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Abstract: Malignant glioma, ie, anaplastic astrocytoma and glioblastoma, is the most common
type of primary malignant brain tumor in the People’s Republic of China, and is particularly
aggressive. The median survival of patients with newly diagnosed glioblastoma is only
12—14 months despite advanced therapeutic strategies. Treatment of malignant glioma consists
mainly of surgical resection followed by adjuvant radiation and chemotherapy. Temozolomide
(TMZ), a second-generation oral alkylating agent, is playing an increasingly important role in
the treatment of malignant glioma in Chinese patients. Since the publication of a study by Stupp
et al in 2005, which used a protocol of conventional fractionated irradiation with concomitant
TMZ followed by standard TMZ for six cycles, many clinical studies in the People’s Republic of
China have demonstrated that such a treatment strategy has significantly improved efficacy with
limited side effects for newly diagnosed glioblastoma after surgery as compared with strategies
that do not contain TMZ. However, as a relatively new agent, the history and development of
TMZ for malignant glioma is not well documented in Chinese patients. Multicenter, randomized
controlled trials including appropriately sized patient populations investigating multiple aspects
of TMZ therapy and related combination therapies are warranted in patients with malignant
glioma. This review provides an update on the efficacy, mechanism of action, adverse reactions,
and clinical role of TMZ in the treatment of malignant glioma in Chinese patients.
Keywords: malignant glioma, chemotherapy, temozolomide, efficacy, side effect, People’s
Republic of China

Introduction

Glioma, which affects glial cells, is the most common primary brain tumor. The 2007
World Health Organization classification of central nervous system tumors separates
glioma into grades -1V, whereby grade I and II are defined as low grade and grade III
and IV as high grade (also known as malignant glioma). Malignant glioma includes
anaplastic glioma (anaplastic oligodendroglioma, anaplastic astrocytoma, and anaplastic
oligoastrocytoma) and glioblastoma. The incidence of the tumor in the People’s Republic
of China is 1-4/100,000;' it may develop at any age, and has a peak incidence in the fifth
and sixth decades of life.! Malignant glioma generally presents with headache, cognitive
change, epilepsy, dysphasia, and/or progressive hemiparesis, indicating destruction of
normal brain tissue and widespread tumor invasion. Invasive tumor behavior is usually
characterized by edema and contrast enhancement on computed tomography or magnetic
resonance neuroimaging. Even though the clinical and neuroimaging features may be
highly suggestive, additional histologic examination is accepted as the gold standard
for diagnosis.? The median survival for patients with grade III glioma, ie, anaplastic
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oligodendroglioma, anaplastic astrocytoma, or anaplastic
oligoastrocytoma, is around 3 years.! This type of tumor
grows more rapidly than lower grade tumors, tends to invade
nearby tissue, and shows histologic features of increased
cellularity, nuclear atypia, and marked mitotic activity. In
comparison, grade IV glioblastoma, the most severe type of
brain tumor, is histologically defined by features of vascular
proliferation, hypercellularity, pleomorphism, and pseudop-
alisading necrosis.* Glioblastoma accounts for 12%—15% of
all intracranial tumors and 50%—60% of astrocytic tumors.
Based on their clinical characteristics, glioblastomas are
divided into primary and secondary tumors. The majority of
cases (>90%) are primary glioblastoma, arise as a de novo
process, and mainly affect the elderly. Secondary glioblas-
toma develops progressively from low grade astrocytoma
and is more common in younger patients (mean age 45 years
versus 62 years).’

The recent development of a molecular classification for
malignant glioma has been helpful for the diagnosis and treat-
ment of glioma, and is complementary to the current classifi-
cation which is based mainly on histopathology. For example,
it demonstrates that loss of 1p/19q heterozygosity is a prog-
nostic factor in patients with anaplastic oligodendroglioma,
and such tumors are sensitive to chemotherapeutic agents
and radiotherapy.® Genetic alterations, such as amplification
of EGFR and mutations of TP53, are markers suggestive of
primary and secondary glioblastoma. Over the last decade,
several diagnostic and prognostic biomarkers for malignant
glioma have been reported; these efforts significantly impact
current standards regarding diagnosis, therapeutic decision-
making, and the prognosis for patients.

The treatment strategies presently available for malignant
glioma include removing the local lesion by surgery followed
by adjuvant radiation and chemotherapy.®’ Despite consider-
able efforts, however, the prognosis for these patients is still
poor in view of high recurrent rates. Resistance to radiation
and chemotherapy is the main problem in the treatment of
malignant glioma and reflects multiple mechanisms, includ-
ing molecular resistance to DNA damage and apoptosis,
attenuation of cytotoxicity by the microenvironment, and
our limited ability to deliver drugs into the brain via the
blood—brain barrier. Nonetheless, chemotherapy is playing
an increasingly important role in the treatment options.
Currently, concomitant radiochemotherapy with temozo-
lomide (TMZ), an alkylating agent, is used widely in the
People’s Republic of China, and has been shown to reduce the
risk of recurrence and prolong patient survival.®® However,
being a relatively new agent, the history and development of

TMZ chemotherapy for malignant glioma in Chinese patients
is not well documented. This review focuses on the efficacy,
mechanisms of action, adverse reactions, and clinical appli-
cation of TMZ in the treatment of malignant glioma in the
People’s Republic of China.

Management of malignant

glioma in Chinese patients

As in other parts of the world, standard treatment for malig-
nant glioma in Chinese patients includes surgery followed
by radiotherapy and chemotherapy. Maximal tumor resec-
tion plays an important role in the treatment of this tumor.’
Retrospective studies in the past suggest that aggressive
surgical resection is associated with longer survival.® Recent
technological advances in neurosurgery, including preopera-
tive and intraoperative magnetic resonance imaging (MRI),
functional mapping, sonographically guided cerebral glioma
surgery, and the neuronavigation system have brought
about meaningful improvements in the safety of resection
and clinical benefits for patients with glioblastoma.’!!
A recent randomized, prospective, triple-blind, single-center,
parallel-group, controlled clinical trial assessed the effect of
intraoperative MRI-guided surgery in 142 glioma patients. '
Complete resection rates in the 3.0 T intraoperative MRI
and control groups were 88.24% and 66.67%, respectively
(P=0.1596). Nonetheless, these data provided high-level
evidence for application of this new technology in surgery
for Chinese patients with high grade glioma.

Because of their typically aggressive growth, malignant
glioma cells are almost impossible to remove completely.’
Radiotherapy and chemotherapy are thus necessary follow-
ing surgery to improve the overall efficacy of treatment.
Radiotherapy, which is usually started within 4 weeks of
surgery, is an integral part of treatment in the People’s Repub-
lic of China." Conventional external irradiation (total dose
50-60 Gy 25-30 times for a period of 5-6 weeks), three-
dimensional conformal radiotherapy (total dose 60 Gy, 2—3
Gy per session, once daily, and 5 times per week), and con-
formal intensity-modulated radiotherapy (20 Gy/4 fractions/2
weeks) are often used;'*!S the latter two methods have the
advantage in terms of a homogeneous dose distribution,
precise targeting, and causing less damage to normal sur-
rounding tissue.'®

Chemotherapy first became available for glioma in
the 1950s, but relevant clinical studies did not start to be
reported in the People’s Republic of China until the early
1970s."” The traditional chemotherapeutic agents consist of
small-molecule drugs that are highly lipid-soluble and able
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to penetrate the blood—brain barrier.'® These agents include
carmustine, lomustine, nimustine, and semustine (Table 1).
However, use of these agents achieved only modest improve-
ment in progression-free survival and overall survival in
patients with malignant glioma.!’ These alkylating agents are
also highly toxic to the gastrointestinal tract and bone mar-
row, which limits their clinical application. In comparison,
TMZ, a newer orally administered alkylating agent with
significantly improved efficacy and safety, has become first-
line chemotherapy for patients with malignant glioma in the
People’s Republic of China.

Clinical studies demonstrate that radiotherapy and TMZ
used in combination are superior to either treatment alone.*'*!3
However, before the advent of TMZ, irradiation was followed
by chemotherapy with nimustine (or carmustine/lomustine),
alone or in combination with other agents for newly diag-
nosed patients after surgery. Combinations including VM-26
(teniposide), a topoisomerase II inhibitor, or a platinum-
containing drug such as cisplatin were often used.'® These
regimens are still commonly used as chemotherapy in the
People’s Republic of China (Table 1) because TMZ remains
relatively expensive.

An increasing number of Chinese patients with malignant
glioma are enjoying longer survival with postsurgical treatment
based on the Stupp protocol published in 2005.!72° This protocol
includes a total radiation dose of 55-60 Gy and TMZ 75 mg/m?¥
day from 1 to 42 days during irradiation, followed by six cycles
of TMZ 150-200 mg/m? on days 1-5, repeated on day 29.%' This
regimen is recommended for patients with newly diagnosed
malignant glioma in the 2012 Chinese guideline for diagnosis
and treatment of central nervous system tumors.' Mao et al stud-
ied the efficacy of a modified version of this regimen, ie, early

additional treatment with TMZ (75 mg/m* on postoperative
days 15-28) before radiation. One hundred and two patients
with this malignant tumor were enrolled postoperatively and
randomly divided into an early TMZ group and a Stupp group.
Median survival and overall survival were longer in the early
TMZ group than in the Stupp group (19.0 months versus 14.6
months and 17.6 versus 13.2 months, respectively), but the side
effects were similar.?? Currently, the number of studies of TMZ
chemotherapy accounts for 40% (Figure 1) and this proportion
is increasing in the People’s Republic of China,'® with doctors
actively investigating the optimized TMZ strategies most suit-
able for their patients.

The majority of malignant glioma recurs locally.”
Repeat resection in patients with recurrent disease should
take a number of aspects into account, and be undertaken
in younger patients, those with a Karnovsky performance
status >70 and a suitable interval between the first and second
operation, and when the location of the lesion is favorable.?
Repeat irradiation remains controversial, whereas stereotactic
radiosurgery or fractionated stereotactic radiosurgery with
repeat focal radiation has been shown to be a useful adjunct
in the treatment of recurrent glioblastoma.®

The optimal chemotherapy regimens for recurrent glio-
blastoma are not defined. Currently, combination therapies
including TMZ and targeted agents, ie, small-molecule kinase
inhibitors or antibodies, or switching to nonconventional
TMZ regimens including dose-dense or metronomic regi-
mens (refer to the following sections), are being tested for
treatment of recurrent tumors.?>2° However, thus far, there is
no relevant report concerning the use of TMZ in the treatment
of Chinese patients with recurrent tumors. Moreover, elderly
patients (age >70 years) constitute around half of the patients

Table | Overview of different chemotherapeutic agents and cost of treatment for a patient with malignant glioma*

Variable Nitrosoureas VM-26 ACNU + TMZ (Chinese) T™™MZ Bevacizumab
ACNU BCNU MeCCNU VM-26 Temadar® Diyi® (Western)

Mode of DNA chloroethylation Topoisomerase  Combined DNA methylation Angiogenesis

action Il inhibitor actions inhibitor

BBB + + + + + ++ ++ ++ -

penetration

Oral or Intravenous  Intravenous  Oral Intravenous Intravenous  Oral Oral Oral Intravenous

intravenous

Cost ($)" 61/25 mg 21/125 mg 3/50 mg 23/50 mg 61/25mg+ 41120 mg 52/50 mg  35/20 mg 853/100 mg

23/50 mg 143/100 mg 102/100 mg

Dose 90 100 150 60 90+60 75t 75t 75t 5-10 mg/kg

(mg/m?/day) 150-200* 150-200%  150-200#

Total ($)/ 2,182 369 3,060 8316 10,498 25,444 17,050 19,130 15,327-30,629

6 cycles

Notes: *Data refer to acquisition cost only and were calculated for a patient with a 1.72 m? body surface area; "price per unit drug is taken from the price list of the local
hospital, according to the current exchange rate, |$ being equal to 6.10 ¥ ; fconcomitant with irradiation regimen; *adjuvant to irradiation regimen.
Abbreviations: BBB, blood-brain barrier; ACNU, nimustine; BCNU, carmustine; MeCCNU, semustine; VM-26, teniposide; TMZ, temozolomide.
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Figure | Comparison between Chinese and worldwide literature on use of temozolomide in high grade glioma. (A) Studies published in Chinese databases and PubMed from
2010 to 2012. (B) Patients enrolled in studies identified in Chinese databases and PubMed from 2010 to 2012. *The online PubMed database (http://www.ncbi.nlm.nih.gov)
was considered representative of countries other than the People’s Republic of China; the China Knowledge Resource Integrated Database and Chinese Medical Association
Digital Periodicals were considered representative of the People’s Republic of China. The databases were searched using the search terms “glioma”, “glioblastoma”, and
“temozolomide” from January 2010 to October 2012. In the event that one study was the subject of several publications, the publication with the largest sample size was
used. Inclusion criteria were: clinical study of temozolomide in high grade glioma and retrospective or prospective study design. Chinese studies were excluded from data
obtained from the PubMed database. Forty papers including 3,470 patients were identified in PubMed and 34 papers including 1,966 patients were identified in the Chinese

databases.

with this type of malignant tumor, and recent data suggest
that these patients benefit from active antitumor therapy in
terms of palliation and prolonged survival.?® A short-course
of hypofractionated radiotherapy is a reasonable alternative to
standard radiotherapy.?” TMZ should be used with caution in
elderly patients with an unfavorable Karnovsky performance
status (<70). It has been reported that standard radiotherapy
with concomitant TMZ may be an advantageous treatment
option for elderly patients with newly diagnosed glioblastoma
and good prognostic factors.”’” Randomized, controlled stud-
ies in elderly patients are needed in the future.

Overview of the pharmacology

of temozolomide
TMZ is a second-generation alkylating agent derived from
dacarbazine,' and is marketed in the People’s Republic of
China as Temodar® (Schering Corporation, Union, NJ, USA)
or Diyi® (Tasly Group Co, Ltd, Tianjin). Temodar was approved
by both the US Food and Drug Administration and European
Medicines Agency in 1999 for the treatment of recurrent
anaplastic astrocytoma, and is currently used as a first-line
chemotherapeutic agent for malignant glioma. Temodar
became available in the People’s Republic of China in 2008,
and Diyi appeared on the Chinese market as a generic version
of Temodar in 2004, and has demonstrated effects similar to
those of Temodar in the clinical treatment of brain tumors.
TMZ distributes rapidly to all tissues and penetrates
the blood—brain barrier well. The half-life of TMZ is

approximately 1.8 hours, with peak serum concentrations
reached within 1-2 hours. 2 The mean plasma area under the
curve for TMZ after oral administration is 22.6 pg/hour/mL
after a dose of 150 mg/m* TMZ does not require hepatic
metabolism for activation, and spontaneously hydrolyzes to
5-(3-methyltriazen-1-yl)imidazole-4-carboxamide (MTIC)
and acid metabolites at physiologic pH.?* MTIC is degraded
further from O°-alkylguanine-DNA alkyltransferase to
4-amino-5-imidazole-carboxamide (AIC), which is an inter-
mediate in purine and nucleic acid biosynthesis.'® Relative to
the area under the curve for TMZ, exposure to MTIC and AIC
is 2.4% and 23%, respectively.?® The drug is excreted via the
kidney and overall clearance is about 5.5 L/hour/m?.

TMZ is a cell cycle nonspecific agent. DNA methyla-
tion and failure of mismatch repair play a major role in the
cytotoxicity of this agent. TMZ can transfer a methyl group
to DNA, the most common being N’-methylguanine (70%),
followed by O*-methyladenine (9%) and O°-methylguanine
(5%). The cytotoxicity of MTIC is thought to be due pri-
marily to O%-methylguanine, which triggers, for example,
futile DNA mismatch repair and breaks in double-stranded
DNA breaks. Aberrant repair of the methyl adduct in the
DNA mismatch repair system leads to inhibition of replica-
tion in the daughter cells, thereby blocking the cell cycle
and inducing apoptosis.***' There are a number of factors
that influence the cellular response to TMZ, and among
them, O°-methylguanine DNA methyltransferase is one of
the most important. Thus, cells deficient in MGMT or with
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depleted O°-methylguanine DNA methyltransferase activity
show increased sensitivity to TMZ.3? A second key regulator
of TMZ sensitivity is the mismatch repair itself. Cells lack-
ing a mismatch repair function do not recognize and repair
the O°-methylguanine adducts produced by TMZ; whereas
these cells suffer from an accumulation of mutations, they
do not undergo TMZ-induced G2 arrest and are resistant to
TMZ-induced cell death.’®* Nevertheless, other factors that
may affect TMZ-induced DNA damage and link the dam-
age to downstream cell death pathways may also contribute
to TMZ resistance in glioma cells, so further investigations
are much needed.

Comparative studies with current

treatment options

The earliest clinical trial of TMZ in the treatment of Chinese
patients with malignant glioma was initiated in 2001,** and
the results were reported in 2003.3* It is estimated that, before
2009, less than 30% of Chinese patients with malignant
glioma could afford treatment with TMZ (Table 1), whereas
approximately 80% of those in the large urban areas, such
as Beijing and Shanghai, and less than 50% in other areas of
the country have been treated with TMZ since 2009, when
TMZ became included in the national drug insurance list
(unpublished data). Currently, the following TMZ dosing
schedules are supported in the People’s Republic of China:?
the Stupp protocol, concomitant with irradiation (days
1-42/49), with a total radiation dose of 55-60 Gy and TMZ
75 mg/m?/day for 42—49 days during irradiation, followed
by six cycles of TMZ 200 mg/m? on days 1-5, repeated on
day 29; a standard regimen (5/28) of 150-200 mg/m? on days
1-5, on a cycle of 28 days; a metronomic regimen (28/28)
of TMZ 50 mg/m? continuously on days 1-28, on a cycle
of 28 days; a prolonged regimen (21/28) of 75-100 mg/m?
on days 1-21, on a cycle of 28 days; a dose-dense regimen
(7/7) of 150 mg/m? on days 1-7, repeated on day 8; a one
week on/one week off regimen (7/14) of TMZ 150 mg/m? on
days 1-7, repeated on day 15; and a 42/70 regimen of TMZ
75 mg/m*day on days 1-42, on a cycle of 70 days. Among
these, the first two protocols are mostly used in Chinese
patients. An increasing number of multicenter, randomized,
controlled studies of TMZ chemotherapy are presently being
carried out in the People’s Republic of China. These stud-
ies already demonstrate that TMZ is not only a drug with
reasonable efficacy and limited side effects for the treatment
of malignant glioma, but also that it is an agent that may
potentially enhance the antitumor activity of other therapeutic

modalities, including radiotherapy and/or targeted agents
used in combination therapies.

TMZ versus traditional

chemotherapy agents

Compared with traditional chemotherapeutic agents, the
effects of TMZ in malignant glioma have been remarkable; it
has been reported that complete response and partial response
rates are approximately 30% with TMZ versus only 10%
with traditional chemotherapeutic agents.?*3337 The 2-year
survival rate is improved from 10.4% to 26.5% with the use of
TMZ.17303536 Q3ian et al* compared the efficacy of TMZ and
lomustine in patients with malignant glioma. Ninety-seven
patients were randomly divided following surgery into a TMZ
group and a lomustine group. The response rate in the TMZ
and lomustine groups was 35.7% and 9.1%, respectively,
and the clinical benefit rate (complete response + partial
response + stable disease) was 90.5% and 75.0%. Although
the therapeutic efficacy of TMZ in patients with glioblastoma
was not optimal, it was better than that with traditional che-
motherapeutic agents.

Another study investigated the clinical efficacy of TMZ
versus nimustine-based chemotherapy in patients with
newly diagnosed glioblastoma who had completed surgery
and radiation therapy.' Thirty-four patients received TMZ
and 101 received nimustine-based chemotherapy. Median
overall survival was significantly longer in the TMZ group
than in the nimustine group (P=0.011). In a multivariate
Cox analysis adjusted for prognostic factors in all patients,
treatment with TMZ independently predicted a favorable
outcome (P=0.002 for overall survival, hazard ratio 0.45;
P=0.011 for progression-free survival, hazard ratio 0.56).
Further, whereas most patients with malignant glioma experi-
ence disease recurrence, studies in the People’s Republic of
China indicate that single-agent TMZ therapy is effective to
prolong survival for such tumors without previous treatment.
Sun et al*’ evaluated the efficacy of a standard regimen of
TMZ with that of semustine 150 mg/m? on day one repeated
every 28 days for three cycles in the treatment of recurrent
glioma. A total of 144 patients with recurrence of glioblas-
toma or anaplastic astrocytoma were enrolled in this study.
Progression-free survival at 6 months was 78.9% in the TMZ
group and 55.9% in the semustine group (P<<0.05). Overall
survival rates at the end of the follow-up period were 96.9%
and 97.3%, respectively (P>0.05). However, with regard to
relapse after standard-dose TMZ therapy, the effect was not
obvious and the options were limited. Yan et al* evaluated the
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efficacy of TMZ in the treatment of recurrent glioma, but the
curative effect from readministration of TMZ was modest.
These investigators concluded that patients who were treated
first with TMZ had significantly higher rates of response and
6-month progression-free survival than patients retreated with
TMZ. Much of the relevant data generated in the People’s
Republic of China is similar to that for studies performed in
other countries,*** and shows that the therapeutic effect of a
standard regimen of TMZ is more effective than that of tradi-
tional chemotherapy regimens with regard to progression-free
survival, overall survival, complete response rate, and clinical
benefit rate in patients with malignant glioma.

Stupp regimen versus other

treatment options

An increasing number of clinicians are investigating the effect
of treatment consisting of radiotherapy in combination with
TMZ based on the Stupp protocol.?! As in Western countries,
doctors in the People’s Republic of China are taking advan-
tage of this protocol or using modified methods to enhance
the efficacy of treatment in patients with malignant glioma
(Table 2).4* Based on this protocol, a prospective study was
conducted by Zhao et al from 2006 to 2011% in 287 patients
with glioblastoma who were randomly divided postopera-
tively into a Stupp group (n=151) and a radiotherapy group
(n=136) in a proportion of 1:0.9. The mortality risk in the
Stupp group compared with the radiotherapy group was 0.53
(95% confidence interval [CI] 0.41-0.67; P<<0.01) adjusted
according to age, sex, Mini-Mental State Examination, and
Eastern Cooperative Oncology Group performance status.
The extent of surgery was noted to have a significant influence

on the prognosis. The median survival of patients in the Stupp
group and the radiotherapy group was 14.8 months and 11.7
months, respectively, and progression-free survival was 6.8
and 4.9 months. These results have been confirmed by other
investigators.*°

Wang et al'* retrospectively analyzed the effect of the
Stupp regimen using either radiotherapy or single-agent TMZ
postoperatively in 78 patients with malignant glioma. The
radiotherapy group received a total radiation dose of 60 Gy
whereas the TMZ group received six cycles of TMZ 150-200
mg/m? on days 1-5, repeated on day 29, with both treatments
initiated 2 weeks following surgery The 3-year survival rates
were 20.8%, 20.0%, and 41.4%, and progression-free survival
was 17.7, 17.9, and 23.3 months in the TMZ, radiotherapy,
and TMZ + radiotherapy groups, respectively. Collectively,
the results showed that use of TMZ according to the Stupp
regimen was more effective following surgery in patients
with malignant glioma, with an increase in median survival
from 12.1 months to 14.6 months, and in the 2-year survival
rate from 8% to 26%.*!

In another prospective study that included 96 postopera-
tive patients with grade III-IV cerebral glioma, Zhai et al'®
compared the efficacy and side effects between two groups
(n=48), ie, a TMZ + radiotherapy group whereas the VM-RT
group had radiotherapy with VM-26 plus semustine. The
median survival time and one-year, 2-year, and 3-year sur-
vival rates for patients in TMZ + radiotherapy group were
28 months, 72.95%, 54.2%, and 31.3%, respectively, indicat-
ing significantly better efficacy than in the VM + radiotherapy
group (16 months, 62.55, 33.3%, and 16.7%, respectively,
P<0.05). These investigators concluded that radiotherapy

Table 2 Therapeutic activity of temozolomide for high grade glioma in Western and Chinese patients

References Cases (n) Research subjects Methods and results Database
(RR, OR, or HR, 95% CI)
Yin et al*! 993 Elderly with GBM TMZ versus RT PubMed, EMBASE,
(2003-2012) (>65 years) Increased OS (HR 0.86, Cl 0.74—1.00) Cochrane
Hart et al® 683 High-grade TMZ plus RT versus RT CENTRAL, Medline,
(1999-2007) Increased OS (HR 0.58, CI 0.50-0.68) EMBASE, SCI, PDQ,
Increased PFS: (HR 0.56, Cl 0.48-0.67) Meta-Register of
225 Recurrent high-grade TMZ plus RT versus RT alone Controlled Trials
Increased OS (HR 0.87, Cl 0.65—1.16)
Increased PFS (HR 0.68, Cl 0.51-0.90)
Liang et al® 241 High-grade TMZ plus RT versus RT *CNKI, SinoMed,
(2007-2010) Increased OS (RR 1.87, Cl 1.47-2.38) VIP databases
Wang et al* 438 High-grade TMZ versus other alkylating agents CNKI, SinoMed, VIP

(2007-2008)

Increased PR (OR 3.70, Cl 2.37-5.79) databases

Note: *CNKI, SinoMed, and VIP database are Chinese databases.

Abbreviations: HR, hazard ratio; OR, odds ratio; RR, relative risk; Cl, confidence interval; OS, overall survival; PR, partial response; PFS, progression-free survival; TMZ,
temozolomide; GBM, glioblastoma; RT, radiation therapy; EMBASE, Excerpta Medica Database; SCI, Science Citation Index; PDQ, Physician Data Query; CENTRAL,
Cochrane Central Register of Controlled Trials; CNKI, Chinese National Knowledge Infrastructure; VIP, Very Important Person.
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with concurrent TMZ chemotherapy is an effective regimen
with mild toxicity in patients with malignant glioma.

Moreover, other studies in the People’s Republic of China
show that expression of O°-methylguanine DNA methyl-
transferase influences the cytotoxicity of TMZ. Jin et al¥’
compared the effects of TMZ combined with intensity-
modulated radiotherapy (IMRT + TMZ group) with those of
IMRT alone in patients with malignant glioma and positive
O°-methylguanine DNA methyltransferase on immunochem-
istry. The treatment effect was observed to be similar between
the two regimens.

TMZ in combination with targeted

or other agents

Although TMZ + radiotherapy has proven to be effective
in the treatment of malignant glioma, the 5-year survival
rate is less than 10%,* so more optimal treatment strategies
are clearly needed. Malignant glioma is characterized by
aberrant activation of signaling pathways.* Several growth
factor receptors, including vascular endothelial growth factor
receptor and epidermal growth factor receptor, are mutated,
overexpressed, and/or amplified, leading to increased cell
proliferation and survival.**® An increased understanding
of the molecular pathways involved in signal transduction,
angiogenesis, and cell growth has led to the development
of a number of targeted agents, including small molecule
inhibitors such as tyrosine kinase inhibitors, matrix metal-
loproteinase inhibitors, histone deacetylase inhibitors, and
antibodies.>! Currently, several targeted agents for potential
use in combination with TMZ are being tested in malignant
glioma, including glioblastoma. Yang et al*? evaluated the
efficacy of nimotuzumab, a humanized monoclonal antibody
against the epidermal growth factor receptor, in combination
with TMZ in patients with glioblastoma. The disease control
rate (partial response + stable disease) was 64.3%, median
progression-free survival was 4 months (95% CI 0.7-7.3),
and 6-month progression-free survival was 30.6%. A study of
treatment using a combination of TMZ and bevacizumab, an
angiogenesis inhibitor, and other therapeutic agents in recur-
rent glioblastoma is ongoing.> However, thus far, there are
no published data from relevant clinical trials in the People’s
Republic of China. Recently, Yang et al>* have reported
the results of their Phase II trial of TMZ + interferon-f3
in 30 patients with recurrent high-grade tumors that were
progressive or recurrent after prior standard radiotherapy +
TMZ. The patients received interferon-p 3 MU on days 1, 3,
and 5, and TMZ 200 mg/m? on days 2—5 for a 4-week cycle
until tumor progression. The median progression-free survival

was 10.0 months (95% CI 0.5-19.5) versus 5.0 months
(95% CI 3.0-7.0) months, respectively, for patients with
grade III-IV disease; median overall survival was not
available for grade III patients and was 9.5 months (95%
CI 7.7-11.3) for grade IV patients (P<<0.05). The authors
concluded that TMZ + interferon- had moderate activity for
recurrent high-grade glioma with acceptable toxicity.

Safety and tolerability issues

Unlike the traditional alkylating agents, TMZ is a well
tolerated drug. Its side effects are divided into four grades
of toxicity according to the National Cancer Institute
Common Toxicity Criteria version 2.0, and include three
categories, ie, myelosuppression, nonhematologic toxicity,
and infection.’® TMZ does not cross-link DNA strands, so
the direct toxic effect regarding hematopoietic progenitor
cells is small as compared with conventional alkylating
agents.?>*78 A large number of clinical trials show that bone
marrow suppression caused by TMZ is mild to moderate
in Chinese patients.?>*¢! Yao et al?® observed side effects
in 32 patients with malignant glioma treated by TMZ and
reported that grade I[II-1V neutropenia was the most common
toxicity in long-term treatment, occurring in 9.4% (3/32) of
their patients. Moreover, this toxicity could disappear one
week after administration of TMZ or resolve in 3-5 days
with administration of granulocyte-colony stimulation
factor, which stimulates the bone marrow to produce and
release granulocytes and stem cells into the bloodstream.
Zhou et al® observed adverse effects in 123 patients with
glioma (42 low grade and 81 high grade) treated with TMZ
and reported hematologic toxicity in 16 cases (13.0%).
Other nonhematologic toxicities include fatigue, alopecia,
and gastrointestinal symptoms. These manifestations were
seen to improve significantly within one week of cessation
of chemotherapy.?*%? A study by Li® including 32 patients
reported that the mild to moderate toxicities of TMZ were
fatigue (86.9%), neutropenia syndrome (46.9%), alopecia
(46.9%), constipation (41.2%), thrombocytopenia (40.6%),
vomiting (34.4%), and lymphopenia (25.0%). Although
fatigue was common, patients’ daily activities were not
affected. A meta-analysis®® of 896 patients from five random-
ized controlled trials investigated the safety of radiotherapy +
TMZ in the treatment of newly diagnosed glioblastoma in
the People’s Republic of China. There were no differences in
the incidence of grade IV neutropenia (relative risk 2.8, 95%
CI 0.1-67.1), grade III-IV thrombocytopenia (relative risk
4.0, 95% CI 0.7-23.3), or grade III-1V leukopenia (relative
risk 4.3, 95% CI 0.8-24.3) between radiotherapy + TMZ
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and radiotherapy alone. An increasing number of reports are
confirming that TMZ has the advantages of good tolerance,
fewer side effects, and marked efficacy. There are several
clinical studies®%¢ indicating that long-term use of TMZ may
increase the risk of carcinogenesis and activate hepatitis B,
but these findings need confirmation by further studies.

Other issues concerning TMZ

Many aspects of TMZ chemotherapy require further
investigation in the People’s Republic of China. Compared
with other chemotherapeutic agents, TMZ is more expen-
sive, accounting for an annual expenditure of one billion
US dollars worldwide.®”® Not all Chinese patients with
malignant glioma can afford TMZ (Table 1). The People’s
Republic of China is a developing country, and reforms in
the health care and medical insurance systems are ongoing.
In order to make rational decisions regarding treatment, it
is necessary for patients, clinicians, and policy-makers to
undertake a local economic evaluation of TMZ therapy.
A recent study by Wu et al® investigated the 5-year direct
medical costs and health outcomes for three types of therapy,
including radiotherapy, nitrosourea agents + radiotherapy,
and TMZ + radiotherapy for newly diagnosed glioblastoma.
The data suggest that the gap between the costs of TMZ and
the ability to pay in a health resource-limited setting was too
great to allow TMZ to be endorsed as the most appropriate
therapeutic approach (Table 1). However, with the addition
of TMZ to the national insurance schedule, such kinds of
cost-effective situation are now changing.

Another issue is health-related quality of life in patients
receiving TMZ. Health-related quality of life is a relatively
new medical concept in the People’s Republic of China, and
encompasses a number of aspects, including physical, emo-
tional, cognitive, and social functioning, as well as spiritual
well-being. TMZ has relatively low toxicity and fewer side
effects, so is beneficial in terms of improving health-related
quality of life. Currently, the Karnovsky performance
status questionnaire is the only instrument used to evalu-
ate health-related quality of life in Chinese patients with
malignant glioma. Wang et al’® assessed the effect of TMZ
on health-related quality of life in 86 patients, and showed
that addition of TMZ to the standard treatment of surgery
and radiotherapy had a positive impact. Their data were
confirmed by Fu et al’! in a further 28 patients with the same
type of tumor. However, merely using the Karnovsky Per-
formance Status questionnaire had shortcomings; whereas
it is sensitive to neurologic impairment, it does not canvass
social or psychologic dysfunction. Thus, further studies

using more relevant questionnaires are warranted. Among
the issues concerning TMZ therapy in patients with malig-
nant glioma are financial status, patient attitudes towards
short-term versus long-term clinical outcome, and nursing
considerations, and these should be evaluated in a formal
way, along with well designed clinical trials investigating
related medical issues.

Conclusion

Chemotherapy has now become the standard of care for
malignant glioma in Chinese patients. As in other parts of
the world, addition of TMZ chemotherapy to integrated sur-
gery and radiation regimens has significantly improved the
prognosis of newly diagnosed glioblastoma, with an increase
in 5-year overall survival from 1.9% to 9.8%.%* Since its
introduction in 2003, TMZ therapy has become first-line
chemotherapy in the treatment of newly diagnosed malignant
glioma.'®* However, although different chemotherapeutic
agents and regimens and various methods of drug delivery
have been tested, the paucity of multicenter, randomized,
controlled trials with high-quality results remains a major
limitation. Nevertheless, TMZ is playing an increasingly
important role in the integrated treatment options for
malignant brain tumors in Chinese patients. Investigations
of optimized treatment regimens using single-agent TMZ
or drugs in combination are ongoing, and much effort and
collaboration have been undertaken in the People’s Republic
of China to generate well designed, multicenter, randomized,
controlled trials of chemotherapy, aiming to improve further
the prognosis of patients with malignant glioma.
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