ANTI-TUMOR AGENT CCOMPRISING
CYTTIDINE DICIRIVATIVIL ANID CARBOPLATIN

TECHNICAL FIELD

The present mnvention relates to an antituumor agent con-
taining a cytidine derivative and carboplatin in combination
and to an agent for potentiating the antitumor effect of car-
boplatin. :

BACKGROUND ART
1-GB-C-Ethynyl-B-D-ribopentofuranosylcecytosine (ECyd,
represented by the ftollowing formula) is an antimetabolite
having a structure in which the 3'-f3-position of the ribose of
cytidine 1s substituted by an ethynyl group.
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ECydis a cytidine derivative which was first synthesized in
Japan. Differing from a pyriamidine dernvative (5-FU) or a
deoxycytidine derivative (gemcitabine), which are antitumaor

agents generally employed in the clinical settings, ECyd
weakly acts on DNA and mainly inhibits RNA synthesis.
Specifically, i a proposaed mechanism, HCyd is phosphory -
lated by intracellular uridine/cytidine kinase, to thereby forim
atriphosphate (ECTP), which inhibits RINA polymerases I, I1,
and 111, leading relevant cells to death (Patent Document 1
and Non-Patent Document 1).

Many antitumor agents which are generally employed in
the clinical settings and which work based on. IDINA synthesis
inhibition as a main action exhibit the inhibitory effect in an
S-phase. Tumor cells employed in animal tests gencerally
exhibit relatively fast proliferation. IHowever, studies have
revealed that, in the clinical setrtings, tumor cells proliferate at
a slow rate, and a small number of the cells are in the S-phase.
Since, differing from IDNA synthesis inhibiting agents, the
antitumor effect of IECyd based on IRINA synthesis inhibitoxry
action is not affected by the cell cycle of tumor cells, ECyd is
thought to serve as a clinically useful antitvumor agent, which
differs from DINA synthesis inhibiting ageénts generally
employed in the clinical settings. :

Another attempt has been made to further potentiate the
antitumor effect of T2Cy d, in which an antitummor agent such as
cisplatin, having a different action mechanism, is employed
incombination (Non-Patent Document 2). However, hitherto,
a satisfactory potentiating & ot has not been attained. There-
fore, there is keen demand for a new combined therapy with
1HCyd, which therapy exhibits a more potent antitumor effect
and gives less adverse effects.

RIELATEID ART DOCUMIENITS

Patent IDocument 1: Japanese Patent No. 3142874
Non-Patent IDocument 1: Nucleic Acids Res. Suppl. 1, 23
(2001) i
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Non-Patent IDocument 2: Proceedings of the Annual Meeting
of the Japanese Cancer Association 60, 558, (2001)

DISCL.OSURE OF THE INVENTION
Problems to be Solved by the Invention

The present invention is directed to provision of a novel
combined therapy with ECyd, which therapy exhibits
remarlkkable antitumor effect and gives less adverse effects.

Means for Solving the Problems

In view of the foregoing, the present inventor has carried
out extensive studies on a novel combined therapy employing
Ecyvd and another antitumor agent in combination for _provid—
ing a cancer therapy enabling patients to survive for a longer
preriod of time, and has lound that an antittuimor effect can be
remarkably potentiated without increasing adverse effects,
through employment, in combination, of ECyd and a plati-
nuin complex cis-diammine(l,l-cyclobutanedicarboxyla to)
platinum (1) (honproprietary name: carboplatin, hereinafie
abbreviated as CRBIDCA). The inventor has also found that the
thus-obtained antitumor effect is more effective than the anti-
tumor effect of a similar combined therapy employing cispl-
atin, which has a chemical structure and an action mechanisin
similar to those of CBIDCA.

Accordingly, the present invention is directed to the fol-
lowing 1) to 8).

1) . An antitumor agent containing, in combination, 1-(3-C-
ethynyl-B-D-ribopentofuranosyl)cytosine or a salt thereof,
and carboplatin. '

2) . An antitiumor agent according to 1) above, which is a-
combined drag.

3) . An antitumor agent according, to 1) above, which is inthe
form of a kit including a drug containing 1-(3-C-ethynyl-3-
D-ribopentofuranosylcytosine or a salt thereof and a drug
containing, carboplatin. .

4) An agent for potentiating the antitumor effect of carbo-
platin, which agent contains 1-(G-C-ethynyl-3-ID-ribopento-
furanosyl)eytosine or a salt thereofl in such an amouvnt that the
antitumor effect of carboplatin is significantly potentiated.

5) Use, for producing an antitumor agent, of 1 -(3-C-ethy-
nyl-g-ID-ribopentofuranosyl)eytosine or a salt thereof and
carboplatin in combination.

G A method for treating cancer, CoOmMprising adnlunblg,x AL,
in combination, 1 -(3-C-ethynyl-B-ID-ribopentofuranosyl)cy -
tosine or a salt thereof and carboplatin, to a patient in need
thereof.

7)) A method for treating cancer according to 6) above,
wherein 1-(3-C-ethynyl-3-1>- r]bopex.noiuran_osy])Lyt.osnne or
a salt thereof and carboplatin are administered to a patient in
need thereof simultancecously, or separately at an interval.

}) A method for potentiating the antitumor effect of carbo-
platin, comprising administering, to a patient to which carbo-
platin is administered, 1-(3-C-ethynyl-S-ID-nbopentofurano-
syDoeytosine or a salt thereof in such an amount that the
antitumor effect of carboplatin is significantly potentiated.

Elfects of the Invention

According to the antitumor agent of the present invention,
a cancer therapy exhibiting high antitumor effect can be per-
formed while suppressing a.dva,rs,c, effects, whereby the sur-
wvival of patients can be prolonged.



BRIEF DESCRIPTION OIF THIEE IDRAWINGS

FIG. 1 A graph showing survival of subjects to which 0.3
mg/keg/day l_,C‘yd and 30 meg/kp/day carboplatin have ba,gn
administered in combination.

FI1G. 2 A graph showing survival ol subjects to which 0.3
mg/kg/day ECyd and 40 mg/ke/day carboplatin have been
administered in combination.

FI1G. 3 A graph showing survival of subjects to which 0.3
mg/keg/day ECyd and 5 mg/kg/day cisplatinn have been adnain-
istered i combination.

BLEST MODES FOR CARRYING OUT THIE
INVENTION

ECyd, 1-3B-C-ethynyl-B-ID-ribopentofuranosyl)cytosine,
employed in the present invention is a known compound and
1s known to exhibit an antitumor effect to a variety of cancers
through RINA synthesis inhibitory action. WNotably, there has
never been reported that cancer can be effectively treated with
suppressing adverse effects through employment of ECyd
and CBIDCA..
No p'artlcul'ir limitation is imposed on the salt off ECyd, so
long as itis pharrn'xceuhcally acceptable. Examples of the salt
include inorganic acid salts such as hydrocldorides, hydro-
bromides, sulfates, nitrates, and phosphates; and organic acid
salts such as acetates, propionates, tartrates, fumarates, male-
ates, malates, citrates, methanesulfonates, p-toluene-
sulfonates, and trifluoroacetates.
ECyd or a salt thercof may be produced through a known
method, for example, a method disclosed in Japanese Patent
No. 3142874.
CIBIDCA, cis~ dyu?nnun(l 1-cyclobutanedicarboxylato)
platinumIl), employved in the present invention is a knowmn
platinumm complex and is known to exhibit an antitumor effect
through IDINA synthesis inhibitory action. CBIDCA may be
produced through a lknown method, for example, a method
disclosed in JP-13-1981-029676. Also a commercial drug, for
example, Paraplatin (registered tradc.ln’)rk, Bristol Meyers),
may be employed.
As described in the Examples bhereinbelow, through
pxnp]uynlent in combination of ECyd or a salt thercof <1nd
IDCA, a remarkably strong antitumor ecffect can be
attained as compared with adnm.xnxstrdl 1on of either of the
component singly. Therefore, a pharmaceutical product con-
rtaining ECyd or a salt thereol and CBIDCA as effective ingre-
dients is a useful antitumor agent. Furthermore, a pharnmaceu-
tical product containing BECyd or a salt thereof as an effectave

ingredient is a useful <1;':_;ent for potentiating the antitumor
effect of CIBIDCA., and =z pl1annacput1c-1] product containing
CIBIDCA as an effective ingredient is a useful agent {or poten-
tiating the antitumor effect of ECyd or a salt thercofll

Nc) particular limitation is imposed on the cancer which
can be treated by the antitumor agent of the present invention.
xamples of the cancer include head and neck cancer, esoph-
ageal cancer, stomach cancer, colon. cancer, rectal cancer,
liver cancer, gallbladder/bile duct cancer, pancreatic cancer,
Tung cancer, breast cancer, ovarian cancer, bladder cancer,
prostate cancer, testicular tumor, bone and soft tissue sar-
coma, malignant lymphona, leukemaia, cervical cancer, skin
cancer, and brain tumor. The cancer is preferably head and
neck cancer or ling cancer.

The form of the antitumor agent of the present invention
may be a combined drug in which the aforementioned ECyd
or a salt therecof and CBIDCA are miaixed at san appropriate
ratio, each at an effective amount, to form a single dosage
form (single-formulation type), or a pharmaceutical product
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including, the drugs in effective amounts separately for
enabling the aforementioned ingredients to be administered
simultancously, or separately at an interval (Adouble-formula-
tion type).

No particular limitation 1s imposed on the administration
tform of the aforementioned ph'\rrn"lca,utlc al product, and an
appropriate form may be selected in accordance with the
therapeutic purposece. Examples of the form of the pharmmaceu-
tical product include oral agents (e.g., tablets, coated tablets,
powder, granules, capsules, and liguid), injections, supposi-
tories, cataplasims, and ointments. ECyd or a salt thereof and.
CBIDCA may be administered in the forms identical to or
different from eacl other.

The pbharmaceutical products employed in the present
invention and containing ECyd or a salt thereof and/or
CBIDCA. may be prepared through a generally known method
by use of a pharmacologically acceptable carrier. Such a
carrier may be selected fronmy a variety of carriers generally
employed in drugs. Specific examples include a excipient, a
binder, a disintegrant, a lubricant, a diluent, a solubilizing
agent, a suspending agent, a tonicity agent, a pll-adjusting
agent, a buffer, a stabilizer, a coloring agéent, a flavoring agent,
and a deodoramnt.

Examples of the excipient include lactose, sucrose, sodium
chloride, glucose, maltose, mannitol, erythritol, xylitol,
maltitol, inositol, dextran, sorbitol, albumin, urea, starcl, cal-
cium carbonate, kaolin, crystalline cellulose, silicic acid,
methylcellulose, glycerin, sodium. alginate, guam arabic, and
mixtures thereof. Examples of the lubricant inclhade purified
talc, stearate salts, borax, polyvethylene glycol, and mixtures
thercof. Examples ofthe binder inclade simple syrup, glucose
Hguid, starch ligquid, gelatin solution, polyvinyl alcohol, poly -
vinyl ether, polyvinylpyrrolidone, carboxymethylcellulose,
shellac, methylcellulose, ethylcellulose, water, ethanol,
potassiuun phosphate, and mixtures thereof. Examples of the
disintegrant include dry starch, sodium alginate, powdered
agar, powdered laminaran, sodium hydrogencarbonate, cal-
cium carbonate, polyvoxyethylene sorbitan fatty acid esters,
‘sodium lauryl sulfate, stearic monoglyceride, starch, lactose,
and mixtures thercofl. Examples of the diluent include water,
cthyl alcohol, Macrogol, propylene glycol, ethoxylated isos-
tearyl alcohol, polyoxylated isostearyl alcohol, polyoxyeth-
viene sorbitan fartty acid esters, and mixtures thereof.
Examples of the stabilizer include sodium pyrosulfite, ethyl-
encediaminetetraacetic acid, thioglycolic acid, thiolactic acid,
and mixtures thereof. Examples of the tonicity agent include
sodium chloride, boric acid, glucose, glycerin, and mixtures
thercof. Examples of the pE-adjusting agent and buffer
include sodium citrate, citric acid, sodium acetate, sodium
phosphate, and mixtures thercof. Examples of soothing
agents include procaine hydrochloride, lidocaine hydrochlo-
ride, and mixtures thereof.

Generally, the pharmaceutical product preferably contains
ECyd or a salt therecof and CIBDCA in ammounts of 0.1 to 100
mg and 0.01 to 10 g, respectively.

When the antitumor agent of the present invention is pro-
vided as a kit, the kit may be designed to include separate
packages of a drug containing IECyd or a salt thereof as
prepared above and a drug containing, CBIDCA, so that the

drugs are separately talken from the b()rl‘b%p()l’ldlllb packages
before use. Altematively, cach pharmaceutical formulation
may be held in one package suitable for use at each event of
combined administration.

In the present invention, no particular limitation is imposed
on the amount of IZCyd or a salt thereof and that of CBIDCA
adrninj s‘tcrcd toa paticnl SO lon;_, as ]:(fyci or a sa]'l 1h<,reofand
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cer, and the amounts are approprately predetermined in
accordance with the age, type of cancer, stage of cancer,
presence of metastasis, or therapy history of' a patient, pres-
ence of other antitumor agents, etc. Typically, the amount of
ECyd or a salt thereof (as reduced to ECyd) 1s about 0.01 to
200 nlo/nl”'/dcly, and the amount of CBIDCA 1s 0.01 to 20
g/ /day. Preferably. the amount off ECyd or a salt thereol (as
reduced to ECyd) is about 0.05 to lOO mg/m3/day, and the
amount of CBIDCA is 0.1 to 10 g/m~/day.

In the present invention, no pasrticular lumitation is unposed
on the sequence and intervals of administration of ECyd or a
salt thercofand CBDCA, so long as a target synergistic effect
can be attained. When the kit is used, separated drug ingre-
dients may be administered simultaneously or intermittently.

EXAMPLES
’ Example 1

Male nude rats (F344/IN Jcl-rnu) were divided in terms of
body weight into groups (14 rats in each group). To each rat,
a fragment (about 2x2 mm) of human head and neck cancer
strain OCC-1 was subcutaneously transplanted into the back
(day 0). Drug administration was started on the day following;
transplant (day 1). ECyd-was administered to a rat theough the
caudal vein at a dose of 0.3 mg/kg on days 1,3, 5, 8, 10, and
"12. Carboplatin was administered to a rat through the caudal
vein at a dose of 30 mg/kg or 40 mg/kg on days 1 and 8.
Cisplatin was administered to a rat through the caudal vein at
‘a dose of 5 mg/kg on day 1. Note that carboplatin (40 mg/kg/

. day) and cisplatin (5 mg/kg/day) employved in lhe test exhib-
ited almost the same antitumor effect. Rats of a control group
were not subjected: to drug, treatiment.

Thereafter, the survival (days).of each rat was checked, and
the survival rate of each group was calculated by the follow-
ing equation 1. FIGS. 1 to 3 are graphs showing survival rates;
in each graph the horizontal axis represents days and the
vertical axis represents survival rate.

Survival rate (2%6)=M0mo. of surviving rats/no. of rats
tested)» 100 R ) (Equation 1)

Asis clear from FIGS. 1 to 3, the combined administration
group (ECyd and cqrboplatln) exhxblted statistically signifi-
cant prolongationn of survival, as compared withh the ECyd-
only administration group and the carboplatin-only admainis-
tration group. Therefore, administration of ECyd and
garbop]cnin in combination was found to provide a synergistic
antitumor effect (FIGS. 1 and 2). Meanwhile, in the case of
administration of ECyd aand cisplatin in combination, the
survival rate on day 70 was almost equivalent to that of the

CECyd-only administration group. Therefore, the byllbrblbl“lc
effect with cisplatin was very limited (F1G. 3)

On day 70, the combined admuinistration group (ECyd and

carboplatin) exhibited a survival rate as remarkably higlh as

about 40 to 50%, while the survival rate of the combined
administration group (ECyd and cisplatin) was about 10%,
indicating that administration of ECyd and carboplatin in
combination is a very useful therapeutic method. Note that
potentiation of antitumor effect by aéhninistration of carbo-
platin and ECyd in combination is attained at a remarlcably
high degree, as compared with that by adnlunslrauon of cis-
platin and ECyd in combination. Since cisplatin and carbo-
platin are similar to each other in terms of chemical structure
(i.e., platinum complex) and action mechanisom (G.e., IDINA
synthesis inhibition), the surprising results are unexpected by
those skilled in the art.

Example 2

A fragment (about 22 num) of human lung cancer swain
[.X~1 was subcutancously transplanted in the back of ecach of
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male nude mice (BAILB/cA jcl-nu). When the average tumor
volume (longer diameter (mum)xshorter diameter (mum)x
shorter diameter (num)xY2) ol these mice reached about 200
mm?, the mice were divided into groups based on the tumor
volume (8 mice in each group) (day 0).

Drug administration was started on the day following
transplant (day 1). ECyd and carboplatin were administered
to a mouse through the caudal vein at a dose of 2 mg/kg and
70 mg/kg, respectively, on days 1 and 8. Mice of a control
group were not subjected to drug treatment.

On day 15, the ratio of tumor volume to that at the grouping
(Relative Tumor Volume; RTV) was calculated. In addition,
percent inhibition of tumor proliferation of a group with
respectto the control group (Inhibition Rate (26); IR (%0)) was
calculated by equation 2.

From the tumor volume on day 15, enhancement in antitu-
mor effect of the combined administration group with respect
1o the ECyd-only administration group and the carboplatin-
only administration group was analyzed through the Stu-
dent’s t-test (both sides). The antitumor effect of the com-
bined administration group with respect to either single
administration group had significance value (p value) of less
than 0.05, confirming that administration of ECyd and carbo-
platin in combination is statistically significant. The results
are shown in the following Table 1.

IR (%6)==[1—average tumor volume of treated group/

average tumor volume ot control group]=x 100 (Equation 2)
TABLE 1

Dose RTV IR
Drug : (mg/kg/day) Mean = SID (%)
Control —_— 9.67 x= 2.65 —
ECyd 2 543 = 1.51 43.8
carboplatin . 70 553 x1.75 42.8
ECyd + carboplatin 24+ 70 3.77 £0.73% 61.0

+*Enhancement in antitumor effect of the combined administration group with respect to the
ECyd-only administration group and the carboplatin-only administration group was ana-
lyzed through the Student’s t-test (both sides) (p =+ 0.05)

These experiments have revealed that a therapy employing
ECyd and carboplatin in combination is effective for treating,
various cancers, such as head and neck cancer and lung can-
cer, while suppressing adverse effects.



The invention claimed is:

1. An antitumor agent containing 1-(3-C-ethynyl-3-ID-ri-
bopentofuranosylcytosine or a salt thereof, and carboplatin
in combination.

2. The antitumor agent according to claim 1, which is a
combined drag.

3. The antitumor agent according to claim 1, which is in the
form of a kit including a drug containing 1-(3-C-ethynyl-3-
D-ribopentofuranosylcytosine or a salt therecof and a drug
containing carboplatin.
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