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Abstract

Purpose—Concurrent temozolomide (TMZ) and radiation therapy (RT) followed by adjuvant TMZ
is standard treatment for patients with GBM, although the relative contribution of concurrent versus
adjuvant TMZ is unknown. In this study, the efficacy of TMZ/RT was tested in a panel of 20 primary
GBM xenografts.

Methods and Materials—Mice with intracranial xenografts were treated with TMZ, RT, TMZ/
RT, or placebo. Survival ratio for a given treatment/line was defined as the ratio of median survival
for treatment vs. placebo.

Results—The median survival ratio was significantly higher for MGMT methylated tumors versus
unmethylated tumors following treatment with TMZ (median survival ratio 3.6 vs. 1.5, respectively;
p=0.008) or TMZ/RT (5.7 vs. 2.3, respectively; p=0.001), but not RT alone (1.7 vs. 1.6; p=0.47). In
an ANOVA analysis, MGMT methylation status and p53 mutation status were significantly
associated with treatment response. In analyzing the additional survival benefit conferred specifically
by combined therapy, only a subset (5 of 11) MGMT methylated tumors derived substantial
additional benefit from combined therapy, while none of the MGMT unmethylated tumors did.
Consistent with a true radiosensitizing effect of TMZ, sequential treatment, in which RT (week 1)
was followed by TMZ (week 2), proved significantly less effective than TMZ followed by RT or
concurrent TMZ / RT (survival ratios of 4.0, 9.6, and 12.9, respectively; p<0.0001).

Conclusions—Concurrent treatment with TMZ and RT provides significant survival benefit only
in a subset of MGMT methylated tumors, and provides superior anti-tumor activity relative to
sequential administration of RT and TMZ.
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INTRODUCTION

The integration of temozolomide (TMZ) into upfront therapy for newly diagnosed patients
with glioblastoma multiforme (GBM) has significantly extended the survival for this uniformly
fatal disease. In the landmark EORTC 22891 trial, patients randomized to TMZ and radiation
therapy (RT) had a significantly longer survival as compared to patients randomized to RT
alone, and these data established concurrent TMZ/RT followed by adjuvant TMZ (Stupp
regimen) as the standard of care for GBM 1. Companion studies in this and other clinical trials
also suggest that the benefit of TMZ therapy is greatest for patients in which expression of the
DNA repair protein O6-methylguanine-DNA methyltransferase (MGMT) is suppressed by
promoter hypermethylation 2 3. On the basis of these data, there is significant interest not only
in using MGMT promoter hypermethylation as a prognostic assay, but also as a predictive
assay to identify the subset of patients who will benefit from TMZ-based therapy.

The current oncologic paradigm of concurrent chemo-radiotherapy is based on the observation
that chemotherapy administered during radiation can potentiate the cell killing effects of
radiation. For most epithelial tumor types, the use of concurrent chemotherapy in conjunction
with RT is routine and is supported by robust radiosensitizing effects in pre-clinical studies
4-6_In comparison, the in vitro radiosensitizing effects demonstrated with TMZ are minimal
at clinically relevant radiation doses ’~11. Given the significant efficacy of TMZ monotherapy
in pre-clinical models and the documented clinical benefit of mono-therapy in patients with
recurrent GBM 12715 these data raise the possibility that the dominant survival benefit from
TMZ in the Stupp regimen is unrelated to a radiosensitizing effect and simply reflects the
additive cytotoxicities of RT and TMZ monotherapies. However, the relative importance of
concomitant TMZ versus adjuvant TMZ cannot be addressed in clinical trials because of the
ethical considerations of potentially withholding an important component of what is now
standard GBM therapy. Thus, in the current study, the importance of concomitant TMZ during
RT was evaluated in a panel of 20 GBM xenograft lines initially derived from patient tumor
specimens, and these results were correlated with tumor MGMT methylation status and other
key genetic features potentially associated with resistance to therapy.

METHODS and MATERIALS

Xenograft information

Each of the 20 serially passaged xenografts used in this study were derived from unique tumors
derived from different patients. Molecular genetic alterations and corresponding patient tumor
histopathologic classifications for 17 of xenografts have been previously described 16-18, Three
additional xenografts not previously reported, GBM5, GBM58 and GBM59, all diagnosed as
GBM, have been included in the current investigation. Prior Mayo Institutional Review Board
authorization was obtained for the use of human tissue to establish the xenograft lines, and all
patients consented to participation in research at Mayo Clinic.

Orthotopic xenograft model and therapy response experiments—All xenograft
therapy evaluations were conducted using an orthotopic tumor model and a protocol approved
by the Mayo Institutional Animal Care and Use Committee. The procedure for establishing
intracranial tumors has been described in detail previously 16: 17, Mice with established
orthotopic tumors were randomized to therapy with placebo/sham RT, TMZ alone (66 mg/kg
daily x 5 days), RT alone (2 Gy twice daily x 5 days - 20 Gy total), and concomitant TMZ and
RT. TMZ was purchased from the Mayo Clinic pharmacy, suspended in Ora-Plus (Paddock
Laboratories, Minneapolis, MN), and dosed by oral gavage 1 hour prior to the morning dose
of radiation. Radiation was delivered to the entire head of unanaesthetized mice, immobilized
in a plastic restraint, through a single right lateral beam from a 137Cs source. The remainder
of the body was shielded with a lead block. A minimum of 6 hours was maintained between
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each radiation fraction. All mice were observed daily by an experienced technician blinded to
the treatment received, and mice were euthanized upon reaching a moribund condition, which
typically is characterized by a hunched posture, lethargy, inability to maintain an upright
position, spasticity, seizures, circling, paresis, or paralysis.

Evaluation of MGMT methylation by MS-PCR—DNA was extracted from flank
xenograft samples using the Gentra DNA extraction kit (Puregene, Minneapolis, MN). DNA
was extracted from paraffin-embedded patient samples using the Masterpure Complete DNA
and RNA Purification kit (EpiCentre Biotechnologies, Madison, WI1). Isolated tumor DNA
was bisulfite-treated using the EZ DNA methylation kit (Zymo Research, Orange, CA). The
modified DNA was amplified using primers specific for either methylated or unmethylated
MGMT promoter sequences as described previously 19 20,

Molecular evaluation of p53, PTEN and EGFR—The mutation status of p53 was
determined by Sanger sequencing as described previously 21 22, Similarly, PTEN mutations
were identified by direct sequencing and homozygous deletion was demonstrated by PCR 18:
21,23, 24 EGFR amplification was determined by fluorescence in situ hybridization and
sequencing within the extracellular domain 23,

Statistical Analysis—Cumulative survival probabilities were estimated using the Kaplan-
Meier method. The log rank test was used to compare survival of groups. To evaluate the
correlation between treatment group and the status of 4 biomarkers (MGMT methylation, p53
mutation, PTEN mutation/deletion and EGFR amplification status) two analysis methods were
considered. First, to facilitate the interpretation of treatment response in each line, the survival
ratio for each treatment is defined as the ratio of the median survival for mice receiving the
treatment versus placebo. The specific benefit of combined TMZ/RT compared to
monotherapy was quantified by calculating a survival difference: (difference in the median
survival for TMZ/RT versus most efficacious monotherapy) divided by placebo survival.
Comparisons of survival ratio by treatment group for different biomarker status were evaluated
using the two-sample rank sum test. Second, all of the individual xenograft experiments were
pooled and a repeated measure analysis of variance (ANOVA) was used. A general linear
model was used since the majority of the mice die. Specifically, survival time was the dependent
variable, treatment group, marker (e.g. MGMT), and the treatment group by marker interaction
were the independent variables. Tumor line was included as a repeated factor to account for
potential correlation within tumor lines. All tests were two-sided and a p-value < 0.05 was
considered to be statistically significant.

MGMT methylation status

A total of 20 primary GBM xenograft lines were available for this study. As an initial
assessment of the potential utility of this xenograft model for testing TMZ responsiveness,
tumor samples from all 20 xenograft lines and 15 of the original patient tumor samples, used
to establish these lines, were evaluated for MGMT promoter methylation using a standard MS-
PCR assay. Similar to the incidence of MGMT promoter methylation in clinical samples, 11
of 20 primary xenograft lines (55%) were found to have appreciable MGMT methylation by
this assay (Figure 1). More importantly, there was a close correlation between the MGMT
promoter methylation results for the xenograft tumor samples and the derivative patient tumor
samples. The single, methylated, PCR product for the xenograft samples GBM8, 39 and 59
and the dual, unmethylated and methylated, PCR products observed for corresponding patient
tumor samples both would be considered methylated tumor samples according to the methods
published by Hegi et. al. 2 25, The unmethylated PCR product in these patient samples likely
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reflects a PCR signal from associated normal tissues within the tumor sample. This preservation
of MGMT methylation status between tumor and xenograft samples supports the idea that
evaluation of TMZ response in our xenograft lines will provide translationally relevant
sensitivity data relating to MGMT status.

Intracranial survival studies

The combination of TMZ and RT was evaluated in 20 xenograft lines using an intracranial
therapy evaluation model. For each tumor line, mice with established orthotopic tumors were
randomized to therapy with TMZ alone, radiation alone, or the combination of TMZ and
radiation. TMZ was delivered by oral gavage daily for 5 consecutive days at a dose of 66 mg/
kg/day, which provides similar serum concentrations in mice as compared to the standard
clinical adjuvant dosing regimen of 200 mg/m? for 5 days in humans 26728, The time from
tumor implantation to reaching a moribund state was recorded for each mouse, and median
survivals following treatment with placebo, TMZ, RT or TMZ/RT are summarized in Table
1. To facilitate the interpretation of treatment response in each line, the survival ratio for each
treatment was defined as the ratio of the median survival for mice receiving the treatment versus
placebo (Table 2). Across all tumor lines, TMZ treatment alone was associated with a range
in survival ratio from 1.1 to 6.9 (median 1.9). The range in survival ratio for RT alone was 1.0
to 4.6 (median 1.7) and the range in survival ratio for RT/TMZ was 1.2 to 7.6 (median 3.2).
Thus, similar to clinical experience, the efficacy of RT, TMZ or RT/TMZ ranged widely with
most tumors having an intermediate response to therapy.

Therapy response relative to MGMT methylation status

The influence of MGMT methylation status on survival benefit following each treatment was
evaluated in the 20 lines. As anticipated, MGMT methylated lines had a greater survival ratio
following TMZ treatment alone than the unmethylated lines (Figure 2A, median survival ratio
3.6 vs. 1.5, respectively; p=0.008), and a similar association was observed for treatment with
TMZ/RT (Figure 2B, median survival ratio 5.7 vs. 2.3, respectively; p=0.001). However,
similar to clinical experience, there were several MGMT methylated tumors for which there
was a nhominal benefit from TMZ mono-therapy (GBMB8, 36, 46, 59). Interestingly, 1 of these
tumors significantly benefited from combined TMZ/RT (GBM59). There was no associated
survival benefit following RT monotherapy for MGMT methylated tumors (Figure 2C, median
survival ratio 1.7) relative to unmethylated tumors (median survival ratio 1.6; p=0.47). Thus,
MGMT methylation status was significantly associated with response to TMZ or TMZ/RT but
not RT alone.

The survival benefit associated with treatment also was evaluated in relationship to 3 common
genetic lesions observed in GBM: p53 mutation, PTEN mutation or deletion, and EGFR
amplification. The results of the genetic characterization for each tumor line are summarized
in Supplemental Table 1. Of the 20 xenograft lines, 7 lines had p53 mutations, 7 lines were
homozygous deleted for PTEN, 2 lines had mutations in the coding sequence for PTEN, 6 lines
had amplification of wild-type EGFR, 3 lines had amplification of a vllI-mutant EGFR, and 1
line had amplification of a vll-mutant EGFR. In a simple pair-wise non-parametric comparison,
there was no statistically significant correlation between genetic status defined by p53
mutation, PTEN mutation/deletion or EGFR amplification and survival ratio following TMZ/
RT (Figure 2D), RT, or TMZ (data not shown). However, in a second analysis in which
individual survival data for all mice treated on these studies were evaluated by a repeated
measures ANOVA, there was a significant p53 status-treatment interaction (p=0.01), a
marginally significant EGFR by treatment interaction (p=0.06) and no significant PTEN status
by treatment interaction (p=0.24). Analyzing the p53 data separately by treatment status, mice
with wild-type p53 tumors treated with TMZ had better survival than mice with mutant p53
tumors treated with TMZ (LSM survival 161 days versus 104 days, respectively; p=0.06); mice
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with wild-type p53 tumors treated with TMZ/RT also had better survival than mice with mutant
p53 tumors treated with TMZ/RT (LSM survival 202 days versus 143 days, respectively;
p=0.06). There was no difference when comparing mice with wild-type p53 versus mutant p53
tumors treated with RT (LSM survival 120 days versus 76 days, respectively; p=0.15).
Collectively, these data suggest that wild-type p53 status may be associated with an increased
sensitivity to TMZ-based therapies in the xenograft model.

Radiosensitizing effects of temozolomide

The combination of RT and TMZ was significantly more effective than either therapy alone
in only a subset of tumors. To quantitate the extent of benefit for combined therapy relative to
single agent therapy, the difference in median survival for TMZ/RT versus the more effective
monotherapy was normalized to placebo survival (survival difference) for each tumor line
using the data from Table 1. For the group as a whole, there was a broad range in this survival
difference from -0.09 (GBM38) to 4.0 (GBM22). In relationship to MGMT methylation status,
the median survival difference for methylated tumors was greater than for the unmethylated
tumors (Figure 3; median survival difference 0.63 vs. 0.26, respectively; p=0.08). For the
unmethylated tumors, none of the tumors had a survival difference associated with RT/TMZ
that was greater than 1.0, while of the 11 MGMT methylated xenograft lines, 5 tumors had a
survival difference greater than 1.0 (GBM8 - 1.1, GBM12 - 2.2, GBM39 - 2.7, GBM59 - 3.6,
GBM22 - 4.0). Conversely, a subset of MGMT methylated tumors and most MGMT
unmethylated tumors derived no additional survival benefit from combined therapy as
compared to the most efficacious monotherapy (survival difference near 0). Thus, a significant
additional benefit for concomitant TMZ/RT was observed only in a subset of MGMT
methylated tumors.

Sequential versus concomitant therapy

The potential for synergistic interactions between RT and TMZ was evaluated by comparing
the relative efficacy of sequential versus concurrent therapy. Using the same model system
described above, mice with established intracranial GBM12 xenografts were randomized to
therapy with placebo, TMZ alone (week 1, 66 mg/kg/day x 5d), RT alone (week 1, 2 Gy bid
x 5d), RT followed by TMZ on sequential weeks (RT week 1—>TMZ week 2), TMZ followed
by RT (TMZ week 1—-RT week2), or RT concurrent with TMZ (TMZ week 1 +RT week 1).
As seen in Figure 4, either RT alone or TMZ alone (survival ratio of 1.8 and 2.3, respectively)
were significantly less effective than any of the combined therapy arms (p<0.001 for all
comparisons). Of the combination arms, RT followed by TMZ (survival ratio 4.0) was the least
effective regimen as compared to monotherapy with either RT or TMZ. In comparison, TMZ
followed by RT and TMZ concurrent with RT both were significantly more effective at
prolonging survival (survival ratio of 9.6 for TMZ—RT, p=0.001; survival ratio 12.9 for TMZ
+RT, p<0.0001). There was no significant difference in efficacy for these latter 2 combination
regimens (p=0.47). Thus, optimal efficacy with combined therapy required TMZ to be
administered prior to or concurrent with RT in the GBM12 xenograft line.

DISCUSSION

Therapy with radiation and TMZ provides clinical benefit in a significant subset of patients
with newly diagnosed GBM 1. This standard treatment regimen includes TMZ delivered daily
for 6 weeks during radiotherapy followed by 6 to 12 months of adjuvant TMZ therapy.
However, previous in vitro studies have demonstrated limited to no radiosensitizing effects at
clinically relevant radiation doses of 2 to 3 Gy "11. Thus, the importance of concurrent therapy
with TMZ combined with RT is unclear. In the current study, concomitant therapy with
radiation and TMZ was associated with a survival benefit in a subset of tumors, and the
significantly greater survival benefit observed with sequential therapy when TMZ was given
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prior to RT provides definitive evidence that TMZ has significant radiosensitizing effects in
at least a subset of GBM tumors.

Previous laboratory studies evaluating radiation combined with TMZ have relied on limited
numbers of established GBM tumor cell lines that are maintained by in vitro cell culture 711,
In contrast, the current study evaluated the combination of radiation and TMZ in a panel of 20
GBM xenograft lines established directly from patient tumor samples and maintained by serial
subcutaneous tumor passage. This method of tumor propagation maintains key molecular and
morphologic phenotypes of the original patient tumors 22 30, and of specific relevance to testing
TMZ-based regimens, the Mayo xenograft model faithfully maintains the MGMT methylation
status of the primary patient tumor samples from which they were derived (Figure 1). The TMZ
dosing regimen used for these studies (66 mg/kg/day x 5 days) was selected to model the
standard adjuvant clinical dosing regimen of 200 mg/m?/day x 5 days: previous studies have
demonstrated similar plasma drug concentrations for the respective human and animal dosing
regimens 26728, Similar to clinical observations 2, TMZ responsiveness in the Mayo xenograft
model was significantly associated with MGMT promoter methylation (Figure 2A). Also
similar to clinical results, the MGMT methylation marker was not completely accurate for
predicting TMZ responsiveness: GBM34 lacks MGMT promoter hypermethylation but was
significantly sensitive to TMZ, while GBMS8, 46, and 59 are MGMT promoter hypermethylated
but are relatively resistant to TMZ. These results support the idea that the Mayo GBM
Xenograft Panel is a highly clinically relevant model for evaluating TMZ-based regimens.

The combination of radiation and TMZ was evaluated in all xenograft lines to understand the
potential contribution of the radiosensitizing effects of TMZ. By analyzing the difference in
survival ratio for treatment with TMZ/RT versus the most effective monotherapy for each
tumor line, we defined the additional survival benefit that can be obtained with combined
therapy (Figure 3). In this analysis, concomitant therapy provided only limited additional
survival benefit in the majority of tumors, and a marked survival benefit was observed only in
about half of the MGMT methylated tumors. These data are consistent with previous in vitro
studies suggesting that absence of MGMT activity is important for the radiosensitizing effects
of TMZ % 11, MGMT specifically repairs 06-methylguanine lesions induced by TMZ, and in
the absence of MGMT, O6MG lesions can persist for many days 33: 34, Consistent with the
idea that persistent O6MG lesions may be important for the radiosensitizing effects of TMZ,
treatment with TMZ for a week prior to RT was as effective as treating concurrently with TMZ
and RT, and both treatments were significantly more effective than treating with RT and then
TMZ (Figure 4). Importantly, our data extend the observations of the previous studies by
demonstrating that while suppression of MGMT activity may be important for the
radiosensitizing effects of TMZ, the lack of robust sensitizing effects in half of the MGMT
methylated tumors suggest that additional molecular features may influence the
radiosensitizing effects of TMZ.

Collectively, the results presented provide greater clarity regarding the importance of
concomitant TMZ and RT therapy in the treatment of GBM. While the landmark EORTC
22891 randomized trial clearly defined the regimen of concomitant TMZ/RT followed by
adjuvant TMZ as providing superior survival compared to RT alone, this study did not address
the specific contribution of concomitant TMZ to patient survival. Given the equivocal results
from previous in vitro studies evaluating the radiosensitizing effects of TMZ 711, the
importance of concomitant TMZ with RT was unclear. In the current animal study, the relative
efficacy of both TMZ and RT monotherapy was compared in each tumor line to the efficacy
for combined therapy, and through this analysis, 5 MGMT methylated tumor lines (GBM 8,
12, 22, 39, 59) were identified as significantly benefiting from concomitant therapy. Ongoing
studies in the laboratory are focused on understanding the mechanism of the selective
radiosensitizing effects observed in these tumor lines in comparison to those that did not
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benefit. Until these mechanistic studies enable the identification of more robust predictors of
response, the treatment of GBM patients with concomitant RT/TMZ should remain the
standard of care. Within the context of novel clinical trial development, the results support the
concept of testing novel radiosensitizing agents in combination with RT alone in tumors lacking
MGMT methylation, while combining radiosensitizers with the therapeutic doublet of RT/
TMZ in patients with MGMT methylated tumors.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.

MGMT methylation assessment of tumors. Methylation-specific PCR (MS-PCR) was
performed on 20 primary GBM xenografts (upper panel) and 15 corresponding patient samples
from which these xenografts were derived. For each tumor sample, 2 PCR reaction products
are resolved side-by-side from reactions using primers specific for unmethylated (left lane) or
methylated (right lane) MGMT promoter. P: positive methylation control. N: negative
methylation control.

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2010 September 1.



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Carlson et al.

Page 11

A. TMZ vs. placebo B. TMZ/RT vs. placebo
8 p=0.008 8 P=0.001
8
©)
6 O
2 e g ® 5.7
s o o z © o
S 4 S 4
2 336 2 5 o
= =1 @
. 9 . a , -%—2.3
o

M U M

C. RT vs. placebo
6

Survival ratio

Int J Radiat Oncol Biol Phys. Author manuscript; available in PMC 2010 September 1.

U

p=0.47

O
2 -@-1.7 -%—1.6
Q

U



1duosnuey Joyiny vd-HIN 1duosnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Carlson et al.

D.

Survival ratio

Page 12

TMZ/RT vs. placebo
p=0.45 p=0.36 p=0.91

<& |

. o 4
6 $ | A A
$ % o = A A
- 4.6 - 4.6 A
4 —3.9
. n N A
) ¢ HNosB  S2s f ~ A
$ o = H 1 A
0
WT mut WT mut NA AMP
P53 PTEN EGFR
Figure 2.

Survival benefit from therapy relative to MGMT, EGFR, p53 and PTEN status. Twenty GBM
xenograft lines were evaluated for response to radiation therapy (RT) and temozolomide (TMZ)
alone and in combination. For each xenograft line, mice with established intracranial tumors
were randomized to treatment with placebo/sham RT treatment, RT (2 Gy twice daily x 5 days),
TMZ (66 mg/kg/day x 5 days), or concomitant TMZ and RT (TMZ/RT). Mice were followed
until reaching a moribund state, and the median survival for each treatment was calculated. To
describe the efficacy of treatment relative to placebo, the survival ratio for any treatment was
defined as the ratio of median survival for treated mice vs. median survival for placebo mice
for each xenograft tested. In this way, a survival ratio of 1.0 would indicate no additional
survival benefit for treatment compared to placebo, and a ratio of 2.0 would indicate a doubling
in survival with treatment as compared to placebo. The survival ratio is plotted relative to
MGMT methylation status (M - methylated; U - unmethylated) for A) TMZ, B) TMZ/RT, and
C) RT. D) The survival ratio following TMZ/RT also is plotted relative to p53 status (WT -
wild-type; mut - mutant), PTEN status (WT - wild-type, mut - mutant or homozygous deleted),
and EGFR status (NA - non-amplified, AMP - amplified). The median survival ratio for a given
molecular feature and the p-value from a two-sample rank sum test comparison between groups
are shown for each figure.
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Figure 3.

Additional survival benefit from concomitant therapy. The specific benefit of combined TMZ/
RT compared to monotherapy was quantified by calculating a ‘survival difference’: (difference
in the median survival for TMZ/RT versus most efficacious monotherapy) divided by placebo
survival. Survival difference for each line is plotted relative to MGMT methylation status (M
- methylated; U - unmethylated). The median survival difference for each group is shown, and
the p-value for comparison between groups is shown.
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Figure 4.

Efficacy of concomitant vs. sequential therapy with TMZ and RT. Mice with established
GBM12 intracranial xenografts were randomized to treatment with placebo/sham RT, TMZ
(66 mg/kg/day, days 1-5), RT (2 Gy twice daily, days 1-5), concurrent TMZ & RT x 1 week
(both TMZ and RT, days 1-5), TMZ then RT (TMZ on days 1-5 followed by RT on days 8-12),
and RT then TMZ (RT days 1-5 followed by TMZ days 8-12). The survival for each treatment
is plotted. The survival benefit (ratio of median survival for treatment indicated vs. placebo)
is shown in the legend. The p-values shown compare concurrent TMZ/RT to TMZ then RT
and compare TMZ then RT to RT then TMZ.
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Survival benefit following TMZ, RT or TMZ/RT

Survival Ratio (p-value)
GBM# [MS-PCR[TMZ RT TMZ/RT
GBM5 M 5.84 (<0.0001)]_2.53 (0.0003) 16.35 (<0.0001)
GBM6 U 1.39 (0.0005) 1.02 (0.23) 2.39 (0.04)
GBM8 M 2.11 (<0.0001)}1.83 (0.001) |3.23 (0.07)
GBM10j U 1.34 (0.10) 1.61 (0.003) |1.85 (0.0003)
GBM12] M 3.53 (<0.0001)}2.47 (<0.0001)5.70 (<0.0001)
GBM14] M 5.64 (<0.0001)]1.68 (<0.0001)}5.70 (0.0003)
GBM15] M 14.68 (0.0001) }4.63 (<0.0001)}4.67 (0.0001)
GBM16i M 6.85 (0.02) 1.35 (0.47) 7.22 (0.10)
GBM22] M 3.59 (0.0009) [1.00 (0.29) 7.57 (0.0009)
GBM26i U 1.21 (0.003) ]1.58 (0.0001) [1.58 (0.0001)
GBM28] U 1.70 (0.003) |2.06 (0.0001) [2.50 (<0.0001),
GBM34] U 4.31 (<0.0001)[1.84 (0.01) 14.60 (0.0001)
GBM36i M 1.82 (0.14) 1.55 (0.05) 2.45 (0.02)
GBM38] U 1.45 (0.0001) 1.04 (0.21) 1.36 (0.003)
GBM39 M 3.87 (<0.0001)]1.63 (<0.0001)}6.52 (<0.0001)
GBMA43] U 1.79 (0.003) |1.71 (0.04) 2.29 (0.002)
GBM44] U 1.69 (0.05) 2.97 (0.008) |3.23 (<0.0001)
GBMA46i M 1.13 (0.22) 2.31 (0.0007) |2.54 (<0.0001)
GBM58] U 1.11 (0.25) 1.09 (0.35) 1.21 (0.14)
GBMS59| M 1.96 (<0.0001)]1.61 (0.0004) |5.52 (<0.0001),

MS-PCR - methylation specific PCR; M - methylated, U - unmethylated Survival ratio is the ratio of median survival for treatment vs. placebo.

p-value refers to the comparison of survival for the indicated treatment relative to placebo treatment.
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