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Abstract

Purpose: AZD1775 is a first-in-class Weel inhibitor with dual function as a DNA damage
sensitizer and cytotoxic agent. A phase | study of AZD1775 for solid tumors suggested activity
against brain tumors, but a preclinical study indicated minimal blood-brain barrier penetration in
mice. To resolve this controversy, we examined the pharmacokinetics and pharmacodynamics of
AZD1775 in patients with first-recurrence, glioblastoma.

Patients and Methods: Twenty adult patients received a single dose of AZD1775 prior to
tumor resection and enrolled in either a dose-escalation arm or a time-escalation arm. Sparse
pharmacokinetic blood samples were collected, and contrast-enhancing tumor samples were
collected intraoperatively. AZD1775 total and unbound concentrations were determined by a
validated LC/MS-MS method. Population pharmacokinetic analysis was performed to characterize
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AZD1775 plasma pharmacokinetic profiles. Pharmacodynamic endpoints were compared to
matched archival tissue.

Results: The AZD1775 plasma concentration-time profile following a single oral dose in patients
with glioblastoma was well-described by a one-compartment model. Glomerular filtration rate was
identified as a significant covariate on AZD1775 apparent clearance. AZD1775 showed good brain
tumor penetration, with a median unbound tumor-to-plasma concentration ratio of 3.2, and
achieved potential pharmacologically active tumor concentrations. Weel pathway suppression was
inferred by abrogation of G, arrest, intensified double-strand DNA breakage, and programmed cell
death. No drug-related adverse events were associated with this study.

Conclusions: In contrast to recent preclinical data, our phase 0 study of AZD 1775 in recurrent
glioblastoma indicates good human brain tumor penetration, provides the first evidence of clinical
biological activity in human glioblastoma, and confirms the utility of phase 0 trials as part of an
accelerated paradigm for drug development in patients with glioma.

Introduction

Glioblastoma is the most frequently reported malignant brain tumor histology (29.6%) in the
National Cancer Database. The prognosis for these patients is bleak, with the median
survival after diagnosis ranging from 12 to 16 months (1, 2). Although conventional
treatment with a combination of surgery, irradiation, and temozolomide postpones tumor
progression and extends patients’ survival, these tumors universally recur and unrelentingly
result in patient death.

Despite their own genetic aberrations, glioblastoma cells still must maintain a functional
genome for survival and propagation. In the setting of induced DNA damage, these cells
must either respond with activation of repair pathways or undergo apoptosis. To negotiate
this response, cell-cycle transitions are dependent upon checkpoint complexes that are
tightly controlled through effectors such as P53. Accordingly, loss of P53 shifts the
responsibility to other cell-cycle gatekeepers to ensure survival. Because up to 87% of
GBMs have abnormalities in the p53 pathway, an alternate G, checkpoint is frequently
activated in a p53-independent manner (3). A critical downstream mediator of this alternate
checkpoint is the Weel kinase (4). The phosphorylated and stable Weel increases the level
of inactivated phosphorylated-CDC2, leading to G2 phase checkpoint activation, thereby
preventing damaged cells from entering into premature mitosis without repairing the DNA.
Therefore, p53-deficient tumor cells treated with inhibitors of Weel are expected to be
particularly susceptible to DNA damage induction due to genetic and pharmacologic loss of
both the G1 and G, checkpoints, respectively (5, 6).

AZD1775 is a potent and selective small-molecule inhibitor of the Weel kinase (half-
maximal inhibitory concentration, 5.2 nmol/L in kinase screens; ref. 7) that inhibits
phosphorylation of CDC2Tyr 15 and demonstrates suppression of Weel activity in various
p53-deficient tumor cell lines (8). Through Weel inhibition, AZD1775 induces G,
checkpoint escape and, thus, enhances the apoptotic effects of DNA-damaging agents and/or
radiotherapy (5). In glioblastoma, Weel kinase is overexpressed and correlates inversely
with overall survival, emphasizing its importance as a molecular target (9). With
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glioblastoma-derived cell lines, Weel kinase inhibitor treatment pushes cells through G,
arrest, thereby inducing mitotic catastrophe (10). This strategy results in extensive
cytotoxicity /n vitro, as well as eradication of irradiated brain tumors in mice (9). Taken
together, these preliminary findings suggest a role for AZD1775 as an adjuvant therapy for
glioblastoma.

In neuro-oncology, challenges with blood-brain barrier penetration and limitations in the
applicability of animal models to the human condition have hampered new drug
development (11). Phase 0 clinical trials involve nontoxic drug doses administered for short
periods to limited numbers of patients in order to obtain essential pharmacokinetic and
pharmacodynamic data at the initial stage of the clinical trials process (12). To date, very
few phase 0 studies for patients with glioblastoma have been published, as trials require
meticulous timing of planned craniotomies in addition to customized assays for blood and
tumor tissue analysis. Molecular profiling of tumors for patients with phase 0 glioblastoma
may also yield insight to refine or accelerate drug development (13).

Although the characteristics of AZD1775 suggest it to be an effective molecule for blood-
brain barrier penetration (14), pre-clinical data from a xenograft model of glioblastoma
demonstrate extremely poor central nervous system (CNS) penetration and no evidence of
pharmacodynamic effect (15). To resolve this controversy, we conducted a phase 0 study of
AZD1775 in patients with first-recurrence glioblastoma. The primary objective of this study
was to determine the plasma pharmacokinetics and brain tumor penetration of AZD1775
following a single oral dose in patients scheduled for re-resection of their recurrent
glioblastoma. The pharmacokinetic results from this study determined if AZD1775 achieved
pharmacologic concentration in brain tumors and if a once-daily dosing regimen maintained
adequate drug exposure in plasma and tumor. Secondary objectives included evaluation of
biomarkers corresponding to G, checkpoint escape, including indicators of apoptosis
[cleaved caspase-3 (CC3) expression], mitotic escape (phosphohistone-3 expression),
double-strand DNA damage (yH2AX expression), and molecular features of glioblastoma
which may predispose to vulnerability to AZD1775.

Patients and Methods

Patient selection

All patients were =18 years old with a confirmed histologic diagnosis of glioblastoma
(WHO grade V). All patients previously had one prior resection of their tumor, followed by
standard-of-care Stupp regimen temozolomide plus fractionated radiotherapy (1). Following
radiographic and clinical evidence of disease progression, all patients were previously
scheduled for clinically indicated surgical re-resection, had an Eastern Cooperative
Oncology Group performance status of <2, and had adequate organ function.

Study design and drug administration

This investigator-initiated, phase 0, open-label, nonrandomized study was conducted at the
Barrow Neurological Institute in Phoenix, Arizona in partnership with Karmanos Cancer
Institute and TGen. The study (ClinicalTrials.gov identifier: NCT02207010) received
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approval of the institutional medical ethical review board and was conducted in accordance
with the Declaration of Helsinki and Good Clinical Practice. All patients were accrued at the
Barrow Neurological Institute and gave written informed consent before inclusion in the
study.

AZD1775 was supplied by AstraZeneca Pharmaceuticals under a collaborative agreement.
Patients received a single dose of AZD1775 orally prior to surgical resection of their tumor.
The doses under evaluation were 100, 200, and 400 mg. All doses have already been
identified as safe monotherapy doses in a previously conducted phase I trial (16). In part 1
(dose-escalation) of our study, neurosurgical tumor resection was planned for 8 hours post
drug administration at each of the three dose cohorts (Fig. 1A). For part 2 (time-escalation),
neurosurgical resection was performed at 4, 8, or 24 hours following an oral dose of 400
(Fig. 1B-D). Blood sampling was performed alongside contrast-enhancing tumor samples
collected intraoperatively.

Safety and assessments

Demographic data and medical history were collected during screening. Physical
examination, vital signs, and other safety assessments (Eastern Cooperative Oncology Group
performance status, registration of concomitant medication, hematology, biochemistry, and
urine analysis) were performed at baseline.

Pharmacokinetic assessment

Sparse blood pharmacokinetic sampling was obtained from each patient. Blood samples for
part 1 were collected at predosing, 8 hours (time of surgery), 12 hours, and 16 hours
postdosing. Blood samples for part 2 with resection scheduled for 2 hours postdosing
occurred at predosing, 2 hours (time of surgery), 8 hours, and 24 hours postdosing. Blood
samples for part 2 with a resection scheduled for 24 hours postdosing occurred at predosing,
2, 8, and 24 (time of surgery) hours postdosing. At each time point, a 4-mL blood sample
was collected into an EDTA tube, and plasma was separated by centrifugation (at 4°C, 1,500
x g, for 10 minutes). Plasma samples were stored at —80°C until analysis. One tumor sample
from the contrast-enhancing region of the tumor was collected intraoperatively from each
patient. Immediately after the collection, residual blood was washed off the tumor sample
using ice-cold PBS, blot-dried on tissue paper, snap-frozen in liquid nitrogen, and stored at
—80°C until analysis.

AZD1775 total concentrations in plasma and tumor samples were determined using a fully
validated LC/MS-MS method as described previously by us (17). The fraction unbound in
plasma or tumor tissue was determined by equilibrium dialysis (17). The unbound (i.e.,
pharmacologically active) drug concentration in plasma or tumor tissue was determined as
the product of total drug concentration and fraction unbound.

Pharmacodynamic assessment

One tumor sample (0.5 cm?3) per patient was collected from each patient and divided into
two equal portions. Each portion was snap-frozen in liquid nitrogen immediately after
collection and stored at —80°C until analysis. Formalin-fixed paraffin-embedded (FFPE)
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tissue from the patient’s first tumor resection (at the time of initial diagnosis) was also
accessed for this trial. Both archival FFPE tumor tissue and study specimens collected at the
time of re-resection were assayed using standard IHC techniques to measure protein levels
of double-stranded DNA damage (yH2AX), mitotic activity (phosphohistone-3, PH3), and
programmed cell-death (CC3). Antibody conditions varied by target: CC3 (Cell Signaling
Technology, D175, 1:50, overnight at 4°C), pH3 (Abcam, ab32107 1:100, overnight at 4°C),
YH2AX (Millipore Sigma, 05-636 1:100 at room temperature for 1 hour). Images were
obtained using the Panoramic Desktop Scanner (Caliper Life Sciences). Semiquantitative
IHC was performed using the Halo software system (Indica Labs).

To assess if the protein levels differ between nontreated primary and recurrent samples we
analyzed four pairs of matched tissues from newly diagnosed and recurrent GBM samples.
We performed IHC analysis with yH2AX, phosphohistone-3, and CC3 antibodies with the
automated Bond Rx system (Leica Microsystems). Quantitative analysis was performed with
the Aperio software (Leica Microsystems). Total numbers of positive cells were divided by
total number of cells per field in five independent tumor-bearing fields. There was no
significant difference in the number of yH2AX, phosphohistone-3, and CC3 positive cells
between primary and recurrent samples.

Genomic analysis

Genomic DNA from fresh frozen tissue specimen was isolated using DNAeasy Blood and
Tissue Kit (Qiagen, #69504) according to manufacturer’s protocol. Matched germline DNA
for each patient was extracted and purified from the blood using a QlAamp DNA Blood
Midi Kit/QlAamp Mini Kit from Qiagen.

Genomic tumor and normal DNAs (1.1 pg) for each sample were fragmented to a target size
of 150 to 200 bp; 100 ng of fragmented product was run on TAE gel to verify fragmentation.
The remaining 1 pg of fragmented DNA was prepared for sequencing on MiSeq using
Agilent SureSelectXT Custom Kit for Sequencing as per the manufacturer’s protocol. A
custom MiSeq Kit for sequencing a selected panel of 25 genes [genes involved in G1-S
checkpoint pathway, Weel, and 16 most frequently mutated genes in GBM (18);
Supplementary Table S1] was designed through Agilent SureDesign for sequencing oligo
design and used for library preparation.

DNA sequencing was performed on a MiSeq (Illumina) with 2 x 75-bp, paired-end reads
according to the manufacturer’s instructions. For NGS data analysis, sequencing fastq files
were aligned with BWA 0.6.2 to GRCh37.62 and the SAM output were converted to a sorted
BAM file using SAMtools 0.1.18. BAM files were then processed through indel
realignment, mark duplicates, and recalibration steps in this order with GATK 1.5.
Comparative variant calling for NGS data was conducted with Seurat (19).

Pharmacokinetic data analysis

Population pharmacokinetic analysis was performed to characterize total AZD1775 plasma
concentration-time profiles and identify patient factors influencing the pharmacokinetics.
The model was developed in two stages: structural model development followed by
covariate model development. All analyses were performed with a first-order conditional
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estimation (FOCE) method with interaction using NONMEM program (version VII; ICON
plc.). R version 2.6.2 was used for graphical diagnostics and covariate screen.

The structural model was built to fit total AZD1775 plasma concentration-time profiles after
oral administration of a single dose (100,200, and 400 mg) in 20 patients simultaneously.
One-and two-compartment models with a first-order absorption and first-order elimination
were tested. Mean population pharmacokinetic parameters, interindividual variability, and
residual error (intraindividual variability) were assessed in the model. Interindividual
variability of a pharmacokinetic parameter was expressed as an exponential function.
Residual error was modeled with a combination method including an additive and a
proportional part, each of which could be excluded if it was estimated to be negligible. The
pharmacokinetic parameters for individual patients were obtained by post hoc Bayesian
estimation.

A screen for potential statistically significant covariates was performed with a generalized
additive model (GAM) using Xpose 4.0/R 2.6.2 software (Uppsala University, Uppsala,
Sweden; ref. 20). The covariates as listed in Table 1, including sex, age, body size (i.e.,
weight, height, and BSA), serum albumin, liver function (i.e., alanine aminotransferase,
aspartate aminotransferase, and total bilirubin), and kidney function (i.e., serum creatinine
and creatinine clearance) were screened on all pharmacokinetic parameters in the structural
model. Potentially statistically significant covariates selected from the GAM analysis were
introduced into the covariate model as linear, exponential, or power functions according to
the following discrimination criteria: (i) a decrease in the objective function value of greater
than 3.875 (P < 0.05) during the forward covariate model building; (ii) an increase in the
objective function value of greater than 10.828 (P < 0.001) during the stepwise backward
model reduction; (iii) reduction of relative standard error of estimation; and (iv) reduction of
interindividual variability of parameters.

The extent of drug penetration into the brain tumor was assessed by the total drug tumor-to-
plasma partition coefficient (Kp) and unbound drug tumor-to-plasma partition coefficient
(Kp,uu), which were estimated as the tumor to plasma concentration ratio of the total and
unbound drug, respectively (21). It should be noted that because unbound drug concentration
drives the /n vivo pharmacological effect, the use of K, ,, as a measure of brain tumor
penetration is more pharmacologically relevant.

Pharmacodynamic data statistical analysis

Descriptive statistics and graphics (dot plots, with a horizontal line indicating the mean)
were generated to summarize the Pharmacodynamic data. For each distribution of fold
changes, the Normality assumption was examined using four tests: Shapiro-Wilk,
Kolomogorov-Smirnov, Cramer-von Mises, and Anderson-Darling. If at least two of those
four test statistics were significant at the 0.01 alpha level, then the distribution was
considered non-normal.

Mean fold changes significantly different from 1.000 (indicating no change from the
matched archival tissue) were of interest. For each distribution of fold changes, the mean
fold change was tested vs. 1.000 using the one-sample ¢test (two-sided). For the few non-
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normal distributions, the nonparametric one-sample Wilcoxon signed-rank test (two-sided)
was used instead, and that was specified where needed in the Results section.

As phase 0 studies are inherently exploratory, the nominal alpha level of 0.05 was used to
interpret the test results without adjustment for test multiplicity (i.e., the multiple
comparisons issue was not formally addressed). Two of these exploratory statistical testing
results with 0.05 < £< 0.10 were considered weakly significant. All statistical analyses of
the pharmacodynamic data were performed using the Univariate Procedure in SAS software,
Version 9.4.

Patient population

Patient demographics and clinical characteristics are presented in Table 1. Twenty adult
patients with glioblastoma received a single dose of AZD1775 prior to brain tumor resection
and enrolled in either a dose-escalation arm (100, 200, or 400 mg) or a time-escalation arm
at 400 mg (2, 8, or 24 hours), all without complications. AZD1775 was well-tolerated; no
significant adverse effects were observed.

Pharmacokinetics

Total AZD1775 plasma concentration-time profiles (Fig. 2A) following a single oral dose
(100, 200, and 400 mg) in patients with glioblastoma were well-described by a one-
compartment model with a first-order absorption rate constant (Kj3) of 2.1 hour™2, an
apparent volume of distribution (V/F) of 1,500 L, and an apparent oral clearance (CL/F) of
160 L/hour. Glomerular filtration rate, estimated by the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) equation based on serum creatinine concentration
(22), was identified as a significant covariate on the CL/F of AZD1775, explaining 17% of
the interindividual variability of CL/F. Population pharmacokinetic parameters for the base
and covariate models are summarized in Table 2. Goodness-of-fit plots for the final covariate
model are presented in Supplementary Fig. S1.

The tumor exposure to unbound (pharmacologically active) AZD1775 as well as the extent
of tumor penetration (assessed by K, and Kp ;) are presented in Fig. 2B-D. The unbound
AZD1775 tumor concentrations varied from 6 to 315 ng/g across three dose levels and three
sampling time points, which were above the enzyme ICsgq (2.6 ng/mL) for inhibition of\Weel
activity. Of note, following a single oral dose of 400 mg, the mean unbound AZD1775
tumor concentration at 2 to 24 h (85 ng/g) exceeded the /n vitro 1Cgq (40 ng/mL) for the
inhibition ofWeel activity and induction of DNA damage as well as G, checkpoint escape in
cell-based assays (https:/ncats.nih.gov/filessAZD1775.pdf). The K or Ky, of AZD1775
were dose-independent following a single oral dose of 100, 200, and 400 mg, and time-
independent at 2 to 24 hours post dosing indicating the achievement of brain equilibrium by
2 hours postdosing. Overall, across all tested dose levels and sampling time points, the K
varied up to 10.6-fold (range, 3.8-40.4; median, 9.1) and the K, ,, varied up to 18.8 fold
(range, 1.3-24.4; median, 3.2) in 20 patients with glioblastoma.
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Pharmacodynamics

To determine whether AZD1775 modulated its target pathway, the molecular consequences
of Weel pathway suppression were assessed, specifically, abrogation of G, arrest through
quantification of histone-3 phosphorylation (PH3), DNA damage based on evidence of
double-strand DNA breaks indicated yH2AX, and programmed cell death by expression of
CC3. As described previously, primary and recurrent tumor was analyzed after dose- and
time-dependent treatments of AZD1775 (Figs. 3 and 4).

To identify potential dose-response relationship with respect to AZD1775 inhibition of Weel
functional endpoints in glioma, cohorts were assessed at 8 hours following 100, 200, or 400
mg of AZD1775 treatment. We observed double-stranded DNA damage, as measured by
YH2AX, to be increased at the 200-mg dose cohort, as compared to matched archival tissue
(Fig. 3A). At 8 hours, this increase was less dramatic for the 100- and 400-mg dose cohorts.
Similar results were observed with cell-cycle abrogation, as measured by PH3 expression in
Fig. 3B. Increased expression of PH3 was observed in the 200-mg dose cohort at 8 hours, as
compared to matched archival tissue (Fig. 3B). Unlike yH2AX expression, however, PH3
expression was also substantially increased for the 400-mg dose cohort (Fig. 3B). Finally,
the apoptotic marker CC3 increased most at the 200-mg dose cohort, as compared to
matched archival tissue, although a modest increase was also observed in the 400-mg group,
as well.

To assess potential time-dependency of AZD1775 pharmacodynamic effects on the Weel
pathway, specimens were collected at 2-, 8-, and 24-hour time intervals following 400 mg
AZD1775 dose. Additional data for other dose cohorts at 8 hours were also included in this
analysis from the dose-escalating portion of the study. Interestingly, the 8-hour time interval
provided the most variable expression of the pharmacodynamic endpoints. Specifically, in
the 8-hour time interval group combining all three dose cohorts (7 =12), there was a
significant (P = 0.0425, by one-sample Wilcoxon signed-rank test) mean rise in yH2AX
expression of +210.1% (Fig. 4A, range, —59.8% to +961.5%). Similarly, when all dose
cohorts are assessed together at the 8-hour time interval (7= 12), PH3 expression increased
significantly, as well (Fig. 4B, P=0.0210, by one-sample Wilcoxon signed-rank test).
Finally, when all dose cohorts were assessed together at the 8-hour time interval (n=12),
CC3 expression increased (P=0.0727) by a mean of +112.2% (Fig. 4C, range, —76.8% to
+513.6%).

Targeted sequencing

Genes involved in G1-S checkpoint regulation, Weel, and 16 genes frequently mutated in
glioblastoma were sequenced (Supplementary Table S1). Aberrations in 11 genes out of
panel of selected 25 genes were observed across 20 patients (Supplementary Table S2). In
five of the 20 patients, inactivating mutations in TP53 were found, six with aberrations in
EGFR (although two were in untranslated regions), and six had mutations in PTEN. One
case showed mutation in IDH1. None of the cases had mutations in Weel; mutations in other
genes were detected less frequently. No consistent associations between any of the
pharmacokinetic or pharmacodynamic endpoints and these molecular events were
uncovered.
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Discussion

Our findings provide molecular evidence for proof-of-target inhibition by AZD1775, as well
as plasma and tumor pharmacokinetic data in patients with glioblastoma. Taken together,
these results will serve as the foundation for subsequent combinatorial agent studies
including AZD1775.

Sufficient penetration of anticancer drugs into brain tumors is a prerequisite for effective
treatment of glioblastoma. AZD1775 shows good brain tumor penetration in patients with
first-recurrence glioblastoma, achieving pharmacologically relevant tumor concentrations.
Our data support further clinical development of AZD1775 for treating recurrent
glioblastoma. Notably, our findings differ from preclinical studies using orthotopic
glioblastoma xenograft mouse models, which previously reported very limited distribution
of AZD1775 in mouse normal brain and tumor tissues (15). Although the exact
mechanism(s) underlying this discrepancy remains to be determined, the observed inter-
species variability in AZD1775 brain tumor penetration underscores the value of early,
prospective evaluation of drug penetration into human brain and brain tumors to inform
decision making regarding future clinical development. Multiple factors could have
contributed to these divergent results, including diminished net efflux clearance of AZD1775
at human blood-brain tumor barrier due to the acidic tumor microenvironment, variation in
the transporter expression profiles at human and rodent blood-brain tumor barrier, and
inherent variation in blood-brain tumor barrier integrity (17). Regardless of mechanism(s),
our phase 0 findings emphasize the importance of “humanizing” preclinical models for
targeted inhibitors in glioblastoma.

One limitation of our pharmacokinetic study, however, was the lack of noncontrast-
enhancing glioblastoma tissue in our tissue analysis. The contrast-enhancing regions of the
tumors, which were used for the assessment of AZD1775 brain tumor penetration in our
study, often presents disrupted, “leaky” blood-brain tumor barrier. The drug (including
AZD1775) would be expected to have less penetration into non-contrast-enhancing
glioblastoma tissue. Future glioblastoma drug penetration studies would benefit from
analyzing both the contrast- and noncontrast-enhancing regions of the tumor. It should be
mentioned, however, that neither of these regions have an intact blood-brain barrier around
the tumor’s neovasculature (23) and thus, the measurements of drug penetration into these
regions do not represent drug penetration into “normal” brain tissue. Further studies
employing /n vivo microdialysis technique may provide detailed pharmacokinetic
information on drug penetration into both normal brain and tumor tissue

Beyond effective tumor penetration, our findings also detail a range of molecular profiles
associated with subtherapeutic AZD1775 administration in patients with recurrent
glioblastoma. Disruption of tightly controlled cell-cycle safeguards through Wee1l inhibition
can lead to premature entry into mitosis and, ultimately, mitotic catastrophe. Importantly,
evidence for these events were observed in patient-derived specimens. Specifically, at the 8-
hour posttreatment interval, double-stranded DNA damage increased over eightfold, cell-
cycling increased over threefold, and programmed cell death also increased threefold (Figs.
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3 and 4). Although these findings do not demonstrate direct molecular effects from Weel
inhibition, they are consistent with checkpoint disruption.

Interestingly, observed pharmacodynamic effects were most prominent at the 200 mg dose
level and less evident at 400 mg. The lack of dose-response relationship may be attributed to
a combination of multiple mechanisms, including large interindividual variability in the drug
tumor pentration/exposure, small sample size, and complex feedback loops regulating Weel
inhibition. In addition, because of the tested pharmacodynamic endpoints are not exclusively
driven by Weel inhibition, it is possible that other tumor-intrinsic factors influenced their
response to the drug. Nevertheless, our data suggests that a 200-mg dose regimen may be
sufficient for the pharmacodynamic effects in future clinical studies. Our study highlights
the importance of an initial phase 0 evaluation of pharmacodynamic effects in aiding dose
selection for the subsequent therapeutic trials.

In summary, our findings refute previous preclinical data and show excellent brain tumor
penetration for AZD1775 in humans, providing the first evidence of clinical biological
activity in human glioblastoma, and confirmed the utility of phase O trials as part of an
accelerated paradigm for early drug development in patients with brain tumors. Although the
phase O clinical trial paradigm is not new in oncology, our application of this strategy for
patients with recurrent glioblastoma underscores its suitability for an expanded role in
studying human glioma biology and fast-tracking targeted inhibitor drug development.
Given the inherent limitations of animal modeling in predicting therapeutic benefit for
human gliomas, there appears to be an important role for carefully conceived,
pharmacokinetically and pharmacodynamically driven, early phase clinical trials in neuro-
oncology. Surveys of genomic profiles relevant to the drug under study (gene and pathway
targets, transporter genes, etc.) further raise the value of phase 0 trials in glioblastoma to
accelerate development of new treatments for this disease.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Translational Relevance

In this phase 0 trial, patients with recurrent glioblastoma were treated to the first-in-class
Weel-kinase inhibitor AZD1775 prior to planned reoperation. Animal studies have
previously suggested that insufficient tumor-brain barrier penetration by the drug limits
its therapeutic potential. In contrast, this study finds that unbound AZD1775, which
represents the pharmacologically active fraction of the drug, reaches therapeutic
concentrations within the contrast-enhancing component of the tumor. Furthermore,
evidence of downstream target modulation was identified in a dose-dependent manner.
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Figure 1.
Phase 0 study design composed of the dose-escalation arm (A) and the time-escalation arm

(B-D).
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Figure 2.
AZD1775 plasma and tumor pharmacokinetics in patients with glioblastoma receiving a

single oral dose. A, AZD1775 total plasma concentration-time profiles. Symbols represent
observed concentrations; solid, dash, and dot lines represent pharmacokinetic profiles fitted
by the final population pharmacokinetic model. B, Unbound AZD1775 tumor
concentrations. C, AZD1775 total tumor-to-plasma concentration ratios. D, AZD1775
unbound tumor-to-plasma concentration ratios. Symbols represent observed data; boxplot
represents 25th, 50th (median), and 75th percentiles of the observed data.
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A - B
c -
Figure 3.
In matched archival tissues following drug exposure, Weel pathway suppression was

inferred by intensified double-strand DNA breakage (A), abrogation of Gy-arrest (B), and
programmed cell death (C). Horizontal line marks the mean fold change.
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Figure 4.
In the time-escalation arm, yH2AX expression, phosphohistone-3 expression (PH3), and

CC3 expression all demonstrated peak changes 8 hours following AZD1775 administration.
Horizontal line marks the mean fold change.
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Table 1.

Patient demographics and clinical characteristics

Characteristics

Sex (male/female)a 1218

Age (years) 59 (28-81)
Weight (kg) 79 (54-127)
Height (cm) 172 (154-184)
Body surface area (BSA) (m?) 1.93 (1.52-2.43)
Alanine aminotransferase (1U/L) 24 (14-133)
Aspartate aminotransferase (IU/L) 16 (8-62)
Total bilirubin (mg/dL) 0.5 (0.2-1.7)
Serum albumin (mg/dL) 4.0 (2.1-4.6)
Serum creatinine (mg/dL) 0.8 (0.6-1.0)
Glomerular filtration rate (mL/min)b 98 (61-162)

NOTE: Values are shown as median (range).
aData indicate number of patients.

bEstimated by the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) equation based on serum creatinine concentration (22).
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Table 2.

Population pharmacokinetic parameters for total AZD1775, estimated from the base and final covariate
models, data are expressed as estimates (%RSE)

Parameter Base model  Covariate model
OFV -36.58 -42.63

K, (h™h 2.00 (114) 2.10 (111)

VIF (L) 1,500 (16) 1,500 (17)
CL/F (L/hour) 160 (15) 1602 (14)

& 1.7 (44)

11V of K, (CV%) 100 (310) 100 (300)

11V of VIF (CV%) 28 (70) 26 (91)

11V of CL/F (CV%) 48 (23) 40 (36)

Abbreviations: CL/F, apparent oral clearance; I1V, interindividual variability; Kj, first-order absorption rate constant; OFV, objective function
value; RSE, relative standard error of estimation; V/F, apparent volume of distribution.

aCL/F =A+B x (GFR - 98), where A is the CL/F for a typical patient with glomerular filtration rate (GFR) of 98 mL/minute, and B represents the
covariate effect of glomerular filtration rate.
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