
is different in published literatures. In order to clarify the
efficacy of this regimen in Chinese patients with recurrent
glioma, we performed this retrospective study.

We present the following article in accordance with the
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/apm-21-3382).

Methods
Study design and patients

A retrospective analysis was performed on adult patients
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with recurrent gliomas who received CE combination
chemotherapy (carboplatin plus etoposide) between
September 2017 and November 2020 in our clinic in China.

The eligibility criteria for this study included the
following: patients aged 18 years and older; histological
diagnosis of glioma with WHO grade 2-4, including
glioblastoma multiforme (GBM), diffuse midline glioma,
anaplastic astrocytoma (AA), anaplastic oligodendroglioma
(AO), anaplastic oligoastrocytoma (AOA), astrocytoma (A),
and oligoastrocytoma (OA); and unequivocal recurrent
tumor after surgery and radiotherapy or evidence of tumor
progression after radiotherapy. Patients with a history of
malignancy other than iz situ carcinoma of the cervix or
non-melanoma skin cancer were ineligible for this study.
Patients were followed up routinely by telephone or
outpatient consultation.

This study was approved by the Institutional Ethics
Committee of Beijing Shijitan Hospital of Capital Medical
University (No. 201845). Written informed consent for
the research was waived due to the retrospective nature of
this study. All procedures performed in this study involving
human participants were in accordance with the Declaration
of Helsinki (as revised in 2013).

Treatment

In this study, carboplatin doses were determined to achieve
a target area under the curve (AUC) of 5 mg-mL™"-min and
glomerular filtration rate (GFR), according to the Calvert
formula: Dose = AUC(GFR+25), and etoposide (60 mg/m’
per day for 3 to 5 days) were delivered intravenously each
cycle. Generally, the CE regimen was administered as
follows: carboplatin 100-200 mg on days 1-4 and etoposide
60 mg/m’ on days 1-5, every 4 weeks. Carboplatin was
administered by a 30-minute infusion followed by a
60-minute infusion of etoposide. Doses in subsequent
cycles were reduced or the interval between cycles were
lengthened due to hematological toxicities.

Statistical analyses

Overall survival (OS) was measured from the first day of
application of chemotherapy to the date of death or last
day of follow-up for patients who had not progressed at the
date of analysis. Time to progression (T'TP) was defined as
the interval from chemotherapy commencement to date of
progression.

Response was assessed using the Response Assessment
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Table 1 Basic patient characteristics

Characteristics n (%)
Age (years)
<60 43 (91.5)
>60 4 (8.5)
Gender
Male 26 (55.3)
Female 21 (44.6)

World Health Organization (WHO) grade

2 6(12.8)
3 14 (29.8)
4 27 (57.4)

Temozolomide (TMZ) adjuvant therapy
Yes 40 (85.1)
No 7 (14.9)

Surgery after recurrence

Yes 19 (40.4)

No 28 (59.6)
Salvage TMZ treatment

Yes 32 (68.1)

No 15 (31.9)
Bevacizumab

Yes 24 (51.1)

No 23 (48.9)

Salvage nitrosourea
Yes 1(2.9)
No 46 (97.9)

Salvage chemotherapy lines

1 14 (29.8)
2 32 (68.1)
3 1(2.1)

in Neuro-Oncology (RANO) criteria. The response rate
(RR) was defined as the complete response (CR) + partial
response (PR), and the disease control rate (DCR) was
defined as CR + PR + stable disease (SD). The RR and
DCR were analyzed by Chi-square or Fisher’s exact test
according to different clinical characteristics. The Kaplan-
Meier method was used in the analysis of T'TP and OS.
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The log-rank test was performed to compare the difference
in OS or TTP.

Results
Patient characteristics

A total of 55 patients were considered for this study.
Treatment was terminated for 8 patients after 1
chemotherapy course for various personal reasons, and a
total of 47 patients were finally enrolled in this study. The
characteristics of the patients are summarized in Table 1.
Among the 47 patients, 55.3% were male and the median
age was 45 years (range, 12-89 years). Histologically, there
were 25 cases of glioblastoma (GBM), 2 patients had diffuse
midline glioma, 14 patients presented with AA, 10 patients
had anaplastic oligo-astrocytoma (AOA), 5 had diffuse
astrocytoma (DA) at the time of surgery, and 9 presented
with GBM from the initial grade 2 or 3 tumor. All patients
received surgery followed by radiotherapy. Temozolomide
(TMZ) was administered to 87% of patients due to relapse
or progression of disease.

Chemotherapy

After surgery and radiotherapy, all patients with a
recurrence or residual disease in progression were treated
with CE regimen for 3-4 days, every 4 weeks. A total
of 174 chemotherapy courses were administered with a
median number of 3 cycles per patient (range, 1-22 cycles).
There was 1 case of CR (2.1%), 3 cases of PR (6.4%),
and 18 patients with SD (38.3%). The RR (CR + PR) was
8.5% and the DCR (CR + PR + SD) was 46.8%. A total of
25 patients (53.2%) experienced progressive disease (PD).

In patients who had grade 4 gliomas, no CR was
observed, 3 patients had PR (11.1%), and 6 had SD (22.2%).
The RR was 11.1% and the DCR was 33.3%, and more
than a half of the patients had PD (66.7%).

In patients who had grade 3 gliomas, the best response
was SD, which was observed in 6 patients. In grade 2
glioma patients, 1 CR was observed, 4 patients had SD, and
1 patient had PD.

The above results demonstrated that the DCR was higher
in patients with grade 2-3 tumors compared to patients with
grade 4 tumors (7able 2). There was no correlation between
DCR and age, surgery, salvage chemotherapy line, nor
adjuvant chemotherapy. There was no association between
RR and any of the clinical parameters examined (data not
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Table 2 The RR and DCR in patients stratified by WHO grade
WHO grade n RR (%) Chi-square tests value P DCR (%) Chi-square tests value P
2 6 16.7 3.117 0.21 83.3 6.479 0.039
3 14 0 - - 50 - -
4 27 111 - - 29.6 - -

WHO, World Health Organization; RR, response rate; DCR, disease control rate.
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Figure 1 Kaplan-Meier estimation of the time to progression
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Figure 2 Kaplan-Meier estimation of the time to progression
(T'TP) in patients with recurrent glioma stratified by World Health
Organization (WHO) grade.

shown).

Progression and survival

At the time of this report, a total of 40 deaths (85.1%) were
recorded. The median TTP for all 47 patients was 3 months
(95% CI: 1.905 to 4.095 months) and the median OS was
9 months (95% CI: 6.844 to 11.156 months; Figure 1). The
PFS at 6 months and the OS at 12 months were 22.2% and

© Annals of Palliative Medicine. All rights reserved.

100 1., -+ Grade 2/3
_ — ——Grade 4
S
2
S
?
= 50
[0
(8]
©
a

0 T T T 1
0 10 20 30 40

Months

Figure 3 Kaplan-Meier estimation of the overall survival (OS)
in patients with recurrent glioma stratified by World Health
Organization (WHO) grade.

32.1%, respectively.

When the patients were stratified by WHO grade of
tumor, both TTP and OS were significantly shorter in
patients with grade 4 tumors compared to patients with
grade 2-3 tumors (P<0.05; Figures 2,3).

The PFS at 6 months (PFS 6) was estimated using the
Kaplan-Meier method and the results indicated that PFS-
6 in grade 4 glioma patients (11.1%) was significantly
lower than that in grade 2-3 patients (37.9%). The OS at
12 months was calculated as an endpoint. The 1-year survival
in patients with grade 4 tumors was 16.3% compared to
48% in patients with grade 2-3 tumors (7able 3).

Discussion

Currently, salvage treatment options for patients with
recurrent glioma are limited (14). Bevacizumab was
originally approved for the treatment of recurrent GBM
and then subsequently, for the treatment of recurrent
high-grade gliomas (15,16). However, in China, the costs
of bevacizumab are not covered by the public insurance
system and therefore, it represents a significant financial
burden for some patients (17,18). TMZ and nitrosourea
are commonly recommended after disease progression or
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Table 3 Kaplan-Meier estimation of the median time to progression and median overall survival in patients stratified by WHO grade

(O] TTP
WHO grade n
mOS (months) 95% Cl P mTTP (months) 95% Cl P
2-3 20 13 0.000-26.470 0.036 4 1.947-6.053 0.048
4 27 7 3.626-10.374 - 2 0.988-3.012 -

WHO, World Health Organization; mTTP, median time to progression; mOS, median overall survival; Cl, confidence interval.

relapse as salvage chemotherapy due to its definitive efficacy
(4,19-21). However, nitrosourea is unavailable in China
and TMZ resistance is inevitable due to its wide application
in the adjuvant setting (22,23). Although other cytotoxic
agents such as irinotecan have been used in recurrent GBM
with moderate efficacy, alterative chemotherapy regimen for
relapsed gliomas is still limited (24). Therefore, exploring
novel regimens or examining existed therapies that are
used in other malignant tumors, is crucial for the salvage
treatment of recurrent glioma.

Carboplatin is a ‘second-generation’ cytotoxic platinum
complex structurally related to cisplatin, and is widely used
in ovarian cancer and SCLC. Etoposide is a podophyllotoxin
derivative which delays progression of the cell cycle through
the late S or early G2 phase, it is a potent anti-tumor drug
that belongs to the class of topoisomerase poisons. In this
current study, the response rate of CE regimen in recurrent
gliomas was rather low, with SD presenting as the best
response observed in the entire cohort. Interestingly, the
efficacy of CE therapy differed depending on the grade of
the tumor. For patients with grade 4 gliomas, CE regimen
resulted in lower disease control rate and shorter TTP
or OS compared to patients with grade 2-3 tumors (4 vs.
2 months, P=0.028; 13 vs. 7 months, P=0.036). In patients
with recurrent grade 4 gliomas who received CE salvage
chemotherapy, the estimated PFS6 and 12-month OS
was 11.1% and 16.3%, which failed to show any obvious
advantage compared to dose intensive TMZ treatment in
recurrent GBM patients as demonstrated in the RESCUE
study (21). Furthermore, in patients with anaplastic glioma,
the estimated PFS6 (40.8%) and OS (55%) in this study was
similar to that reported in the RESCUE study (35.7% and
60.7%, respectively).

In this study, the efficacy of CE regimen in recurrent
GBM was poor which was consistent with previous
report (11). However, the efficacy of CE regime was better
in patients with recurrent glioma of grade 2 or 3 compared
with recurrent GBM. In this study cohort, there were only
6 patients with grade 2 tumors, and the estimated PFS6
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(16.7%) and 12-month OS (50%) data should be interpreted
with caution due to the limited sample size. Notably, CR
was observed in 1 patient with grade 2 tumor after 2 cycles
of CE chemotherapy, suggesting that salvage CE regimen
may be effective for patients with grade 2 recurrent gliomas.
Nonetheless, the preliminary results in this study suggested
that CE regimen may confer a superior clinical benefit in
patients with grade 2-3 tumors compared to patients with
grade 4 tumors following disease progress or recurrence
after initial surgery and adjuvant therapy

Since CE regimen has been widely used in different
malignant tumors for decades and the reported related
adverse events is similar in different diseases (11,13,25),
toxicity was not a primary endpoint in this study. However,
hematological toxicity was the most common adverse event
observed in this study cohort and most patients received
granulocyte-colony stimulating factor (GSF) treatment
during the course of chemotherapy. It should be noted
that grade 5 toxicity was observed in 1patient who died
from serious neutropenia and pneumonia. Therefore,
the Eastern Cooperative Oncology Group (ECOG)
score and bone marrow function should be monitored
prior to administration of CE therapy. Treatment-
related hepatotoxicity was generally less common than
myelosuppression and there was no serious hepatotoxicity
observed in this study.

There were some limitations in this study. First, the
retrospective nature of this study may be a source of
potential bias and may exclude meaningful comparisons and
conclusions to some extent. Second, the limited sample size
may contribute to bias. Moreover, the molecular signature
of the tumor was not provided in the analysis due to the
limited sample size. Future well-designed prospective
studies with larger sample sizes should be performed to
further validate the preliminary results of this investigation.

Conclusions

CE regimen may be an effective salvage treatment for
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recurrent gliomas. Patients with anaplastic or low-
grade gliomas may derive more benefit from CE therapy
compared to patients with grade 4 tumors.
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