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Translational Modeling of Drug-Induced
Myelosuppression and Effect of Pretreatment
Myelosuppression for AZD5153, a Selective BRD4
Inhibitor

TA Collins™, MM Hattersley?, JWT Yates®, E Clark?, M Mondal* and JT Mettetal*

In this work, we evaluate the potential risk of thrombocytopenia in man for a BRD4 inhibitor, AZD5153, based on the platelet
count decreases from a Han Wistar rat study. The effects in rat were modeled and used to make clinical predictions for human
populations with healthy baseline blood counts. At doses >10 mg, a dose-dependent effect on circulating platelets is
expected, with similar predicted changes for both q.d. and b.i.d. dose schedules. These results suggest that at predicted
efficacious doses, AZD5153 is likely to have some reductions in the clinical platelet counts, but within the normal range at
projected efficacious doses. The model was then extended to incorporate preexisting myelosuppression where bone marrow
function is inhibited by acute myeloid leukemia. Under these conditions, duration of platelet count recovery has the potential

to be prolonged due to drug-induced myelosuppression.
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Study Highlights

WHAT IS THE CURRENT KNOWLEDGE ON THIS
TOPIC?

M BRD4 inhibitors are indicated for acute myeloid leu-
kemia and are known to cause thrombocytopenia in
clinical studies. Myelosuppression has been shown to
be predictable in the clinic from preclinical studies.
WHAT QUESTION DID THIS STUDY ADDRESS?

M This study aims to make a prospective clinical pre-
diction from rat data for AZD5153 with different doses/
schedules, and also considers the additional impact of

Anticancer treatments frequently induce hematopoietic tox-
icity (myelosuppression) clinically due to their antiprolifera-
tive effects, both for cytotoxic agents' and targeted
therapies.? Due to the frequency and dose-limiting nature
of these adverse events, assessing compounds’ potential to
induce myelosuppression clinically is of importance during
preclinical testing. Better understanding of the propensity
for myelosuppression can aid safety margins and optimiza-
tion of dose level/schedule for first-time-in-man studies,
through mathematical modeling of preclinical findings and
interpretation in the context of expected clinical activity.®
BRD4 is emerging as an important epigenetic target in
oncology,* playing a role in stem cell survival and differenti-
ation.>® The BRD4 protein controls expression of large
parts of the genome’ and has the potential to promote
cMyc activity.?. Knockdown of BRD4 in vivo is associated
with loss of stem cells in the gastrointestinal tract as well
as loss of Lin-Scal+cKit+ hematopoietic stem cells,®
which are precursors of many circulating cells in the blood,
including platelets and erythrocytes. Furthermore, the target

myelosuppression caused by acute myeloid leukemia in
clinical predictions.

WHAT THIS STUDY ADDS TO OUR KNOWLEDGE

M This study exemplifies how risk of drug-induced myelo-
suppression is assessed prior to clinical studies and how
models may be adapted for specific patient populations.
HOW MIGHT THIS CHANGE DRUG DISCOVERY,
DEVELOPMENT, AND/OR THERAPEUTICS?

M This approach may be adopted for future drugs
where myelosuppression is of concern.

has been identified as a potential therapeutic target for
acute myeloid leukemia (AML),'® and is currently pursued
as a target for treatment of AML by several companies.

Recent reports for OTX015 (MK-8628), a BET-
bromodomain BRD4 inhibitor currently in phase | for treat-
ment of nonleukemia hematological malignancies, has
reported thrombocytopenia (TCP) as a dose-limiting toxicity
(DLT) in some populations.'"'2 Further, patients with hema-
tological malignancies have preexisting disease-induced
myelosuppression.'® These data motivate developing a
deeper understanding of the drug-induced myelosuppres-
sion of AZD5153, a brd-domain selective bivalent inhibitor'
of BRD4 being developed for the treatment of AML.

AML is characterized by the presence of leukemic blasts
(>20%) in the bone marrow (BM) and circulation, resulting
in abnormally low complete blood counts (CBC) in AML
patients. For example, platelet counts are reported to range
between 7 and 358 (median 60-68) X 10%L in AML diag-
nosed patients,'® compared with a normal range of 140—
400 X 10%L. Platelet counts lower than the threshold for
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common terminology criteria (CTC) for adverse events
grades 3 and 4 (<50 and 25 x10°%/L, respectively) leads to
increased risk of clinical complications. Treated patients
can be classified (among others) as complete remission
(CR) or complete remission with incomplete recovery, CRi,
where platelets and neutrophils do not recover.'®

Existing semimechanistic models of myelosuppression
have been developed for leukopenia/neutropenia,’” ane-
mia,'®2° and TCP?'"2* with consistent system properties
across several drugs,'” and have been applied to drug-
induced myelosuppression, but not disease-induced myelo-
suppression. The models tend to share consistent features:
a self-renewing compartment (representing progenitor cell
population), a series of transit compartments (representing
cell population expansion and differentiation), and a circu-
lating compartment (representing mature counts in blood),
which regulates the self-renewing compartment. These
models have demonstrated an ability to quantitatively and
accurately predict drug effect in man based on WBC data
from rats.?® To accomplish this, the model utilizes measure-
ments of preclinical circulating cell counts (rat) to quantify
the drug effect, as well as species differences in protein
binding (f,) and compound potency in vitro.?®

The investigation conducted here explores how these
studies can be conducted and analyzed to support safety
risk assessment prior to first-time-in-man. It exemplifies the
application of modeling and simulation to explore human
situations including when the disease (AML) has impact on
safety endpoints (TCP) that may not be otherwise testable
with preclinical toxicological experiments alone.
Aim
The aim was to understand and predict the risk of TCP
with AZD5158 in the clinic, first in subjects with healthy pre-
treatment baseline, and second in patients with CR from
preexisting myelosuppression using a mathematical myelo-
suppression model of circulating platelet counts. Data from
a rat study were used to make human predictions for plate-
lets at anticipated therapeutic doses and schedules. To
investigate the behavior of the intended AML patient popu-
lation, a range of recovery lengths were simulated.

METHODS

Animals

Female Han Wistar rats aged 9—10 weeks were obtained
from Charles River (Wilmington, MA) and maintained under
specific-pathogen-free conditions in an AAALAC-accredited
facility. Irradiated food and autoclaved water were provided
ad libitum. Animal protocols were approved by the AstraZe-
neca R&D Boston Institutional Animal Care and Use Com-
mittee. All animal work was conducted in accordance with
ARRIVE guidelines.?®

Rat study

For the pharmacodynamic (PD) study, rats were assigned
randomly to groups based on their body weight so that
each group had a similar average weight. Rats were treated
orally with AZD5153 at 0.1 mg/kg (once daily (g.d.) for 10
days), 1.5 mg/kg (g.d. for 10 days), or 1 mg/kg (twice daily
(b.i.d.) 3 days on treatment, 4 days off, 3 days on
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treatment) in 0.5% hydroxymethylcellulose, 0.1% Tween80.
Blood samples were collected into microtainer EDTA tubes
(Becton Dickinson, San Jose, CA) then analyzed on the
Hemavet (Drew Scientific, Miami Lakes, FL) for complete
blood counts, including platelets. Samples were collected
from each rat 1 week prior to the start of dosing to estab-
lish pretreatment baseline, and on days 1, 4, and 7 during
dosing to evaluate peak effect, and on days 11, 14, and 17
to assess recovery. To assess exposure of AZD5153
throughout the study, blood samples were collected into
microtainer EDTA tubes, spun at 10,000 RPM for 5 min,
then plasma was collected for liquid chromatography tan-
dem mass spectroscopy. Samples for concentrations and
pharmacokinetics (PK) were collected 2 h postdose on
days 1, 4, and 7.

PK model
In the rat safety study, AZD5153 plasma concentrations were
fitted to an appropriate compartmental PK model, based on
the observations available. The human PK for AZD5153
were predicted from preclinical in vitro (rat, dog, and human
intrinsic clearance) and low-dose rat and dog PK (other stud-
ies) in vivo (volume, absorption rate constant, bioavailability)
data, and then integrated into a physiologically based PK six-
compartment perfusion limited model in order to simulate
concentration—time profiles in human,?” accounting for differ-
ences in plasma protein binding across species.

As an approximation for the predicted PK, a two-
compartment model with first-order absorption was used,
assuming dose linearity over the studied dose range.

PD model

A model of myelosuppression first developed by Friberg'”
for leukocytes, was applied to platelet count effects in this
analysis, the ODEs have been described elsewhere.'” The
ODE for the initial compartment includes an input rate that
can be affected by drug concentration and circulating plate-
let levels according to:

dProl Cir
T =k - Prol - (1 _S/OpeA205153.C). (CT:?

y
) —ky.Prol (1)
where Prol represents the initial compartment, k; repre-
sents the rate constant, slopeazpsis3 represents the propor-
tional drug effect, C represents concentration of AZD51583,
Circ, represents initial baseline, Circ represents circulating
(observed) cell counts, and y represents feedback strength.
An E..x model was also tested in replace of the propor-
tional drug effect model.

Modeling platelet counts in the rat

All modeling and simulation was carried out in Phoenix
NLME, v1.4 (Certara, St. Louis, MO) using first-order condi-
tional estimation-extended least squares. The PK and PD
models were fitted sequentially in the rat. Log-normally dis-
tributed between-subject variability (BSV) was considered
for all PD parameters. The final model was selected based
on objective function values, and the addition of a parame-
ter was supported by a minimum difference of 3.84
between nested models. A visual predictive check was car-
ried out (1,000 simulations) and used for normalized



prediction distribution errors (NPDE) using the npde pack-
age in R (v. 3.0.1).%8

Translation of observed preclinical drug effect into
human drug effect

The human predictions of platelet changes assuming
healthy BM were based on the parameter estimates and
associated uncertainty shown in Table 2. Human PK pre-
dictions, including uncertainty on clearance and volume, but
only the mid-point clearance and volume, was used in
human simulations of platelet changes. Therefore, these
simulations should be considered representative of platelet
counts at clinical doses, rather than accurately predict the
planned phase 1 clinical trials. The rat and human plasma
f, were 0.05 and 0.25, respectively, so the human drug
effect slope is assumed to be 5-fold higher than the slope
estimated in rat driven by total concentrations. Cross-
species in vitro experiments were not conducted with
AZD5153, so potency was assumed to be the same in rat
and human. System parameter values and their associated
variabilities for platelet changes modeled using the myelo-
suppression model were obtained from literature
reports®' 2429 and averaged to give representative turnover
rates and feedback for platelet changes clinically. 11V was
included on Circy and 7y, but not MTT, as the majority of
reports only included IIV on y. One report of y was more
than 100-fold lower than the other reports, so this was
excluded from the average for that parameter. Compared to
the estimated system properties in rats, human Circ, is
lower, y is smaller, and mean transit time'” (MTT, propor-
tional to number of transit compartments and kir) is longer
(~134 h vs. ~69 h). Compared to the original human leuko-
cyte modeling,'” circulating baseline levels of platelets are
>30-fold higher than for leukocytes, MTT is similar, and
feedback (typical value) is 40% higher.

Prediction of timecourse of platelet counts in humans
with healthy BM

In the clinical simulations, AZD5153 was dosed q.d. contin-
uously or b.i.d. with 3 days on drug treatment and 4 days
off dosing schedule (hereafter described as 3 on 4 off) for
28 days. Human daily doses predicted to give equivalent
unbound exposures (AUC) to the mouse at efficacious
doses'**° for q.d. dosing was 56 mg, and for b.i.d. dosing
(3 on 4 off) was 125 mg, so the range of clinical doses
explored was 0.5-300 mg g.d. and 1.5-300 mg b.i.d. 3 on
4 off. In the simulations, 1,000 replicates were performed
with observations during dosing and washout. Log-normally
distributed IV was included on Circy, y and slopeazps1ss-

Prediction of timecourse of platelet counts during
AML-induced BM dysfunction and recovery

Recovery duration for platelet counts is likely to be patient-
specific and was therefore explored in the simulations from
instantaneous recovery 1 h postdose, to longer recovery
lengths of 10, 30, 100, 300, and 1,000 days. The capacity
was expected to increase linearly over the recovery time
from the start of treatment. The general equation to
increase capacity (fr) over time is given by:
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where fr, is baseline fraction, d is recovery duration, and t
is time. This additional term was introduced to the myelo-
suppression model on the initial compartment (Prol, see
Eqg. 1), according to:

dProl

Ci
—— =Ky - Prol - fr - (1 —slopeAZD5153.C)‘( ke

i m) —ky.Prol - (3)
The initial baseline condition Circ, was reduced to account
for the difference in steady state. The capacity (fr,) was
0.65, producing a platelet count of ~60 X 10%L at steady
state, which is representative of median platelet counts in
newly diagnosed AML patients.'®

Simulations were carried out first by using recovery
rate alone to drive platelet levels (i.e., slopeszps153=0),
and second observing the impact of 300 mg qg.d. over a
14-week (98-day) dosing period (i.e.,
0.45).

To explore the impact of dose schedule on recovery, sev-
eral schedules were dosed over a 300-day recovery period:
g.d. continuous schedule, b.i.d. 3 on 4 off schedule, and
g.d. dosing 7 on 7 off of 300 mg AZD5153. Finally the
capacity fr was explored, ranging from 0.25-1.

slopeazps1sz =

RESULTS

Rat study and fit to myelosuppression model

The rat study showed negligible platelet changes at
0.1 mg/kg q.d., but clear effects at 1 mg/kg g.d. and
1.5 mg/kg b.i.d. (3 on 4 off). Only a single concentration
was obtained on days 1, 4, and 7, which prohibited the con-
struction of a PK model from these data alone. Similar
doses were tested in a separate toxicology study so the
absorption rate constant (k,) and clearance were fixed to
those estimates using a one-compartment PK model with
first-order absorption, and volume was estimated from the
observed data. This replicated the PK data well (not
shown), while incorporating a degree of BSV. For the final
reported PD model, BSV was included on Circy, and slo-
Peazpsis3 (Table 1).

Figure 1 shows the individual observed platelet counts
and model fitted results, with the parameter estimates in
Table 1. Goodness-of-fit plots can be found in the Supple-
mentary Material. For both g.d. and b.i.d. dosing, similar
sampling schedules to that planned for the clinic were
used. Samples were taken for blood counts prior to dosing,
during the dosing period, and after cessation of dosing in
order to capture the timecourse of drug effect and recovery.
While the study did not have a vehicle group, platelet counts
are not expected to change dramatically in untreated rats
over the course of the study. The NPDE analysis indicated a
departure from normality for the observations and, given the
small size of the study (nine rats, 54 observations), some
noise is not unexpected. As the majority of data are well
described, this is unlikely to represent a significant misesti-
mation in the slope.
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Table 1 The rat PK and PD parameters estimated for platelet effects from
the study where AZD5153 was dosed

Population Typical Estimate %lIV
Parameter (unit) (RSE) (RSE)
AZD5153 PK
ka (n77) 1.7 () —
V (L/kg) 0.39 (16) —
Cl (L/hr/kg) 0.15 (-) —
PD model
Circy (X10%L) 562.4 (3) 5.4 (73)
MTT (h) 57.7 (4) 5x10°* (14)
ke (h™ 1) 0.069
y 0.5 (10) 0.1 (63)
slopeazpsiss (1/(umol/L)) 0.09 (14) 14 (85)

*Derived.

Prediction of platelet count timecourse in simulations
with healthy BM

Simulations in patients with healthy BM were generated
using predicted human PK (no 11V), the human slope pre-
dicted from rat platelet study, and human myelosuppression
model system parameters. The human predictions at pro-
jected efficacious doses for q.d. and b.i.d. dosing (3 on 4
off) were simulated and the nadir over the entire dose
range was investigated for q.d./b.i.d. dosing. Predicted
human concentrations did not exceed those explored in the
rat experimental study. At doses of 10 mg and below, there
were only slight changes in the predicted platelet counts,
increasing from 50 to 300 in a dose-dependent manner. At
300 mg the predicted median was reduced by ~80% at
nadir for g.d. dosing and ~77% at nadir for b.i.d. dosing,
although the median changes did not exceed CTC grade 3
threshold for TCP, with outliers predicted beyond this level.
Comparison of the b.i.d. 3 on 4 off and qg.d. dosing simula-
tions demonstrated no improvement in the platelet count
nadir with b.i.d. dosing (3 on 4 off) compared to g.d. dosing
(Figure 2) when the weekly total dose was similar.

Based on these simulations representing patients with
healthy platelet baseline counts, AZD5153 would be
expected to have a dose-dependent effect on platelet
counts clinically, and at predicted efficacious doses this is
expected to be within the normal platelet count range.

Prediction of platelet counts in simulations AML-
induced BM dysfunction and recovery

The model was further expanded to incorporate pretreat-
ment disease-induced myelosuppression, and a range of
recovery durations of platelet counts (Figure 3a—c). Upon
recovery, when drug-induced myelosuppression was
switched on, the platelet counts remain reduced relative to
this Circ, (Figure 3) (~140 compared to 271.5 x10%L).
Upon cessation of dosing, which effectively removes the
drug-induced myelosuppression, platelet counts returned to
the healthy baseline. This illustrates the opposing forces of
recovery (secondary to efficacy on blast number) and drug-
induced myelosuppression on platelet counts that can only
be demonstrated when both these effects are taken into
consideration. No other model modifications were consid-
ered, such as reduced strength of feedback which is taken

CPT: Pharmacometrics & Systems Pharmacology

into account by the reduced production rate in AML simula-
tions, meaning the system cannot respond as efficiently to
deviations from platelet baseline.

The 300-day recovery duration represents the typical
remission rate of ~1 year,®" and this was used to better
understand the impact of varying dose schedule during
recovery (Figure 3d). While negligible drug-induced myelo-
suppression is preferred, some drug-induced myelosup-
pression is unavoidable, although introducing a longer
drug-free period (minimum 7 days) between periods of drug
dosing can help to ameliorate this effect.

Impact of fr was explored (Figure 3e), which suggests
that as fr decreases, absolute change at nadir caused by
toxicity also decreases, but the percentage change is simi-
lar. Therefore, the myelosuppression caused by a drug
such as AZD5153 in absolute terms could be lower in AML
patients than the patients with healthy BM.

DISCUSSION

TCP model and translational approach

Prior to first-time-in-man, the only way to assess drug toxicity
is to evaluate in preclinical species and extrapolate to
human. Rodent models of BM toxicity have been demon-
strated to predict outcome in clinical trials.?>%% This study
combined the drug effect in rat with system properties of pla-
telets in human, to explore clinical platelet changes prior to

Table 2 Parameter values used in the human simulations for AZD5153

AZD5153
estimate 1V, CV%

PK model
ks (7T 0.25 —
V(L) 29.5 —_
CL (L/h) 86.9 —_
V2 (L) 34.3 —
Q (L/h) 52.5 —
PD model: healthy simulations
slopeazpsiss (1/(umol/L)) 0.45 100°
Circo (x10%L) 271.5 36.9
MTT (h) 133.7 —
ke (h™7)2 0.030 —
y 0.289 36.5
PD model: BM dysfunction simulations
Recovery: slopeazpsiss (1/(umol/L)) 0.0 —
Recovery +drug induced 0.45 —

myelosuppression:slopeazpsiss

(1/(umol/L))
Circo (x10%L) 61.2 —
(Initial value) 271.5 —_
(Baseline)
MTT (h) 133.7 —
ki (h™") (derived) 0.030 —
y 0.289 —
fi, 0.65 —
d 1 h, 10, 30, 100, —

300, 1,000 days

@Derived from MTT.
PIncluded as uncertainty.
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Figure 1 Individual fits to platelet data in the rat. Black circles indicate the observed platelet values, blue solid line is the individual fit,
and the dosing periods are indicated by the pink shaded bars. Animals 1-3 received 0.1 mg/kg for 10 days, animals 4-6 received
1 mg/kg b.i.d. (3 days on, 4 days off, 3 days on), and animals 7-9 received 1.5 mg/kg q.d. for 10 days. Observations shown at time

zero were taken in the days prior to dosing.

phase | studies, so a cross-species comparison cannot be
made. The translational modeling approach has been stud-
ied elsewhere with leukocytes, but the translation of platelet
changes has not been as thoroughly tested or explored. Rat
safety is rarely reported in the literature, representing a gap
in current knowledge. The intention of the clinical simulations
was therefore not to predict with high confidence what pro-
portion of patients would experience severe-grade TCP, but
to exemplify the types of prospective predictions carried out
before entering man that are used to inform decision making.

Model based predictions can influence clinical plans

Existing evidence that BRD4 inhibition is linked to effects on
hematopoiesis and TCP gave cause to investigate TCP risk
with AZD5153. The major concerns for AZD5153 were
whether an efficacious dose level would induce TCP (narrow
or no therapeutic index), comparison of schedules, and poten-
tial risk for AML patients, so this was addressed with simula-
tions. With only preclinical safety data available at the first-
time-in-patient stage, a quantitative, translational modeling
prediction is an improved way to guide decision making on

optimal dosing plan in phase | patients. For AZD5153, model-
ing provided guidance that the TCP risk for projected effica-
cious doses is low (given healthy BM), but would increase in a
dose-dependent manner for b.i.d. and g.d. schedule options.
A margin-based approach that simply records the dose level
and exposure at which effects have occurred preclinically can-
not provide this deeper understanding.

The predictions showed the proposed q.d./b.i.d. dose
schedules were expected to give similar outcomes
Initially, two dose schedules were proposed: g.d. dosing
continuously and b.i.d. dosing 3 on 4 off, with the hope that
a break in dosing would improve tolerability while maintain-
ing efficacy. The modeling analysis showed that g.d. and 3
on 4 off b.i.d. schedules were similar in terms of magnitude
of effect at equivalent dose levels over a single cycle. The
short, frequent drug-free periods in the 3 on 4 off b.i.d.
schedules did not improve the nadir, and therefore the
long-term tolerability risk of TCP. This suggests the total
weekly dose is an important driver of platelet changes
rather than the daily PK fluctuations being important,

www.wileyonlinelibrary/psp4
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Figure 2 a: Simulation of human platelet counts starting from healthy baseline using a 28-day (672 h) dosing period and washout
period of AZD5153 at predicted efficacious dose of g.d. dosing (56 mg). b: b.i.d. dosing (125 mg). ¢,d: The nadir values for platelet
counts over the dose range studied for g.d. dosing and b.i.d. dosing 3 on 4 off, respectively. Three lines for each scenario indicate the
median (black), 5th, and 95th percentiles (gray); red reference line is threshold for grade 3 TCP.

although 125 mg b.i.d. 3 on 4 off is a higher total weekly
dose than 56 mg q.d., it would result in a lower platelet
nadir. Exploring different schedule options provided model-
based insight that could not be gained from the more tradi-
tional approach of margins.

Inclusion of a patient population provided additional
insight and potential strategies to improve TI

There were concerns about the intended AML patient popu-
lation, where underlying BM dysfunction, efficacy, and toxic-
ity may all affect the platelet counts. Generally, leukemia
patients are not heme evaluable because of their BM infil-
tration (and thus low counts do not count as DLT). There-
fore, they do not have specific inclusion criteria separate
from standard of care.

AML patients would have patient-specific baseline platelet
counts and BM function, and response to treatment would
potentially allow for recovery in platelet counts. The simula-
tions showed that recovery from disease-induced myelosup-
pression and drug-induced myelosuppression (exemplified
using a dose exceeding efficacious exposure to illicit strong
platelet changes) would be opposing processes. A high
degree of drug-induced myelosuppression could increase
the length of time a patient has severe (grade 3 or 4) TCP,
even though absolute effects on platelet counts are expected
to be smaller, given the reduced function of the BM. Potential
mitigation strategies to overcome this are to reduce the dose
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level (as drug effect is proportional to drug concentrations)
or, if required, a longer drug-free period (7 days or more)
should be introduced (if efficacy can be maintained), which is
in line with recommendations with neutrophils with similar
MTT.3® These results demonstrate the ability to tailor model-
based predictions with reference to a patient population with-
out additional preclinical studies. There may be other patient-
specific aspects that have not been incorporated (CRi, plate-
let transfusions, relapse), however these scenarios are diffi-
cult to predict from preclinical studies.

Current limitations and future directions

The rat model is based on a limited dataset, and this may
affect the overall model fit and subsequent extrapolation to
human; for example, the RSE values were high for the esti-
mation of interindividual variability. When introducing 11V
terms, n-shrinkage was observed. However, the same model
structure without any IIV (naive pooled approach) gave simi-
lar parameter estimates. This gives confidence that despite
shrinkage with the final rat model, the parameter estimates
used (slope) in the human translation is representative of the
effect.

In the human simulations shown here, no uncertainty in
PK was included, which is likely to have clinical relevance.
The simulations showed representative platelet changes at
each dose level, and should not be interpreted as an accu-
rate prediction of the proportion of patients that would
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Figure 3 Simulation of platelet count recovery: 1 h (black line), 10 day (turquoise), 30 day (maroon), 100 day (gray), 300 day (green), and

1,000 day recovery (purple). a: Only recovery (slopeszps153=0). b:

Both recovery and drug-induced myelosuppression (slopeazpsiss =

0.45) (cessation of dosing at 2,352 h, 14 week). c: fr time course based on different durations. d: Different dose schedules for 300-day

recovery: recovery only (slopeazps1s3 =0, green), 300 mg q.d. (light

green), 300 mg b.i.d. (3 on 4 off) (blue), 300 mg q.d. (7 on 7 off) (tur-

quoise), black line indicates CTC grade 3 threshold. e: Absolute and relative change in platelet counts of different fr values.

experience severe-grade TCP, but rather providing insight
into the pharmacologically active exposures and relative
comparison between dosing schedules. A major limitation
to assessing the performance of the model is the lack of
clinical data to validate the translational approach for this
specific BRD4 inhibitor.

There are many limitations of the extrapolation to AML
patients, since we have only considered a reduction in
baseline and not a change in feedback or MTT, although a
reduced baseline does reduce the impact of feedback, and
in a report from patients including lymphoid malignancies
the feedback parameter was quantified as ~100-fold lower.
A recovery duration was introduced but it is likely that only
a proportion of patients will respond and have the ability to
recover to normal platelet counts. In the OTX015 phase 1
trial, severe TCP was more frequent in patients with low
platelet counts at pretreatment baseline, indicating that the
impact of hematological malignancies can have conse-
quences for tolerability. In another study of TCP, patients
with lymphoma required a reduced starting baseline, and
further reduction of baseline over time to account for dis-
ease progression.?® Both indicate that a reduced starting

baseline is important for TCP risk, but that in addition to
recovery considered here, platelet counts could remain low
during treatment, or indeed worsen.

The semimechanistic model most likely represents a sim-
plification of the hematopoiesis process. The rate constant
ki gives an expected circulating half-life of platelets
(~24 h), although it is widely reported that the lifespan of
circulating platelets is around 10 days. Thrombopoietin may
be represented by feedback.

Current preclinical efficacy models are solid-tumor AML
cell lines, which are a different paradigm to the BM dys-
function expected in patients. In the future, assessment of
drug efficacy and safety in an animal model with an AML
phenotype would be of interest to better explore the inter-
play of efficacy and safety.

SUMMARY

This investigation sought to understand and predict risk of TCP
caused by BRD4 inhibitor AZD5153 under healthy BM function
and recovery from disease-induced myelosuppression in order
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to guide planning of dose schedules for phase | studies. An
existing myelosuppression model was used to make clinical
predictions of platelet counts (based on rat data). Although
platelet counts have previously been modeled in the clinic,
this is the first time preclinical to clinical predictions of plate-
let counts have been reported. The model indicated that
projected efficacious doses of AZD5153 were expected to
have minimal impact on platelet counts when normal base-
line platelets counts, the qg.d./b.i.d. proposed schedules,
were similar in terms of magnitude of effect, and there could
be an interplay between recovery and toxicity in AML
patients where significant drug-induced myelosuppression
occurs. This work exemplifies the value of model-based pre-
dictions of safety endpoints prior to first-time-in-human trials
in providing insight into the timecourse of platelet count
changes, dose levels/schedules, and extrapolation from rat
to the intended patient population.
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