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Abstract
In glioblastoma multiforme (GBM), both temozolomide (TMZ) and cisplatin are very active at various toxic levels. Previous studies
demonstrated that cisplatin with the standard regimen of TMZ is active in patients suffering from recurrent GBM, generating a
moderate level of toxicity. Also, continuous dose-intense TMZ is a helpful therapy for patients with recurrent GBM. We have
conducted a research to evaluate the security and effectiveness of cisplatin with constant dose-intense TMZ for reduplicative GBM.
The time to progression (TTP) and progression-free survival (PFS) at 6 months (PFS-6) was the major end point. Toxicity, overall
survival, and response are the secondary end points. GBM patients who suffered from progression or relapse after surgery,
radiotherapy, and chemotherapy were qualified. Cisplatin 40, 30, and 30mgwere given on days 1, 2, and 3 before the corresponding
TMZ doses, respectively. Without interruption, TMZ was given at a dose of 50mg/m2 on everyday basis (dose-intense) until
development or progression of unacceptable side effects. A cycle was defined as 28 days. Response Assessment in Neuro-
Oncology criteria were utilized to evaluate the response. Twenty-seven patients in total (median Karnofsky performance status—80,
ranging from 60 to 100; average age—56 years, ranging from 24 to 78 years) were accrued in the research. PFS-12 was 11.1% (95%
confidence interval [CI], �0.7% to 22.9%), and PFS-6 was 37% (95% CI, 18.8%–55.2%). Twenty-three weeks was the median TTP
(95%CI, 17–29 weeks). In the 27 evaluative patients, 6 partial responses were observed with an overall response rate of 22.2% (95%
CI, 6.5%–37.9%), while no complete response was obtained. Toxicity was mostly of grades 1 to 2 amongst 116 therapy cycles.
Hematological and gastroenterological toxicities were the major limiting side effect found in the research. One patient has received
leukopenia World Health Organization grade 4 at cycle 5 during her treatment. Eight percent of patients had grades 3 to 4 vomiting/
nausea. As a valuable therapeutic option, the innovative cisplatin with continuous dose-intense regimen of TMZ incurs an acceptable
level of toxicity and shows active performance in patients with recurrent GBM.

Abbreviations: CI = confidence interval, CR = complete response, GBM = glioblastoma multiforme, KPS = Karnofsky
performance status, MGMT = O6-methylguanine-DNA methyltransferase, MRI = magnetic resonance imaging, ORR = overall
response rate, OS = overall survival, PD = disease progression, PET-CT = positron emission tomography–computed tomography,
PFS = progression-free survival, PR = partial response, RANO = Response Assessment in Neuro-Oncology, SD = standard
deviation, T1WI = T1-weighed image, T2WI = T2-weighed image, TMZ = temozolomide, TTP = time to progression.
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1. Introduction

As one of the most deadly neoplasms, glioblastoma multiforme
(GBM) continues to be regarded as incurable and universally
fatal. The prognosis for patients suffering from recurrent GBM is
even poorer, with an average survival time of around half a year.
The clinical experiments of combination chemotherapy or single-
agent in this patient population yield the response rate from 5%
to 20%.[1] With a comprehension of growth factor pathway and
development in cancer biology, clinical experiments on the
inhibitors of growth factor have been conducted. However,
the findings are not satisfactory, and no progress has been seen in
the survival rate or response rate.[2–5]

Present standardized treatment of primary GBM is neurosur-
gery followed by 30 times of 2-Gy irradiation combined with
daily temozolomide (TMZ) chemotherapy (75mg/m2), with 6
subsequent monthly adjuvant cycles of TMZ chemotherapy
(150–200mg/m2 daily for 5 days). Under such a therapeutic
schedule, the median overall survival (OS) could reach 14.6
months.[6] The epigenetic silencing of the deoxyribose nucleic
acid (DNA) repair enzyme O6-methylguanine-DNA-methyl-
transferase (MGMT, which can repair the DNA damage caused
by TMZ and other alkylating agents) in tumor tissues is regarded
as one of the reasons for the effectiveness of TMZ.[7,8] As such,
this enzyme can be used to predict the response to TMZ. Less
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Table 1

Patient characteristics.

Characteristic No. of patients %

Total number of patients 27 100
Male 16 59.3
Female 11 40.7
Age, y
Median 56 –

Range 24–78 –

KPS
Median 80 –

Range 60–100 –

60 1 3.7
70 4 14.8
80 13 48.1
90 9 33.3
Prophylaxis with
antiepileptic drugs

27 100

Extent of resection
at latest surgery

Gross total resection 8 29.6
Partial resection
or biopsy

19 70.3

Previous adjuvant
treatment

Radiotherapy 27 100
Chemotherapy 0 0

The table includes patient characteristics, including patient numbers, age, KPS, extent of resection at
latest surgery, and previous adjuvant treatment. The median KPS was 80, ranging from 60 to 100;
and the median age was 56, ranging from 24 to 78. KPS = Karnofsky performance status.
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MGMT proteins are generated by tumor cells with a methylated
MGMT promoter, so the patients can benefit more from TMZ.[9]

The methylation proportion for MGMT promoter in GBM
patients is approximately 40%.[9] A potential means to surpass
an unmethylated promoter is the usage of continuous TMZ
below the maximal tolerance dose (prolonged low doses) in order
to deplete MGMT and sensitize tumor cells to TMZ.[9] On a
constant foundation, dose-intense TMZ might also restrict the
activity and mobilization of circulating endothelial precursors
and marrow-derived cells as well as prevent the recovery of
endothelial cells, therefore making contribution to the anti-
angiogenic activity.[10] The traditional 5-day TMZ regimen
delivers from 750 to 1000mg/m2 on monthly basis. Oppositely,
protracted TMZ at 50mg/m2 every day, applied in the present
research, provides an intense dose of 1400mg/m2 for the per 28-
day period. This stands for 1.4 to 1.9 more TMZ dose than in the
regular 5-day regimen of TMZ.[11] Recently, interesting results
show that protracted dose-intense TMZ administration yielded
an overall response rate (ORR) of 41% in people suffering from
recurrent glioblastoma with 75 to 100mg/m2 on daily basis for 6
to 7 weeks. This response rate appeared better than that in similar
groups of standard 5-day regimen.[12]

The most important predictor of efficacy was MGMT status.
Regardless of the size of the dose, the rate of PFS-6 showed higher
efficacy in patients with methylated MGMT promoter than that
in unmethylated group.[7,9] Studies have shown in vitro that
cisplatin was able to decrease the activity of MGMT, indicating
that the single-agent TMZ activity could be increased by
cisplatin.[13] Furthermore, the rationale for such combination
stemmed from preclinical studies showing no overlapped toxic
profiles when cisplatin has a synergistic effect with TMZ, thereby
allowing the administration of both drugs in phase II clinical
trials on full does.[13] In Silvani study, standard TMZ
administration (200mg/m2 on days 2–6 q4wk) and cisplatin
(40mg/m2, on days 1 and 2 q4wk) increased PFS-6 to 35%.[14]

This is comparable to those obtained combining TMZ plus other
drugs and compares favorably with those obtained using a
standard schedule of TMZ alone. In the present study, we
explored the efficacy and the toxicity of the combination of
cisplatin with continuous dose-intense TMZ in patients with
recurrent GBM. As we did not see such kind of studies by
PubMed and EMBASE, we believe this is the first one.
2. Materials and methods

2.1. Study population

Eligibility criteria: 18 to 70 years old, histologic diagnosis of
GBM, platelets (≥100,000/mL), normal baseline counts for
neutrophils (≥1500/mL), Karnofsky performance status (KPS)
≥60, creatinine and bilirubin levels �1.25 times of the upper
limits of normal, alkaline phosphatase and transaminases
degrees �1.5 times of the upper limits of normal, and prior
surgery followed by standard radiation therapy (60Gy/30
fractions). The progression of disease and the evidence of relapse
had to be confirmed using neuroimages with gadolinium-
enhanced magnetic resonance imaging (MRI). Only patients
with disease progression (PD) in 2 MRIs separated by not less
than 1 month, with at least 1 enhancing measurable lesion
diameter of ≥2cm, were accrued in our research. Breast feeding
or pregnant patients were regarded ineligible. All the patients
gave their fully informed consent to participate in the research by
signing a form. The approval from the Institutional Review
2

Board of Peking Union Medical College Hospital, China, has
been obtained. The study was carried out based on the rules of
Good Clinical Practice[15] and World Medical Association
Declaration of Helsinki.[16] The patient characteristics were
shown in Table 1.
2.2. Treatment schedule

Weused a28-day schemeof cisplatin andTMZassociation (Fig. 1).
A total of 100mg of cisplatin was used in each cycle. On day 1,
cisplatin 40mg, after the dissolution in 500mL 0.9% saline, was
administered intravenous injection (i.v.) over 1 hour before the first
TMZ dose; on days 2 and 3, cisplatin 30mg was administered i.v.
before the second and third TMZ doses, respectively. Preceding
cisplatin, patients received prophylactic parenteral antiemetics,
consisting of 8mg i.v./ondasteron, 100mg i.v./alizapride and i.v./
dexamethasone (8mg). TMZwas given at a dose of 50mg/m2 daily
continuously (dose-intense),without interruption, until progression
or development of unacceptable side effects. Patients were required
to fast for at least 2 hours before and after each TMZ dose. One
cycle was defined as 28 days. The treatment was held for one of the
subsequent occurred events: grade ≥4 nonhematologic toxicity,
grade ≥2 central nervous system hemorrhage, documented tumor
progression, noncompliance with researching guidelines, or
voluntary withdrawal. When toxicity was resolved, the treatment
was restarted. As clinically indicated, the dose of TMZ could be
decreasedby25%inaccordancewith specific conditions.However,
if further reduction was needed, patients would be removed from
the study. A comprehensive chemistry panel was performed every
month, and the complete blood counts were repeated every week.
Response was assessed every 8 weeks, before every other cycle
using gadolinium-enhanced MRI; the standardized definitions of



Figure 1. The 28-day scheme of cisplatin and continuous dose-intense temozolomide.
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response were adapted from the standard of the Response
Assessment in Neuro-Oncology (RANO) criteria[17] (Table 2).
Recombinant human granulocyte colony-stimulating factor was
prescribed to prevent or treat neutropenia caused by chemotherapy
according to laboratory findings.
Table 2

Toxicity in 27 patients.

Items
Grades 1 and 2

No. %

Hematological
Anemia 10 37%
Leukopenia 6 22%
Thrombocytopenia 3 11%

Gastroenterological
Anorexia 3 11%
Nausea or vomiting 10 37%
Epigastralgia 4 15%
Constipation 4 15%

Hepatic
Alkaline phosphatase 6 22%
Transaminase 6 22%
Bilirubin 1 4%

Neurological
Somnolence 2 7%
Fatigue 8 30%
Ototoxicity 1 4%

Osteoarticular
Myalgia 2 7%
Arthralgia 1 4%

Vascular venous – 0
Renal 2 7%

The table provides the definitions of various treatment responses according to RANO criteria. Therapeutic re
response, PR = partial response, RANO = Response Assessment in Neuro-Oncology, SD = disease s
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2.3. Efficacy measures

Time to progression (TTP) from the start of chemotherapy to
progressionor exit from the study for any reasonwas evaluated.The
OS time was calculated from the beginning of chemotherapy to
death. The statistical analysis involved all data from the 27 patients.
Toxicity WHO grade

Grade 3 Grade 4

No. % No. %

2 7% 1 4%
3 11% 1 4%
1 4% – 0

2 7% 1 4%
1 4% 1 4%
1 4% – 0
– 0 – 0

– 0 – 0
1 4% – 0
– 0 – 0

1 4% – 0
2 7% – 0
– 0 – 0

– 0 – 0
– 0 – 0
1 4% – 0
– 0 – 0

sponses were classified into PR, complete CR, and SD according to the RANO criteria. CR = complete
tabilization, WHO = World Health Organization.

http://www.md-journal.com
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OS, TTP, and PFS-6 were calculated by virtue of Kaplan–Meier
method[18]; differences in OS and TTP were assessed for statistical
importance by the log-rank test.[19] Patients were evaluated for
response according to clinical and neurologic examinations
(performed monthly before each cycle) and MRI or positron
emission tomography–computed tomography (PET-CT) neuroim-
agingperformedevery2cycles, or earlier if clinically indicated,based
on the RANO criteria.[17] Neurologic conditions were evaluated in
consideration of symptoms and signs possibly related to tumor
progression, in comparison to the prior examinations; every change
in the daily dosage of corticosteroids was kept track of.
Therapeutic responses were classified into partial (PR),

complete (CR), and disease stabilization (SD) according to the
RANO criteria[17] (Table 2) only if they were constant on
successive brain MRIs with at least 4 weeks’ interval. MRI was
conducted with a research-particular brain tumor protocol
including T1-weighed image, T2-weighed image, fluid attenua-
tion inversion recovery image, diffusion-weighted imaging, and
perfusion-weighted imaging. Patients were removed from the
study if they retracted their consents, encountered severe toxicity,
or had progressive disease. Patients who interrupted treatment
before the first radiologic assessment were regarded evaluative
for only toxicity rather than response.
2.4. Statistical analysis

The major end point was PFS-6. Descriptive approaches were
used to report the baseline demographics, toxicity, and response
rate. OS, PFS-6, and TTP were calculated based on the
Kaplan–Meier and log-rank test by means of IBM SPSS Statistics
Table 3

Definitions of various treatment responses according to Macdonald

Response types

CR Disappearance of all enhancing measurable and n
Stable or improved FLAIR/T2 lesions
No new lesions
Stable or improved clinically
Patients cannot be receiving corticosteroids (physio

PR ≥50% decrease (compared with baseline) in the s
lesions sustained for a minimum of 4 weeks

No progression of nonmeasurable disease
No new lesions
Stable or improved FLAIR/T2 lesions
Stable or improved clinically
Corticosteroid dosage at the time of the scan shou

SD Patient does not qualify
for CR, PR, or progression

Stable FLAIR/T2 lesions on a corticosteroid dose n
Stable clinically

PD ≥25% increase in sum of the products of perpend
tumor measurement obtained either at baseline
dose of corticosteroids

Significant increase in FLAIR/T2 lesions compared
not caused by comorbid events (e.g., radiation
while on a stable or increasing dose of corticos

New lesions
Clinical deterioration not attributable to other cause

complications of therapy, cerebrovascular event
Failure to return for evaluation owing to death or d
Clear progression of nonmeasurable disease

The table depicts the means, medians, and log-rank results for time to progression and survival time. For a
(95% CI, 18.8%–55.2%) and 11.1% (95% CI,�0.7% to 22.9%), respectively. CI = confidence interval, CR
PFS = progression-free survival, PR = partial response, RANO = Response Assessment in Neuro-Onc
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20.0 (International Business Machines Corporation, Armonk,
New York, United States). Parameters related to OS and
therapeutic response were KPS, age, and time interval between
the end of radiation therapy and relapse.
Multivariate analysis based on the Cox model was applied in

the evaluation of independent prognostic factors and was
conducted on variates with P<0.05 at univariate analysis.

3. Results

3.1. Demographics

From June 2013 to January 2015, 27 patients (16 males) were
included in this research. All patients were assessable for response
and toxicity. The clinical and demographic features of them are
listed in Table 1. The median KPS was 80, ranging from 60 to
100; and the median age was 56, ranging from 24 to 78. Twenty-
four patients had experienced 1 surgery and 3 experienced more
than 1. Based on the findings at postoperative neuroimaging or
the neurosurgeon’s impression, the last surgery was regarded
macroscopically radical in 8 people, accounting for 29.6%. All
patients had undergone radiotherapy and chemotherapy treat-
ment. Antiepileptic prophylaxis medication, Depakine (Sanofi
Pharmaceutical Company, Hangzhou, Zhejiang Province, P.R.
China) was given to all the 27 patients. The median follow-up
period reached 16.77 months, ranging from 2.8 to 26.6 months.

3.2. Disease progression

Considering all 27 patients, median TTP was 23 weeks (95%
confidence interval [CI], 17–29 weeks); PFS-6 and PFS-12 were
criteria.

RANO criteria

onmeasurable disease sustained for a minimum of 4 weeks

logic replacement doses are acceptable)
um of products of perpendicular diameters of all measurable enhancing

ld be no greater than the dosage at the time of the baseline scan

o greater than at baseline

icular diameters of all measurable enhancing lesions compared with the smallest
or best response following the initiation of therapy, while on a stable or increasing

with baseline or best response following initiation of therapy,
therapy, ischemic injury, seizures, postoperative changes, and other treatment effects),
teroids

s apart from the tumor (e.g., seizures, medication side effects,
s, or infection) or decreases in corticosteroid dose
eteriorating condition

ll the 27 patients, median TTP was 23 weeks (95% CI, 17–29 weeks); PFS-6 and PFS-12 were 37%
= complete response, FLAIR= fluid attenuation inversion recovery image, PD= progressive disease,

ology, SD = stable disease, TTP = time to progression (Adapted from [28]).



Figure 2. Survivorship curve for the time to progression and overall survival of
the 27 patients.
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37% (95% CI, 18.8%–55.2%) and 11.1% (95% CI, �0.7% to
22.9%), respectively (Table 3, Fig. 2). Ten of the 27 patients
were free of PD at 6 months; this finding, confirmed by an
independent centralized review, surpassed the objective of 37%,
reported in Brandes et al[20] study (cisplatin and standard TMZ
regimen). Responders (CR+PR) had a higher TTP (mean, 40.83
weeks; 95% CI, 22.9–58.8 weeks) than patients with progres-
sive disease (mean, 10.7 weeks; 95% CI, 6.9–14.5 weeks; Chi-
square=12.74, P<0.0001). Patients with SD had a mean TTP
of 24 weeks (range, 10–53 weeks; 95% CI, 21.6–26.4 weeks).
No significant difference in TTP was found between patients
Figure 3. Brain magnetic resonance imaging showed a partial response of glio
chemotherapy. (A) Preoperative, axial view, T1-weighed image (T1WI). (B) Preope
attenuation inversion recovery image (FLAIR). (D) Preoperative, coronal view, contra
view, T1WI. (G) Postoperative, axial view, T2WI. (H) Postoperative, axial view, FLA
sagittal view, contrast-enhanced T1WI.
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with CR and PR and those with SD (Chi-square=2.43, P=
0.12). No statistical differences for KPS, age, surgery type, the
time between the beginning of chemotherapy and the first
surgery, as well as the time between the beginning of
radiotherapy and the beginning of chemotherapy were shown
in the TTP assessment using the log-rank test. The stabilization
or response obtained from the treatment was the only predictive
factor for the progression (P<0.001).

3.3. Overall survival

In spite of the possible influence of the second-line treatments,
median OS in the population researched was 50 weeks (95% CI,
31.3–68.7 weeks), measured from the start of the chemotherapy.
The OS rates at 6 and 12 months were 81.5% (95% CI,
66.8%–96.2%) and 48.1% (95% CI, 29.3%–66.9%), respec-
tively (Table 3, Fig. 2). There was no prognostic factor
considerably related to the survival.

3.4. Response

In the 27 assessable patients, no CR was observed, and 6 PRs
were obtained, with an ORR of 22.2% (95% CI, 6.5%–37.9%)
(Figs. 3 and 4). All radiologic responses were confirmed by an
independent centralized review, and stable or decreased steroid
dosage was confirmed in all patients at the time of recording
response. The median OS and median TTP of response patients
(CR+PR) were 61 (range, 35–83 weeks; 95% CI, 52.6–69.4
weeks) and 29 weeks (range, 19–74 weeks; 95% CI, 23.0–35.0
weeks), respectively. The median OS and median TTP of SD,
achieved in 14 patients (51.9%; 95% CI, 31%–63%), were 53
(range, 24–77 weeks; 95% CI, 43.8–62.2 weeks) and 24 weeks
(range, 10–53 weeks; 95% CI, 21.6–26.4 weeks).
No correlation was found between age (P=0.79, Student t

test), KPS (P=0.618, Mann–Whitney test), and interval between
blastoma in a 46-year-old male patient before surgery and after 7 cycles of
rative, axial view, T2-weighed image (T2WI). (C) Preoperative, axial view, fluid
st-enhanced T1WI. (E) Preoperative, sagittal view, T2WI. (F) Postoperative, axial
IR. (I) Postoperative, axial view, diffusion-weighted imaging. (J) Postoperative,

http://www.md-journal.com


Figure 4. Preoperative brain positron emission tomography–computed tomography (PET-CT) of the patient described in Fig. 3. Because of the formation of
necrosis inside the tumor, low 18F-fluorodeoxyglucose uptake in the tumor area was shown. We did not perform another PET-CT examination after the surgery.
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the end of radiotherapy and start of the present protocol
(P=0.24, Mann–Whitney test).
3.5. Toxicity

Based on the common toxicity standard of National Cancer
Institute (version 3.0), all toxicities have been graded; 116
therapy cycles in total were given to all the patients. An average of
4.3 cycles was given to every patient, ranging from 1 to 8.
Toxicity (Table 4) was mostly of grades 1 and 2. Hematological
toxicity was the major limiting side effect in this research
(Table 4). It resulted in infused condensed erythrocyte in 1
patient. One patient experienced leukopenia (grade 4) at her fifth
treatment cycle and was hospitalized due to infection. There was
no hemorrhagic event. Gastroenterological toxicity was another
main side effect, including anorexia, nausea, vomiting, epigas-
tralgia, and constipation. Grades 1 to 2 vomiting/nausea was
found in 37% of patients, and grades 3 to 4 was found in 8%
patients. Ten patients suffered from fatigue, and 2 of them was
grade 3. This symptom did not seem to be related to the anemia,
but a direct consequence of the chemotherapy administration.
Mild (grade 1) ototoxicity in 1 patient was observed. The lab
evaluations of liver and renal function demonstrated only slight
abnormalities. Because of the chemotherapy-related episodes of
grades 3 to 4 toxicity, 8 patients needed a dosage reduction to
75% or less.
Table 4

Means, medians, and log-rank results for time to progression and su

Groups

Mean
∗

Estimate Std. error
95% Confidence interval

Lower bound Upper bo

Median TTP 26.370 3.422 19.663 33.07
Median OS 47.370 4.219 39.100 55.64
Overall 36.870 3.053 30.887 42.85
Test of equality of survival distributions for the different levels of median TTP and OS
Log-rank (Mantel–Cox) Chi-square=12.612

Toxicity in 27 patients. Toxicity was mostly of grades 1 and 2. Hematological toxicity was the major lim
∗
Estimation is limited to the largest survival time if it is censored.
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4. Discussion

Newly diagnosed glioblastoma is now commonly treated with
surgery, if feasible, or biopsy, followed by radiation and
concomitant and adjuvant TMZ.[21] The number of relevant
literatures about the efficacy of TMZ on gliomas in each year
shows a general tendency to increase over time. A timeline of the
related publications is available as Fig. 5. Through making a
world map based on the geolocational data of global distribution
of related publications, the countries that the publications are
from are primarily concentrated in North America, Europe, and
East Asia (Fig. 6). The present standard of treatment for newly
diagnosed GBM was set up in 2005 (Stupp schedule, concurrent
TMZ [75mg/m2/d for no more than 7 weeks] and radiotherapy
followed by 6 cycles of adjuvant chemotherapy [150–200mg/m2

on 5-day therapy every 28 days]).[6] However, the optimal
treatment schedule for recurrent GBM has not been established.
Dismal outcomes with PFS-6 of 9% to 21%, objective response
rates (ORRs) of 5% to 6%, andmedian OS of 6 to 7months were
reported in previous clinical studies in recurrent GBM.[22–24]

With the exception of bevacizumab, therapies with a great
number of nontargeted and targeted agents have been attempted
without success. On the basis of better ORRs of 20% to 26%
observed in 2 phase II experiments, phase II gained accelerated
approval of FDA for recurrent GBM.[24,25] Nonetheless, the OS is
modest (median, 8–10 months), and the responses are short-lived
(median, 4 months).[24]
rvival time.

Median

Estimate Std. error
95% Confidence interval

und Lower bound Upper bound

8 23.000 3.462 16.215 29.785
1 50.000 9.520 31.341 68.659
4 29.000 2.624 23.856 34.144

df=1 Significance, P<0.001

iting side effect in this research. OS = overall survival, TTP = time to progression.



[29]

Figure 5. A timeline of the publications related to temozolomide for gliomas.
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Except for the standard TMZ schedule, there is increasing
interest in other TMZ regimens, especially regimens with
continuous dose-intense TMZ administration.[10–12,24,26–28]

Protracted TMZ regimen is likely to reduce the influence of
unmethylated MGMT promoter, a critical cause for TMZ
resistance, and can offer a higher delivery dose every month. In
addition, preclinical studies showed that continuous dose-intense
TMZ administration also has somewhat antiangiogenic activity.
On the other hand, currently, as the object of lots of clinical
experiments aiming to make improvements on the basis of Stupp
schedule or to discover new regimens to further minimize the
chemoresistance, TMZ has been combined with several other
cytostatic or cytotoxic agents. In the past 10 years, a plethora of
phase I and II studies have explored the safety and efficacy of
TMZ combined with interferon, nitrosoureas, and bevacizumab
and some miscellaneous/conventional chemotherapeutics includ-
ing pegylated doxorubicin, irinotecan, capecitabine, sorafenib,
and cisplatin for progressive or recurrent GBM.[1,4,17,25]

In Graviani study, which was halted early due to unaccepted
side effects of granulocytopenia and thrombocytopenia, the
combination of fotemustine and TMZwas explored in 10 people
Figure 6. A world map with the global distribution of publications about tem
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suffering from recurrent GBM following chemoradiotherapy.
The author believed that such combination does not deserve
further research.[29] Also, TMZ was once combined in a phase II
trial with the epidermal growth factor receptor antagonist,
afatinib (40mg/d), resulting in the PFS-6 of 10% (23% for TMZ
alone [P=0.59] and 3% for afatinib alone [P=0.008]).[30] Severe
toxic and side effects (grade ≥3) for this regimen were mainly
nonhematologic (such as skin allergy, emesis, and diarrhea).[30]

A phase II clinical trial of combining TMZ with cisplatin in
patients with recurrent high-grade gliomawas reported by Silvani
et al[14]. Cisplatin (40mg/m2, intravenous injection) was given in
the first 2 days. From days 2 to 6 (beginning 24 hours after the
first dosage of cisplatin), TMZ (200mg/m2) was given as an
individual oral daily dosage, and the cycle was rotated every 4
weeks. The PR and SD accounted for 18.8% and 39.9%,
respectively. No CR was observed. PFS-6, PFS-12, and median
TTP for GBM were 35%, 13.8%, and 33 weeks, respectively. In
the same year, Brandes et al[20] also published a similar study
containing 50 recurrent GBM patients. On day 1, cisplatin (75
mg/m2, intravenous injection) was administered. On days 2 to 6,
TMZ 130mg/m2 bolus followed by 9 doses of 70mg/m2 every 12
ozolomide for gliomas based on the analysis of their geolocational data.

http://www.md-journal.com


Table 5

Chemotherapy studies of TMZ and platinum drugs in gliomas.

Author Year Tumor type No. of patients Regimen RR, % PFS-6, % Median TTP Median OS

Brandes et al 2004 Recurrent
GBM

50 TMZ 130mg/m2 bolus
followed by 9 doses
of 70mg/m2 q12h
(total of 5 d) from
day 2 q4wk (if no
hematologic toxicity dose,
increased to 100mg/m2)+cisplatin
75mg/m2 on day 1 q4wk

20.4 34 18.4wk 48wk

Silvani et al 2004 Recurrent
GBM and AA

33 TMZ 200mg/m2 on
days 2–6 q4wk+CIS 40mg/m2,
on days 1 and 2 q4wk

18.8 52 33wk –

Balana et al 2004 Newly diagnosed
GBM

42 TMZ (200mg/m2/d for
5d) in a fasting state,
and cisplatin 100mg/m2

on day 1 with hydration
and mannitol.
Chemotherapy was planned
every 28d for 3 cycles

45 – 7mo 12.5mo

Zustovich et al 2007 Recurrent
GBM and AA

17 Cisplatin 75mg/m2 every
28d+oral TMZ
at a dose of 130mg/m2

bolus+9 doses of 70mg/m2

every 12h (escalated to 1000mg/m2

in 5d if no toxicity occurred)

20.4 34 4mo Over 7.8mo

Zustovich et al 2009 GBM 18 Cisplatin at 75mg/m2 day 1+TMZ
at 150mg/m2 orally an
hour at days 1–5. Cycles
were repeated every 3wk

29.4 28 3.8mo 7.0mo

Capdevila 2014 Unresectable
GBM and AA

23 Neoadjuvant chemotherapy
before local irradiation
with 2 cycles of cisplatin
75mg/m2/d, day 1+oral
TMZ 200mg/m2/d for 5d
(after 2 h fasting)

8.7 – 3.3mo 7.9mo

Present study 2016 Recurrent
GBM

27 TMZ (given at a dose of 50mg/m2

daily continuously for 28d as a
cycle) was preceded
by cisplatin infusion on days
1 and 2, starting 24h before
the first TMZ administration

22.2 37 23wk 50wk

Theoutcomes turned out to compare favorably with or at least be comparable to those seenwith standard TMZ schedule (Stupp schedule) and cisplatin or other chemotherapeutic drugs. AA= anaplastic astrocytoma, CIS
= cisplatin, GBM = glioblastoma multiforme, OS = overall survival, PFS = progression-free survival, q4wk = once four weeks, RR = response rate, TMZ = temozolomide, TTP = time to progression.
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hours. The cycle was also repeated every 4 weeks. In this study,
PFS-6, PFS-12, and median PFS were 34%, 4% and 18.4 weeks,
respectively. Amongst the 49 assessable patients, 9 PRs and 1 CR
were seen. The ORR was 20.4%.[20]

In our trial, a dose-intense TMZ regimen (TMZwas given at a
dose of 50mg/m2 daily continuously for 28 days as a cycle) was
combined with cisplatin administration on days 1 (40mg), 2 (30
mg), and 3 (30mg). The combination was well tolerated with an
amount of hematological toxicity that is not considerably
different from the data observed after single TMZ or cisplatin
chemotherapy. The principal nonhematological manifestations
of toxicity were nausea and vomiting. The increased duration and
incidence of the toxicity and side effects was expected compared
to the single TMZ use and was thought to correlate with
cisplatin’s inherent emetogenic potentials. A possible drawback
of the administration of a second round of cisplatin-based
chemotherapy was the potential intrinsic neurotoxicity. Howev-
er, toxicity was mostly of grades 1 to 2 (Table 4). No patients
8

encountered TMZ dosage reduction more than 25%, thus no one
was removed from the study.
When this present regimen was given to the chemotherapy-

naive patients with recurrent GBM, a PFS-12 of 11.1% (95%CI,
�0.7% to 22.9%) and a PFS-6 of 37% (95%CI, 18.8%–55.2%)
were obtained. The median TTP was 23 weeks (95% CI, 17–29
weeks). One hundred sixteen cycles in total were administered
with a median for every patient of 4, ranging from 1 to 8. The
adverse events of toxicity were mild (mostly grades 1–2). The
outcomes turned out to be favorable with or at least be
comparable to those seen with standard TMZ schedule (Stupp
schedule) and cisplatin or other chemotherapeutic drugs
(Table 5). However, the adjustments for the distribution of
known prognostic factors cannot be performed in nonrandom-
ized forms. Furthermore, prior radiochemotherapy exposure or
surgery situation may reduce PFS-6 and chemosensitivity in these
experiments mentioned. Evaluating the results of our nonran-
domized phase-II study, an important bias in their interpretation
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could derive from the inclusion of a population with favorable
prognostic factors. However, this inadequacy is common to
several reported studies. It might be worth stressing that the
inclusion criteria in our group of patients were relatively strict to
reduce the bias as much as possible. The progression of disease
and the evidence of relapse had to be confirmed using enhanced
MRI. Only patients with PD in 2MRIs separated by not less than
1 month, with at least 1 enhancing measurable lesion diameter
of ≥2cm, were accrued in our research.
5. Conclusion

The use of chemotherapy in primary and recurrent glioblastoma
chemotherapy is limited by the acquired or intrinsic cells’
resistance to the drugs. An improved understanding of the
mechanisms of resistance and action to platinum compounds and
TMZ is needed. At present, the results of dose-intense TMZ and
cisplatin are promising, even though they relate to a small
nonrandomized group of patients. This regimen appears to be an
active one in terms of progression delay and seems to be more
effective than the regimen of cisplatin and standard TMZ
schedule. Since there was no available definitive data on the
results of patients with the single use of TMZ to our knowledge,
we cannot confirm just yet that the promising outcomes obtained
in our present study are due to the peculiar regimen of dose-
intense TMZ use, to the cisplatin use, or both. Thus, more
randomized clinical trials on a wide cross-section of patient
population are required with the aim of improving the dismal
prognosis of recurrent GBM patients and overcoming
the chemoresistance.
Acknowledgments

We would like to thank our colleagues from the Department of
Neurosurgery, Peking Union Medical College Hospital; Chinese
Academy of Medical Sciences; and Peking Union Medical
College.
References

[1] Desjardins A, Reardon DA, Coan A, et al. Bevacizumab and daily
temozolomide for recurrent glioblastoma. Cancer 2012;118:1302–12.

[2] Dresemann G, Weller M, Rosenthal MA, et al. Imatinib in combination
with hydroxyurea versus hydroxyurea alone as oral therapy in patients
with progressive pretreated glioblastoma resistant to standard dose
temozolomide. J Neurooncol 2010;96:393–402.

[3] Prados MD, Lamborn KR, Chang S, et al. Phase 1 study of erlotinib HCl
alone and combined with temozolomide in patients with stable or
recurrent malignant glioma. Neuro-oncology 2006;8:67–78.

[4] Scott BJ, Quant EC, McNamaraMB, et al. Bevacizumab salvage therapy
following progression in high-grade glioma patients treated with VEGF
receptor tyrosine kinase inhibitors. Neuro-oncology 2010;12:603–7.

[5] van den Bent MJ, Brandes AA, Rampling R, et al. Randomized phase II
trial of erlotinib versus temozolomide or carmustine in recurrent
glioblastoma: EORTC brain tumor group study 26034. J Clin Oncol
2009;27:1268–74.

[6] Stupp R, Mason WP, van den Bent MJ, et al. Radiotherapy plus
concomitant and adjuvant temozolomide for glioblastoma.N Engl JMed
2005;352:987–96.

[7] ShenD, Liu T, LinQ, et al.MGMTpromotermethylation correlates with
an overall survival benefit in Chinese high-grade glioblastoma patients
9

single-institution study. PLoS One 2014;9:e107558.
[8] Tolcher AW, Gerson SL, Denis L, et al. Marked inactivation of O6-

alkylguanine-DNA alkyltransferase activity with protracted temozolo-
mide schedules. Br J Cancer 2003;88:1004–11.

[9] Brigliadori G, Foca F, Dall’Agata M, et al. Defining the cutoff value of
MGMT gene promoter methylation and its predictive capacity in
glioblastoma. J Neurooncol 2016;128:333–9.

[10] Perry JR, Rizek P, Cashman R, et al. Temozolomide rechallenge in
recurrent malignant glioma by using a continuous temozolomide
schedule: the “rescue” approach. Cancer 2008;113:2152–7.

[11] Perry JR, Belanger K, MasonWP, et al. Phase II trial of continuous dose-
intense temozolomide in recurrent malignant glioma: RESCUE study. J
Clin Oncol 2010;28:2051–7.

[12] Abacioglu U, Caglar HB, Yumuk PF, et al. Efficacy of protracted dose-
dense temozolomide in patients with recurrent high-grade glioma. J
Neurooncol 2011;103:585–93.

[13] Capdevila L, Cros S, Ramirez JL, et al. Neoadjuvant cisplatin plus
temozolomide versus standard treatment in patients with unresectable
glioblastoma or anaplastic astrocytoma: a differential effect of MGMT
methylation. J Neurooncol 2014;117:77–84.

[14] Silvani A, Eoli M, Salmaggi A, et al. Phase II trial of cisplatin plus
temozolomide, in recurrent and progressive malignant glioma patients. J
Neurooncol 2004;66:203–8.

[15] AllenME, VandenburgMJ. Good clinical practice: rules, regulations and
their impact on the investigator. Br J Clin Pharmacol 1992;33:463–5.

[16] General Assembly of the World Medical AssociationWorld Medical
Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. J Am Coll Dent 2014;81:14–8.

[17] WellerM, Cloughesy T, Perry JR, et al. Standards of care for treatment of
recurrent glioblastoma—are we there yet? Neuro-oncology 2013;15:
4–27.

[18] Stel VS, Dekker FW, Tripepi G, et al. Survival analysis I: The
Kaplan–Meier method. Nephron Clin Pract 2011;119:c83–8.

[19] Ziegler A, Lange S, Bender R. Survival analysis: log rank test. DtschMed
Wochenschr 2007;132(suppl 1):e39–41.

[20] Brandes AA, Basso U, Reni M, et al. First-line chemotherapy with
cisplatin plus fractionated temozolomide in recurrent glioblastoma
multiforme: a phase II study of the Gruppo Italiano Cooperativo di
Neuro-Oncologia. J Clin Oncol 2004;22:1598–604.

[21] Theeler BJ, Gilbert MR. Advances in the treatment of newly diagnosed
glioblastoma. BMC Med 2015;13:293.

[22] Chang SM, Lamborn KR, Kuhn JG, et al. Neurooncology clinical trial
design for targeted therapies: lessons learned from the North American
Brain Tumor Consortium. Neuro-oncology 2008;10:631–42.

[23] Lamborn KR, Yung WK, Chang SM, et al. Progression-free survival: an
important end point in evaluating therapy for recurrent high-grade
gliomas. Neuro-oncology 2008;10:162–70.

[24] Omuro A, Chan TA, Abrey LE, et al. Phase II trial of continuous low-
dose temozolomide for patients with recurrent malignant glioma. Neuro-
oncology 2013;15:242–50.

[25] Zhang G, Huang S, Wang Z. A meta-analysis of bevacizumab alone and
in combination with irinotecan in the treatment of patients with recurrent
glioblastoma multiforme. J Clin Neurosci 2012;19:1636–40.

[26] Ahluwalia MS, Xie H, Dahiya S, et al. Efficacy and patient-reported
outcomes with dose-intense temozolomide in patients with newly
diagnosed pure and mixed anaplastic oligodendroglioma: a phase II
multicenter study. J Neurooncol 2015;122:111–9.

[27] Norden AD, Lesser GJ, Drappatz J, et al. Phase 2 study of dose-intense
temozolomide in recurrent glioblastoma. Neuro-oncology 2013;15:
930–5.

[28] van den Bent MJ, Taal W. Are we done with dose-intense temozolomide
in recurrent glioblastoma? Neuro-oncology 2014;16:1161–3.

[29] Gaviani P, Salmaggi A, Silvani A. Combined chemotherapy with
temozolomide and fotemustine in recurrent glioblastoma patients. J
Neurooncol 2011;104:617–8.

[30] Reardon DA, Nabors LB, Mason WP, et al. Phase I/randomized phase II
study of afatinib, an irreversible ErbB family blocker, with or without
protracted temozolomide in adults with recurrent glioblastoma. Neuro-
oncology 2015;17:430–9.

http://www.md-journal.com

	Continuous dose-intense temozolomide and cisplatin in recurrent glioblastoma patients
	Outline placeholder
	1 Introduction
	2 Materials and methods
	2.2 Treatment schedule
	2.3 Efficacy measures

	3 Results
	3.2 Disease progression
	3.4 Response
	3.5 Toxicity

	4 Discussion
	Acknowledgments
	References




