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FK317, a Novel Substituted Dihydobenzoxazine, Exhibits Potent Antitumor
Activity against Human Tumor Xenografts in Nude Mice
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The antitumor effects of FK317, a novel substituted dihycbbenzoxazine, wee evaluated using
human tumor xenografts (small cell lung cance non-small cell lung cance stomach cance colon
cancea, panaeatic cance, breast cancg cervical cancer and ovarian cancer).Tumor growth-
inhibitory effects and the effective dose-range of FK317 we much stonger and kroader, respec-
tively, than those ofreference drugs such as mitomycin C, adriamycin, cisplatin, taxol and irinote-
can. Furthermore, the body weight decease and myelosuppession in FK317-teated mice wee
less than in the animals given any of theeference drugs.To explain this tumor selectiviy, the dis-
tribution of FK317 was investigated after dosing tumor-bearing mice with the“C-labelled com-
pound. The concentration of FK317 in tumor tissues waselatively low, and long tumor retention
was not observed. Howewe thin-layer chromatographic separationrevealed that the radioactivity
in the tumor resided mainly instrongly cytotoxic metabolites, while that in other tissueresided
mainly in non-cytotoxic metabolites. Theseresults suggest that FK317 shows reing antitumor
activity without side effects, and onereason for this is its specific metabolite pattern. FK317 is
now undergoing phase | clinical trials.

Key words: FK317 — Antitumo effect — Huma tuma xenograft — Selecti toxicity —
Mitomycin C

A potent antineoplastic agent, FK97Bl-acetyl-8-car-  antitumor activity to FK973, but did not induce pleural
bamoyloxymethyl-4-formyl-14-oxa-1]1-diazatetracyclo-  effusion in rats? FK317 contains an aziridine ring and a
[7.4.1.G-7.0" Ytetradeca-2,4,6-trien-6,9-diyl diacetate, was carbamoyl moist, which are also present in MMC. MMC
obtained by chemical modification of the novel antibiotic is a “bioreductive alkylating agent,” which causes damage
FR900482, which was isolated from the fermentationto DNA after reductive activation of the prodrug to form
products of Steptanyces sandaeis No. 6897 This a DNA-reactive speci€s? FK317 also forms DNA-DNA
compound has a unigue chemical structure including anterstrand and DNA-protein cross-links in the cell. How-
hydroxylamine function, whose hydroxyl group forms an eve, FK317 can not form DNA cross-links in a cell-free
intramolecular hemiketal moigetThe antitumor activity of  system.We found that K317 requires wo activation
FK973 is equivalent to, or more potent than, those ofsteps to convert it to a DNA reactive species. The first
mitomycin C (MMC), adriamycin (ADR) and cisplatin step is deacetylationKB17 has two acetyl groups, one of
(CDDP) agaist murine tumors and human xenogrdfis  which masks the aziridine ring, which is an important
mice, and its hematotoxic and myelosuppressiffects moiety for formation b cross-links. Deacetyl metabolites
are weaker than those of MMC in mieEK973 showed of FK317 are activated to DNA-reactive species by reduc-
good dficacy in clinical studies, but its development was tion in the €l.® Thus, FK317 is a newtype of bio-
terminated because of a vascular leak syndrome (VLS)eductive alkylating agent with unique activation char-
side dfect which was charactieed by pericardlaand  acteristics, and is expected to have strong antitumor
pleural éfusion, ascites and subcutaneous edefha. activity and low toxiciy.

Various FK973 deriiitves were synthesized in an  This paper describes the activity of FK317 against non-
attempt to isolate the antitumor activity of FK973 from sensitive human carcinomas xenografted in athymic mice
the VLS side fect, and FK31711-acetyl-8-carbamoyl- and demonstrates the selectivity of FK317.
oxymethyl-4-formyl-6-methoxy-14-oxa-1]1-diazatetracyclo-

[7.4.1.¢7.0" tetradeca-2,4,6-trien-9-yl  acetate, was MATERIALS AND METHODS

selected for further examinationKB17 shaved similar

Chemicals FK317, the metabolites of FK317 (M1-M7),
®To whom requests for reprints should be addressed. and [“CJFK317 (332 MBg/mmol) were prepared in the
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Fujisawa Research Laboratories. The chemical structureShemical Co., St. Louis, MO. lIrinotecan hydrochloride
of FK317 and its metabolites are shown in Fig. 1. MMC (CPT-11) was purchased fronfakult Honsha Co., Ltd.,

and ADR were purchased from Kyowa Hakkdogyo

Tokyo. Taxol was purchased from Bristol-Myers Squibb

Co., Ltd., Tokyo. CDDP was purchased from Sigma Co., NewYork, NY.

FK317
M1
M7
M2
M3
M4
M6
M5

[*4CIFK317

Fig. L Chemical structures of FK317 and its metabolites.

Table 1. Antitumor Activity of FK317 and Reference Drugs on
Human Tumor Xenografts in Nude Mice (SCLC and NSCLC
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Growth inhibition (%)

Dose
D
g (mg/kg) LX-1  Lu-134 LC-17 PC9
FK317 1.0 78 27
1.8 98 56 77 31
3.2 99 92 94 41
5.6 98 99 97 75
10 TOX? TOX
MMC 1.0 23 27 55 23
1.8 47 70 85 34
3.2 90 99 95 62
ADR 1.8 -1
3.2 24 33 23
5.6 36 42 44
10 TOX
CDDP 1.8 15
3.2 38 12 4
5.6 71 56 38
10 TOX

Animals and tumor cells Female mice of the BOF
strain were purchased from Charles River Japan Inc.,
Yokohama, and male mice of the BAIcBAu/nu strain
were purchased from CLEA Japan Inégkyo. Human
tumors were maintained s.c. by serial passage in BALB/c
nunu mice: LX-1 and Lu-134 (small cell lung cancer),
LC-17 and PC-9 (non-small cell lung cancer (NSCLC)
[adenocarcinoma]), LC-6 and Lu-99 (NSCLCrfa cell
carcinoma]), QG-56 (NSCLC [squamous cell carcinoma]),
SC-6, NS-8 and MKN-45 (stomach cancer), COL-5
(colon cancer), and OC-5, OC-9, OC-10 and QC-
(ovarian cancer). LX-1 and MX-1 were supplied by D
Tashiro (Cancer Chemotherapy Centlapan Foundation
for Cancer Researchlokyo). PC-9 and MKN-45 were

Table Il. Antitumor Activity of FK317 and Reference Drugs
on HumanTumor Xenografts in Nude Mice (NSCLC |[ige
Cell and Squamous Cell Carcinoma of Lung])

b Dose Growth inhibition (%)
ru
g (mg/kg) LC-6 Lu-99 QG-56
FK317 1.0 98 80 46
1.8 100 82 56
3.2 100 82 74
5.6 100 88 91
10 TOX®
MMC 1.0 77 61 40
1.8 97 73 52
3.2 99 82 72
10 TOX
ADR 1.8 4
3.2 36 42
5.6 60 48
10 TOX
CDDP 1.8 27
3.2 39 30
5.6 55 62
10 TOX
CPT-11 56 71
100 88
Taxol 10 80
18 97

Tumor cells were inoculated s.c. into nude mice. Drugs were Tumor cells were inoculated s.c. into nude mice. Drugs were

administered V. to mice when tumor weight had grown to
between 100 and 300 mmAntitumor activity was evaluated

administered V. to mice when tumor weight had grown to
between 100 and 300 mmAntitumor activity was evaluated

around 10 days after the last administration. Mice were used inaround 10 days after the last administration. Mice were used in

groups of six.

a) TOX, a survival rate ©0<65% on the evaluation day was

taken to indicate toxiojt

groups of six or five.
a) TOX, a survival rate 0<65% on the evaluation day was
taken to indicate toxigjt
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obtained from Immuno Biological Laboratories Co., Ltd., Evaluation of antitumor effect in vivo
Fujioka. The others were obtained from the Central Insti{3x3x3 mm) of human solid tumor were s.c. implanted
into the right flank of BALB/cnu/nu mice. When the esti-

tute for Experimental Animals, Kawasaki.
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Fig. 2. Changes in the weight of COL-5 (human colon cancer) after treatment with FK317, MMC, ADR, CDDP, taxol and CPT-11.
Tumor cells were inoculated s.c. into nude mice. The drugs were given i.v. to mice 3 times at 3-day intervals, beginningfte4 day
tumor inoculation. Mice were used in groups of six. The results are expressed as mean tumaiS®&eightcontrol. FK317.@ 1.0

mg/kg, O 1.8 mg/kgm 3.2 mg/kgh 5.6 mg/kg. MM@: 1.0 mg/ky, 1.8 mgkg, 3.2 mg/kg. ADR: 1.8 mg/kg,
3.2 mg/kg,m 5.6 mg/kga 10 mg/kg. CDDi& 1.8 mg/ky, 3.2 mgikg, 5.6 mgakg, 10 mg/kg. ®axol: 5.6 mg/kg,
O 10 mg/kg,m 18 mg/kg. CPT-1® 32 mg/kg, 56 mg/m, 100 mg/kg.
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mated tumor weight in the mice had reached 100 to 30@bse, 16% horse serum (Flow Laboratories) and penicillin
mg, the animals were divided into experimental groups of40 units/ml)-streptomycin (4@g/ml) were plated in 35
five or six and treated i.v. with a test drug every 3 daysmm diameter culture dishes, and 16% L-cell-conditioned
for a total of three doses (q88). The tumor weight was medium was used as a source of colony-stimulating fac-
calculated from the following formula: tumor weight tor. Triplicate cultures were made of each cell suspension,
(mg)=LxW?/2 whereL and W represent the length and and incubated at 37°C in 5% C@ humidified air. The
the width of the tumor mass, respectively. The criteria forcolonies were grown for 7 days and counted.
activity were based on regression and/or percent tumor CFU-S were assayed according to a modification of the
growth inhibition of=80%. method of Till and McCullock? Briefly, BMC (1x10°
Effects on CFU-C (colony-forming units in culture)  cells) were given i.v. to recipient mice that had been irra-
and CFU-S (colony-forming units in spleen) The drugs diated (750 R) with X-rays (Hitachi X-ray Irradiator
were given i.v. to mice. The mice were Kkilled by cervical MBR-1520R, Hitachi Medico Co., Ltd., Tokyo). On day
dislocation. Both ends of the femurs were cut off asepti-7, the spleen of the recipient mice was removed and fixed
cally. Bone marrow cells (BMC) were then flushed out with Bouin’s solution, and the spleen colonies were
with a syringe with a 26-gauge needle into Hanks’ bal-counted under a dissection microscope.
anced solution. The BMC were counted with an automatidPlasma and tissue sample preparation [**C]JFK317 (1
blood analyzer (Sysmex E-4000, Toa Medical Electronicang/kg) was administered by a single i.v. bolus injection to
Co., Kobe) and pooled from 5 mice. LX-1 tumor-bearing micen=3). Blood and tissues were
CFU-C were measured according to a modification ofobtained at 5 min and 2, 6 and 24 h after administration
the method of Pike and RobinsBhBriefly, 5x10* BMC of the drug. Blood was collected from the carotid artery
in 1 ml of a-minimum essential medium (Flow Laborato- into 1.5 ml heparinized microtubes. The tubes were
ries, McLean, VA) supplemented with 0.7% methylcellu- immediately centrifuged at 3000 rpm for 10 min and the
plasma supernatant was separated. The brains, lungs, liv-
ers, kidneys and tumors (LX-1) were collected, weighed
and disrupted in a Potter homogenizer after addition of
Table Ill. Antitumor ACt|V|ty of FK317 and Reference Dl’ugS l% aceuc ac|d Bone marrow was 0bta|ned from the
on Human Tumor Xenografts in Nude Mice (Stomach Cancer) o rs. Radioactivity in all the tissues was measured.

5 Dose Growth inhibition (%) FK317 and its metabolites were extracted from the
g (mg/kg) SC-6 NS-8 MKN-45 plasma, lung, liver, kidney and tumor by adding acetoni-
FK317 10 62 36 54 trile; samples were then centrifuged at 10,000 rpm for 3
l.é 84 72 73 min, and supernatants were collected and dried under
3.2 97 95 81 nitrogen flow. The dry residues were reconstituted in 50%
5.6 99 98 86
10 99 TOX
18 TOX
Table IV. Antitumor Activity of FK317 and Reference Drugs
MM 1. 71 12 2 . . X
c 12 95 o8 52 on Human Tumor Xenografts in Nude Mice (Ovarian Cancer)
3.2 Q9 42 80 Drug Dose Growth inhibition (%)
10 TOX TOX (mg/kg)  oc-5 0C-9  0C-10  OC-11
ADR 1.8 8 FK317 1.8 82
32 27 21 32 90 78 64 82
5.6 49 41 5.6 93 83 77 88
10 TOX MMC 1.8 51
CDDP 18 35 3.2 77 66 50 59
g-é gg 42 CPT-11 56 61
10. TOX 100 81
. - : Taxol 10 35
Tumor cells were inoculated s.c. into nude mice. Drugs were 18 86

administered i.v. to mice when tumor weight had grown to - - -
between 100 and 300 mMmAntitumor activity was evaluated ~Tumor cells were inoculated s.c. into nude mice. Drugs were
around 10 days after the last administration. Mice were used inadministered i.v. to mice when tumor weight had grown to

groups of six or five. between 100 and 300 mmAntitumor activity was evaluated
a) TOX, a survival rate 0k65% on the evaluation day was around 10 days after the last administration. Mice were used in
taken to indicate toxicity. groups of five or eight.
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methanol in water. Thin-layer chromatography (TLC) wash. The medium was removed and the blue dye formed
conducted using precoated Silica gel gP@lass plates was dissolved in 15@1 of 0.04 N HCI in isopropanol.
(0.25 mm, Merck, Darmstadt, Germany) and an ethyl aceThe absorbance was measured at 580 nm using a Titertek
tate/formic acid/water (8:1:1, v/v) solvent system. Radio-Twinreader (Titertek, McLean, VA).

active spots on the TLC plates were measured using a

BAS-2000 (Fuji Film, Tokyo). RESULTS

In vitro cytotoxicity HelLa S3 cells were cultured in

Dulbecco’s modified Eagle’s medium supplemented withAntitumor effects on human tumor xenografts Experi-
10% fetal calf serum (FCS) and penicillin (50 units/ml)- ments were performed to evaluate the antitumor effects of
streptomycin (50ug/ml). Growth inhibition experiments FK317 against 18 kinds of human tumors implanted s.c.
were carried out in 96-well flat-bottomed microplates, in BALB/c nu/nu mice. After the tumor weight reached
and the amount of viable cells at the end of the incubaabout 100 to 300 mg, the drug was given to mice three
tion was determined by 3-(4,5-dimethylthiazol-2-yl)-2,5- times at 3-day intervals. The antitumor activity was esti-
diphenyltetrazolium bromide (MTT) assay, essentially asmated around 10 days after the final injection. The toxic
described by Mosman®. Thus, x10* cells/well in 100 dose levels of FK317, MMC, ADR, CDDP, taxol and
ul were plated and the drug or the medium alone as &PT-11 are 10 mg/kg, 5.6 mg/kg, 10 mg/kg, 10 mg/kg, 32
control was added. The cells were cultured for 72 h andng/kg and 180 mg/kg, respectively.

after addition of MTT (1Qul/well, 5 mg/ml in phosphate- FK317 exhibited marked antitumor activity against all 7
buffered saline), the plates were incubated for a further «inds of lung cancers tested. The results are shown in
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Fig. 3. Changes in the weight of OC-5 (human ovarian cancer) after treatment with FK317, MMC, taxol and CPT-11. Tumor cells
were inoculated s.c. into nude mice. The drugs were given i.v. to mice 3 times at 3-day intervals, beginning 36 or 48 tdaysr afte
inoculation. Mice were used in groups of six. The results are expressed as mean tumearSkEeightcontrol. FK317@® 1.8 mg/kg,

O 3.2 mg/kg,m 5.6 mg/kg. MMC® 1.8 mg/k@l 3.2 mg/kg. Tax@!: 10 mgihkg, 18 mg/kg. CP®11: 56 nmg/kg,

100 mg/kg.
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Tables | and 11, and Fig. 2. FK317 induced marked regrestested, and tumor regression was observed in all cases
sion of s.c. tumors of LX-1, Lu-134, LC-17, LC-6 and (Table Ill). MMC also exhibited antitumor activity against
Lu-99 at various doses tested, and especially over a 5-fol8C-6 and MKN-45, but itsfeective dose range was nar-
dose range (1.0 to 5.6 mg/kg) in the tests on LC-6 andower than that of FK317, and it had no antitumfie&
Lu-99. MMC was also féective on these lung cancers, on NS-8. CDDP at a dose of 5.6 mg/kg showed antitumor
but its dfective dose range was quite narrow when com-activity against NS-8, but ADR was fifiective against all
pared with that of FK317. Neither ADR nor CDDP exhib- the stomach cancers tested.
ited antitumor activity at all. Against QG-56, FK317 at a The results of the tests on ovarian cancer (OC-5, OC-9,
dose of 5.6 mg/kg showed strong antitumor agtivit OC-10 and OCHL) are shown inTable IV and Fig. 3.
which was approximately equal to that ofPIC11l or Although the growth rates of these tumors were very
taxol. MMC, ADR and CDDP were ifilective. Although  slow, FK317 showed tumor growth inhibition of more
FK317 failed to show growth inhibition of more than 80% than 80% against OC-5, OC-9 and QG- and tumor
against PC-9, which is a slow-growing tumBK317 at a  regression activity was observed at various dose against
dose of 5.6 mg/kg did cae regresion of this tuma. all the ovarian cancers tested. MMCPIC11 and taxol
Against human stomach canc8C-6, NS-8 and MKN-  showed activities against OC-5 at doses of 3.2, 100 and
45, FK317 exhibited antitumor activity at multiple doses 18 mg/kg, respectivgl whereas theftective dose range
of FK317 was the widest of all.
FK317 aso demonstraéd good inhibitory eativity in
) o four additional human tumor xenograft models (COL-5,
Table V. Antitumor Activity Qf FK317 {ind Reference Drugs PAN-3, MX-1 and UCC-6). The results are shown in
on HumanTumor Xenografts in Nude Mice (Colon, Pancreatic, Table\,/ FK317 at a dose of 5.6 mg/kg showed good anti-
Breast and Cervical Cancer) : ' )
tumor dfects on COL-5 and UCC-6, on which MMC was

Drug Dose Growth infibition (%) ineffective. COL-5 was not sensitive taPG11 or taxol,
(mo/kg)  coL5 PAN-3  MX-1  UCC-6 and none of the reference drugs (MMC, ADR and CDDP)
FK317 1.0 60 100 18 was dfective against UCC-6.
1.8 69 23 100 40 Table VI shevs the maximum reduction in body weight
3.2 77 68 100 77 observed in the studies using human lung cancer (LC-17
5.6 84 92 100 95 and PC-9) and stomach cancer (MKN-45). The reduction
10 TOX induced by FK317 was obwsly smder than that
MMC 1.0 30 0 100 28 induced by the reference drugs, and scarcely any reduc-
1.8 45 35 100 33
3.2 66 84 100 57
10
ADR 1.8 7 -7 25 16 Table VI. Effects on Bodyweight
3.2 29 -14 36 23 : . -
56 32 29 77 31 Drug (n'?go,‘f;‘;) Maximal reduction in body weight (g)
10 TOX®» TOX  TOX  TOX LC17r PG MKN-45
CDDP 1.8 24 -1 100 0 K317 1.0 2.1 (29)
392 39 ) 100 10 1.8 0.9(38) 0.9(34)  25(29)
56 59 o8 100 46 3.2 0.7(28) 0.8(41)  2.2(29)
10 ToX TOX TOX  TOX 5.6 3.8(31) 1.9(31)  29(29)
CPT-11 32 51 MMC 1.0 0.8(28) 1.6(34)  23(32)
56 58 1.8 1.8 (35) 2.5(37) 3.4 (32)
100 66 3.2 5.3 (31) 4.9 (31) 4.4 (29)
Taxol 56 8 ADR 3.2 1.7(30) 05(31)  3.1(28)
10 31 5.6 2.6 (34) 4.2 (34) 4.8 (28)
18 77 CDDP 3.2 2.9 (30) 0.5(27,31) 3.7 (28)
Tumor cells were inoculated s.c. into nude mice. Drugs were 56 62 (30) 6.2(@1) 7.1(31)

administered i.v. to mice when tumor weight had grown to Maximal reduction in body weight: The body weights of mice
between 100 and 300 mmAntitumor activity was evaluated were measuredwice a week, and fferences from the values
around 10 days after the last administration. Mice were used inbefore the drug administration were calculated. The reduction in
groups of six. the body weight when the féerence between the value in the
a) TOX, a survival rate 0k65% on the evaluation day was control group and that in the drug-treated group was maximal is
taken to indicate toxigjt shown in the tableg. ): days after tumor inoculation.
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Fig. 4. Tumor growth-inhibitory effect and body weight change. Tumor cells (human lung cancer LC-17) were inoculated s.c. into
nude mice. The drugs were given i.v. to mice 3 times at 3-day intervals, beginning 21 or 22 days after tumor inoculaéisaltsThe r

are expressed as percentage of control in tumor weight and the difference from control in body weight change. Mice were used in
groups of six.0 tumor weigh®  body weight change.

tion was observed at a dose of 3.2 mg/kg of FK317 Tissue distribution of FK317 FK317 exhibited strong
which showed strong antitumor activity against LC-17 antitumor effects and good selectivity against human
(Fig. 4). On the other hand, both tumor growth-inhibitory tumor-bearing mice. To explain this good selectivity, the
effect and body weight reduction were observed with 3.2plasma and tissue levels of FK317 were investigated after
mg/kg of MMC. ADR and CDDP induced body weight dosing tumor-bearing mice with*C]FK317. The data
loss, and had no antitumor effect. represent mean values for three animals and were calcu-
Effects on CFU-C and CFU-S Fig. 5 shows the time lated as nanogram equivalents of FK317 per milliliter or
course of percent change in the CFU-C and CFU-S ofjfram. Since these values were based on total drug-related
BMC after a single i.v. injection of FK317 or MMC. radioactivity, they represent the sum of both FK317 and
FK317 and MMC dose-dependently decreased the numbéts metabolites in the samples. The distribution of radioac-
of CFU-C and CFU-S, with the maximum decrease on thdivity varied widely among the tissues sampled and
day after injection. When compared at the same dose (3.&imors (Table VII). The plasma concentration observed at
mg/kg), the inhibitory effect of FK317 was much weaker the first sampling time (5 min after administration) was
than that of MMC. However, the number of CFU-C and 878 ng eq/ml, after which the radioactivity diminished
CFU-S in the mice treated with 10 and 18 mg/kg ofrapidly and at 2 h was approximately 20% of the concen-
FK317 gradually returned to the control level on day 7 ortration measured at the initial sampling time. At 6 h the
14, and the recovery was faster than that in the MMC-yplasma concentration was 60 ng eqg/ml, which represented
treated animals. about 7% of the concentration measured at 5 min. The
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Fig. 5. Effects on the number of CFU-C and CFU-S of bone marrow cell per femur. The drugs were given i.v. to mice on day 0. The
numbers of CFU-C and CFU-S of bone marrow cells per femur were examined at various times after treatment. Mice were used in
groups of five for each experiment. FK31@: 3.2 mg/im, 10 mgkkg, 18 mg/kg. MMC: 1.0 mg/kg, 3.2 mg/kg, 5.6
mg/kg.

greatest accumulations were found in the liver and kidneychemical structure, FK317 is thought to be metabolized
where the concentrations of radioactivity in these tissuedy deacetylation, oxidation and/or reduction in tissues
ranged from 2513 to 3383 ng eqg/g and were at least 3Fig. 7). FK317 and its metabolites were extracted from
fold higher than that of the simultaneous plasma sampleplasma, lung, liver, kidney and tumor, and separated into
However, the lowest concentrations were found in thed-aldehyde, carboxylic acid and alcohol derivatives by
tumor and bone marrow. These concentrations werdLC. The metabolic pattern in the tumor was quite differ-
approximately one-third of that in the plasma at the sament from those in normal tissues. The main metabolites in
time, and rapidly decreased. No radioactivity was detectthe tumor were 4-alcohol derivatives. On the other hand,
able in the brain. in the plasma, lung, liver and kidney, 4-carboxylic acid
Metabolic pattern of FK317 in tissues and tumor As derivatives were the main metabolites.

we could not explain the strong antitumor effects andCytotoxic activities of FK317 and its metabolites Since
good selectivity of FK317 in terms of the tissue distribu- the metabolic patterns for FK317 in tumor and normal tis-
tion of FK317, we next examined the metabolic patternssues were different, we tested the cytotoxic effects of
of FK317 in tumor and normal tissues (Fig. 6). BecauseFK317 and its metabolites vitro. As shown in Table
FK317 has two acetyl groups and a 4-formyl moiety in itsVIIl, the 4-aldehyde (FK317, M1 and M7) and alcohol
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Table VII. Tissue Distribution of Radioactivity after i.v. Admin- derivatives (M5 and M6) exhibited strong antitumor activ-

istration of 1 mg/kg of fC]FK317 to LX-1-bearing Mouse ities against HelLa S3 cells. On the other hand, the car-
Radioactivity (ng eq/ml or g) boxylic acid derivatives (M2, M3 and M4) did not have
Organ 5 min oh 6h 24 h strong cytotoxic activities.
Plasma 878(1.0°) 186 (1.0) 60 (1.0) n.@.
Blood 2647 (3.0) 1724 (9.3) 944 (15.8) 123 DISCUSSION
Brain n.d. n.d. n.d. n.d.

Since human tumor xenografts are among the best

'[K/Z? 3%??;?? ((,;g)) 13;2 ((52,8)) ii’g ((245{)) 23 models. fpr predicting drugl efficacy in clinical settiri¢g®
Kidney 2513 (2.9) 463 (25) 157 (2.7) nd. the act|v.|ty of FK317 ggamst many human tumors xeno-
Bone marrow 297 (0.3) 44 (0.2) nd. nd. gr_afted in athymlq mice was exgmlned and compared
Tumor 256 (0.3) 84 (0.5) nd. n.d. with those of clinically used antitumor agents, MMC,

ADR, CDDP, taxol and CPT-11. FK317 could produce
regression and/or=80% tumor growth inhibition of
almost all tumor xenografts examined, except PC-9 and

a) Mean value{=3).
b) Tissue/plasma ratio.
¢) Not detectable.
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Fig. 6. Proportions of metabolites in tissues after i.v. administratiof@fFK317 to tumor-bearing mice. Tumor cells (human lung
cancer LX-1) were inoculated s.c. into nude mice. When the estimated tumor weight in the mice had grown to between 100 and 300
mg, [“C]FK317 at a dose of 1 mg/kg was given i.v. to the mige. aldehyde metabolites (A{B1X17), m carboxylic metabo-

lites (M2+M3+M4), alcohol metabolites (MBM6).

1314



OCHz CH,OCONH,

OCHg CH,OCONH,

FK317: a Selective Antitumor Agent

OCHz CHROCONH,

OCOCH; OH OH
o [>NcocHs —> NCOCHs —™
HOOC N7 8 HOOC n° COCH, HOOC N NH
M2 M3 M4
OCHgz CHOCONH, OCH3 CH,OCONH, OCHs CHoOCONH,
OCOCHS; OH OH
o |>ncocH; —> NCOCH; —> NH
OHC NZ 8 OHC ne° 3 OHC N
FK317 M1 M7
OCH3 CH,OCONH, OCH3 CH,OCONH;
OH OH
o [>NcocH; — ™ o [>NH
HOH,C s 8 HOH,C NT

M6

Fig. 7. Proposed metabolic pathways of FK317.

Table VIII.
HelLa S3 Cells
Metabolite IG2 (M)

FK317 <107
M1 <10°
M7 1.5x10°
M2 7.7x10°
M3 >10°
M4 >10°
M6 6.7x10°
M5 3.5x10°8

HelLa S3 cells were exposed for 72 h to FK317 or its metabo-

lites. Cytotoxicity was determined by MTT assay.

M5

Cytotoxicity of FK317 and Its Metabolites towards effects. Furthermore, the antitumor activity of FK317 is

characterized by its wide effective dose range. FK317
exhibited broad curative activity at doses ranging from 1.8
to 5.6 mg/kg against LX-1, from 3.2 to 5.6 mg/kg against
Lu-134, from 3.2 to 5.6 mg/kg against LC-17, from 1.0 to
5.6 mg/kg against LC-6, from 3.2 to 5.6 mg/kg against
SC-6, from 3.2 to 5.6 mg/kg against NS-8, and from 1.0
to 5.6 mg/kg against MX-1. These data indicate that the
antitumor activity of FK317 showed much stronger effi-
cacy and a wider therapeutic window as compared with
MMC, ADR, CDDP, taxol or CPT-11, all of which are
widely used in clinics. It has been reported that the
response rates of human tumor xenografts to these drugs

a) Concentration of each agent causing 50% inhibition of cell correlate well with results in the clint€!® Thus, we

growth.

consider that FK317 is likely to show good activity
against many kinds of tumors, especially cervical, stom-
ach and lung cancers; the clinical effect of FK317 might

OC-10. In addition, FK317 demonstrated curative activitybe strong-er than those of MMC, ADR, CDDP, taxol and

(295% tumor growth inhibition) against LX-1, Lu-134,
LC-17, LC-6, SC-6, NS-8, MX-1 and UCC-6, while

CPT-11.
Many antitumor agents used in cancer chemotherapy

MMC, ADR and CDDP did not display strong antitumor possess either cytotoxic or cytocidal activity. However,
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since they do not have selective toxicity, they injure notbetween tumor and normal tissues, the precise mechanism
only tumor cells, but also the normal cells of cancerof the different metabolic patterns of FK317 remains
patients. MMC, ADR and CDDP have been widely usedunclear. In the tumor, FK317 is metabolized to DNA-reac-
in the treatment of various human solid tumors, but theittive species, which produce DNA-DNA interstrand and
strong toxicities, mainly gastrointestinal toxicity and DNA-protein cross-links that lead to the death of the
myelosuppression, sometimes hamper their clinical applitumor cell*® Reduction of FK317 is an important step in
cation!™29 The toxicity of FK317, estimated in terms of the reaction with DNA, suggesting that FK317 is a biore-
body weight change in mice, was the lowest among theluctive alkylating agent. Bioreductive alkylating agents
drugs used. FK317 at a dose of 3.2 mg/kg showed a curauch as MMC have been viewed as a means of targeting
tive antitumor effect against LC-17 without inducing loss hypoxic tumors, since such tumors have greater propen-
of body weight. Furthermore, the myelosuppressive effecsity for reductive metabolisii:?¥ However, MMC causes
of FK317 was much weaker than that of MMC at the severe damage to normal cells because it is activated by
same dose, although FK317 showed antitumor activitthe same mechanism in such cé&li¥ Antitumor activity
equal to (LC-17 tumor) or stronger (other tumors) thanor detoxification of MMC depends on the target mole-
that of MMC at a dose of 3.2 mg/kg. To explain the goodcules?” That is, MMC is inactivated when it reacts with
selectivity of FK317, we examined the tissue distributionmolecules which are not essential to proliferation, but
of [*C]JFK317 in tumor-bearing mice. Docetaxel pos- shows cytotoxic effects when it reacts with molecules
sesses a wide spectrum of efficacy against human tumavrhich are necessary for cell division, such as DNA. How-
xenografts in mice because of its long retention in theever, the action of FK317 does not depend on the target
tumor?? With [*C]FK317, the highest tissue concentra- molecules, because it has different metabolic pathways in
tions were observed in the liver and kidney, and contrarthe tumor and normal tissues. FK317 was oxidized to
to our expectation, the concentration HC]JFK317 in the  non-toxic metabolites in aerobic tissues such as liver, kid-
tumor was low (almost one-third of that detected in theney and lung. Thus, its tissue-specific metabolic pattern
plasma at 5 min), nor was the drug retained over a longnay be very important for its selectivity. There have been
period in the tumor. Moreover, the concentration ofno previous reports of anticancer drugs that are selectively
[C]JFK317 in bone marrow was also as low as that in theactivated in tumors and inactivated in normal tissues. Fur-
tumor. Furthermore, FK317 has no selective cytotoxicthermore, FK317 has very remarkable antitumor effects
effect against tumor celis vitro (data not shown). These against human multidrug-resistant tumor xenografis
results were difficult to explain, but nevertheless indicatedvivo, but notin vitro. This antitumor activity of FK317
good selectivity of FK317. against multidrug-resistant tumors may be due to the
Since this good selectivity could be due to a differentdeacetyl metabolites, which are readily formed in the
metabolic pattern for FK317 in the tumor, we measuredblood? Since these metabolites do not bind P-glycopro-
the metabolites of FK317 in tumor and normal tissuestein, they can show strong cytotoxic effects against multi-
Since FK317 has a 4-formyl moiety in its chemical struc-drug-resistant cell$n vivo. FK317 thus appears to be a
ture, it is expected to be metabolized by oxidation ormember of a new class of cancer chemotherapeutic agents
reduction in the tissue. Interestingly, we found that thedue to its favorable metabolite pattern (deacetylation,
metabolic pattern in tumors was quite different from thatreduction and oxidation).
in normal tissues. The main metabolites in tumors were 4- In conclusion, FK317 showed remarkable antitumor
alcohol derivatives, which show strong cytotoxicity. In effects against human tumor xenografts without causing
plasma, lung, liver and kidney, the main metabolites weresevere body weight loss or myelosuppression, since it is
4-carboxylic acid derivatives, which had no cytotoxic selectively metabolized to cytotoxic species in tumors,
activity at all. Although alcohol derivatives were found in and is catabolized in normal tissues. These results suggest
plasma, lung, liver and kidney, decrease of these metabdhat FK317 has great potential for cancer chemotherapy.
lites was faster in normal tissues than in the tumor. We
could not examine the metabolic pattern in BMC, becaus@CKNOWLEDGMENTS
the mass was very small, but non-toxic metabolites may
aISO be formed |n BMC The IOW myelosuppress“/e eﬁect We thank Dr. David Barl’ett, Medical Chemlstry Research
of FK317 might be explained by the short retention andLaboratories, for a critical reading of the manuscript.
the distribution of less toxic metabolites in BMC. (Received June 26, 1998/Revised September 22, 1998/Accepted
Although there may be microenvironmental differencesSeptember 26, 1998)
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