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ORIGINAL ARTICLE

Intravenous administration of CP-4055 (ELACYT™) in patients with
solid tumours. A phase I study

SVEIN DUELAND', STEINAR AAMDAL', MICHAEL J. LIND? HILARY THOMAS?,
MARIT LILAND SANDVOLD? JEAN-MICHEL GAULLIER* & WENCHE RASCH*

' Department of Clinical Cancer Research, The Norwegian Radium Hospital, Oslo, Norway, 2The Princess Royal Hospital,
Academic Department of Oncology, Sutton, Hull, United Kingdom, >The Royal Surrey County Hospital, St. Lukes Cancer
Centre, Guildford, Surrey, United Kingdom and 4Clavis Pharma ASA, Oslo, Norway

Abstract

Purpose. Cytarabine (ara-C) has limited activity in solid tumours. CP-4055 (ELACYT™) is a novel ara-C-5’-¢elaidic acid
ester that may circumvent this limitation. CP-4055 maximum tolerated dose (MTD), pharmacokinetics and antitumor
activity have been investigated in patients with solid tumours. Material and methods. Thirty-four patients (19 malignant
melanoma, 8 ovarian cancers and 7 NSCLC) received CP-4055 as a 30 min, or 2 hr intravenous (IV) infusion daily for 5
consecutive days every 3 or 4 weeks (D1-5 q3w or D1-5 q4w) in a dose escalation designed study with doses ranging from
30 to 240 mg/m>/day. Results. The most frequent CTC grade 1-2 adverse events (AEs) were nausea, fatigue, vomiting,
anorexia and pyrexia. Most of the grade 3—4 AEs were neutropenia. The MTD was 200 mg/m?/day and 240 mg/m?/day for
D1-5 g3w and D1-5 g4w, respectively. The MTD was independent of infusion time in the 4 week schedule. CP-4055 was
maintained in plasma for up to 5-10 hr at dose levels >150 mg/m?/day. One objective partial response (PR) with time to
progression (TTP) of 22 months was reported in an advanced malignant melanoma patient. Conclusion. CP-4055 was well
tolerated; the majority of the AEs were of CTC grade 1. The 3 week schedule was not recommended due to neutropenic
nadir between days 18-26. The recommended dose was 200 mg/m?/day in a D1-5 g4w schedule. Efficacy data suggest that

CP-4055 might be active in treatment of solid tumours.

Stage IV malignant melanoma, ovarian cancer and
non-small cell lung cancer (NSCLC) are diseases
with poor prognoses [1-8].

Ara-C, a well-known antimetabolite drug, is
routinely used in combination with other che-
motherapeutics to treat acute myeloid leukaemia
(AML) [9], acute lymphoblastic leukaemia (ALL)
and non-Hodgkin’s lymphoma [10-13]. However,
ara-C has limited cytotoxicity in solid tumours [14—
16]. This may be due to a poor penetration into the
tumour cells [16], a minimal accumulation in
tumour cells [17], a limited activation via intracel-
lular phosphorylation of ara-C into ara-CTP (ara-C
triphosphate, the active metabolite), or to a rapid
deamination and inactivation of ara-C to ara-U
(uracil arabinoside).

CP-4055, a fatty acid derivative (ara-C-5’-elaidic
acid ester) of ara-C, was designed in order to
facilitate cellular accumulation of ara-C in tissues,

increase ara-C retention in tumour cells and poten-
tially delay inactivation to ara-U. Unlike ara-C,
cellular uptake of CP-4055 is independent of nu-
cleoside transporters, and is believed to diffuse
passively through the cellular membrane or to use
an alternative internalization mechanism [18]. CP-
4055 is then hydrolyzed intracellularly by esterases
to release free ara-C which is subsequently phos-
phorylated to the active ara-CTP. Interestingly, in
contrast to ara-C described solely as a potent
inhibitor of DNA synthesis [19], CP-4055 also
transiently inhibits RNA synthesis [20]. Moreover
CP-4055 is not a substrate for deoxycytidine dea-
minase [21].

CP-4055 has demonstrated cytotoxicity in solid
tumour and leukaemia cells i vitro and in vivo
[18,20,21]. Repeated treatment with CP-4055 in
human leukaemia and in solid tumour models i vivo
enhanced the antitumor effect [18].
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Based on the above preclinical data, a dose
finding phase I study was designed to determine
the MTD, safety profile, PK properties and possi-
ble antitumor effect of CP-4055 when given to
patients with malignant melanoma, ovarian cancer
or NSCLC.

Material and methods
Patient population

Patients with a histological confirmed diagnosis of
advanced malignant melanoma, ovarian cancer or
NSCLC who had failed standard therapy, were
enrolled between November 2003 and May 2005.
Further eligibility criteria were ECOG-WHO per-
formance status 0-2, age >18 years, adequate bone
marrow function (absolute neutrophil count >1.5 x
10°/L, platelets >100 x 10°/L, and haemoglobin >
9 g/dL), hepatic function (transaminases <2.5 X
upper normal laboratory value (UNL) or <5 x
UNL if documented liver metastases; bilirubin and
alkaline phosphatase <1.5 x UNL), renal function
(creatinine <1.6 mg/dL), and no significant reduc-
tion in heart function, life expectancy >3 months,
no chemo-, radio-, or immunotherapy within 6
weeks prior to study and measurable lesions on
computed tomography (CT) scans or magnetic
resonance imaging (MRI). Major surgery, excluding
biopsy, was not permitted within 4 weeks prior to
study start. Pregnant or breast feeding women, and
patients with previous or current malignancies at
other sites (with the exception of adequately treated
i sitw carcinoma of the cervix uteri or basal or
squamous cell carcinomas of the skin), known brain
and/or leptomeningeal tumour involvement and
history of allergic reactions to ara-C or eggs,
uncontrolled intercurrent illnesses (including active
infection, symptomatic congestive heart failure, un-
stable angina pectoris, cardiac arrhythmia, or a
history of significant neurological or psychiatric
disorders) were also excluded.

Ethics and consent

Prior to patient enrolment, the study has been
approved by local institutional review boards. All
patients gave written informed consent in accor-
dance with national and institutional review board
guidelines. All the procedures were following the
Helsinki declaration of 1975, as revised in 1983.

Clinical assessments before and during treatment

Medical history and physical examination (height,
weight, vital signs and ECOG performance status)
were recorded at baseline. Cardiac function was

monitored continuously during the infusion of CP-
4055. Physical examinations, haematological chem-
istry and urinalysis were recorded at regular inter-
vals. Safety was assessed based on data available
from all cycles, and toxicity was graded using the
NCI CTC version 2, April 1999. Tumour size was
recorded at baseline and at the end of each second
cycle. Tumour response was evaluated using the
Response Evaluation Criteria in Solid Tumours
(RECIST) [22]. The evaluation of the lesions was
defined as following: Complete Response (CR),
disappearance of all target/non target lesions; Partial
Response (PR), at least a 30% decrease in the sum of
the longest diameter of target lesions, taking as
reference the baseline sum longest diameter; Pro-
gressive Disease (PD), at least a 20% increase in the
sum of the longest diameter of target lesions, taking
as reference the smallest sum longest diameter
recorded since the treatment started or the appear-
ance of one or more new lesions; Absence of disease
progression, neither sufficient shrinkage to qualify
for PR nor sufficient increase to qualify for PD,
taking as reference the smallest sum longest diameter
since the treatment started.

Study design and methodology

The study was an open-label phase I, non-rando-
mized multicentre (the Norwegian Radium Hospital,
Oslo, Norway; the Royal Surrey County Hospital,
Guildford, UK; the Princess Royal Hospital, Hull,
UK), dose escalation study.

The objectives were to determine dose limiting
toxicities (DLTSs), the MTD, the recommended dose
(RD), the CP-4055’s PK profile and tumour re-
sponse.

Drug administration

CP-4055 (5 or 10 mg/mL sterile solution) was
diluted in 0.9% saline before a 30 min IV infusion
daily for 5 consecutive days every 3 weeks (D1-5
q3w) or 4 weeks (D1-5 g4w). A 2 hr infusion was
also investigated in the 4 week schedule in order to
assess how it would affect the safety profile of CP-
4055. Dose of CP-4055 started at 30 mg/m?/day and
was escalated according to a modified Fibonacci
regimen. Three patients were treated per dose level,
and inclusion of two new patients at each dose level
was pending until the tolerance of the first patient
in the first cycle had been clinically evaluated.
The number of treatment cycles per patient was
unlimited in the absence of PD and/or unacceptable
AEs.



Dose limiting toxicity

The DLT was defined either as a) any non-haema-
tological AE CTC grade >3 other than alopecia,
nausea, vomiting or fever, b) neutropenia grade 4
lasting for >7 days, c) febrile neutropenia defined
as an absolute neutrophil count <500/uL lasting for
>3 days and fever at least 38.5 °C for 24 hr, or d)
thrombocytopenia CTC grade 4.

After the occurrence of one DLT, up to 3
additional patients were enrolled at the same dose
level. If no DLT was observed among the 3 new
patients, the next dose level could be explored. If at
least one additional DLT was observed among the 3
new patients, then the dose escalation was stopped
and further enrolment was done at the dose level
below.

Maximum tolerated dose and recommended dose

The MTD was defined per treatment schedule to be
the dose of CP-4055 that caused a DLT in at least 2
of 6 patients in the first treatment cycle. The RD was
defined as the highest dose below the MTD on
which no more than 1 of 6 patients experienced
DLT.

Pharmacokinetic analysis

Blood samples (2 mL) were collected on day 1 and 4
during the first cycle. Plasma concentrations of CP-
4055, ara-C and ara-U were quantified using a
validated LC-MS/MS procedure with a limit of
quantification of 5 ng/ml.

Estimates of the PK parameters (peak concentra-
tion (Cphay), time of observed maximum (plasma)
concentration (Tay), ty,, and area under the con-
centration-time curve (AUC), clearance (CL) and
steady state volume of distribution (V) of CP-4055,
ara-C and ara-U were derived from individual
concentration-time data sets by non-compartmental
analysis.

Clinical chemistry, haematology and urine assessments

Blood, plasma and serum samples as well as urine
strip tests were analyzed to monitor bone marrow,
liver, kidney and renal functionalities. These ana-
lyses were performed according to the hospitals’
routine procedures.

Results
Patient characteristics

The 34 enrolled patients were all Caucasian, with a
mean age of 56 years (range 27-76), and with
performance status ECOG-WHO 0-1 (Table I).
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Nineteen patients had malignant melanoma, 8
ovarian cancer, and 7 patients NSCLC. Apart
from 1 patient pre-treated with immunotherapy
only, all others had received chemotherapy prior to
the study.

Twenty-one patients had undergone surgery; 11
had additional immunotherapy and 9 had additional
radiotherapy for more than 6 weeks prior to the
study (Table II).

Dose escalation, DLT and MTD

3 week schedule (D1-5), 30 min infusion (n=24).
Twenty-four patients with advanced malignant mel-
anoma (n =13), ovarian cancer (n =5) and NSCLC
(n =6) were enrolled in the 30 min infusion, D1-5
q3w schedule. In total 61 cycles were administered
(median 2, mean 2.5, range 1-8). Five patients
received only one treatment cycle. Nineteen patients
completed two cycles, of whom 7 patients continued
beyond cycle 2. The dose was escalated up to 200
mg/m?/day (Table I).

The first DLT, a fatigue CTC grade 3 caused by a
reduction in haemoglobin (from 10.6 g/dL. on day 1 to
7.3 g/dL on day 4), was reported at 175 mg/m?/day in
a malignant melanoma patient. The treatment was
discontinued, and the patient recovered rapidly after
blood transfusion, completed two additional cycles
without further problems. None of the 3 additional
patients enrolled at the same dose level experienced
severe toxicity. At the next dose level, a CTC grade 4
neutropenia (0.0x10° g/L observed on day 24 and 26)
was classified as a DLT. The patient had no fever and
recovered by day 30, but received no further CP-4055
treatment. No other severe toxicity was observed in
the remaining five patients treated at the same dose
level.

Among the 15 patients enrolled on and above 150
mg/m?/day only 2 patients were able to continue into
cycle 2 without a delay. The remaining 13 patients
experienced delays due to late neutropenic nadir
grade 3 and 4 (days 22-24, n =8), anaemia (n =3),
vomiting due to migraine (n =1) and stomach pain
(n=1). The 2 patients who entered cycle 2 without
delay were both withdrawn after 2 days of treatment,
one due to neutropenia and one due to hemopneu-
mothorax caused by a failed line insertion attempt.
In view of these findings the MTD was established at
200 mg/m?/day in the 3 week schedule. Due to late
neutropenic nadir, a decision was made to continue
the study in a 4 week schedule.

4 week schedule (D1-5), 30 min infusion (n =6). Four
patients with malignant melanoma and two
with ovarian cancer were treated with CP-4055
240 mg/m?/day, 30 min infusion (Table I). A total
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Table 1. Patient characteristics

Dose of CP-4055 mg/m?/day

30 60 100 150 175 200 240
Total 30 min infusion 2 hr

No of patients

Total enrolled 34 3 3 3 3 6 6 6 4

Evaluable 34 3 3 3 3 6 6 6 4
Sex

Female 19 2 1 4 4 2 2

Male 15 1 1 1 2 2 4 2
Age (years)

Mean 56 43.6 61.9 63.5 60.4 48.1 56.6 54.9 62.3

Range 27-76 33-54 57-69 43-76 50-69 27-75 32-71 47-64 57-69
Performance status (ECOG-WHO)

0 14 0 1 0 3 1 4

1 20 3 1 3 3 5 2 1
Tumour type

Malignant melanoma 19 3 1 2 3 4

Ovarian cancer 8 0 1 1 1 2 0 2 1

Non-small cell lung cancer 7 0 1 2 3 0 1
*Axillary block dissection—.
of 13 cycles were administered (median 1.5, mean Safery

2.2, range 1-4). Only 3 patients continued into cycle
2, two of these continued beyond cycle 2. All 6
patients developed grade 4 neutropenia, whereas 1
patient experienced a fatigue grade 3 classified as a
DLT. The dose escalation was discontinued and 240
mg/m?/day was considered to be the MTD for the
D1-5 g4w schedule with a RD at 200 mg/m?/day.

4 week schedule (D1-5), 2 hr infusion (n=4). The
infusion time was increased from 30 min to 2 hr for
the last 4 patients in the study, 2 with malignant
melanoma, 1 with ovarian cancer, and 1 with
NSCLC (Table I). A total of 11 cycles of CP-4055
240 mg/m?/day were administered (median 3, mean
2.75, range 1-4) in a D1-5 g4w setting.

Neutropenia CTC grade 4 (n=2) and grade 3
(n =1) with nadir on day 22-23 were reported. The
fourth patient developed thrombocytopenia CTC
grade 3.

Two patients continued into cycle 2 without a
delay. One malignant melanoma patient and 1
NSCLC patient were withdrawn from the study after
the first cycle. The patient with malignant melanoma
was diagnosed with brain metastases, and the
NSCLC patient did not meet the neutrophil inclusion
criteria. This patient, however, was subsequently
retreated with 3 additional cycles of CP-4055 as
compassionate use.

All patients experienced at least one treatment
related AE. Of 446 AEs registered in total, the
most frequent related AEs were nausea, fatigue,
vomiting, anorexia, pyrexia and neutropenia. The
majority of AEs, independent of causality, were of
CTC grade 1 or 2 whereas the most frequent grade 3
and 4 AE was neutropenia with 24 events occurring
in 19 patients (Table III).

Among the 32 patients treated with a 30 min
infusion, 1 of 3 patients developed neutropenia
CTC grade 3 or 4 at 150 mg/m?/day, 4 of 6 patients
at 175 mg/m?/day, 5 of 6 at 200 mg/m>/day, all 6 at
240 mg/m?/day. As for the patients treated with 2 hr
infusion, 3 of the 4 patients developed neutropenia
CTC grade 3 and 4 at 240 mg/m?/day. Three anaemic
events, CTC grade 3 (7.4 <Hb <7.7 g/dL) were
observed at the doses 150, 175 and 200 mg/m?/day.
In addition, 3 thrombocytopenia CTC grade 3
(platelets 28, 42 and 47 x 10°/L) at daily doses of
175, 200 mg/m?, and 240 mg/m?, and 3 events of
fatigue (one CTC grade 4 and two grade 3) were seen
at doses 30, 150 and 240 mg/m?/day, respectively.

Three CTC grade 3 infections (2 lung infections
and 1 line infection) were possibly related to CP-
4055 in three different patients. One of the patient
with lung infection and the patient with line infec-
tion had neutropenia at the time of the infection,
whereas the second patient with lung infection did
not. Other infections were all of grade 1-2 and either



Table II. Patient pre treatment prior to enter in the study.
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Dose Diagnosis 1 2 3 4 5 6 7
30 mg/m?*/day MM surg surg Ch1 imm
30 min infusion
MM surg surg surg radio Ch1
MM surg imm surg Ch 2 radio  surg
60 mg/m>/day MM surg Ch1 Ch1
30 min infusion
OVA surg Ch 3 anti
NSCLC Ch4+ radio Ch 6
Ch 5
100 mg/m?*/day MM surg imm surg Ch1l surg
30 min infusion
OVA surg Ch7 Ch 8 Ch 9
MM surg Ch 10
150 mg/m?*/day MM surg surg surg imm radio Chl
30 min infusion
MM surg surg imm Ch1 imm
OVA 3 surg Ch 4 Ch 9 Ch 11
175 mg/m?/day MM surg surg surg surg surg imm Ch1
30 min infusion
MM surg Ch1 imm
NSCLC Ch 12 Ch 13 Ch 6
OVA surg Ch 4 Ch 11 Ch 4 Ch 14
OVA Ch 4 Ch 11
NSCLC Ch12 radio Ch 13 radio
200 mg/m*/day NSCLC Ch15 Chl13 Chl6
30 min infusion
MM Ch1 Ch 17 Ch 18
MM surg Ch1 Ch 17 Ch 17 Ch 18
MM Ch 19 imm
NSCLC Ch 20+
Ch 21
NSCLC Ch12 radio
240 mg/m?*/day MM Ch1
30 min infusion
MM surg surg surg Ch 19 imm Ch 18
MM surg surg Ch 19 imm
MM imm
OVA Ch 4 Ch 11
OVA Ch 4 Ch 11
240 mg/m?/day 2 hr MM surg Ch1
infusion
MM surg surg surg surg surg surg rad. surg Ch1l Ch18
NSCLC  surg Ch 6 rad rad Ch 22
OVA surg Ch 23 Ch 4 Ch 11 rad Ch 14

surg =surgery; imm =immunotherapy; rad =radiotherapy, Ch =chemotherapy.

Ch 1, DTIC — Dacarbacin; Ch 2, Paclitaxel (Taxol) + Temozolomide (Temodal); Ch 3, Adriamycin (Docorubicin) + Cyclopgosphamide; Ch
4 Carboplatin + Paclitaxel (Taxol); Ch 5, ISIS 3521 (clinical study); Ch 6, Gemcitabine; Ch 7, PSC 833 (clinical study); Ch 8, BMS-18844
(clinical study); Ch 9, Carboplatin; Ch 10, Vindesine +Dacarbacin (DTIC); Ch 11, Caelyx (Doxorubicin); Ch 12, Cisplatin+Navelbine
(vinorelbine); Ch 13, Docetaxel (Taxotere); Ch 14, Topotecan; Ch 15, PV-Cisplatin 4+ Vepesid; Ch 16, MOC-31-PE (clinical study); Ch 17,
Velbe (Vinblastine); Ch 18, Lomustine; Ch 19, Temozolomide (Temodal); Ch 20; Cisplatin +Gemcitabine; Ch 21, LY900003 (clinical

study); Ch 22, Navelbine (vinorelbine); Ch 23, Treosulfan.

unlikely related to the study drug or not associated to

neutropenia.

Pharmacokinetic analysis

PK analyses were performed for all patients, except
for 3 patients (2 treated during 30 min and 1 patient

treated during 2hr at the highest dose level, 240 mg/
m?/day) (Table IV).

In the 30 min infusion, the C,,, and AUC,_,, for
CP-4055 increased linearly with increasing dose and
CP-4055 reached its highest concentration at the end
of the infusion (Table IV) with occasional very low
concentrations being observed in some subjects up to
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Table III. Number of adverse events with >10 occurrences and their CTC grade, whether the AEs were related to study treatment or not.

Event CTC grade Total number of events Total of related events
Nausea Grade 1-2 76 70
Grade 34 2 2
Fatigue Grade 1-2 36 32
Grade 34 4 3
Vomiting Grade 1-2 37 33
Grade 34 1 1
Neutropenia Grade 1-2
Grade 34 24 24
Anorexia Grade 1-2 26 22
Grade 34 1 1
Pyrexia Grade 1-2 26 22
Grade 34 1 0
Anemia Grade 1-2 7 6
Grade 34 7 7
Headache Grade 1-2 14 9
Grade 34 0 0
Constipation Grade 1-2 11 4
Grade 34 1 0
Thrombocytopenia Grade 1-2 12 0
Grade 34 3 3
All Events Grade 1-2 244 201
Grade 34 44 42
Grand Total 288 243

24 hr after the start of the infusion (Figure 1). The
concentration of CP-4055 decreased rapidly in
plasma after the end of the infusion (t,, =0.26-0.40
hr). Ara-C rapidly appeared in plasma (30-45 min
after the start of infusion) and was quickly eliminated
(ty, =0.36-0.63 hr). Maximum concentrations of
ara-C in plasma were over an order of magnitude
lower than those of CP-4055. Ara-U was detected in
plasma 30 min after the start of the infusion, reaching
its maximum concentration (up to 10 fold higher than
that of ara-C) after 1-2 hr. The elimination of ara-U

was slower than that observed with ara-C and CP-
4055 (., =5.69-8.38 hr; Table IV). Ara-U could still
be detected in plasma 24 hr after end of infusion
(Figure 1).

Overall, the PK of CP-4055, ara-C and ara-U
were broadly linear with increasing dose level of CP-
4055, but the plasma clearance of CP-4055 was up
to 2-fold slower at the higher dose levels.

There were no obvious and consistent differences
in the plasma PK of CP-4055, ara-C and ara-U on
day 1 and day 4 (data not shown).

Table IV. Mean (SD) PK parameters for CP-4055, ara-C and ara-U for all dose levels on Day 1.

CP-4055 infusion dose (mg/m?) 30 min 2 hr
30 60 100 150 175 200 240 240
(n=3) (n=3) (n=3) (n=3) (n=6) (n=6) (n=3) (n=3)

CP-4055

Chax (HM) 6.6+0.9 9.9+6.5 22.0+6.6 39.5+13.6 53.6+15.4 64.0+13.7 80.9+4.1 30.9+11.8

AUC,.,, (hr*uM) 4.2+0.9 6.7+3.7 14.24+6.6 30.24+12.4 36.4+11.5 45.9+11.8 57.0+2.8 65.14+27.0

CL (I/hr/m2) 14.6+2.9 2454194 15.84+6.6 11.5+6.1 10.4+3.8 9.24+3.0 8.4+0.4 9.9+4.4

ty2*(hr) 0.264+0.01 0.37+0.12 0.2840.02 0.3540.05 0.40+0.02  0.40+0.01 0.374+0.01 0.48+0.02

Vs (L/mz) 6.6+0.9 24.4+24.0 6.3+2.7 10.6 +11.2 4.7 +1.2 4.440.9 3.9+0.2 7.1+1.75
ara-C

Chax (HM) 0.184+0.02 0.67+0.41 3.12+1.97 1.85+0.73 2.06+1.21 2.61+0.65 1.99+0.14 1.79+0.85

AUC_,, (hr*uM) 0.224+0.01 0.80+0.23 1.78+0.57 2.574+0.71 2.05+0.62 3.03+0.89 3.01+0.55 3.72+41.71

ty2*(hr) 0.53+0.05 0.63+0.43 0.38+0.08 0.5340.10  0.60+0.18  0.62+0.07 0.64+0.02 0.74+0.24
ara-U

Chax (UM) 1.74+0.2 3.94+0.7 6.6+1.0 13.8+4.7 11.2+2.8 12.8+2.0 13.0+0.9 14.7+1.7

AUC(_,, (hr*uM) 15.5+3.0 41.1+1.3 7.0+19.4 145.44+64.4 107.54+24.0 122.9+49.4 136.8+13.5 184.3+10.2

ty2*(hr) 5.79+1.08 6.79+1.46 6.85+1.01 8.38+3.85 6.890+1.72 5.69+1.40 6.19+0.4 7.75+1.44

*harmonic mean for ty,.
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Figure 1. Concentrations of CP-4055 (¢), ara-C (M) and ara-U
(@) after a 30 min (—) and 2 hr (---) infusion of CP-4055 at dose
level 240 mg/m>.

The C,.x for CP-4055 observed after 2 hr
infusion with 240 mg/m®/day was approximately
2.5 times lower than the C,,, obtained after 30
min infusion (Table IV, Figure 1). The AUC of ara-
C was slightly higher after 2 hr infusion time as
compared to 30 min infusion (Table IV). No other
PK parameters differences could be seen between 30
min and the 2 hr infusion of CP-4055.

Anutumor activity

Among the 34 patients enrolled in the study, 1 PR
was observed and 12 patients had no progression of
their disease at evaluation after 2 cycles (Table V).
The PR, a 39% reduction in the sum of the longest
tumour diameters, was observed in a malignant
melanoma 56 years old male patient with lymph
node metastases. This patient had hypertension at
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study start, and he received chemotherapy (DTIC)
three months prior to the CP-4055 treatment at 240
mg/m?/day. The treatment was stopped after 3 days
in cycle 2 due to an allergic reaction (CTC grade 3).
The PR was reported 6 weeks after the first dose and
was confirmed at several time points by CT, the
latest 17 months after treatment start (Table V).
Two PET-CT scans, at 12 and 14 months post-
treatment showed no metabolic activity. Further-
more, the patient experienced complete cessation of
clinical symptoms during this period. Twenty-two
months after treatment start both CT and PET-CT
scans showed a new lesion (TTP). The patient
received laparascopic surgery of an abdominal lymph
node metastasis and was still alive more than 3 years
after inclusion in this study.

Disease was not progressing at evaluation after 2
cycles of treatment in 7 patients with advanced
malignant melanoma at doses ranging from 30 to
240 mg/m?/day. The same was reported for 2 ovarian
cancer patients, and 3 NSCLC patients at doses
ranging from 60 to 240 mg/m?/day (Table V). There
was no progression for up to 11, 16 and 33 weeks in
patients with ovarian cancer, malignant melanoma
and NSCLC, respectively.

Discussion

In the current first-in-man clinical study with CP-
4055, a late neutropenic nadir (day 18-26) was
observed when the drug was administered daily from
day 1-5. At the dose of 150 mg/m?*/day or higher
only 2 of 15 patients were able to continue the 3

Table V. Occurrence and duration of partial response and stable disease by tumour type and CP-4055 dose.

Number of Duration of Partial Response Time to
Dose mg/m? cycles and Stable Disease progression
Malignant melanoma (8/19) 42%
240 2 17 months 22 months
240 4 8 weeks 16 weeks
240* 4 8 weeks 16 weeks
200 2 8 weeks 8 weeks
175 6 16 weeks 20 weeks
175 3 8 weeks 11 weeks
60 4 14 weeks 14 weeks
30 4 8 weeks 14 weeks
Non-small cell lung cancer (3/7) 43%
240 4 10 weeks 21 weeks
200 4 11 weeks 18 weeks
60 8 33 weeks 13 months
Ovarian cancer (2/8) 25%
240 2 9 weeks 19 weeks
60 3 11 weeks 17 weeks

*2 hr infusion.
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week schedule as planned, suggesting that this
schedule was not feasible. However, a 4 weeks
schedule was long enough to regain an acceptable
neutrophil count prior to entering the next treatment
cycle. Four different CP-4055 schedules have been
tested in another study (D1,8 q3w; D1,8,15 g4w;
D1,15 g4w and D1-2 g4w; all 2 hr infusion) in order
to investigate the possibility to find more convenient
schedules for further combination studies. MTD
was not reached in any of the schedule and neu-
tropenia was not a major concern at doses of up to
more than 440 mg/m? /week [23].

In the current D1-5 g4w schedule study bone
marrow toxicity counts for 76% of all grade 34
toxicities (neutropenia). Neutropenia was of no
concern in the other schedule finding studies and
seems therefore to be more dependent on schedule
(weekly/biweekly vs. q3w/q4w) than dose intensity
(mg/m?*/week). On the other hand the safety profile
of CP-4055 seems to be both schedule and dose
dependent. The day 1-5 schedule might therefore be
difficult to combine with other drugs causing neu-
tropenia.

The infusion time (30 min vs. 2 hr) seems to have
little or no impact on safety profile of CP-4055.
Beside neutropenia, the most frequent AEs related
to CP-4055 treatment (nausea, fatigue, vomiting,
anorexia and pyrexia) were mostly of CTC grade 1
and 2 and easily manageable. The frequency of
thrombocytopenia and mucositis was much lower
with CP-4055 at a dose of up to 240 mg/m? in the
D1-5 g4w schedule compared to ara-C alone at
doses of 60 to 100 mg/m?/day [24]. Moreover, the
ara-C syndrome seen with standard to high doses of
ara-C was not observed at the doses administered in
the current study [25,26]. However, if CP-4055
would have a better tolerability profile than ara-C
alone, may only be determined when biological
equivalent effective doses have been established.

The inter-subjects variability in the extent of
systemic exposure to CP-4055, ara-C and ara-U
was generally low. The PK parameters for CP-4055
and its metabolites did not allow distinction to be
drawn between intracellular and extracellular (in-
cluding plasma) specific processes. Nevertheless, the
conversion of CP-4055 into ara-C seems to be
catalyzed by esterase activity in blood and/or tissues,
probably including intracellular conversion in tu-
mour cells.

Conversion of ara-C into ara-U occurs intracellu-
larly in tumour cell lines [27]. However it might be
possible that a portion of the ara-U which appears in
plasma could be formed to some extent directly from
ester hydrolysis induced-deamination of CP-4055.

Except from one patient who only received
immunotherapy prior to be enrolled in this study,

all other patients were previously treated with one to
four lines of chemotherapy. CP-4055 showed some
clinical activity with one PR and several patients
without disease progression from first evaluation
after 2 cycles (8 weeks) and up to 33 weeks of
treatment. However, the low number of patients
receiving potentially biologically active doses does
not allow conclusion regarding any possible biologi-
cal activity of CP-4055 in solid tumours. In addition,
the unknown number of patients with progressive
disease at the time of entering the study makes it
difficult to interpret the efficacy data. Overall, the
results from this phase I study are encouraging and
support the initiation of phase II studies with CP-
4055 as a single agent or in combination with other
drugs. CP-4055 combined with sorafenib is now
being explored in a phase II study in patients with
malignant melanoma. The combination is feasible,
without any particular increase in neutropenia ob-
served so far (unpublished data).

Conclusion

The data from the first-in-man clinical study showed
that CP-4055 was well tolerated with a favourable
and predictable safety profile. The MTD for the D1-
5 q4w schedule was 240 mg/m?/day and the RD 200
mg/m?/day. The infusion time did not seem to
influence the safety profile. Signs of antitumor
activity were seen across the three solid tumour
indications investigated; one patient with PR for up
to 17 months as the best response. The data support
further clinical development of CP-4055 in a variety
of solid tumours and in haematological malignan-
cies.
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