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ABSTRACT

@3-L-Dioxolane-cytidine (BCH-4556) is a novel anticancer nucleoside
analogue with a stereochemically unnatural @3-Lconfiguration. This corn
pound was previously shown to have a potent antitumor activity in human
prostate and hepatocellular xenograft tumor models (K. L. Grove et aL,
Cancer Res., 55: 3008â€”3011,1995). Herein, we extended the efficacy
validation of BCH-4556 to renal cell carcinoma (RCC) cell lines both in
vitro and in vivo. In vitro cytotoxicity and proliferation inhibition deter
Initiations in human RCC cell lines CAM-i, CAKI-2, 786-0, and A498
produced IC@ concentrations ranging from 15â€”35TJM.In vivo antitumor
activity was consistent with the in vitro sensitivity. BCH-4556 was very
effective in human RCC tumor xenograft models, including CAM-i,
A498, RXF-393, and SN12C carcinomas. Very good responses were ob
served in animals bearing CAM-i, A498, and RXF-393 RCC tumors
given i.p. doses of 10, 25, and 50 mg/kg twice a day for 5 days, with
complete regression recorded in most of the animals tested. Curative
activity was also observed, with 40-60% of anhnals remaining tumor free
in all three RCC models at the day ofstudy termination. Significant tumor
shrinkage was also evident in the SN12C modeL BCH-4556 efficacy eval
nation in the orthotopic subrenal capsule tumor models demonstrated a
potent tumor growth inhibition against human CAM-i xenografts and
tumor stasis against mouse Renca tumors. BCH-4556 was also effective in
inhibiting the growth of rebound CAM-i tumors after the administration
ofa second treatment cycle. The observed antitumor activity of BCH-4556
in several RCC human solid tumor xenografts, including the lethal RXF
393 model, warrants further investigation of this novel nucleoside ana
logue in clinical trials of RCC.

INTRODUCTION

RCC2 is one of the most difficult urological neoplasms to cure,
because it is chemotherapy resistant and nonradiosensitive (1, 2).
Patients with RCC already have metastasis at the time of diagnosis in

25â€”57%of cases and subsequently develop metastasis within 10 years
in approximately 60% of all cases after curative nephrectomy (2, 3).
At present, there is no successful therapeutic modality for treatment of
RCC. Recently, an efficacy rate as high as 30% has been reported for
immunomodulation therapy in the treatment of advanced RCC (4).

Successful use of biological response modifiers, including IFN-a and
IL-i, -2, and -12 as well as adoptive transfer of lymphokine-activated
killer cells and tumor-infiltrating lymphocytes, has been reported to
date (4â€”7).In a recent 3-year follow-up of the Cytokine Working
Group Study, in which outpatient low-dose s.c. IL-2 + IFN-a was
administered to patients with metastatic RCC, a 17% response rate
was observed (8). The performance status was identical to that of the
previously reported high-dose IL-2 studies of Rosenberg et al. (9, 10),
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in which escalating dose levels of combined IL-2 and IFN-a were
used for treatment of patients with advanced-stage RCC. However,

these therapeutic modalities are associated with toxic side effects and
seem to be successful only in the short term. Therefore, a need exists
for a more definitive treatment.

A number of nucleoside analogues, such as gemcitabine (2',2'-
difluorodeoxycytidine) and floxuridine (2'-deoxy-5-fluorouridine),

have been used for treatment of RCC in preclinical and clinical studies
with variable degrees of success. Continuous and nonchronomodu
lated infusion of floxuridine has shown promise in its activity against
metastatic RCC without general toxicity; however, this was associated
with a recurrence of harmful respiratory symptoms (1 1, 12). Gemcit
abine has been shown to be effective in the treatment of patients with
advanced and metastatic pancreatic cancer (13, 14). It also showed a
potent antitumor activity against RCC cell lines and RCC tumor
xenografts (15). However, when given to patients with advanced

progressive RCC, it had only limited activity (16).
We have successfully synthesized a novel anticancer nucleoside

analogue, fJ-L-(â€”)-dioxolane-cytidine, designated BCH-4556 (Fig. 1).
Unlike most of the naturally occurring nucleosides that are of f3-D
configuration, BCH-4556 is the only unnatural anticancer nucleoside
in the /3-L configuration (17). This compound demonstrated several
properties that make it unique as a potential antitumor agent. It is a

DNA chain terminator with a potent inhibitory activity against solid
hepatocellular and prostate tumors in nude mice (18). As with AraC,
its conversion to the monophosphate is catalyzed by cellular dCK.

However, unlike AraC, it is resistant to degradation by deoxycytidine
deaminase (19). In addition, once incorporated into DNA, BCH-4556
causes immediate chain termination, whereas AraC can support con
tinued DNA synthesis (20, 21). These properties may contribute to a
greater efficacy of BCH-4556 and a broader range of anticancer
activity that includes a variety of solid xenograft tumors as well as
multidrug-resistant and MRP-resistant leukemia models (22â€”24).
BCH-4556 has been evaluated in prostate (DU-145) and hepatocar
cinoma (HepG2) human xenograft tumor models (19), in which it
demonstrated a significant anticancer potential. Prompted by this
evidence, we carried out efficacy validation against a difficult-to-treat,
relatively refractory RCC. We selected a number of RCC cell lines

that differ in their histopathological characteristics and degree of
differentiation and evaluated their response to BCH-4556 as both
heterotopic and orthotopic tumors. BCH-4556 was effective against
human RCC xenografts, including CAKI-l , A498, RXF-393, and
SN12C carcinomas. Complete tumor regression was observed in
80â€”90%of mice bearing CAKI-l, A498, or RXF-393 tumors. These
results suggest that BCH-4556 should be evaluated clinically against
RCC.

MATERIALS AND METHODS

Cytotoxic Drugs. BCH-4556 was synthesized at Biochem Therapeutics
(17). Cyclophosphamide and cytarabine were obtained from Bristol-Myers

Squibb (Montreal, Quebec, Canada). Methotrexate, cisplatin, and 5-fluoroura
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POTENT ANTITUMOR ACTIVITY OF BCH-4556

tumors in nude mouse hosts. When tumors were approximately 80â€”100mg
(usually about 6â€”14days after implantation), the animals were pair-matched
into treatment and control groups. Each group contained 10 tumor-bearing

mice that were ear-tagged and followed individually throughout the experi
ment. The mice were observed daily for survival. Each tumor was measured by
caliper in two dimensions, and the measurements were then converted to tumor

mass (in mg) using an established formula:

Tumor measurements and body weights were recorded twice weekly. The
percentage increase in tumor volumes relative to that of controls was calcu
lated by the formula:

Mean treated tumor volume
100% + x 100%

Mean control tumor volume

in which tumor volumes (in mm3) = length (mm) X width (mm)2/2.
Antitumor activity of BCH-4556 and other chemotherapeutic agents was

assessed by the delay in tumor growth of the treated groups with respect to the

vehicle-treated control group. The study was limited to 60â€”65days when
tumors in the control animals reached a size of 1â€”2g (except for treatment of
rebound tumors, which continued until day 85).

Administration of drugs or vehicle began at days 6â€”14when the median
tumor size ranged from 82â€”100mg. Each study consisted of four agent-treated
groups and a vehicle-treated control group. BCH-4556 dissolved in 0.9% NaCI
was given twice a day i.p. (6 h apart) on 5 consecutive days (bidaily X 5) or

once a day (daily X 5) or as single bolus i.p. injection. Other cytotoxic drugs
(cisplatin, doxorubicin, and cyclophosphamide) were administered i.p. in 0.9%

NaCl.
In Vivo Evaluation in RCC SRC Assay. The SRC assay methodology has

been previously described in detail by Bogden et a!. (27). Briefly, aged male
B6D2F1 mice (3â€”6months old; National Institute of Aging, Bethesda, MD)
were anesthetized with a single i.m. injection of a mixture of ketamine (50

mg/kg) and xylazine (10 mg/kg) and swabbed with a 0.1% aqueous solution of
zephiran chloride followed by 70% alcohol.

A small (7-mm long) incision was made through the skin and body wall
dorsally in the region ofthe left kidney. The kidney was partially exteriorized, and
a very small slit was made in the capsule with the tip of a scalpel to permit the
insertion of the trocar without injury to the kidney. An 18 G iv. angiocatheter
trocar was loaded with approximately 1-mm3 tumor graft derived from a s.c.
growing tumor and inserted through the slit. The graft was then deposited under
the capsule by pushing the plunger forward. Immediately after implantation, the
initial size of the implanted tumor graft (the longest and shortest diameters) was
measured in situ under a cycloptic stereomicroscope equipped with an ocular
micrometer(10 ocular micrometerunits = I mm). The kidney was then replaced
into the body cavity, the body wall incision was closed with silk sutures, and the
skin incision was closed with a 9-mm wound clip. Tumor-implanted mice were

individually tagged and randomized into test and control groups. For each tumor

specimen, four groups of eight to nine mice each were used. Two tumor speci
mens, CAM-I human xenograft and Renca mouse syngeneic RCC cell lines, were
used for validation of BCH-4556 in the SRC assay.

Treatment with BCH-4556 was initiated at day 1 (initial time of SRC
implantation) and given daily at 50 and 100 mg/kg i.p. for 5 consecutive days
(qld X 5). For comparison, cisplatin given at 6.7 mg/kg i.p. (q2d X 3) was
used as a control positive clinical agent. At day 7, all of the animals were
sacrificed, and their final body weights were taken. Kidneys were excised, and
the in situ tumor graft sizes were determined. Tumor volumes (in mm3) were
calculated and plotted versus time (days).

Statistical Analysis. Tumor volumes of control and treatment groups were
analyzed using Student's t test (at P < 0.05 to P < 0.001 ANOVA).

Weight (mg) =
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BCH-4556
Fig. 1. Structure of BCH-4556.

cil were obtained from Faulding (Montreal, Quebec, Canada). Doxorubicin

was obtained from Adria (Mississauga, Ontario, Canada), and gemcitabine was
obtained from Eli Lilly (Indianapolis, IN).

Tumors. HumanRCCcell lines CAKI-l, CAKI-2,A498, and786â€”0were
obtained from the American Type Culture Collection (Rockville, MD), and
human RCC cell lines SN12C and RXF-393 were obtained from the National
Cancer Institute Division of Cancer Treatment Tumor Repository (Frederick,

MD). These cell lines differ in their histopathological characteristics, degree of
differentiation, and multidrug-resistant phenotype. The murine RCC cell line
Renca (a poorly differentiated renal cortical adenocarcinoma of spontaneous
origin) was kindly provided by Dr. Robert Wiltrout of the National Cancer
Institute.

Cell Culture. Human RCC CAKI-l and CAKI-2 cells were grown in
McCoy's 5a medium supplemented with 10% heat-inactivated fetal bovine
serum, 2 mM L-glutamine, 10 mr@iHEPES buffer (pH 7.4), and I mM sodium
pyruvate. Human RCC 786â€”0 and A498 cells were grown in Eagle's MEM

supplemented with 10% heat-inactivated fetal bovine serum, 0.1 mM nones
sential amino acids, and 1 m@visodium pyruvate. Murine RCC Renca cells were
grown in RPMI 1640 supplemented with 10% heat-inactivated fetal bovine
serum, 1 mM sodium pyruvate, 2 mM L-glutamine, and 0. 1 mrvi nonessential

amino acids.

In Vitro Growth-inhibitory Activity. Measurement of cytotoxicity was
performed according to the method described by Plumb et a!. (25). Briefly,
exponentially growing cells (1â€”2X l0@)in 0.1 ml of medium were seeded on
day 0 in 96-well microtiter plates. On day 1, 0.1-mI aliquots of medium
containing graded concentrations of BCH-4556 or cytotoxic anticancer drugs

were added in triplicate to the cell plates. After incubation at 37Â°Cin a
humidified incubator for 3 days, the plates were centrifuged briefly (1â€”2mm

at 1000 rpm), and 100 pA of the growth medium were removed. Cell cultures

were then incubated with 50 p1 of 3-(4,5-dimethylthiazyl-2-yl)-2,5-diphe
nyltetrazolium bromide at 2 mg/mI in Dulbecco's PBS for 4 h at 37Â°C. The

resulting purple formazan precipitate was solubilized with 200 pA of DMSO

per well, followed by 25 p1 of Sorensen's glycine buffer. Absorbance was
quantitated using a Uvmax microplate reader at a test wavelength of 570 nm
and a reference wavelength of 630 nm. The 1C5()values were determined using
the Softmax software program (Molecular Devices). Curves were fit to the
3-(4,5-dimethylthiazyl-2-yl)-2,5-diphenyltetrazolium bromide assay data using
a four-parameter logistic equation:

(dk + af)
1(x)

(k +x)

in which a = maximum percentage of survival (100%), n = the slope
coefficient, k = the point of inflection on the curve, x = compound concen

tration, and fix) = cell survival. All of the data were normalized to fit a
0â€”100%survival scale.

Cell proliferation inhibition was assessed by [3H]thymidmneincorporation
into DNA as described previously (26). In brief, cells were seeded into 96-well
microtiter plates and cultured for 24 h at 37Â°Cin a humidified incubator. One
day later, a 10-fold dilution of BCH-4556 or cytotoxic anticancer drug was
added in triplicate to the cell plates. Two days later, 18 kBq of [3H]thymidine
were added to each well, and after an additional 18 h of incubation, cells were
trypsinized and harvested on a fiberglass filter using a Tomtech harvester.

Harvested plates were then counted in a beta counter, and the results were
plotted as the percentage of control (Y axis) versus concentration (X axis, log
scale). The IC50 was then calculated as the concentration of BCH-4556 that
inhibits cell proliferation by 50% of control cells (based on the counts).

In Vivo Evaluation in Human RCC Xenograft Tumor Models. NCr-nu
female nude mice (Taconic) were implanted s.c. with CAKI-l, A498, RXF
393, and SN12C tumor lines by trocar with grafts harvested from s.c. growing

RESULTS

Growth-inhibitory Activity against RCC Cell Lines in Vitro.
IC50 values for BCH-4556 and for the comparative chemotherapeutic

agents in the RCC human tumor cell lines are shown in Tables 1 and
2. In the proliferation inhibition assay (Table 1), BCH-4556 was
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agent 786-0 A498 CAK-lCAK-2BCH-4556

35 18 1518Cytarabine
90 20 2 113Cisplatin

300 450 1,000250Doxorubicin
17 2 9155-Fluorouracil

5,000 3,000 5,0006,000Gemcitabine
3,000 4,000 5,0005,000Methotrexate

10,000 100,000 >100,000>100,000Table

2 ln vitro cytotoxicity of BCH-4556 against RCC celllinesRCC

cell line IC50 (nM)
Chemotherapeutic

agent 786-0 A498 CAK-lCAK-2BCH-4556

1,100 8 5,3006,100Cytarabine
300 200 1,000330Cisplatin

1,000 2,000 10,0003,000Doxorubicin
38 180 1005505-Fluorouracil

5,500 4,000 14,000100,000Gemcitabine
3 70 35100,000Methotrexate

> 10,000 >10,000 > 10,000 >10,000
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Table I In vitro proliferation inhibition of BCH-4556 against RCC cell lines A

E

2

C

I

B
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Fig. 2. Response of SC CAKI- I (A) and SC A498 (B) renal tumors to treatment with
BCH-4556. CAKI-l or A498 human RCC fragments were implanted s.c. by trocar in nude
mice. Treatment was initiated when the primary tumor reached a size of approximately
80â€”100mg (days 14 and 7 for CAKI-l and A498 tumors, respectively). BCH-4556 was
administered i.p. by five bidaily injections (q6h X 2, qd X 5) in sterile saline at doses of
10, 25, and 50 mg/kg. Cisplatin (6.7 mg/kg, i.p.) or doxorubicin (8 mg/kg, iv.) was
administered at q4d X 3. Tumors were measured using calipers twice weekly, and
volumes were calculated using the formula weight (mg) [length (mm) X width
(mm)2)/2. Median tumor size for each treatment group is plotted (n 10).
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RCC cell line IC50 (nM) 1O@

1O@

102

101

significantly more potent than cisplatin, 5-fluorouracil, gemcitabine,
and methotrexate. It was as potent as cytarabine and doxorubicin. In
the cytotoxicity assay (Table 2), BCH-4556 was only moderately
effective in inhibiting the growth of RCC cells. BCH-4556 was
significantly less potent compared to the other clinical agents with the
exception of 5-fluorouracil and methotrexate, for which the IC50
values were, on average, 2- to 10-fold higher than that of BCH-4556.

Human RCC Tumor Xenografts. BCH-4556 activity was evalu
ated in a panel of four RCC tumor lines that differ in their histopatho
logical characteristics: (a) A498 (primary undifferentiated); (b)
CAM-i (primary clear cell); (c) RXF-393 (primary recurrent); and (d)
SN12C (primary, recurrent). Tumor growth curves of these trials are
shown in Figs. 2â€”4.Initially, BCH-4556 was administered i.p. to
normal CD-l mice at three graded doses (three mice/dose), and the
maximum tolerated dose was estimated at 65 mg/kg (data not shown).

Selection of the dosing schedule for BCH-4556 was based on preced
ing in vivo evaluation demonstrating schedule-dependent antitumor
activity of BCH-4556 against human xenografts in nude mice (23).
Administration of BCH-4556 twice a day for 5 days at three dosage
levels of 50, 25, and 10 mg/kg resulted in a potent activity in the
CAM-i, A498, and RXF-393 tumor models.

In the CAKI-l tumors (Fig. 2A), a dosage of 50 mg/kg given on
days 14â€”18caused complete regression of all tumors, with 6 of 10
animals being tumor free (based on gross observation) when the study
was terminated at day 61 (Table 3). Treatment with this dosage
resulted in a maximum weight loss of 9%. Treatment with the lower
dosages of 25 and 10 mg/kg resulted in 8 of 10 and 9 of 10 complete
regressions, respectively. In a separate experiment, BCH-4556 was
administered in a repeat cycle at 10 and 25 mg/kg twice a day at days
60â€”64after tumor implantation when tumors resumed growth after
initial regression. Tumor-free mice were spared second-cycle treat
ment and excluded from the study. As shown in Fig. 3, rebound
tumors of mice treated with the repeat BCH-4556 cycle regressed by

day 76 and resumed growth afterward until day 85, at which time the
study was terminated. Cisplatin given at 6.7 mg/kg i.p. as a single
injection on days 14, 18, and 22 after tumor implantation was inef
fective against s.c. growing CAM-i tumors (Fig. 3).

Administration of BCH-4556 to A498 tumor-bearing mice exhib
ited a similar effect (Fig. 2B). Treatment with doses of 10, 25, and 50
mg/kg given on days 7â€”i1 resulted in a complete tumor regression in
8 of 10, 9 of 10, and 10 of 10 mice, respectively, with 4 of 10 animals

Days Postimplant

10@

Days Postlmplant
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Fig. 3. CAM-I human RCC fragments were implanted s.c. by trocar in nude mice. Treatment was initiated when the primary tumor reached a size of approximately 80â€”100mg
(day 32). BCH-4556 at 10 and 25 mg/kg (q6h X 2, qd X 5) was administered i.p. in two treatment cycles: first, on days 30â€”36;and subsequently, on days 60â€”64after tumor
implantation. The second treatment cycle was given after resumption of tumor growth that occurred after day 60. Tumor-free mice were spared second-cycle treatment. Doxorubicin
(8 mg/kg,iv.) wasadministeredat days33 and39.Tumorsweremeasuredusingcaliperstwiceweekly,andthepercentageof tumorvolumewascalculatedusingthe formula

Mean treated tumor volume
100% + X 100%

Mean control tumor volume

Mean tumor size for each treatment group is plotted (n = 9â€”10).

being completely tumor free in the 50 mg/kg-treated group (Table 3).
Treatment with 50 mg/kg resulted in a maximum weight loss of 13%.
Doxorubicin given at 8 mg/kg i.v. as a single injection on days 7, 11,
and 15 after tumor implantation was effective against the A498 tumor
model. However, this dosage was toxic (3 of 10 early deaths). Clearly,
BCH-4556 was more efficacious than doxorubicin in this model.

BCH-4556 was also tested against a relatively lethal RXF-393 renal
tumor (Fig. 4A). Once again, dosages of 10, 25, and 50 mg/kg given
on days 6â€”10effected complete regression of all tumors in 7 of 10, 9
of 10, and 10 of 10 animals, respectively. Five of 10 animals treated
with 50 mg/kg remained completely tumor free at day 61 (Table 3).
Treatment with this dosage resulted in a maximum weight loss of

17%. Cyclophosphamide given at 90 mg/kg i.p. as a single injection
on days 6, 10, and 14 after tumor implantation was effective against
the RXF-393 tumor. However, the activity observed was less than that
of BCH-4556. Because the RXF-393 tumor is lethal to the host,
producing 100% mortality by day 15 after tumor implantation in the

control group (Fig. 4A), the efficacy of treatment with BCH-4556 is
also reflected by the increase in life span of >249% (data not shown).

The initial experiments with CAKI-l, A498, and RXF-393 tumor
xenografts used doses given i.p. twice a day (6 h apart) on 5 consec
utive days. Subsequently, a once-a-day i.p. dose of 50 mg/kg (dai
ly X 5) and a single bolus i.p. dose of 250 mg/kg were used for
validation of BCH-4556 in the SN12C renal tumor model (Fig. 4B).
The results of this study demonstrated that a dosage of 50 mg/kg given

on days 14â€”18effected complete regression of 7 of 10 tumors, with
1 animal being tumor free when the study was terminated at day 62
(Table 3). Treatment with this dosage did not result in any weight loss.
Treatment with lower dosages of 25 mg/kg (same total dose) resulted

in 7 of 10 complete regressions, with 2 animals being tumor free at the
end of the study. A single treatment of 250 mg/kg BCH-4556 (same
total dose) was minimally effective in this study (tumor growth delay
of 3.6 days). Cyclophosphamide given i.p. at 90 mg/kg as a single
injection on days 14, 18, and 22 was ineffective against the SN12C

tumor.
The results of this study demonstrated that BCH-4556 exhibited

excellent activity against s.c. implanted human SN12C renal tumor
xenograft, effecting 70% complete regressions.

RCC SRC Tumor Models. Following dose range-findingstudies
to determine a maximally tolerated BCH-4556 dose for a daily X 5
schedule, antitumor efficacy was evaluated in the RCC SRC models

at daily i.p. doses of 50 and 100 mg/kg. Consistent with high-potency
growth inhibition in the s.c. solid tumor xenograft models, BCH-4556
was highly active against human CAKI-l xenografts and moderately
active against mouse Renca tumors implanted under the SRC (Fig. 5).

In the CAM-i SRC model, i.p. administration of 50 or 100 mg/kg
(qld X 5) was equally effective and resulted in 83 and 86% tumor
regression, respectively (P = 0.0021 and P = 0.0010; Fig. 5A). The

positive control agent cisplatin, given at 6.7 mg/kg i.p. (q2d X 3), was

similarly effective against this model, with a 70% tumor volume
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Table 3 In vivo response of RCC tumor xenografts to BCH-4556A
Dosage
(mg/kg)

50
25
50
25
50
25
50
25

Tumor-free mice
at days 60â€”61

6/I 0@A
2/10
4/I0
4/10
5/10
2/10
1/10
2/10

RCC tumor line

CAKI-l

A498

RXF-393

SNI2C

a Values representthe numberof animalswith completelyregressedtumorsremaining
tumor free (based on gross observation) at study termination (e.g.. 6/10 6 of 10
animals).

reduction by day 7 after implantation (P 0.003). Tumors of the
control (saline-treated) mice remained relatively static and did not
progress significantly over time.

Antitumor activity of BCH-4556 against Renca SRC tumor was
exhibited by a significant tumor growth arrest (stasis) but not by
tumor regression over a 7-day period (Fig. SB). Daily i.p. injections of

50 and 100 mg/kg doses (qld X 5) demonstrated a delay in tumor
progression with a 2.2- and 1.6-fold increase in the percentage of
tumor volumes, compared to a 3.5-fold increase of volumes in the
control (saline-treated) group. This difference was statistically signif
icant with P = 0.088 and 0.0085 for each dose, respectively, com
pared to controls. A I .4-fold increase in tumor volumes was observed
in the control positive (cisplatin-treated) group given 6.7 mg/kg i.p.
(q2d X 3; P = 0.0004 versus controls).

In conclusion, our results demonstrate that BCH-4556 was consis
tently effective in mediating regression of s.c. human RCC xenograft
tumors and CAKI-l tumors implanted orthotopically under the SRC.
This effect was markedly superior against human CAKI-l RCC
tumors compared to mouse Renca tumors, in which a tumorstatic
effect was evident.

DISCUSSION

BCH-4556 is the first nucleoside analogue with the unnatural @3-L
configuration that exhibits excellent antitumor activity, including
complete regressions in several human xenograft tumor models. On
the basis of preclinical efficacy in these models and the unique
antitumor properties of this nucleoside analogue (19, 22â€”24),preclin
ical safety studies were conducted, and the compound is currently in
Phase I clinical studies in cancer patients. The activity demonstrated
in the studies reported here is particularly significant, because RCCs
currently represent some of the most difficult-to-treat tumors by
conventional cytotoxic drug therapy. RCC malignant tumors are de
rived from the renal tubular epithelium and are characterized by
hypervascularity, high frequency of metastasis, and poor prognosis

(28).
IFNs have been used in the treatment of advanced metastatic RCC

and currently represent a small but significant advance in treatment
(29, 30). Synergistic combinations of recombinant IFN-alA or re
combinant IFN-a2B with either biological agents such as IL-2, tumor
necrosis factor a, and 9-cis-retinoic acid (3 1â€”33)or with chemother
apeutic agents including vinblastine, cyclophosphamide, doxorubicin,

and 5-fluorouracil (34â€”37)have been confirmed to be effective in
numerous Phase I/il clinical trials. Adoptive immunotherapy of met
astatic RCC with IL-2 or IL-2 + lymphokine-activated killer cells has
also been reported to be relatively successful (4). However, such
immunotherapy regimens are often associated with severe side effects
including major toxicity and myelosuppression (1, 38, 39). Therefore,
new therapies are needed for the treatment of primary and metastatic
RCC.
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Fig. 4. Response ofSC RXF-393 (A)and SC SN12C (B) renal tumors to treatment with
BCH.4556. RXF-393 or SN12C human RCC fragments were implanted s.c. by trocar in
nude mice. Treatment was initiated when the primary tumor reached a size of approxi
mately 80â€”100mg (days 6 and 14 for RXF-393 or SN12C tumors, respectively). For
R.XF-393(A),BCH-4556was administeredi.p. by five bidailyinjections(q6h X 2,
qd X 5) in sterile saline at doses of 10, 25, and 50 mg/kg. For SNI2C tumor (B),
BCH-4556 was administered i.p. as either a single bolus injection of 250 mg/kg, once a
day (daily X 5) at 50 mg/kg, or by five bidaily injections of 25 mg/kg (q6h X 2, qdX 5).
Cyclophosphamide (90 mg/kg, i.p.) was used for both tumor models and was administered
at q4d X 3 on days 6 and 14 for RXF-393 and SN12C tumors, respectively. Tumors were
measuredusingcaliperstwiceweekly,and volumeswerecalculatedusingthe formula
weight (mg) = [length (mm) X width (mm)2]/2. Median tumor size for each treatment
group is plotted (n = 10).
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Fig. 5. For SRC assay, male B6D2F1 mice were implanted by trocar with approximately 1-mm3tumor graft derived from a s.c. growing human xenograft CAM-I (A) or mouse
Renca (B) RCC tumors. The initial size of the implanted tumor graft (longest and shortest diameters) was measured in situ under a cycloptic stereomicroscope equipped with an ocular
micrometer (10 ocular micrometer units are equal to 1 mm). Treatment with BCH-4556 was initiated at day 1 (initial time of SRC implantation) and given daily at 50 and 100 mg/kg
i.p. for 5 consecutive days (qld X 5). Cisplatin was given at 6.7 mg/kg i.p. (q2d X 3). At day 7, the final size of the implanted grafts was measured, and the tumor volumes were
calculated using the formula tumor volume (mm3) = [length (mm) X width (mm)2J/2. Mean tumor volume for each treatment group is plotted (n = 8â€”9). @,(ir#l saline i.p. (days
1â€”5); @,Gr#2 cisplatin, 6.7 mg/kg i.p. (days I, 3, and 5); 0, Gr#3 BCH-4556, 50 mg/kg i.p. (days 1â€”5); , Gr#4 BCH-4556, 100 mg/kg i.p. (days 1â€”5).
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The complete regression of nearly all solid RCC xenograft tumors
(CAM-l, A498, RXF-393, and SN12C) at i.p. doses of 10 and 25
mg/kg on a bidaily X 5 schedule of BCH-4556 indicates that there is
an acceptable therapeutic index for this nucleoside analogue. It is
possible that a greater efficacy might be achieved with lower i.v.

dosage levels relative to i.p. administration. This will be important to
determine, because the i.v. route will be used in initial clinical trials
with this compound. A daily X 5 schedule was also found to provide
superior antitumor activity to single doses in both the CAKI-l and
SN12C xenograft models.

The activity demonstrated against the lethal RXF-393 RCC is also
highly significant, because this tumor cell line has a relatively high
MDR-l index and has previously been demonstrated to be resistant to
a broad range of conventional cytotoxic drugs when grown as a
xenograft in nude mice (40). In fact, BCH-4556 can be considered to

be the most active compound tested to date against this xenograft
model. At the maximum tolerated dose, cyclophosphamide only mod
erately inhibits primary tumor growth and does not significantly
extend the life span of RXF-393-bearing nude mice, whereas BCH
4556 extends the life span by nearly 2.5 orders of magnitude and
produces tumor shrinkage. As shown in Fig. 4, shrinkage of RXF-393
tumors of greater than 90% is maximal at day 22 after bidaily X 5 i.p.

administration at 10 mg/kg, whereas the control saline-treated mice
have completely succumbed to the tumor at a much earlier date.
Despite complete regression of nearly all RCC xenograft tumors and

a relatively high incidence of cures in the 50 mg/kg-treated groups,
some tumors reappeared and progressed at about 25â€”40days after the
last treatment. To investigate the possibility that these tumors acquired
resistance to BCH-4556, a separate study was conducted using the

CAM-i xenograft model for which BCH-4556 efficacy was evaluated
against rebound tumors that regrew to the initial (starting point) size.
Growth curves shown in Fig. 3 demonstrate that administration of a
second treatment cycle of BCH-4556 results in resumption of tumor
regression, indicating that tumor growth inhibition could be sustained
completely with multiple treatment cycles applied at long time inter
vals over the whole period of tumor growth.

To further mimic the clinical situation, we used the SRC assay,
which allows efficacy assessment of the compound of interest against
an orthotopically implanted tumor graft. The SRC implantation,
which was developed using a time frame of 7 (24) and 11 days (41),
effectively circumvents the immunocompetency of the athymic nude
mouse host and provides a rich vascular bed for nutrient as well as
drug delivery, thus successfully predicting the chemotherapy respon
siveness of s.c. implanted xenografts (42). Despite the excellent
activity of BCH-4556 against the human tumor xenografts tested, such
as CAM-i, BCH-4556 showed only modest (tumorstatic) in vivo
activity against the murine Renca tumor. This in vivo activity profile

is consistent with the previously reported findings of lower cytotoxic
potency against the murine cell lines in vitro relative to human tumor
cell lines.3 A similar apparent human tumor selectivity has been also
reported for the HT-29 colon xenograft relative to the MC-38 mouse
colon carcinoma (20). This is likely to be related to species difference
in sensitivity rather than to direct tumor-specific toxicity, because
dCK phosphorylating activity and substrate affinity are greatly re
duced in mice compared to humans (43).

Although the mechanisms of action of this novel nucleoside ana
logue are not fully elucidated, the existing data suggest that the
mechanisms are unique (18, 19). Grove and Cheng (18) have previ
ously shown that BCH-4556 does not enter the mitochondria and that
the incorporation into DNA and rapid chain termination is the major

mechanism responsible for its activity. This is consistent with our in
vitro cytotoxicity findings, which failed to demonstrate a superior cell
growth inhibition compared to other conventional cytotoxic antican
cer agents. Unlike gemcitabine, which is currently undergoing clinical
evaluation for the treatment of solid tumors, BCH-4556 is not sus
ceptible to inactivation by deoxycytidine deaminase (18). Human
RCC cell lines and tumor xenografts respond relatively well to gem
citabine (15). However, clinical response to the drug is relatively poor.
This apparent lack of correlation may be attributed to frequent muta
tions in the dCK gene in patients with advanced RCC, leading to
deficient dCK enzyme activity and subsequent resistance to the drug.

BCH-4556 also acts as a competitive inhibitor of DNA polymerase
activity, which may contribute to its higher toxicity (20). Another
important limiting factor of BCH-4556 is the slow phosphorylation

and long-term accumulation of the diphosphate metabolite in cells
(19). These factors may contribute to its greater efficacy in compar
ison to AraC or gemcitabine.

The present studies clearly demonstrate a dramatic antitumor effect
of BCH-4556 in several human RCC tumor xenograft models. The
degree of activity shown against the RXF-393 tumor and recurrent
SN12C tumor xenograft models clearly warrants clinical investigation
of this novel agent for possible use against human RCC.
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