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Abstract: Temozolomide (TMZ) is an oral alkylating agent with
established effects on the central nervous system of glioblastoma
(GBM) patients. Clinical trials have demonstrated a significant impact
on overall survival (OS) with TMZ. Ever since, several TMZ regimens
have been designed to improve treatment efficacy by increasing the
cumulative dose per cycle. We report a meta-analysis to systematically
evaluate different treatment schedules of TMZ in GBM patients.

All searches that were conducted in the Cochrane library, Science
Direct, and PubMed Databases, and 3 randomized controlled trials
(1141 patients) were included. OS and progression-free survival
(PFS) were the primary outcomes to be pooled.

Unexpectedly, this analysis did not reveal any OS or PFS advantage
for the high cumulative dose (HCD) regimen compared with the normal
cumulative dose regimen (1141 total patients; hazard ratio [HR] 1.07,
95% C10.94-1.22, P=0.31). Then after analyzing the characteristics of
the results from each trial, we found that the regimen with a higher peak
concentration during a short-term period (daily doses >150 mg/m?/d
within <7 days/cycle) always had a more superior clinical benefit. So
we generated a new pooled HR of 1.10 with a 95% CI of 0.96—1.25
(P=0.17), which prefers the high peak concentration schedule even
without a significant difference. The adverse outcome also indicates a
significant increased risk of leukopenia (risk ratio 1.59, 95% CI 1.03—
2.46, P =0.04) among the HCD group.

Our study suggests that increasing the cumulative dose per cycle is
not an ideal way to improve the efficacy of TMZ, and it will lead to
increased risk for leukopenia. Future trials should be designed to
examine schedules of higher peak concentration rather than the cumu-
lative dose per cycle.
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INTRODUCTION

s the most common primary malignant brain tumor, even in

modern times of high-precision brain surgery and irradia-
tion, glioblastoma (GBM) is always associated with a poor
prognosis.

TMZ is an orally administered, DNA alkylating agent with
excellent effects on the central nervous system. Clinical trials
have demonstrated a significant impact on overall survival (OS)
with TMZ.'

The cytotoxic effect of temozolomide (TMZ) is mediated
primarily via methylation at the O6-position of guanine, and the
overexpression of O6-methylguanine-DNA methyltransferase
(MGMT) is the predominant mechanism of tumor resistance to
TMZ. A few publications have proven that MGMT status can
predict the efficacy of chemotherapy.>

Although MGMT can repair TMZ-mediated DNA
damage, MGMT is consumed during this process.” With the
idea that MGMT is potentially depleted from tumor cells as a
result of the overwhelmed cells’ inability to synthesize MGMT,
several TMZ treatment schedules have been designed to verify
whether they can overcome the resistance to TMZ. The concept
of MGMT depletion was validated in peripheral blood by
Tolcher et al* during treatment with TMZ for 7 consecutive
days every 14 days (2100 mg/m*/circle) or for 21 consecutive
days every 28 days (2100 mg/m?/circle). The cumulative dose
was nearly twice as much as the standard dosing of 200 mg/m?
1-5/28 (1000 mg/mz/circle) and the metronomic schedule with
50 mg/m*/d (1400 mg/m?/circle).*

However, it is still unclear whether a regimen with a higher
cumulative TMZ dose per cycle can deplete MGMT in tumors
and overcome MGMT-mediated resistance. Additionally, the
efficacy and safety of such a TMZ treatment plan is the subject
of much controversy.

This study is a meta-analysis to systematically evaluate
the 7 to 14 and 21 to 28 day schedule (2100 mg/m?/circle)
versus the standard or metronomic schedule (1000 mg/m?*/
circle) in GBM patients. The objective of this study was to
verify whether a double cumulative dose per cycle can achieve
a better survival benefit without an increasing incidence and
severity of toxicity profile.

METHODS
Included

Type of Studies
All studies included are randomized controlled trial
(RCTs).
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Type of Participants
All patients had histologically confirmed GBM.

Type of Interventions

Schedules with different cumulative doses (Figure 1) of
TMZ per cycle after conventional radiation planning are com-
pared.

Type of Outcomes

Primary Outcome
OS was defined as the time from diagnosis or randomiz-
ation to the date of death or last follow up.

Secondary Outcomes

(1) Progression-free survival (PFS): the time from diagnosis or
randomization to the date of progression defined by the
Macdonald criteria,” death, or the last follow-up without
progression.

(2) Toxicity was defined according to the National Cancer
Institute Common Terminology Criteria.

Literature Search

All searchings were conducted carefully in Cochrane
library, Science Direct, and PubMed databases were searched
by 2 independent investigators with the following search
strings: ‘“‘glioma,” ‘“‘glioblastoma,” ““malignant glioma,” and
“high grade glioma’’; ““dose-dense,” ‘“‘treatment schedule,” and
“regimen’’; “temozolomide,” and “Temodar.” The flow dia-
gram of study selection is presented in Figure 2.

99 <

Study Selection and Data Extraction
All studies included met the following criteria:

(1) Must be random, prospective clinical RCTs.

(2) No language restriction was applied, and the nationality
and race of research subjects were not restricted.

(3) Must compare 2 different TMZ schedules. They must
include the TMZ regimen with a lower cumulative dose per
cycle for the control group and the dose of the comparison
group(s) per cycle must be higher than the control group.

(4) The primary endpoint was OS, and secondary endpoints
were time to tumor progression and overall response rate
(ORR).

Studies containing the following criteria have been
excluded:

(1) The study did not meet the inclusion criteria.

(2) The research failed to provide the required information,
such as the total number of patients, the median OS time,
ORR, and 1-year survival rate.

(3) The study had poor quality, serious bias, and too little
literature information.

Assessing the Risk of Bias in the Eligible Studies

The risk of bias was assessed at time-to-event outcome
level by 2 independent investigators (H.S. and G.L.) using the
domain-based Cochrane Collaboration’s tool.® Disagreements
were resolved through consensus.

Statistical Analysis

The hazard ratios (HRs) for OS and PFS were statistically
pooled to evaluate the efficacy, with a value <1 favoring the
regimen with a higher cumulative dose (HCD) per cycle. If the
HR was not given directly, then the value was calculated based
on the Kaplan—Meier survival curves.

For the safety analysis, the risk ratio (RR) was utilized to
compare normal cumulative dose (NCD) and HCD, with a
value>1 indicating an increased risk of adverse events in the
HCD group.

The inverse-variance (HR pooling) and the Mantel—
Haenszel (RR pooling) methods were utilized to combine the
data from each study, and either the fixed-effect model or the
random-effect model was applied based on the heterogeneity of
the included studies.

Sensitivity analyses were conducted by considering the
risk of bias of the studies and variables that were not closely
related to our topic.

Publication bias was described by the funnel plots and by
analytic methods (eg, Egger test).”

All of the analyses were performed by Review Manager V5.3
(the Cochrane Collaboration, Software Update, Oxford, UK).
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FIGURE 1. Schematic outline of various TMZ dosing regimens. Orange, TMZ; blue, no drug application. TMZ = temozolomide.
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FIGURE 2. Flow diagram of study selection.

RESULTS

Characteristics of the Studies

According to the inclusion criteria, we identified 3 RCTs
that compared the NCD and the HCD groups with GBM (2
phase II RCTs: Clarke et al® and Brada et al’; 1 phase III RCT:
Gilbert et al)'® and comprised 1141 patients. The characteristics
of these RCTs are summarized in Table 1.

Among the 3 RCTs, the schedule of the NCD group is
50mg/m® 1 to 28 days (1400 mg/m?) compared with the HCD
with 150 mg/m? 1 to 7 days and 15 to 21 days (2100 mg/m?) in
the study by Clarke et al,* and TMZ 200mg/m> 1 to 5 days
(1000 mg/m?) compared with TMZ 100mg/m* 1 to 21 days
(2100 mg/m?) in the Brada et al’ and Gilbert et al'® trials.

The risk of bias in the included studies was assessed using
the standard Cochrane Collaboration’s tool (Table 2). All 3
RCTs with straight random principle were suggested to have
low risk despite no performance of double blinding, which is
considered to not bias the assessment of OS and PFS. The
individual prognostic factors (eg, age, sex, performance status,
extent of surgery) were all well balanced within these studies.

TABLE 2. Risk of Bias in the Included Studies Was Assessed
Using the Standard Cochrane Collaboration’s Tool

Clarke Brada  Gilbert
Risk Domains et al® et al’ et al'®
Random sequence generation Yes Yes Yes
Allocation concealment Yes Yes Yes
Blinding of participants No No No

and personnel

Blinding of outcome assessment No No No
Incomplete outcome data No No No
Selective reporting No No No

Overall Survival

There was no heterogeneity (x> = 3.14, P = 0.21, > =36 %)
among the 3 RCTs (Figure 3A); therefore, the HR and 95% CI
were calculated by the fixed effects model (1141 total patients,
HR 1.07,95% C10.94—1.22, P =0.31). This meta-analysis does
not suggest a significant reduction in the risk of death in the HCD
regimen. On the contrary, the standard regimen with higher peak
TMZ concentration during short-term treatment (daily doses
>150 mg/m?/d within <7 days/cycle) seemed to be more effec-
tive according to the statistic. To verify whether the peak drug
concentration is the main reason for improvement in treatment
effect, we swapped the control and the experimental group of the
study by Clarke et al® to keep consistency with the HR (low peak
drug concentration vs high peak drug concentration) of the studies
by Gilbert et al'® and Brada et al® before we calculated a new
pooled HR (supplementary Table 1, http://links.lww.com/MD/
A271). The new analysis yielded a new pooled HR of 1.10 with a
95% CI of 0.96—1.25 (P =0.17) (HR with value >1 prefer the
regimen with high peak drug concentration) (Figure 3B). Unfor-
tunately, there is no conclusive evidence for the superiority of the
peak TMZ concentration regimens.

Progression-Free Survival

Two studies”'® were included for the PFS analyses due to
the lack of statistics in the study by Clarke et al® (Figure 4). The
HR was calculated using the random-effect model (1056 total
patients, HR 1.08, 95% CI1 0.69—1.69, P =0.31). No therapeutic
benefits on PFS were detected for the HCD regimen.

TABLE 1. Characteristics of All Identified Studies

No. Dose Cumulative Median OS at Median PFS at
of Schedule Dose Per Median Male, OS, 1y, PFS, 6 mo,
Study Patients Per Cycle Cycle, mg/m*> Age KPS % mo % mo %
Comparative studies
Clarke et al® 43 50 mg/m* 1-28d 1400 54.1 90 27 15.1 69 5.0 46
42 150 mg/m* 1-7 and 15-21d 2100 59.1 90 29 17.1 80 6.0 56
Brada et al’ 224 PCV — 53 — 652 6.7 24 3.6 29
112 TMZ 200 mg/m? 1-5d 1000 53 — 643 8.5 34 5.0 44
111 TMZ 100 mg/m* 1-21d 2100 53 — 631 6.6 24 42 30
Gilbert et al'® 411 150-200mg/m* 1-5d 1000 — — 58 16.6 29 5.5 —
422 75-100 mg/m* 1-21d 2100 — — 56 14.9 29 6.7 —

KPS = Karnofsky performance status, OS = overall survival, PCV = procarbazine, lomustine, and vincristine, PFS = progression-free survival,

TMZ = temozolomide.
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Study or Subgrou log[Hazard Ratio SE _Weight

Clarke 2009 -0.1744 026 6.8%
Gilbert 2013 0.0296 0.0803 71.7%
Michael 2010 0.2776 0.1468 21.5%

Total (95% CI) 100.0%
Heterogeneity: Chi? = 3.14, df =2 (P = 0.21); I1> = 36%
Test for overall effect: Z=1.01 (P =0.31)

a

Study or Subgroup log[Hazard Ratio] SE _Weight

Clarke 2009 0.174 0.2635 6.7%
Combs 2008 0.0296 0.0803 71.8%
Michael 2010 0.2776 0.1468 21.5%
Total (95% CI) 100.0%

Heterogeneity: Chi? = 2.30, df =2 (P = 0.32); I = 13%
Test for overall effect: Z=1.36 (P = 0.17)

b

Hazard Ratio
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Hazard Ratio
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FIGURE 3. Forest plot of comparison of (A) HCD regimen versus NCD regimen: the primary analysis for OS; (B) HPC regimen, LPC
regimen: the analysis for OS. HCD =high cumulative dose, HPC = higher peak concentration, LPC =lower peak concentration,

NCD = normal cumulative dose, OS = overall survival.

Adverse Outcomes

For the safety analysis, we directly extract the data from
trails included in our study, and the RR was utilized to
compare NCD and HCD, with a value>1 indicating an
increased risk of adverse events in the HCD group. Safety
data were collected among all these 3 studies and are demon-
strated in Table 3.

Chemotherapy-related hematological adverse events
(HAESs) such as anemia/hemoglobin, leukopenia/white blood
cell toxicity, neutropenia, and thrombocytopenia were the
major safety concerns. The results did not indicate a signifi-
cant increased risk of grade 3—4 (G3—4) HAEs among the
patients with the HCD regimen except for leukopenia (RR 1.59,
95% CI11.03-2.46, P =0.04). Other nonhematological toxicity
like fatigue, nausea/vomiting, and aminotransferases were
similar between the groups (supplementary Figures 1 and 2,
http://links.lww.com/MD/A271).

Therefore, our study demonstrates that the HCD regimen
would lead to increased risk for leukopenia during the treatment
period. No significant difference in nonhematological toxici-
ties, such as fatigue/asthenia, nausea/vomiting, and aminotrans-
ferases, were observed.

r Subgrou Hazard Ratio E Weigh
Gilbert 2013 -0.1393 0.0757 53.5%
Michael 2010 0.3221 0.1443 46.5%

Total (95% ClI) 100.0%

Test for overall effect: Z=0.33 (P = 0.74)

Hazard Ratio
IV, Random, 95% CI
0.87 [0.75, 1.01]
1.38[1.04, 1.83] -

DISCUSSION

The studies included in this meta-analysis are limited to
RCTs for good homogeneity. Table 3 indicates that all of the
studies had a low risk of bias. The primary outcome of these 3
RCTs indicated no therapeutic benefits for patients under the
HCD regimen.

The primary analysis of all 3 RCTs has not indicated a
significant difference between the 2 regimens. The studies by
Gilbert et al'® and Michael et al’ demonstrated an unexpected
result that the HCD group seemed to be inferior to the normal
5-day TMZ schedule. Only the study by Clarke et al® indicated
an improvement in OS with the HCD regimen. The discrepancy
might be explained by the bias of the peak TMZ concentration
among the regimens in each trial. After analyzing the charac-
teristics of the treatment schedule among all 3 trials, there is a
common tendency that higher peak drug concentration was
always associated with a better clinical benefit.

We conducted another pooled HR analysis (Figure 3B),
which demonstrates that improving the peak TMZ concentration
rather than increasing cumulative dose per cycle would enhance
the treatment effectiveness even without a statistically significant
different. To date, only a few studies had been conducted to

Hazard Ratio
1V, Random, 95% CI

1.08 [0.69, 1.69]
Heterogeneity: Tau? = 0.09; Chi? = 8.02, df = 1 (P = 0.005); I2 = 88%

20

05 02 1 5
Favours [HCD] Favours [NCD]

o+

FIGURE 4. Forest plot of comparison of HCD versus NCD: the primary analysis for PFS. HCD = high cumulative dose, NCD = normal

cumulative dose, PFS = progression-free survival.
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TABLE 3. Toxicity Comparison Between the HCD and NCD Groups

Observed
Adverse Events

Toxicity Study HCD NCD Pooled RR (95% CI) P I statistic, %
Grade 3—4 hematological toxicity
Anemia/hemoglobin Gilbert 4 4 0.98 (0.29, 3.37) 0.98 0
Michael 1 1
Leukopenia/WBC toxicity Gilbert 36 20 1.59 (1.03, 2.46) 0.04 0
Clarke 6 2
Michael 9 9
Neutropenia Gilbert 36 24 1.48 (0.97, 2.26) 0.07 0
Clarke 3 2
Michael 11 7
Thrombocytopenia Gilbert 26 33 0.98 (0.56, 1.7) 0.24 30
Clarke 1 2
Michael 17 11
Lymphopenia Gilbert 107 51 1.53 (0.81, 2.89) 0.19 85
Clarke 21 17
Total Gilbert 199 132 1.46 (1.25, 1.71) <0.001 0
Clarke 10 6
Michael 38 28
Grade 3—4 nonhematological toxicity
Fatigue Gilbert 33 12 0.75 (0.46, 1.22) 0.25 0
Clarke 3 1
Nausea/vomiting Gilbert 8 5 0.88 (0.33, 2.35) 0.80 51
Michael 8 4
Aminotransferases Clarke 1 5 0.56 (0.05, 5.91) 0.63 55
Michael 2 1

In bold type are the reported statistically significant results. CI = confidence interval, HCD = high cumulative dose regimen, NCD =normal

cumulative dose schedule, RR =risk ratio, WBC = white blood cell.

compare the efficacy between different TMZ regimens. More
studies should be conducted to verify this hypothesis.

The adverse outcomes also demonstrate an increased risk
of leukopenia among the HCD regimen group. As the leuko-
penia was always associated with a high risk of infection, our
study indicated that the HCD regimen is not superior to the
standard 5-day regimen at this point.

TMZ is among the most promising substances to achieve
tumor control; few other chemotherapeutic remedies are able to
crossthe blood—brainbarrier. Aboveall, asthe one most promising
treatment for GBM patients, TMZ is irreplaceable. Adjusting the
treatment schedule is an ideal way to improve the therapeutic
effect, although we do not conclude a robust significant difference
between the 2 groups. More large randomized controlled clinical
trials to evaluate different regimens are warranted.

In pharmacokinetic terms, it may be the real drug exposure
achieved with a higher daily dose rather than higher cumulative
dose that is the main determinant of cytotoxicity. The data of this
meta-analysis has supported this theory, and future TMZ trials
should test schedules using higher daily doses >150 mg/m?*/d
with intensification to achieve higher peak concentrations.

This study has a few limitations. First, the cumulative dose
per cycle of each of the 2 compared groups in the Clarke et al®
study is slightly different than the other studies. Second, only
the Gilbert et al' study has demonstrated the treatment effec-
tiveness with the MGMT promoter status. None of the clinical
trials included in our study, however, provides data on MGMT
level of patients treated by different TMZ regimens. So we

Copyright © 2015 Wolters Kluwer Health, Inc. All rights reserved.

cannot conduct a further analysis to verify whether the benefit is
associated with MGMT depletion. More trials, which tested the
MGMT status in peripheral blood, are needed to provide clinical
evidence for this hypothesis.

CONCLUSION

This meta-analysis has demonstrated the inferiority of the
HCD regimen to the standard 1000 mg/m?/cycle to some extent.
Furthermore, the HCD regimen may be associated with
increased risk for leukopenia for patients with Glioma. The
results of this meta-analysis suggest that regimens aiming to
prolong exposure to TMZ or to increase cumulative dose cannot
replace the standard 5-day regimen in clinical practice. Future
trials should be designed to examine schedules of higher peak
concentration rather than the cumulative dose per cycle.
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