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ABSTRACT

Tosedostat (CHR-2797) is an orally active aminopeptidase inhibitor that
is converted in vivo to a pharmacologically active metabolite, CHR-
79888, and exerts an antiproliferative effect against a wide range of
leukemic and epithelial tumor cell lines. A wide separation exists
between its antiproliferative effects on myeloid and normal bone mar-
row cells and it shows synergistic activity with cytarabine, bortezomib
and tretinoin in vitro. An inhibitory effect on CDI3 protein was also
demonstrated. It was active in murine models of breast carcinoma, both
alone and in combination with carboplatin. The kinetics of tosedostat
and its metabolite are linear, with excellent exposure in plasma and
packed red blood cells. Tosedostat did not affect the pharmacokinetic
profile of paclitaxel in the clinic. In the largest phase Il study reported to
date, tosedostat demonstrated encouraging efficacy in elderly and/or
previously treated patients with refractory/relapsed acute myeloid
leukemia (AML) or myelodysplastic syndrome (MDS). The most com-
mon adverse events were fatigue, thrombocytopenia, pyrexia, peripher-
al edema and diarrhea. Few treatment-related interruptions occurred.

SYNTHESIS

Tosedostat can be prepared by condensation of 3(R)-isobutyl-L-
malic acid pentafluorophenyl ester acetonide (I) with (S)-phenyl-

glycine cyclopentyl ester (I) in CH,CL, to give amide (Ill), which is
then submitted to ring opening of the dioxolane moiety with hydrox-
ylamine in methanol (1). Scheme 1.

BACKGROUND

Metalloenzyme inhibitors, such as matrix metalloproteinase (MMP)
inhibitors and aminopeptidase inhibitors, have been implicated in
tumor growth regulation (2). However, MMP inhibitors have not
shown direct antiproliferative effects in the clinic, with the exception
of batimastat (3). Further research in the area of metalloenzymes
led to the development of a novel class of aminopeptidase inhibitors,
including tosedostat (CHR-2797), which shows potent and selective
antiproliferative effects against hematopoietic and epithelial tumor
cell lines.

PRECLINICAL PHARMACOLOGY

Tosedostat has potent antiproliferative effects across a range of
leukemic and solid tumor cell lines (Table I). The acid metabolite
(CHR-79888, Fig. 1) derived from tosedostat has a much weaker
antiproliferative effect in vitro and has optimal antiproliferative
effects only when formed inside the cell (4).

Further work on acute myeloid leukemia (AML) blasts and normal
bone marrow progenitors demonstrated that AML blasts were much
more sensitive to tosedostat than their normal progenitors. The
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Scheme 1. Synthesis of Tosedostat
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Table I. Selected cell lines and inhibition of cell growth by tosedostat (data from
Refs. 4 and 5).

Cell line Tumor type ICqq
(nmol/L)
U-937 Histiocytic lymphoma 10
HL-60 Promyelocytic leukemia 30
KG-1 Acute myelocytic leukemia 15
HNT-34 Acute myelogenous leukemia 35
GDM-1 Myelomonoblastic leukemia 15
MDA-MB-468 Breast adenocarcinoma 55
NCI-H23 Non-small cell lung carcinoma 75

median IC,, of tosedostat in AML blasts was 1.07 uM compared to
9.02 uM in normal cells, a 9-fold difference (5) (these data are from
the poster not the abstract, as the latter was said to be incorrect;
Chroma personal communication). Synergy was also demonstrated
in combination with cytarabine, bortezomib and tretinoin in 69%,
78% and 62% of cells, respectively, even in nonpromyelocytic
leukemia cell types. Tosedostat also inhibited CD13, a cell-surface
protein selectively expressed on myeloid cells, a concentration of 10
UM causing 48% inhibition after 5-h incubation (5).

Human promyelocytic leukemia HL-60 cells incubated with tosedo-
stat 6 umol/L showed upregulation of a number of genes whose pri-
mary function appears to be to increase intracellular amino acid lev-
els. These comprise, among other genes, amino acid transporters and
biosynthetic enzymes, e.g., SLC7ATI, SLC38AZ, ASNS, CBS and CTH.
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Other genes upregulated by tosedostat include many not directly
related to amino acid transport or biosynthesis, e.g., TRIB3, ATF and
VEGF. One of the most upregulated genes was stanniocalcin-2
(STCR), a secreted protein and thus a potential plasma marker (4).

Experiments using multiple myeloma cells demonstrated inhibi-
tion of cell proliferation and induction of apoptosis and that cell
death occurred in a non-caspase-dependent manner. This was
associated with activation of the unfolded protein response. Syner-
gy with dexamethasone (100 nM) was shown and an additive effect
with bortezomib (6). Apoptosis induced by tosedostat in leukemia
cell lines is thought to occur via upregulation of Noxa and a
decrease in Mcl-1 (7).

Tosedostat showed a dose-response relationship in a murine HOSP1
mammary carcinoma model at 3, 10 and 30 mg/kg/day p.o. Inhibi-
tion of tumor burden, tumor weight and colony number was seen. At
the highest dose, statistically significant differences were seen on all
parameters; at 3 mg/kg/day only tumor burden was significantly
reduced (P < 0.001 vs. controls) (8).

Tosedostat showed synergistic activity with carboplatin in @ murine
xenograft model using human breast cancer MDA-MB-468 cells.
Tosedostat alone (100 mg/kg/day p.o.) caused an 18% inhibition of
tumor growth, whereas in combination with carboplatin (40
mg/kg/week) tumor regression was seen, without an increase in car-
boplatin toxicity (9). The antiproliferative effects of tosedostat were
also demonstrated in another MDA-MB-468 xenograft model. Mice
were randomized on day 7 postinoculation to receive vehicle or tose-
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Table II. Key pharmacokinetic parameters for tosedostat and its active metabolite CHR-79888 after 28 days of daily dosing (data from Ref. 12 abstract and poster).

Dose (mg/day) n C

t AUC,, t

max max /2B

(ng/mL) (h) (ng.h/mL) (h)

10 1 109 1 224 ND
[60] [6] [Mmosé] [ND]

20 1 176 0.5 392 1.2

o8] [4] [1654] m

40 3 218 2.7 695 12
[246] [6] [3431] [9.5]

60 3 348 0.8 765 11
[312] [4] [4338] [9.2]

90 3 434 17 1350 2.8
[535] [5.3] [7006] [8.2]

130 4 741 14 2232 13
[786] [4.5] [M,229] [9.25]

180 3 1658 2.0 1920 1.0
[1728] [4.7 [14,709] [8.5]

240 3 1265 2.0 3958 37
[1326] [5.3] [21,745] mi

Values for CHR-79888 are presented in brackets; ND, not determined. Values are means when n > 1. Cmax, peak plasma concentration; t

levels; AUC, area under the curve; t. ., elimination half-life.
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dostat (100 mg/kg/day i.p.). Half the animals were treated between
days 21 and 49 and the remainder at 39-70 days postinoculation.
Tumor weight was decreased by 30% when dosing commenced on
day 21 and by 22% when treatment began on day 39. No significant
toxicity occurred except for a small, occasional decrease in body
weight gain (10).

Using a human breast carcinoma MDA-MB-435 tumor xenograft
model in nude mice, oral administration of tosedostat 100
mg/kg/day was found to significantly inhibit lung tumor burden
by 98%, as well as spontaneous lung metastases, and was well
tolerated (11).

PHARMACOKINETICS AND METABOLISM

The pharmacokinetics of tosedostat and its active metabolite (CHR-
79888) are linear, with excellent drug exposure in plasma and
packed red cells (Table IlI). Peak blood levels of tosedostat are
reached in approximately 1-2 h, with a terminal half-life (tvz) of
approximately 1-4 h. The metabolite reaches peak levels in approxi-

mately 4-6 h and has a t, , of approximately 8 h (12).

SAFETY

The first phase | study of tosedostat was conducted in 37 patients
(median age of 61.5 years) with advanced solid tumors refractory to
standard therapy. Twelve cohorts received between 10 and 320
mg/day p.o. The first 4 patients received a dose of 10 mg for 7, 14, 21
or 28 days. Subsequent cohorts received 28 days of continuous dos-
ing, with dose-doubling in single patient cohorts until dose-limiting
toxicity (grade 2). Thereafter the study followed a 3+3 design with
dose steps of 25-40%. Common (grade 1-2) toxicity included diar-
rhea and fatigue (47% each), dizziness (24%), constipation, vomiting
and abdominal pain (all 21%) and thrombocytopenia (18%). The
maximal tolerated dose was 320 mg/day. Two patients were unable
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to complete 28 days of treatment due to syncope/anemia and dizzi-
ness/visual disturbance/thrombocytopenia, respectively (13).

An open-label phase | salvage study assessed the tolerance of tose-
dostat in elderly and/or relapsed patients with AML, myelodysplas-
tic syndrome (MDS) or multiple myeloma receiving escalating doses
of 60-180 mg/day tosedostat for up to 84 days; 13 patients complet-
ed the dose-finding phase of 28 days and 6 continued for at least 84
days. Dose-limiting toxicity of platelet count reduction was seen in
two patients on the highest dose and this was considered the maxi-
mum tolerated dose (MTD) for maintenance therapy. Thrombocy-
topenia (6.7%), diarrhea (4.5%), dizziness and fatigue (both 3.9%)
were the most common adverse events (14).

A phase Ib dose-escalation study of oral tosedostat and i.v. paclitax-
el was conducted in 22 patients (median age of 59 years) with
advanced solid tumors refractory to current therapy. Patients
received paclitaxel 135-175 mg/m? and escalating doses of tosedo-
stat of 90-240 mg for up to 6 cycles of 21 days’ duration. Common
grade 1-3 toxicities included alopecia and fatigue (95% each), senso-
ry neuropathy (59%), myalgia (50%), anorexia and dizziness (45%
each), rash (32%) and paclitaxel infusion reactions (59%). Six
patients continued tosedostat after discontinuation of paclitaxel (15).

A multicenter, open-label phase Il study of tosedostat (130 mg/day
p.0.) was conducted in 41 patients (mean age of 67 years) with
refractory or relapsed AML or MDS. Patients were treated for up to
84 days. The most frequently reported adverse events were fatigue
(61%), thrombocytopenia (49%), pyrexia (39%), peripheral edema
(39%) and diarrhea (34%). The adverse event discontinuation rate
was 22% (16).

CLINICAL STUDIES
In the phase | study described earlier (12, 13), one patient achieved a

partial response (PR) at 130 mg/day and six patients had confirmed
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stable disease (SD) after three months at doses ranging from 40 to
180 mg/day. Twenty-three patients had progressive disease (these
data are from the poster not the abstract, as the latter was said to be
incorrect; Chroma personal communication).

Monotherapy with tosedostat (60-180 mg/day) was associated with
complete bone marrow responses in 3 of 12 AML patients (14).

In the paclitaxel/tosedostat combination therapy study, PR was
achieved by 3 patients (14%) and SD by 12 patients (57%). Five (24%)
patients had progressive disease (15).

In the multicenter phase Il study (16), CR and PR were achieved by
7.9% and 18.4% of AML patients, respectively. Of the three MDS
patients one had a PR, one achieved SD and one had resistant dis-
ease.

A six-month, single-arm phase Ilb study to evaluate the efficacy,
safety and tolerability of tosedostat in elderly subjects with treat-
ment-refractory or relapsed AML will be conducted. The primary
outcome measure will be the efficacy of tosedostat by measuring CR
and CR with incomplete platelet recovery (CRp). Secondary out-
comes will include the safety and tolerability of tosedostat and eval-
uation of efficacy measures other than CR and CRp for type and
duration of response (17).

DRUG INTERACTIONS

When i.v. paclitaxel was administered with tosedostat the AUC, Cmax,
t . andt, ;values were essentially the same whether paclitaxel was
given alone on day 1(135-175 mg/m?/day) or with tosedostat on day

22 at doses between 90 and 180 mg/day (15).

SOURCES

Chroma Therapeutics (GB); licensed from Vernalis (GB).
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