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Introduction

Ratiometric dosing is an approach to optimizing the therapeutic efficacy of chemotherapy doublets by fixing
the molar ratio of a combination within a drug carrier to ratios shown in vitro to maximize antitumor synergy
and minimize antagonism. CPX-351 is a formulation of cytarabine and daunorubicin encapsulated at a 5:1
molar ratio within a liposomal carrier. The 5:1 molar ratio was shown in vitro to maximize antitumor efficacy
across multiple leukemic and solid tumor cell lines and in animal model studies to be consistently more
efficacious than conventional free-drug treatment with cytarabine and daunorubicin across a variety of molar
ratios at MTD levels. The results of a phase | study of CPX-351 in patients with relapsed or refractory acute
leukemias were presented at the 2008 ASH meeting and this report will focus on the pharmacokinetics and
pharmacology results from that study.

Patients with advanced AML, ALL and high risk MDS were eligible. CPX-351 was given by 90 minute infusion
on Days 1, 3 and 5 of each induction course. Second inductions were permitted with evidence of antileukemic
effect and persistence of leukemia in a Day 14 bone marrow. The starting dose was 3 u/m?2 (1u = 1 mg
cytarabine and 0.44 mg daunorubicin) and doses were doubled with each single patient cohort until evidence
of drug effect was observed. Thereafter, 3-patient cohorts and 33% dose increments were continued until
limiting toxicities signaled the end of dose escalation. Pharmacokinetic samples were collected on Days 1, 3
and 5 of the first induction course and analyzed for cytarabine, daunorubicin, Ara-U and daunorubicinol by
validated LC-MS/MS methods.

Samples were collected at the following times (after the start of the infusion) during the first cycle:
« Prior to dosing on Day 1, at the mid-point and end of the infusion, then at 2, 4, 6, 8, 12 and 24 hours.
« Prior to dosing on Day 3, at the mid-point and end of the infusion.
« Prior to dosing on Day 5, at the mid-point and end of the infusion, then at 2, 4, 6, 8, 12, 24, 48, 72, 96,
and 168 hours.
The methods for cytarabine and daunorubicin involved disruption of the liposome membrane to liberate the
encapsulated drugs. Accordingly, these methods measured total cytarabine and daunorubicin; the sum of
encapsulated and non-encapsulated drug in the plasma.

Pharmacokinetics

Maximum concentration (C,,,,), and the time of C,,.,, (Tax) Were taken directly from the observed data. The
area under the concentration-time curve [AUC 5] from time 0 to the time of the last observable
concentration (C,,s;) was calculated using the linear trapezoidal rule. Noncompartmental pharmacokinetic
analysis was performed on individual plasma CPX-351 concentration-time data using WinNonlin Professional
(Version 5.2, Build 200701231637) Noncompartmental Analysis Program. Data manipulation was performed
using Excel 2003 (11.8237.8221) SP3. All pharmacokinetic calculations were performed using published
noncompartmental relationships’. Nominal administration times and sample collection times were used for the
analysis. Plasma concentrations below the lower limit of quantification (LLOQ) were set to zero for the
noncompartmental analysis.

CPX-351 exhibits 1t order elimination kinetics a

minimal early phase distribution

[Table 3: Mean (SD) Cytarabine, Daunorubicin, Arabinofuranosyuracil, and Daunorubicinol
Pharmacokinetic Parameters on Day 5 Following Intravenous Administration of 101u/m2 CPX-351 over
90 minutes on Days 1, 3and 5
Analyte Crax Trax AUC g 10 ty, max/DOSE AUC ., /DosE
ng/mL hours ng*hr/mL hours (ng/mL)/(mg/m?2) (ng'hr/mL)/(mg/m?)
(SD) (SD) (SD) (SD) (SD) (SD)
Cytarabine 64608 3.02 1851089 36.9 640 18328
(23230) (2.25) (934523) (24.5) (230) (9253)
Daunorubicin 30185 1.87 666640 25.2 680 15014
(6198) (0.74) (209198) (11.6) (140) (4712)
Ara-U 2119 13.4 78411 21 776
(789) (12) (31709) (7.81) (314)
Daunorubicinol 180 27.7 7308 4.05 165
(103) (15.6) (4030) (2.31) (90.8)
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Figure 1. Day 5 Mean Plasma Cytarabine, Daunorubicin, Ara-U and
Daunorubicinol concentrations, Time 0-168hr (101u/m2, 90 min infusion) with the prolonged half-lives of both drugs

Cytarabine and Daunorubicin are Bioavailable

« Bioavailability was assessed for CPX-351 by measuring metabolite AUCs from 96-144hr (0-tau). (AUCpgay
and AUCpaynorusicinoL)

+ AUCs (0-=) for free cytarabine & free daunorubicin as a result of their release from CPX-351 were
calculated by dividing the total dose of cytarabine or daunorubicin from CPX-351 by the respective
clearances reported for the conventionally administered drugs. (AUCagac and AUCpaunoruBICIN

« The metabolite to drug AUC ratios were then calculated for each drug from CPX-351.

« These ratios were then compared to the ratios reported for conventionally administered drug.

[Table 4. Bioavailability of CPX-351
Conventionally
AUC ratios n Six;ggﬁ Administered Drugs 234
atio* Ratio +SEM

AUChpay

e 4 108+ 9.6 100

AUC, 38

e 5.79+0.63 4.74 £ 0.55
DAUNORUBICIN

« Although total cytarabine and daunorubicin concentrations are markedly elevated for CPX-351, the
metabolite to parent AUC ratios for both drugs are similar to those from conventionally administered
drugs, indicating high systemic bioavailability.
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Demographics & Safety Profile of CPX-35

= The MTD was exceeded at the 10th
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first relapse.

Discussi

The Phase 1 study established 101 u/m? as the maximal tolerated dose for Phase 2 use. Adverse events
were similar to conventional cytarabine and daunorubicin treatment and were dominated by cytopenia
related complications. In a population with the majority of subjects (81%) having prior exposure to
cytarabine + daunorubicin, exposure to CPX-351 (a 5:1 molar ratio of liposome encapsulated
cytarabine:daunorubicin) in the salvage setting produced a surprisingly high rate of complete remissions
starting at dose levels as low as 32 u/m? (32 mg/m? cytarabine + 14 mg/m? daunorubicin). More precise
estimates of efficacy are expected from the pair of randomized Phase 2 studies currently enrolling
subjects.

A pharmacodynamic model for the action of CPX-351 has emerged from preclinical studies using bone
marrow-engrafting human leukemia xenografts. In this model, CPX-351 maintains high cytarabine and
daunorubicin concentrations in the plasma for days after injection while preserving the 5:1 molar ratio.
Furthermore, CPX-351 accumulates in the bone marrow compartment where it slowly releases the drugs
and is selectively taken up by leukemia cells compared to normal bone marrow cells (See EHA 2009
Abstract #383).

The pharmacology data presented in Tables 3 and 4 and Figure 1, demonstrate that CPX-351 exhibits 1st
order elimination kinetics and prolonged elimination half life. Multiple dose PK observations showed linear
monoexponential plasma elimination of both cytarabine and daunorubicin and a very limited distribution
phase. The Cp,, and AUC (o) Of cytarabine and daunorubicin were linearly correlated with dose with
evidence of drug accumulation between Day 1 and Day 5 for some dose groups. It must be remembered
that the data in Table 4 and Figure 1 reflects predominantly encapsulated rather than free cytarabine and
daunorubicin. Consequently, the marked increase in AUC and t,, for CPX-351 suggest the possibility that
prolonged drug exposure may arise from free drugs released from the liposomes or from direct interactions
with the liposome encapsulated agents.

The conclusion that CPX-351 bioavailability is likely to be high is based on comparing the ratio of the
AUCs for cytarabine versus its metabolite AraU. Liliemark? reported that ratio to be approximately 100
following conventional cytarabine administration. Following CPX-351 administration a ratio of 108 was
found, suggesting that most or nearly all of the encapsulated cytarabine was ultimately bioavailable.
Similarly, Roberts® reported that AUC daunorubicinol /AUCdaunorubicin to be 4.74 following conventional
daunorubicin administration. CPX-351 produced a ratio of 5.79, again suggesting that release of drug
from the liposome and its metabolism in tissue was similar to that of the conventionally administered drug.
The bioavailability results suggest that most of the potential drug exposure from encapsulated drug is likely
to be realized; with a likelihood that effective drug exposure will be extended by days beyond what is
possible for conventionally delivered cytarabine and daunorubicin while maintaining the desired 5:1 drug
ratio.

Conclusions

* The maximally tolerated dose for CPX-351 of 101 u/m? is recommended for use in Phase 2 studies

«Dose limiting toxicities were hypertensive crisis, LV dysfunction, and persistent cytopenias

* The CPX-351 safety profile consisted primarily of cytopenia-related adverse events. Alopecia and major
gastrointestinal adverse events (> grade 3) were uncommon.

« Complete remissions were observed in both ALL (1 of 3 patients) and AML (10 of 44 patients).
Remissions occurred in patients that were multiply relapsed, unresponsive to their immediate prior
therapy, or in first relapse with short duration first CRs. CRs occurred at dose levels as low as 1/3 to 1/2
the MTD.

+ CPX-351 maintains the desired 5:1 cytarabine:daunorubicin molar ratio for prolonged periods of time.

* CPX-351 exhibits log-linear elimination with substantial increases in AUC and t,, when compared with
literature reports for conventional cytarabine and daunorubicin.

+ CPX-351 appears to be bioavailable based on similar AUC¢ahoiite/ AUCqryg ratios for both cytarabine and
daunorubicin when compared to conventionally administered drug.

« Clinical evidence that CPX-351 increases the AUC and t,, of encapsulated cytarabine and daunorubicin
with persistence of circulating liposomal drug in the plasma to Day 12 while maintaining drug
bioavailability suggests that leukemic cells may be exposed to potentially cytotoxic drug levels during the
first and second weeks of induction treatment.
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