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A B S T R A C T

Purpose
Radiotherapy with concomitant and adjuvant temozolomide is the standard of care for newly

diagnosed glioblastoma (GBM). O®-methylguanine-DNA methyltransferase (MGMT) methylation
status may be an important determinant of treatment response. Dose-dense (DD) temozolomide
results in prolonged depletion of MGMT in blood mononuclear cells and possibly in tumor. This trial
tested whether DD temozolomide improves overall survival (OS) or progression-free survival (PFS)
in patients with newly diagnosed GBM.

Patients and Methods
This phase lll trial enrolled patients older than age 18 years with a Karnofsky performance score

of = 60 with adequate tissue. Stratification included clinical factors and tumor MGMT methylation
status. Patients were randomly assigned to standard temozolomide (arm 1) or DD temozolomide
(arm 2) for 6 to 12 cycles. The primary end point was OS. Secondary analyses evaluated the impact
of MGMT status.

Results
A total of 833 patients were randomly assigned to either arm 1 or arm 2 (1,173 registered). No

statistically significant difference was observed between arms for median OS (16.6 v 14.9 months,
respectively; hazard ratio [HR], 1.03; P = .63) or median PFS (5.5 v6.7 months; HR, 0.87; P = .06).
Efficacy did not differ by methylation status. MGMT methylation was associated with improved
OS (21.2 v 14 months; HR, 1.74; P < .001), PFS (8.7 v 5.7 months; HR, 1.63; P < .001), and
response (P = .012). There was increased grade = 3 toxicity in arm 2 (34% v 53%; P < .001),
mostly lymphopenia and fatigue.

Conclusion

This study did not demonstrate improved efficacy for DD temozolomide for newly diagnosed
GBM, regardless of methylation status. However, it did confirm the prognostic significance of
MGMT methylation. Feasibility of large-scale accrual, prospective tumor collection, and molecular
stratification was demonstrated.

J Clin Oncol 31:4085-4091. © 2013 by American Society of Clinical Oncology

days of a 28-day cycle). However, even with this
treatment, the outcome for most patients with GBM

Glioblastoma (GBM) is the most common primary
malignant brain tumor in adults. The recent phase
III randomized clinical trial performed by the Euro-
pean Organisation for Research and Treatment of
Cancer (EORTC) and the National Cancer Institute
of Canada (NCIC) established the current standard
of care for newly diagnosed GBM, which involves
surgery or regional radiotherapy with concomitant
temozolomide daily during the radiation therapy.'
Following completion of radiotherapy, patients un-
dergo six cycles of single-agent temozolomide (5

remains grim, with a 2-year survival rate of
only 27%.

Tumor specimens from a subset of patients
enrolled onto the EORTC/NCIC clinical trial were
evaluated for epigenetic changes in the promoter
region of the O°-methylguanine-DNA methyltrans-
ferase (MGMT) DNA repair gene.” The MGMT en-
zyme has been established as a major mechanism of
resistance to alkylating agents, such as temozolo-
mide.” In this study of 203 tumor samples, epige-
netic silencing by methylation of the promoter
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region of the MGMT gene was associated with statistically signifi-
cant improvement in overall survival (OS) that was most marked
in patients receiving the combined radiotherapy and temozolo-
mide regimen. These findings suggest that modulation of MGMT
enzymatic activity may increase sensitivity and response to temo-
zolomide regimens.

Exposure to radiation has been shown to upregulate MGMT,
whereas prolonged exposure to alkylating agents has been shown to
deplete intracellular MGMT in peripheral blood mononuclear cells.*”
Dose-dense (DD) schedules of temozolomide, designed to reduce
MGMT levels and exhaust activity, have been tested in patients with
recurrent or progressive GBM (reviewed in Wick et al®). Nonrandom-
ized studies that tested a variety of treatment schedules reported
treatment efficacy that compares favorably with the established temo-
zolomide single-agent schedule without an apparent increase in
treatment-related toxicity.”® The impact of two temozolomide sched-
ules on MGMT activity were compared by using peripheral blood
mononuclear cells as a surrogate for tumor.” Both the alternating
7-days-on, 7-days-off and the 21-of-28-days schedules were shown to
deplete MGMT activity. However, the latter schedule resulted in more
prolonged and lower MGMT activity.

To test the hypothesis that prolonged exposure to temozolomide
improves survival in patients with newly diagnosed GBM, a random-
ized phase I1I clinical trial comparing the standard adjuvant temozo-
lomide treatment (days 1 through 5 of a 28-day cycle) with the DD
schedule (days 1 through 21 of a 28-day cycle) was initiated as a
collaborative effort involving the Radiation Therapy Oncology Group
(RTOG), the EORTC, and the North Central Cancer Therapy
Group (NCCTG).

Patients

Patients were eligible for the study if they were older than age 18 years
with a newly diagnosed, histologically confirmed GBM (WHO grade 4 astro-
cytoma; Fig 1). Additional eligibility criteria included a Karnofsky perfor-
mance score of at least 60 and adequate hematologic, renal, and hepatic
function (defined as an absolute neutrophil count = 1,500/mL, platelet
count = 100,000/mL, serum creatinine = 1.7 mg/dL, serum blood urea
nitrogen = 25 mg/dL, serum total bilirubin = 2.0 mg/dL, and serum ALT and

serum AST = 3X the upper limit for the laboratory). Patients taking cortico-
steroids had to be taking a stable or decreasing dose for the 5 days before study
registration. Submission of a tumor tissue block with a minimum of 1 cm? of
tumor by day 14 of radiotherapy was a requirement. Before patient accrual, all
patients were required to provide informed consent after study approval by an
institutional review board or ethics committee.

Study Design and Treatment

The study schema is provided in Figure 2. Patients were required to be
registered before the initiation of the concomitant radiotherapy and chemo-
therapy. Radiotherapy consisted of fractionated, conformal radiation given at
adaily dose of 2 Gy. Treatment was delivered 5 days a week for a total of 6 weeks
to a total dose of 60 Gy. Two radiotherapy protocols were allowed. In North
America (RTOG, NCCTG), an initial volume consisting of enhancement,
postoperative cavity, plus surrounding edema (or fluid-attenuated inversion-
recovery [FLAIR] abnormality defined by magnetic resonance imaging
[MRI]) and a 2-cm margin received 46 Gy in 23 fractions followed by a boost
of 14 Gy in seven fractions to the area of enhancement plus the cavity and a
2.5-cm margin. In European (EORTC) centers, a single planning volume was
used to deliver 60 Gy in 30 fractions to the area of enhancement and the cavity
with a 2- to 3-cm margin. Temozolomide at a dose of 75 mg/m?* was started
along with the radiotherapy and was continued on a daily basis until comple-
tion of radiation treatment, with a maximum of 49 doses. During the concom-
itant radiotherapy and temozolomide treatment, prophylaxis against
Pneumocystis jiroveci pneumonia was required. Antiemetic prophylaxis was
recommended at initiation of the concomitant radiotherapy and chemother-
apy regimen.

Patients were randomly assigned after completion of the concomitant
radiotherapy and chemotherapy treatment to either standard or DD temozo-
lomide in a permuted block design by using the method described by Zelen.”
Stratification factors included the RTOG recursive partitioning analysis (RPA)
class (a compilation of clinical prognostic factors including age, performance
status, extent of tumor resection, and neurologic function'®), MGMT gene
promoter methylation status, and radiotherapy plan (RTOG or EORTC).
MGMT gene promoter methylation status was determined by using a quanti-
tative methylation-specific polymerase chain reaction assay as described'' and
performed centrally by Oncomethylome Science.

Adjuvant temozolomide treatment was initiated 4 weeks after comple-
tion of radiotherapy. Patients on the standard treatment arm received temo-
zolomide at a starting dose of 150 mg/m? for 5 consecutive days of a 28-day
cycle, and temozolomide was increased for subsequent cycles to 200 mg/m? if
no treatment-related adverse events greater than grade 2 were noted. Treat-
ment was planned for six cycles with the potential to extend treatment to a total
of 12 cycles if treatment was well tolerated and there was evidence of continued
benefit defined as either continued tumor response based on serial MRI,
progressive improvement in the patient’s performance status or neurologic

Assessed for eligibility

(N =1,173)

Not randomly assigned  (n=292) Excluded (n=48)
Insufficient tissue (n=144) No tissue (n =30)
Tumor progression (n=48) Suitable for random Not GBM (n=6)
Patient refusal (n=19) assignment Scan issue (n=3)
Death (n=18) (n=1,125) Multifocal (n=3) . ) o
Physician prefer (n=15) ! IMRT used (n=2) Fig 1. CONSORT diagram outlining ac-
Toxicity (n=10) Ineligible labs (n=2) crual and eligibility. GBM, glioblastoma;
Other (n=238) Error with tissue (n=2) IMRT, intensity-modulated radiotherapy.

Random assignment
(n =833)

N

Arm 1: Standard dose Arm 2: Dose dense
(n=411) (n =422)
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Fig 2. Protocol schema. MGMT, O°-
methylguanine-DNA  methyltransferase;
RPA, recursive partitioning analysis; RT,
radiotherapy; TMZ, temozolomide.

function, or a decreasing requirement for corticosteroids. Patients randomly
assigned to the DD treatment arm received an initial dose of 75 mg/m? for 21
consecutive days of a 28-day cycle, which was increased for subsequent cycles
to 100 mg/m? if no treatment-related adverse events greater than grade 2 were
noted. As with the standard dose arm, six cycles were planned with the poten-
tial to extend to a total of 12 cycles if the previously described criteria for benefit
were met. Antiemetic therapy using a 5-hydroxytrytamine antagonist was
strongly recommended for all patients. P. jiroveci pneumonia prophylaxis was
recommended for patients with CD4 counts less than 200/mL.

Patient Evaluation and Follow-Up

Baseline evaluation included a neurologic evaluation, complete blood
counts, blood chemistries including renal and hepatic function, a serum preg-
nancy test (as appropriate), and tumor imaging with either MRI scans (pre-
ferred) or computed tomography. A subset of patients were enrolled onto the
Net Clinical Benefits study to evaluate the impact of tumor and treatment.
They underwent baseline as well as longitudinal testing with the MD Anderson
Symptom Inventory for Brain Tumors (MDASI-BT); a neurocognitive func-
tion battery; and the EORTC QLQ30/BN20 (the EORTC general quality-of-
life and brain cancer—specific quality-of-life questionnaire).'** During
radiotherapy, patients were assessed weekly for adverse events and underwent
weekly complete blood counts and monthly blood chemistries. During the
adjuvant phase of treatment, patients in the standard adjuvant treatment arm
had blood counts and blood chemistries measured on days 21 and 28 of each
cycle; patients in the DD treatment arm had blood testing on days 14, 21, and
28 of each cycle. A repeat tumor imaging study was performed approximately
4 weeks after completion of radiotherapy and before initiation of cycle 4 (and
7 and 10, if given). Patients who completed adjuvant treatment underwent
tumor imaging every 3 months until tumor progression. Assessment of re-
sponse was made by using serial measures of the product of the two largest
cross-sectional diameters, and progression was defined as an increase in tumor
size by atleast 25% or development of a new lesion.'” In light of the recognition
of early radiation reactions emulating tumor progression, investigators were
encouraged not to declare tumor progression within the first 12 weeks after
completion of radiation unless there was either a new lesion or the patient had
neurologic worsening.'® Toxicities were graded according to the National
Cancer Institute’s Common Terminology Criteria for Adverse Events ver-
sion 3.0.

Statistical Considerations

The primary end point was OS. Secondary end points included
progression-free survival (PFS) and toxicities associated with each treatment.
The hypothesis was that there would be at least 20% reduction in hazard rate
for the DD temozolomide arm, corresponding to a median survival time of
17.5 months. A one-sided log-rank test at a significance level of 0.025 would
have 80% power to detect this survival difference with a sample size of 750
randomly assigned patients (647 deaths were required for the final analysis).

WwWw.jco.org

With 750 analyzable patients, the study had at least 90% power to detect a
2-month increase in PES for patients treated with DD temozolomide.

The statistical analysis is based on the modified intent-to-treat principle
(including all of the eligible and randomly assigned patients, regardless of
treatment receipt). OS and PFS were estimated by using the Kaplan-Meier
method, and differences between treatment groups were tested by using the
log-rank test.'”'® The Cox proportional hazards model was used to estimate
the treatment hazard ratios (HRs) associated with each end point while adjust-
ing for stratification factors.'® OS was defined as the interval from random
assignment to death as a result of any cause or the last follow-up date on which
the patient was reported alive. PFS was defined as the interval from random
assignment to progression or death or being censored at the last clinical or
radiology assessment date on which the patient was reported alive without
progression. For all end points except the OS comparison between two treat-
ments for the study, a P value of less than .05 (two-sided) was defined as the
significance threshold. All of the analyses were performed by using SAS version
9 (SAS Institute, Cary, NC).

Patient Demographics

The study opened for accrual in January 2006 and closed to
accrual in June 2008 with a total of 1,173 patients entered (Fig 1).
Among registered patients, 1,125 were eligible for concurrent radio-
therapy and temozolomide and 48 (4%) were ineligible. A total of 833
patients (74% of those enrolled) were randomly assigned for the
adjuvant stage of treatment. Inadequate tissue (n = 144) and early
disease progression (n = 48) were the most frequent reasons for not
being randomly assigned to one of the two study arms. The character-
istics of the two treatment groups were well balanced at baseline (Table
1). Tumor tissue blocks were submitted from 1,141 (97%) of the
enrolled patients. All randomly assigned patients had centrally con-
firmed GBM. MGMT gene promoter methylation status determina-
tion was available for 91% of samples.

Treatment Administration

At the completion of radiotherapy, patients were randomly as-
signed to receive either standard dose (n = 411) or DD temozolomide
(n = 422). For the standard dose arm, the median number of cycles
was three, and 155 patients (37%) received at least six cycles of temo-
zolomide, whereas for the DD arm, the median number of cycles was

© 2013 by American Society of Clinical Oncology ~ 4087
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Table 1. Patient Characteristics
Standard Dose Dose-Dense
Temozolomide Temozolomide
(arm 1) (arm 2)
Characteristic No. % No. %
Age, years
< 50 112 27 111 26
= 50 299 73 311 74
Sex
Male 239 58 237 56
Female 172 42 185 44
Race/ethnicity
White 319 78 328 78
Nonwhite 13 3 15 3
Unknown 79 19 79 19
KPS
60-80 138 34 146 35
90-100 273 66 276 65
Surgery
Biopsy 14 3 13 3
Partial resection 167 41 188 45
Total resection 230 56 221 52
Radiation
RTOG/NCCTG 337 82 349 83
EORTC 74 18 73 17
Neurologic function
No symptoms 140 34 147 &5
Minor symptoms 185 45 196 45
Moderate symptoms 84 20 75 18
Severe symptoms 2 1 4 1
MGMT status
Methylated 122 30 123 29
Unmethylated 254 62 263 62
Unknown (invalid,
indeterminate) 35 8 36 9
RPA class
1l 85 21 86 20
v 251 61 259 61
V 75 18 77 19
Abbreviations: EORTC, European Organisation for Research and Treatment
of Cancer; KPS, Karnofsky performance status; MGMT, O®-methylguanine-
DNA methyltransferase; NCCTG, North Central Cancer Therapy Group; RPA,
recursive partitioning analysis; RTOG, Radiation Therapy Oncology Group.

four, and 181 patients (43%) received at least six cycles of treatment.
More than six cycles of adjuvant treatment were given to 117 and 122
patients on the standard and DD arms, respectively. The full 12 cycles
of adjuvant treatment were administered to 57 and 59 patients on the
standard and DD arms, respectively. Tumor progression or death
prompted treatment cessation in 255 patients (62%) on the standard
dose arm and 211 patients (50%) on the DD arm. Toxicity or inter-
current illness resulted in treatment cessation in 49 patients (12%) on
the standard dose arm and 94 patients (22%) on the DD arm. The
median total dose of temozolomide administered was 7,500 mg in the
standard dose arm and 17,010 mg in the DD arm.

Treatment Outcomes

At the time of final study analysis (using data through January 6,
2011), 219 patients (20%) were still alive, with a median follow-up
time of 31.9 months. The median OS and PFS (from the time of

4088 © 2013 by American Society of Clinical Oncology

Table 2. Outcomes Data From Study Registration
No. of oS PFS 2-Year Survival
Patient Group Patients  (months)  (months) Rate (%)
All eligible 1,120 16.0 7.5
All randomly assigned 833 17.7 8.2
Arm 1 411 18.9 7.5 34.2
Arm 2 422 16.8 8.8 33.9
MGMT
Methylated 245 23.2 10.5 47.3
Unmethylated 517 16.0 7.8 25.4
Methylated
Arm 1 122 23.5 8.8
Arm 2 123 21.9 1.7
Unmethylated
Arm 1 254 16.6 71
Arm 2 263 15.4 8.2
Abbreviations: MGMT, O%-methylguanine-DNA methyltransferase; OS, over-
all survival; PFS, progression-free survival.

registration) were 16 months (95% CI, 15.2 to 16.7 months) and 7.5
months (95% CI, 7.1 to 8.0 months), respectively.

For the primary analyses of this study, OS and PFS were mea-
sured from the time of random assignment. For reference, summary
outcome data are provided from study registration in Table 2. There
were 652 deaths among the 833 randomly assigned patients, with 22%
of patients still alive. The median follow-up from random assignment
was 31.5 months. The median OS was 16.6 months (95% CI, 14.9 to
18.0 months) for patients on the standard dose arm and 14.9 months
(95% CI, 13.7 to 16.5 months) for patients on the DD arm (Fig 3A).
The P value from the one-sided log-rank test was .63 with an associ-
ated HR of 1.03 (95% CI, 0.88 to 1.20) for DD versus standard dose.
The protocol-specified six cycles of maintenance therapy were com-
pleted in 336 patients, but 75 (22%) stopped because of progression or
toxicity. Only 22 (7%) stopped at treatment completion, and 239
(71%) received additional cycles. The median OSs for those 22 and
239 patients are 24.9 months (95% CI, 19.2 to 36.2 months) and 30.2
months (95% CI, 25.5 to 35.4 months), respectively.

At the time of analysis, 753 patients (91%) had experienced
tumor progression or had died. The median PFS was 5.5 months (95%
CL, 4.7 to 6.1 months) for the standard dose arm and 6.7 months (95%
CI, 6.2 to 7.7 months) for the DD arm, yielding a two-sided P value of
.06 with an associated HR of 0.87 (95% CI, 0.75 to 1.00; Fig 3B).

MGMT methylation status was available for 762 of the ran-
domly assigned patients. In this cohort, there were 595 deaths and
disease progression occurred in an additional 93 patients. The
median OS was 21.2 months (95% CI, 17.9 to 24.8 months) and
14.0 months (95% CI, 12.9 to 14.7 months) for tumors with
methylated and unmethylated MGMT gene promoter, respec-
tively. The HR (methylated v unmethylated) was 0.58 (95% CI,
0.48 to 0.69; P < .001; Fig 4A). Similarly, the median PFS was 8.7
months (95% CI, 6.6 to 11.2 months) and 5.7 months (95% CI, 5.1
to 6.1 months), respectively, for tumors with methylated and un-
methylated MGMT gene promoter with an HR (methylated v
unmethylated) of 0.61 (95% CI, 0.52 to 0.73; P < .001; Fig 4B).

For patients with tumors that were designated as MGMT un-
methylated (n = 517), there were 433 deaths and 53 additional pa-
tients with tumor progression. The median OS was 14.6 months (95%

JOURNAL OF CLINICAL ONCOLOGY
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Fig 3. Outcomes comparing standard and dose-dense temozolomide therapy. (A, B) Overall and progression-free survival for all randomly assigned patients. (C, D)
Overall and progression-free survival for patients with O-methylguanine-DNA methyltransferase (MGMT) unmethylated tumors. (E, F) Overall and progression-free

survival for patients with MGMT methylated tumors. HR, hazard ratio.

CI, 13.2 to 16.5 months) for standard dose and 13.3 months (95% ClI,
12.3 to 14.3 months) for the DD arm (HR, 0.99; 95% CI, 0.82 to 1.19;
P = .44; Fig 3C). Median PFS was 5.1 months (95% CI, 4.3 to 5.7
months) for the standard arm and 6.0 months (95% CI, 5.5 to 6.5

WwWw.jco.org

months) for the DD arm (HR, 0.88; 95% CI, 0.73 to 1.05; P = .15; Fig
3D). For patients with MGMT methylated tumors (n = 245), there
were 162 deaths and an additional 40 patients with tumor progression.
The median OS was 21.4 months (95% CI, 17.6 to 29.0 months) for

© 2013 by American Society of Clinical Oncology ~ 4089
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Fig 4. Outcomes based on tumor O®-methylguanine-DNA methyltransferase (MGMT) methylation status. (A) Overall survival. (B) Progression-free survival. HR, hazard ratio.

the standard arm and 20.2 months (95% CI, 15.4 to 25.1 months) for
the DD arm (HR, 1.19; 95% CI, 0.87 to 1.62; P = .86; Fig 3E). Median
PFS was 6.5 months (95% CI, 4.1 to 9.6 months) for the standard arm
and 10.1 months (95% CI, 7.9 to 12.4 months) for the DD arm (HR,
0.87; 95% CI, 0.66 to 1.15; P = .33; Fig 3F).

Cox proportional hazard modeling for OS and PES included
recursive partitioning analysis (RPA) class (III, IV, V), tumor MGMT
status (methylated, unmethylated), and radiation type (European v
US). For both the OS and PES end points, RPA class and MGMT status
remained in the model. After adjusting for these factors, the OS HR for
DD versus standard treatment was 1.06 (95% CI, 0.90 to 1.24; P = .51)
and the PFS HR for DD versus standard treatment was 0.89 (95% CI,
0.77 to 1.03; P = .12). Neither a global test for interaction of treatment
with covariates of MGMT methylation status, RPA class, or radiation
type nor any pairwise tests of interaction were significant.

Safety and Toxicity

Adverse events were evaluated separately during the concurrent
chemotherapy and radiotherapy and the adjuvant treatment phase.
Grade 3 or 4 lymphopenia was the most common toxicity occurring in
12% of patients but without significant opportunistic infections. Seri-
ous neutropenia and thrombocytopenia occurred in 3.6% and 6.8%,
respectively, of all patients undergoing radiation. There was one
treatment-related death as a result of neutropenia.

During the adjuvant phase of treatment, grade 3 to 5 adverse
events were more prevalent with the DD (n = 194 of 369) compared
with standard dose treatment (n = 120 of 351). However, most of the
difference was because of a higher number of patients with lymphope-
nia (107 v 51) and fatigue (33 v 12). Overall, neutropenia and throm-
bocytopenia were infrequent and were similar between the two arms
(Table 3).

The landmark study performed by the EORTC and NCIC provided
the first Level 1 evidence for the clinical benefit of chemotherapy for
patients with newly diagnosed GBM." MGMT has been proposed as a
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major mechanism of resistance to alkylating agents and, therefore,
tumor cells with low levels of MGMT expression were expected to
have a better response to these drugs.* A companion correlative subset
study to the EORTC trial demonstrated a relationship between the
tumor promoter region methylation status of the MGMT gene and
outcome.” Tumor cells with high levels of MGMT protein are thought
to be resistant to alklyating agents, and it would follow that successful
depletion of intracellular MGMT would be expected to enhance treat-
ment response.

The study reported here sought to determine whether prolonged
exposure to an alkylating agent with known activity in GBM would
improve patient outcomes as measured by OS or PFS. The DD sched-
ule was designed to deplete cellular MGMT and restore sensitivity to
temozolomide.” Alternatively, in tumor cells with no or low MGMT
expression, the DD schedule was projected to improve response by an
enhancement of tumor cell exposure, as has been demonstrated with
other cancer regimens, particularly in breast cancer.”® Unfortunately,
no therapeutic benefits were detected for the DD regimen. A recent
study that evaluated temozolomide dosing regimens in chemotherapy-
naive patients with recurrent high-grade gliomas did not demonstrate
improved survival for the DD temozolomide regimen using the same

Table 3. Serious Toxicities Associated with Standard Dose and Dose-Dense
Temozolomide Treatment
Grade 3 Grade 4
Standard Dose Standard Dose
Dose Dense Dose Dense
Category No. % No. % No. % No. %
Anemia 4 1 4 1 0 0
Leukopenia 13 4 33 9 7 2 3 1
Neutropenia 16 5 29 8 8 2 7 2
Lymphopenia 41 12 76 20 10 3 31 9
Thrombocytopenia 20 6 18 5 13 4 8 2
Fatigue 12 3 33 9 0 0
Nausea/vomiting 5 1 8 2 0 0
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21-0f-28-days schedule.*' The investigators postulated that peak te-
mozolomide concentrations, rather than prolonged exposure, may be
most important for treatment efficacy. Furthermore, comparison of
the OS results with those in prior studies is limited by differences in
eligibility (age, need for tumor resection) and loss of patients before
random assignment.

Although a therapeutic advantage for DD temozolomide was not
established, the study provides important information and prece-
dence regarding the design and feasibility of large-scale, international,
collaborative cancer clinical trials. The high rate of tumor tissue acqui-
sition (97%) from the eligible patients provided the opportunity to
confirm the prognostic significance of MGMT gene promoter meth-
ylation and this tissue repository has provided samples for advanced
multiplatform molecular analyses. Patient outcomes instruments, in-
cluding tests of neurocognitive function, symptom burden, and qual-
ity of life were completed by a subset of patients. These analyses,
reported separately, provide an unprecedented opportunity to exam-
ine the comparative impact of the study treatments on patient out-
comes. This study design was successfully implemented for a recently
completed international phase III study in patients with newly diag-
nosed GBM.
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