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AMDA473 (ZD0473) exhibits marked in vitro anticancer activity
in human tumor specimens taken directly from patients
Leticia Medina-Gundrum?®, Cesario Cerna?®, Lionel R. Gomez?,

Michael Yochmowitz® and Steven Weitman?®

AMDA473 (ZD0473; cis-amminedichloro[2-methylpyridinel-
platinum [I1]) is a new generation anticancer agent that, in
preclinical studies, shows evidence of an extended
spectrum of antitumor activity and overcomes platinum
resistance mechanisms. Here we evaluate the activity of
AMD473 (ZD0473) in a panel of 120 human tumor
specimens using a soft agar cloning assay (human tumor
colony-forming assay). When tumor cells were treated with
1.0, 4.0 or 16.0 ug/ml AMDA473 (ZD0473) for 2h, in vitro
responses were observed in 18% (9/51), 33% (17/51) and
44% (19/43) of assessable specimens. Treatment of tumor
cells with the same concentrations of AMD473 (ZD0473)
for 24 h resulted in responses of 33% (16/48), 63% (30/48)
and 85% (35/41). AMD473 (ZD0473) (16 ug/ml; 24 h)
demonstrated activity towards 100% of the non-small cell
lung (5/5) and ovarian (8/8) cancer specimens and 73%
(8/11) of the breast cancer specimens treated. Low levels
of cross-resistance to cisplatin cyclophosphamide, 5-
flurouracil, etoposide and gemcitabine were observed.
There was a positive relationship between AMD473
(ZD0473) concentration and effect, and a significant
difference between response to 2- versus 24-h exposure to

Introduction

AMDA473 (ZD0473; cis-amminedichloro[2-methylpyridi-
nelplatinum [II]) is a new generation anticancer agent
that, in preclinical studies, shows evidence of an
extended spectrum of antitumor activity and overcomes
platinum resistance mechanisms (Fig. 1). AMD473
(ZD0473) was designed to have increased steric bulk,
which was postulated to overcome inactivation by thiols
[1]. AMDA473 (ZD0473) has demonstrated i vivo
antitumor activity against a variety of murine and human
ovarian xenograft models, several of which were cisplatin
resistant [2]. Holford ez al. tested AMDA473 (ZD0473) in
human ovarian carcinoma cell lines that had cisplatin
resistance via mechanisms of reduced drug transport,
elevated glutathione or enhanced DNA repair/increased
tolerance of platinum—DNA adducts and found that
AMDA473 (ZD0473) could circumvent acquired cisplatin
resistance [3]. Phase 1 trials have demonstrated a
predictable and favorable toxicity profile for AMDA473
(ZD0473), comparable to that of carboplatin [4,5].
Studies to date have shown that the dose-limiting toxicity
of AMD473 (ZD0473) 1is thrombocytopenia, while
neutropenia and anemia are associated hematologic side
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4 or 16 ug/ml (p=0.003 and p=0.001, respectively). These
responses demonstrate efficacy at pharmacologically
relevant concentrations, suggesting AMD473 (ZD0473)
deserves further evaluation. Anti-Cancer Drugs
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effects [4,5]. To date, AMD473 (ZD0473) has not been
associated with any clinically relevant nephro- or
neurotoxicity [6,7].

The objectives of this study were to evaluate the
cytotoxicity profile of AMD473 (ZD0473) at different
concentrations and at two different durations of exposure.
A panel of fresh human tumor specimens was taken both
from untreated patients and from those who had received
prior therapy; these were plated in a human tumor
cloning system, similar to that previously described by
Hamburger and Salmon [8]. The tumor specimens were
exposed  vitro to AMD473 (ZD0473) and responses
were evaluated by quantitating the formation of human
tumor colony-forming units. Tumor specimens were from
a range of tumors, including breast, non-small cell lung
and ovarian cancers.

Materials and methods

Drugs

AMDA473 (Z1D0473) was provided by AstraZeneca (Alder-
ley Park, UK) and was diluted in sterile saline (0.9%) to
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Chemical structure of AMD473 (ZD0473).

create a stock concentration of 160 pug/ml and stored at
4°C. Serial dilutions from the stock concentration were
prepared and frozen at —-80°C. Normal sterile saline
(0.9%) served as a negative (vehicle) control. Based on
the previously reported i vitro 1Cs9 of 8.1uM [3],
AMDA473 (ZD0473) was tested at 1.0, 4.0 and 16.0 ug/ml.
Tumor cells were exposed to AMDA473 (ZD0473) for 2 or
24 h at 37°C. Comparator agents were used at concentra-
tions based on the drug concentration achievable in
patients, usually in the range of 0.1-1.0 x peak plasma
levels [9,10]. Cisplatin was tested at 0.5 pg/ml, cyclopho-
sphamide and etoposide were tested at 3.0 ug/ml, 5-
flurouracil was tested at 6.0 pug/ml, and gemcitabine was
tested at 20 ug/ml.

Human tumor cloning assay

Cell preparation

Methods for cell preparation were based on the human
tumor cloning assay described by Hamburger and Salmon
[8] and have been used previously in our laboratory [9-
21]. Specimens were collected from patients undergoing
tissue and/or fluid procurement procedures as part of
their diagnostic work-up or as part of their routine
therapeutic care. Specimens included malignant effu-
sions, ascites and bone marrow aspirates containing tumor
cells, as well as solid tumors. Solid tumors or malignant
lymph nodes were placed in McCoy’s 5A medium
obtained from Mediatech-Cellgro (Herndon, VA) con-
taining 10% heat-inactivated newborn calf serum and 1%
penicillin/streptomycin. These solid tumors were me-
chanically disassociated with scissors, forced through
number 100 stainless steel mesh, passed through 25-
gauge needles and then washed with McCoy’s 5A
medium. Ascitic, pleural and pericardial fluids and bone
marrow samples were obtained by the standard techni-
ques used at each patient facility. The fluid or marrow
specimens were placed in sterile vessels containing 10 U
of preservative-free heparin (Sigma, St Louis, MO)/ml of

fluid or marrow. After centrifugation at 150 ¢ for 10 min,
the cells were harvested and washed with McCoy’s 5A
medium containing 10% heat-inactivated fetal calf serum
(HIFCS). The viability of cell suspensions was deter-
mined by Trypan blue exclusion cell counts.

In vitro exposure of tumor cells to AMD473 (ZD0473)

Tumor cells were exposed to 1.0, 4.0 and 16.0 ug/ml
AMDA473 (ZD0473) at 37°C for 2 or 24h. Following
exposure to AMDA473 (ZD0473), tumor cells were
washed with McCoy’s 5A medium plus 10% HIFCS.
Cells were centrifuged and resuspended in 0.3% agar in
enriched CMRL 1066 medium, obtained from Gibco/
BRL (Grand Island, NY), supplemented with 10% heat-
inactivated horse serum, 7% HIFCS, 1% penicillin/
streptomycin (5000 U/ml), 2% glutaMAX-1 (2 mM),
insulin (2U/ml) and 1.5% asparagine (6.6 mg/ml).
AMDA473 (ZD0473) was added to the cell suspension
and plated in 35-mm Petri dishes as a top layer of agar
over an underlayer of 0.3% agar, which supported tumor
growth. Three plates were prepared for each data point
and were incubated at 37°C for 14 days, at which point
they were removed for a colony count; a colony was
defined as a group of more than 50 cells. The number of
colonies on the drug-treated plates was compared with
the number of colonies formed on the untreated control
plates and the percentage of colonies developing from
cells treated with each concentration of AMDA473
(ZD0473) was calculated. An evaluable test was defined
as one averaging at least 20 colonies on the untreated
control plates at day 14. For each tumor sample tested,
three positive control plates were set up using 200 ug/ml
of the non-specific cellular toxin, sodium orthovanadate,
which inhibits colony growth [11]. For a sample test to be
considered evaluable, sodium orthovanadate had to
produce less than 30% survival of tumor colony-forming
units when compared with untreated control plates.
Methods for drug exposure, control parameters and
assessment of results are based on the human tumor
cloning assay described by Hamburger and Salmon [8]
and have been used previously in our laboratory [9-21].

Statistical and data analysis

Data for each specimen were expressed as the percentage
survival of tumor colony-forming units when treated with
AMDA473 (ZD0473), relative to the negative control
(vehicle); this was calculated from the ratio of the average
number of colonies formed after AMD473 (ZD0473)
treatment to the average number of colonies formed in
the negative control plates. A ratio of <50% denotes a
positive response, suggesting significant inhibition of
colony formation by the test drug, in this case, AMD473
(ZD0473) [12]. Pairwise comparisons of / vitro response
rates were performed by McNemar’s test for paired
groups. A p value of < 0.05 was considered to indicate
statistical significance.
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Table 1 Tumor-specific concentration-dependent inhibition of colony formation by AMD473 (ZD0473)
No. specimens inhibited®/no. specimens assessable (%)
2-h exposure 24-h exposure

1.0 ug/ml 4.0 ug/ml 16.0 ug/ml 1.0 ug/ml 4.0 ug/ml 16.0 ug/ml
Brain - - - 1/1 (100) 1/1 (100) 1/1 (100)
Breast 3/10 (30) 4/10 (40) 4/10 (40) 4/11 (36) 7/11 (64) 8/11 (73)
Colon 1/6 (17) 1/6 (17) 2/5 (40) 1/5 (20) 3/5 (60) 2/3 (67)
Corpus uteri 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 1/1 (100)
Head and neck 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 1/1 (100)
Kidney 0/2 (0) 0/2 (0) 0/1 (0) 1/1 (100) 1/1 (100) -
Melanoma 1/3 (33) 1/3 (33) 1/3 (33) 0/2 (0) 1/2 (50) 2/2 (100)
Neuroblastoma 0/0 (0) 0/0 (0) 0/0 (0) 1/2 (50) 2/2 (100) 2/2 (100)
Non-Hodgkin's 0/1 (0) 0/1 (0) 0/1 (0) 1/1 (100) 1/1 (100) 1/1 (100)

lymphoma

Non-small cell lung 2/11 (18) 4/11 (36) 3/7 (43) 2/8 (25) 4/8 (50) 5/5 (100)
Ovary 1/11 (9) 6/11 (55) 7/9 (78) 2/9 (22) 7/9 (78) 8/8 (100)
Peritoneum 0/1 (0) 0/1 (0) 1/1 (100) 1/2 (50) 1/2 (50) 2/2 (100)
Pleura (mesothelioma) 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 1/1 (100)
Prostate - - - 1/1 (100) 1/1 (100) 1/1 (100)
Sarcoma 0/1 (0) 0/1 (0) 0/1 (0) 1/1 (100) 1/1 (100) 0/1 (0)
Stomach 1/1 (100) 1/1 (100) 1/1 (100) 0/0 (0) 0/0 (0) 0/0 (0)
Unknown primary 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0) 0/1 (0)
Total 9/51 (18) 17/51 (33) 19/43 (44) 16/48 (33) 30/48 (63) 35/41 (85)

2Inhibition: <50% survival.

Results
One hundred and twenty human tumor specimens taken

Table 2 Dose-response pairwise comparison by McNemar’s test
for paired proportions?

directly from patients were treated with 1.0, 4.0 or  Comparison Exposure
16.0 ug/ml AMDA473 (ZD0473) for 2 or 24h and the oh 24h
cytotoxicity of AMD473 (ZD0473) was measured using a 0 Yy 0008 0001
. .0 versus 4. m =0 =0.
soft agar-cloning assay. A range of 34% (41/120) to 43% 40 versus 16_(’;29,,“, Z=0_317 Z=0_013
(51/120) of specimens in the different treatment groups 1.0 versus 16.0 ug/ml p=0.004 p=0.001
: ERT . st 1.0 ug/ml 2 versus 24 h p=0.083
were evaluable, fallmg. w1th.1n the negative and positive 40 ng/ml 2 versus 24 h 0003
control parameters defined in Materials and methods. 16.0 ug/ml 2 versus 24 h p=0.001

When cells were treated with 1.0, 4.0 or 16.0 ug/ml
AMDA473 (ZD0473) for 2 h, in vitro responses (defined as
a <50% survival compared with untreated controls) [12]
were observed in 18% (9/51), 33% (17/51) and 44% (19/
43) of evaluable specimens, respectively. AMD473
(ZD0473) demonstrated activity in 33% (16/48), 63%
(30/48) and 85% (35/41) of evaluable specimens treated
with 1.0, 4.0 and 16.0 ug/ml AMDA473 (ZD0473) for 24 h,
respectively.

Statistical significance noted as p<0.05.

AMD473 (ZD0473) was performed using McNemar’s
test for paired proportions and this indicated a significant
dose-response relationship (Table 2). Exposure of
samples to 1 pug/ml AMD473 (ZD0473) for 24 h resulted
in greater response than exposure for 2h (p = 0.083).
Exposure of samples for 24h resulted in significantly

greater responses than for 2h with both 4 ug/ml
(»=0.003) and 16pug/ml (p=0.001) AMDA473
AMDA473 (ZD0473) demonstrated inhibitory effects in (ZD0473).

multiple tumors, with notable activity seen in breast,
non-small cell lung and ovarian cancer specimens.
AMD473 (ZD0473) demonstrated activity towards
100% of the non-small cell lung (5/5) and ovarian (8/8)
tumor specimens treated with 16.0 ug/ml for 24h.
Seventy-three percent (8/11) of the breast cancer speci-
mens exhibited sensitivity to treatment with 16.0 ug/ml
AMDA473 (ZD0473) for 24h (Table 1).

Response to AMD473 (ZD0473) was concentration
dependent for both exposure periods
(16.0 > 4.0 > 1.0 ug/ml; Table 1). Pairwise comparison of
the i wvitro response to different concentrations of

The activity of AMD473 (ZD0473) was compared with
the activity of conventional agents that were used to treat
the same patient specimens. Not all patient samples
tested with AMD473 (ZD0473) were tested with each of
the conventional agents. The selected concentrations of
the conventional agents were based on the drug
concentrations achievable in patients, usually in the
range of 0.1-1.0 x peak plasma levels [9,10]. Specimens
displaying < 50% survival compared to negative controls
were considered sensitive, while those displaying > 51%
survival were classed as resistant to the drug being tested.
A sizeable number of tumors that were resistant to
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Fig. 2
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Comparison of AMD473 (ZD0473) (at 16.0 ug/ml for 24 h) and conventional agents, in terms of sensitivity/resistance of tumor specimens.
S/S=sensitive to AMD473 (ZD0473)/sensitive to conventional agent. R/S=resistant to AMD473 (ZD0473)/sensitive to conventional agent.
S/R=sensitive to AMD473 (ZD0473)/resistant to conventional agent. R/R=resistant to AMD473 (ZD0473)/resistant to conventional agent.

certain conventional agents were sensitive to AMD473
(ZD0473) (at 16.0 ug/ml for 24h) (Fig. 2): 59% of the
specimens (10/17) were sensitive to AMD473 (ZD0473),
but resistant to cisplatin; 47% of specimens (9/19) were
sensitive to AMD473 (ZD0473), but resistant to
cyclophosphamide; 54% of specimens (7/13) were sensi-
tive to AMD473 (ZD0473), but resistant to 5-flurouracil;
63% of specimens (5/8) were sensitive to AMDA473
(ZD0473), but resistant to etoposide; 56% of specimens
(5/9) were sensitive to AMD473 (ZD0473), but resistant
to gemcitabine.

Fewer tumor samples demonstrated resistance to
AMDA473 (ZD0473) (at 16.0 ug/ml for 24 h) and sensitiv-
ity to the conventional agents (Fig. 2): 12% of the
specimens (2/17) were resistant to AMD473 (ZD0473),
but sensitive to cisplatin; 11% of specimens (2/19) were
resistant to AMD473 (ZD0473), but sensitive to
cyclophosphamide; 15% of specimens (2/13) were resis-
tant to AMD473 (ZD0473), but sensitive to 5-flurouracil;
38% of specimens (3/8) were resistant to AMD473
(Z1D0473), but sensitive to etoposide. No tumor samples
that displayed resistance to AMD473 (ZD0473) were
sensitive to gemcitabine.

Discussion
AMDA473 (ZD0473) was developed in an attempt to
circumvent the mechanisms by which tumors are, or

become, resistant to conventional platinum compounds
such as cisplatin. The mechanisms that underlie tumor
resistance to cisplatin include increased drug transport;
greater cellular detoxification due to increased glu-
tathione and metallothionein levels; changes in DNA
repair; increased tolerance of DNA adducts; and altera-
tions in apoptosis pathways [22]. AMDA473 (ZD0473) was
intended to have reduced susceptibility to inactivation by
thiol-containing molecules, such as glutathione or the
protein metallothionein, which covalently bind platinum-
containing molecules, forming thiol-platinum adducts.
To try and prevent inactivation by this mechanism,
AMDA473 (Z1D0473) was designed with greater steric bulk
at the platinum center, which resulted in a molecule that
was less reactive with thiol compounds than cisplatin
[23]. Tests of AMDA473 (ZD0473) in a panel of cell lines
with different cisplatin-resistance mechanisms demon-
strated low levels of cross-resistance and, in particular,
AMDA473 (ZD0473) was significantly more effective than
cisplatin (p <0.05) in cells resistant to cisplatin due to
enhanced glutathione levels [3].

In this study, we evaluated the effect of AMDA473
(ZD0473) over two different exposure lengths (2 and
24 h) against a broad spectrum of primary human tumors
taken directly from patients. Our data suggest that the

duration of exposure significantly affects the toxicity of
AMD473 (Z1D0473) against human tumor colony-forming
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units. When AMDA473 (ZD0473) was evaluated at
concentrations of 1.0, 4.0 or 16.0 ug/ml for 2h, n vitro
responses were observed in 18, 33 and 44% of all the
specimens, respectively. When treated for 24 h with 1.0,
4.0 or 16.0 ug/ml AMD473 (ZD0473), activity was seen
against 33, 63 and 85% of all the specimens tested,
respectively.

The concentrations of AMD473 (ZD0473) used in this
study were based on the drug concentrations achievable
in patients, usually in the range of 0.1 to 1.0 x peak
plasma levels [9,10]. Early clinical observations suggest
that peak plasma concentrations are achievable in the
ranges used here (Murakami ¢z 4/, personal communica-
tion). Activity was demonstrated at concentrations
consistent with the previously reported # vitro 1Cso [3]
and although greatest activity (against 85% of specimens)
was seen at the highest concentration tested for the
longer exposure period, AMD473 (ZD0473) demon-
strated significant activity (in 33% of specimens
tested) when cells were treated with 4.0 ug/ml for Zh
(Table 2).

AMDA473 (ZD0473) displayed activity towards a variety of
primary human tumor samples, most notably in breast,
non-small cell lung and ovarian tumor specimens.
Comparison of the activity AMD473 (ZD0473) towards
tumor cells with that of the conventional agents
demonstrated relatively little cross-resistance. In parti-
cular, of the samples treated with cisplatin, 59% (10/17)
were sensitive to AMD473 (ZD0473), but were resistant
to cisplatin. If these i vitro observations translate into
clinical efficacy, AMD473 (ZD0473) may be a good
candidate for therapy in patients with a range of tumors
that are cisplatin-resistant. AMD473 (ZD0473) has
undergone phase II studies in a range of tumors
[6,7,24,25], and preliminary results from phase II studies
show AMDA473 (ZD0473) is an active drug in a variety of
tumors and has a manageable toxicity profile. Further
work is ongoing to examine the efficacy and tolerability of
AMDA473 (ZD0473) in combination with other chemo-
therapeutic agents, including liposomal doxorubicin [26].

Conclusion

AMDA473 (ZD0473) is clearly active  wvitro against
a variety of human tumors, including a subgroup of
tumors resistant to conventional anticancer agents
m vitro. AMDA473 (ZD0473) demonstrated exposure
time-dependent differences in activity as well as a
clear trend in concentration-dependent activity. These
data suggest that prolonged exposure may be important
for maximum activity. Iz vitro responses demonstrate
efficacy at physiologically relevant concentrations,
which suggest that AMD473 (ZD0473) deserves further
evaluation.
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