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Introduction

Anticancer drug combinations can act synergistically, additively or antagonistically
against tumor cells in vitro depending on the ratios of the individual agents
comprising the combination. The clinical relevance of drug ratios, however,

has not previously been investigated. Combination chemotherapy treatment
regimens continue to be developed based on the maximum tolerated doses of the
individual agents.

In Vitro Activity of Irinotecan:Floxuridine Depends on Molar Ratios
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Combination Index

We studied the ratio dependence of Irinotecan (IRI) and Floxuridine (FLOX) in 11
cell lines by applying the Chou and Talalay algorithm. This algorithm critically
defines a quantity termed the Combination Index and assigns it a value of 1 if the
ratio is additive, a value of less than one if the ratio is synergistic and a value of
greater than 1 if the ratio is antagonistic. For Irinotecan:Floxuridine, the 1:1 molar
ratio was generally synergistic and the 10:1 molar ratio was generally antagonistic,
particularly in colorectal cell lines. Due to the disparate pharmacokinetics of these
two drugs, administration of the combination as an “unbridled cocktail”
in a range of ratios including antagonistic ratios with a resultant loss of activity.

would result

CPX-1 is a liposomal formulation of IRl and FLOX in a fixed 1:1 molar ratio
(selected as optimal in vitro and confirmed to be synergistic in vivo in
preclinical tumor models). CPX-1 overcomes the dissimilar pharmacokinetics
(PK) of the individual drugs, enables sustained maintenance of this ratio after
IV administration, and was evaluated in a Phase 1 open-label, dose escalation
study.

Objectives

Primary:
To determine the recommended Phase Il dose of CPX-1 (defined as maximum
tolerated dose [MTD] in this protocol) as a bi-weekly infusion for patients with
advanced solid tumors.

Secondary:
To evaluate the safety and dose-limiting toxicities (DLT) of CPX-1.
To determine the pharmacokinetic parameters of CPX-1 administered in this
schedule.

To assess preliminary efficacy information of CPX-1 administered in this schedule.

Materials and Methods

Starting dose was 30 U/m? (1 Unit of CPX-1 contains 1 mg IRl + 0.36 mg FLOX) given on day

1 and 15 of each 28-day cycle. Dose escalation was by modified Fibonacci with 4 subjects/
cohort. Eligibility included: adults (=18 yo) with advanced solid tumor; ECOG PS < 2; adequate
bone marrow/ liver/renal function. PK analysis was done on day 1 and 15 of the first cycle.
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CPX-1 Demonstrates Anti-Tumor Activity

Synergistic Molar Ratios Enhance Anti-Tumor Activity

In Vitro

1:1 Synergistic
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FLOX
Synergistic ratios of chemotherapeutic

agents can be determined in vitro by utilizing
screening techniques.

CPX-1

1:1 Synergistic

The synergistic ratio can be coencapsulated in
a particulate delivery vehicle.

CPX-1 Maintains Synergistic Molar Ratios in Patients

Pharmacokinetic Methods
Analytical Assay

Validated LC-MS/MS methods were used to measure the following analytes:

Free Drug Cocktail

1:1 Synergistic

Tumor

If these ratios are injected as free drug
cocktails, the ratio will not be maintained in
the blood or tumor.

CPX-1

1:1 Synergistic

Tumor

Injection of these drug delivery vehicles will
maintain the synergistic ratio in the blood and
tumor for extended periods of time.

Ratios Change

This is because the drugs will be distributed
and eliminated independently of one another
and the ratio will change continuously.

Ratios Maintained

This is because the particulate vehicle will
deliver each drug in its correct proportion by
controlling the individual pharmacokinetics of
each drug and sustaining the synergistic ratio.

Comparison of PK of Irinotecan when given as
conventional drug or CPX-1

N " IRINOTECAN SN38
Irinotecan linear range = 0.240 - 120 ug/ml dose® N Cmax AUC  Cmax AUC
SN-38 linear range = 1.00 - 1,000 ng/ml mg/m’ ng/ml ng-h/ml ng/ml  ng-h/ml
Floxuridine linear range = 50 - 30,000 ng/ml Irinotecan® 240 3 2,810 18,091 41 638
5-fluorouracil  linear range = 10 - 2,000 ng/ml 340 6 3,392 22,998 56 714
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b Irinotecan data from Pitot, HC et. al. (2000) Clin. Cancer Res. 6:2236-44

Preliminary Pharmacokinetic Conclusions

Both parent drugs and their major circulating metabolites
were detected in the plasma of all patients. All analytes
% disappeared from the plasma in a monophasic manner.

The 1:1 molar ratio of Irinotecan to Floxuridine was

CLTR0104-101
day=1, cohort=5

((nmol/mLy/(nmol/mL))

receiving CPX-1

irino/flox_molar_ratio

PK_time (hr)

maintained in the plasma for 8-24 hours on days 1 and 15

in all patients.

& oronTeR Both peak systemic concentration and total systemic

3 Z:Z;Zﬁ exposure tended to increase proportionately with dose on
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o oo days 1and 15.

oo For all doses, the accumulation ratios of systemic exposure
(AUC,; on day 15 divided by AUC_; on day 1) and peak
concentration (Cmax on day 15 divided by Cmax on day 1)

60 showed values very close to 1, suggesting no plasma

accumulation for both drugs after multiple doses.

CPX-1 Phase 1 Trial Data

Phase 1 Study of CPX-1, a Fixed-Ratio Formulation of Irinotecan (IRlI)
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Patient # mg/m? Primary Response (mos.) (mos.)
02-002 30 Gastric Prog 1.6 1.6
02-001 30 Renal Prog 1.8 53
01-001 30 Breast Stable 3.6 9.8+
01-002 30 Breast Stable 3.6 6.9
01-004 60 Colon Prog 0.8 3.6
01-005 60 Esophageal Prog 1.5 1.5
01-003 60 Prostate Stable 35 7.5+
02-003 60 Gastric Stable 53 6.3+
02-004 100 Colon Stable 35 4.2+
01-006 100 Pancreatic Stable 3.4 34
01-007 100 Ovarian Stable 8.8+ 10.6+*
02-005 100 Colon Stable 10.4+ 10.4+°
01-010 150 Ovarian Stable 1.9+ 3.0+
02-006 150 Sarcoma Stable 4.2+ 4.2+
01-008 150 NSCLC PR 6.3 7.3+
02-007 150 Colon PR 5.6 5.6+
02-008 210 Pancreatic Stable 7.2 7.2+
02-009 210 Pancreatic Prog 1.8 4.4+
01-011 210 Colon Stable 3.8 3.8+
01-012 210 Colon Stable 3.5+ 3.5+
02-012 210 Colon Prog 1.9 1.9+
01-016 210 Osteosarcoma Stable 3.2 37
02-010 270 Colon N/A< N/A 0.8+
02-011 270 Sphenoid Sinus Stable 3.9+ 4.7+
01-014 270 Esophageal N/A< N/A 0.4
01-015 270 Ovarian N/A< N/A 3.6+

2The last evaluation was not verified.

® Patient withdrew consent; stable disease censored at 1.9 months.

< Patients withdrawn before disease evaluation.
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CPX-1 is Well Tolerated

The most frequent and medically important adverse events were
gastrointestinal events, particularly diarrhea. Gastrointestinal adverse events
occurred at every dose level and were usually of mild or moderate severity.
The most common Gl adverse events included nausea (23 subjects), diarrhea
(20 subjects), and vomiting (18 subjects). Twenty-one grade 3 or 4 adverse
events were reported for the entire study; 10 (48%) were due to Gl events
including diarrhea (7), nausea (1), and vomiting (2). Both the frequency and
severity of Gl adverse events tended to be dose related with 5 of the 10 grade
3 or 4 Gl adverse events occurring among the four subjects treated at the
highest dose level (270 units/m?). In three of the subjects at the highest dose
level diarrhea was dose limiting. One patient in cohort 6 (270 units/m?) died
due to renal failure preceded by dehydration, diarrhea and vomiting.

Neutropenia and thrombocytopenia were important adverse events
occurring in four subjects. Three grade 3 or 4 adverse events occurred among
two subjects with a single subject in cohort 3 having grade 4 neutropenia
and a single subject in cohort 5 having grade 4 neutropenia and grade 3
thrombocytopenia.

Fatigue was reported in every cohort. Eighteen subjects had fatigue including
one subject with grade 3 fatigue in cohort 5. Anorexia was also common,
occurring in six subjects among four different cohorts.

The remaining adverse events were relatively infrequent and seemed to have
little relationship with dose. For example, anorexia was reported in four of the
six cohorts with one subject in cohort 2, two subjects each in cohorts 4 and

5, and a single subject in cohort 6. Similarly small numbers of subjects had
arthralgia, dizziness, hypoesthesia, insomnia, alopecia, and flushing at several
different dose levels with no pattern suggesting greater frequency or severity
with increasing dose level.

CPX-1 administered every two weeks at doses < 210 units/m? was well
tolerated in the outpatient setting.
Dose limiting toxicities were diarrhea and neutropenia.

Gastrointestinal events were the most frequent and important AEs
observed.

Careful attention should be paid to managing diarrhea and vomiting.

Decrease in Liver Metastasis in a Patient’ with Colorectal Cancer
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After 8 weeks of treatment with CPX-1
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CPX-1 represents a new approach to developing drug combinations in which drug ratios are pre-selected in
vitro based on optimal anti-tumor activity and maintained systemically through pharmacokinetic control.

Phase 2 studies are planned with a recommended dose of 210 U/m? of CPX-1.



