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848, 518 cm™!; HRMS (FAB) [M + HJ* caled for CigHi04I
322.9780, found 322.9791; [a)2"p +206 (¢ 1.35, MeOH).

(4R,6R,785)-9,9-Dimethyl-2-(E)-propenyl-5,8,10-trioxa-
tricyclo[5.4.0.04¢lundec-1-en-3-one ((+)-20). To a solution
of iodoenone (+)-8 (8.0 mg, 0.025 mmol), (E)-prppenyl borate
(6.6 mg, 0.077 mmol), Ag;O (18.4 mg, 0.079 mmol) and Ph;As
(1.5 mg, 0.0050 mmol) in THF-H,0 (10:1, 0.5 mL) was added
PA(PhCN)2Cl; (1.0 mg, 0.0025 mmol) and stirred at room
temperature for 11 h in the dark. To the reaction mixture was
added saturated NH,Cl (aq) (2 mL) and stirred for 1 h at that
temperature. The reaction mixture was filtered through a pad
of Celite and organic materials were extracted with AcOEt (3
x 10 mL). The combined organic phases were washed with
brine and dried over NazSO,. The organic phase was concen-
trated in vacuo and the residue was purified by preparative
thin-layer chromatography (Et;O/benzne = 1/6) to afford
dienone (+)-20 (4.5 mg, 77%) as a colorless oil. *H NMR (400
MHz, CDCl,) 6 1.34 (3H, s), 1.51 (3H, s), 1.82 (3H, dd, J =
6.5, 1.1 Hz), 3.48 (1H, d, J = 3.5 Hz), 3.69 (1H, d, J = 3.5 Hz),
4.59(1H, d,J = 16.8 Hz), 4.64 (1H, d, J = 16.8 Hz), 4.88 (1H,
s), 5.89 (1H, qd, J = 16.0, 6.5 Hz), 6.06 (1H, d, J = 16.0 Hz),;
13C NMR (100 MHz, CDCl3) 6 19.2, 24.8, 25.5, 53.1,57.1, 63.0,
63.8, 101.5, 121.0, 127.9, 134.8, 148.7, 190.9; FT-IR (neat) v
2989, 2931, 2854, 1682, 1385, 1373, 1238, 1082, 1038, 858
cm™!; HRMS (FAB) [M + H}* caled for Ci3H1,0, 236.1049,
found 236.1053; [a]%p +231 (¢ 0.73, MeOH).

(1R,58,6R)-5-Hydroxy-4-hydroxymethyl-3-(E)-propenyl-
7-oxabicyelo[4.1.0]hept-3-en-2-one ((+)-7). To a solution of
acetonide (+)-20 (9.0 mg, 0.038 mmol) in MeOH (0.8 mL) was
added Amberlyst 15 (9 mg), and the mixture was stirred at
room temperature for 40 min. The reaction mixture was
filtered, and the filtrate was concentrated in vacuo. The
residue was purified by preparative thin-layer chromatography
(AcOEt) to afford epoxycyclohexenol ((+)-7) (6.2 mg, 84%) as
a colorless oil: *H NMR (400 MHz, CDCly) 6 1.84 (3H, dd, J =
6.2, 1.0 Hz), 2.10 (1H, bs), 3.13 (1H, bd, J = 3.9 Hz), 3.56 (1H,
dd, J = 3.9, 0.7 Hz), 3.82 (1H, dd, J = 3.9, 1.5 Hz), 4.49 (1H,
d,J = 14.2 Hz), 4.77 (1H, d, J = 14.2 Hz), 5.00 (1H, bs), 5.96
(1H, qd, J = 16.0, 6.2 Hz), 6.06 (1H, d, J = 16.0 Hz); 13C NMR
(100 MHz, CDCly) ¢ 19.2, 53.4, 55.6, 63.0, 65.2, 121.6, 131.0,
135.3, 146.3, 194.3; FT-IR (neat) v 3371, 2916, 1676, 1444,
1373, 1051, 968, 868 cm™!; HRMS (FAB) [M + Hj* caled for
C1oH1204 196.0736, found 196.0732; [al®p +285 (c 0.41,
MeOH).

Epoxyquinols A (1), B (2), and C (3) and Epoxytwinol
A (4). To a solution of (+)-7 (78.9 mg, 0.402 mmol) in dry
CH:Cl; (8 mL) was added MnO; (700 mg, 75%, 6.03 mmol) at
0 °C under an argon atmosphere, and the mixture was stirred
for 1 h at that temperature. The reaction mixture was filtered
through a pad of Celite, washed with AcOEt, and then
concentrated in vacuo. The residue was diluted with toluene
(8 mL) and allowed to stand at room temperature for 10 h and
purified by silica gel column and preparative thin-layer
chromatography (MeOH/CHCI; = 1/10) to afford epoxyquinol
A (1) (18.9 mg, 24%, colorless solid), epoxyquinol B (2) (25.0
mg, 33%, colorless oil), epoxyquinol C (3) (0.8 mg, 1%, colorless
oil), and epoxytwinol A (4) (6.0 mg, 8%, colorless oil).
(1S,2R,4R,6R,7S,118,12R,13S,16R, 18R, 195,22R)-7,19-Di-
hydroxy-11,22-dimethyl-5,10,17,21-tetraoxaheptacyclo-
[11.7.2.02'8.02"2.04'6.0“'2“.01‘*'13]docosa-8,14(20)-diene-3,15-
dione (Epoxyquinol A (1)):2 'H NMR (400 MHz, acetone-
des) 6 0.71 (3H, d, J = 6.2 Hz), 1.00 (3H, d, J = 6.7 Hz), 2.44
(1H, bd, J = 1.3 Hz), 3.10 (1H, bd, J = 1.4 Hz), 3.38 (1H, d, J
= 3.6 Hz), 3.43 (1H, bd, J = 4.5 Hz), 3.70—3.76 (2H, m), 4.30
(1H, qd, J = 6.2, 1.2 Hz), 4.42 (1H, qd, J = 6.7, 1.0 Hz), 4.63
(1H, bd, J = 8.8 Hz), 4.69 (1H, bd, J = 8.8 Hz), 4.89—4.97
(2H, m), 5.23 (1H, s), 6.73 (1H, d, J = 1.7 Hz); *C NMR (100
MHz, acetone-dg) 6 20.3, 20.9, 38.1, 39.3, 50.7, 53.6, 56.3, 58.8,
63.9, 64.2, 66.7, 67.0, 72.4, 74.8, 115.1, 134.4, 142.5, 153.5,
190.2, 200.7; [0}y +63.1 (¢ 0.945, MeOH), lit.?) [o]%'p +61.0
(c 0.146, MeOH).
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(15,25,4R,6R,"7S,11R,125,13S,16R, 18R,19S,22R)-7,19-Di-
hydroxy-11,22-dimethyl-5,10,17,21-tetraoxaheptacyclo-
[11.7.2.0%8,0212,046,01420,016.18]d g cosa-8,14(20)-diene-3,15-
dione (Epoxyquinol B (2)):* '"H NMR (400 MHz, acetone-
de) 6 0.73 (3H, d, J = 6.4 Hz), 1.27 (3H, d, J = 6.4 Hz), 2.79
(1H, dd, J = 8.6, 3.0 Hz), 3.12 (1H, dd, J = 3.0, 1.0 Hz), 3.31
(1H, dq, J = 8.6, 6.4 Hz), 3.48 (1H, dd, J = 3.1, 0.7 Hz), 3.50
(1H, dd, J = 3.9, 0.8 Hz), 3.66 (1H, dd, J = 3.1, 1.8 Hz), 3.85
(1H, dd, J = 3.6, 1.6 Hz), 4.04 (1H, qd, J = 6.4, 1.0 Hz), 4.60
(1H, bs), 4.81 (1H, bs), 5.18 (1H, s), 5.78 (1H, bs), 5.84 (1H,
bs), 6.61 (1H, s); 3C NMR (100 MHz, acetone-dg) 6 19.6, 20.5,
36.9, 42.2, 53.0, 53.3, 53.3, 55.4, 57.0, 64.4, 68.6, 70.5, 73.7,
74.9, 107.0, 133.0, 150.9, 151.9, 191.9, 200.0; [a]2%, +151 (c
0.710, MeOH); 1it.?) [a]?'p +153 (c 0.315, MeOH).

(1R,2R,4R,6R,7S,118,12R,13R,16R,18R,198,225)-7,19-
Dihydroxy-11,22-dimethyl-5,10,17,21-tetraoxaheptacyclo-
[11.7.2.0%8,0212,046,01420,016.18]doc0sa-8,14(20)-diene-3,15-
dione (Epoxyquinol C (8)):!! 1 NMR (400 MHz, acetone-
ds) 6 0.72 (3H, d, J = 6.4 Hz), 1.14 (3H, d, J = 6.4 Hz), 3.06
(1H, d4, J = 8.0, 3.0 Hz), 3.12 (1H, dd, J = 2.9, 1.2 Hz), 3.31
(1H, dq, J = 7.9, 6.4 Hz), 3.47 (1H, dd, J = 3.5, 1.0 Hz), 3.49
(1H, bd, J = 3.6 Hz), 3.80 (1H, d, J = 3.6 Hz), 3.83 (1H, dd, J
= 3.5, 1.0 Hz), 3.97 (1H, qd, J = 6.4, 1.2 Hz), 4.57 (1H, bs),
5.00 (2H, bs), 5.27 (1H, s), 5.59 (1H, s), 6.64 (1H, d, J = 1.9
Hz).

(1S,25,4S,5R,7R,108,115,14R, 16R,17S,20R, 22R)-4,17-Di-
hydroxy-20,22-dimethyl-6,15,19,21-tetraoxaheptacyclo-
[9.7.2.2%10,039,057,01218,01416]docosa-3(9),12(18)-diene-8,13-
dione (Epoxytwinol A (4)):% 'H NMR (270 MHz, acetone-
de) 6 0.77 (6H, d, J = 6.2 Hz), 3.21 (2H, bs), 3.53 (2H, dd, J =
3.7, 1.0 Hz), 3.85 (2H, dd, J = 3.7, 1.0 Hz), 4.20 (2H, q, J =
6.4 Hz), 4.38 (2H, d, J = 9.7 Hz), 4.60 (2H, bd, J = 9.7 Hz),
4.80 (2H, s).

(1S,25,4R,6R,7S,11R, 125,13S,16R, 18R, 195,22R)-7-Hy-
droxy-19-methoxy-11,22-dimethyl-5,10,17,21-tetraoxa-
heptacyclo[11.7.2.028,0%12,046,01420,01618]d o cosa-8,14(20)-diene-
3,15-dione (21). To a solution of epoxyquinol B (3.0 mg, 0.0077
mmol) and iodomethane (48 uL, 0.77 mmol) in CH3;CN (0.5
mL) was added Ag:O (90 mg, 0.39 mmol), and the mixture
was stirred at room temperature for 5 h in the dark. The
reaction mixture was filtered through a pad of Celite and
washed with AcOEt. The filtrate was concentrated in vacuo,
and the residue was purified by preparative thin-layer chro-
matography (AcOEt) to afford a 7:1 mixture of 3-methoxy
epoxyquinol B (21) and 13-methoxy epoxyquinol B (22) (3.1
mg, 100%, colorless solid): *H NMR (400 MHz, CDCl3) 6 0.78
(3H, d, J = 6.4 Hz), 1.27 (3H, d, J = 6.4 Hz), 2.76 (1H, dd, J
=6.1,2.7Hz),3.12(1H, br-d, J = 2.5 Hz), 3.46 (1H, d, J = 3.2
Hz), 3.54 (3H, s), 3.55—3.60 (2H, m), 3.66 (1H, br-t, J = 2.6
Hz),3.88 (1H, d,J = 3.5 Hz), 4.18 (1H, br-q, J = 6.4 Hz), 4.25
(1H, s), 4.53 (1H, br-d, J = 1.8 Hz), 4.68 (1H, s), 5.13 (1H, s)
6.43 (1H, s); 3C NMR (100 MHz, CDCl3) 6 19.5, 19.9, 37.3,
42.0, 52.5, 52.7, 54.1, 54.7, 55.9, 67.6, 70.6, 72.4, 73.0, 74.2,
78.3,107.1,135.2, 146.3, 148.6, 189.9, 199.3; HEMS (FAB) [M
+ HI* caled for Cai1Ha305 403.1393, found 403.1399.

(18,2S,4R,6R,7S,11R,125,13S, 16R, 18R,19S,22R)-19-Hy-
droxy-7-methoxy-11,22-dimethyl-5,10,17,21-tetraoxa-
heptacyclo[11.7.2.0%8,0%12,046,01420,016.18]docosa-8,14(20)-
diene-3,15-dione (22). A solution of 3-methoxy epoxyquinol
B and 13-methoxy epoxyquinol B (7:1 mxture, 1.5 mg) in
2-propanol (0.5 mL) was refluxed for 36 h. The reaction
mixture was concentrated in vacuo to afford 3.5:1 mixture of
22 and 21: *H NMR (400 MHz, CDCls) 6 0.79 (3H, d, J = 6.4
Hz), 1.33 (3H, d, J = 6.3 Hz), 2.86 (1H, dd, J = 8.9, 3.1 Hz),
3.11 (14, br-d, J = 3.0 Hz), 3.29 (1H, dq, J = 8.9, 6.3 Hz),
3.48—3.53 (2H, m), 3.71 (3H, s), 3.73 (1H, dd, J = 2.9, 1.3 Hz),
3.82 (14, dd, J = 3.6, 1.3 Hz), 4.10 (1H, br-q, J = 6.4 Hz),
4.11(1H, s), 4.76 (1H, 8), 4.88 (1H, s), 5.06 (1H, d, J = 1.3 Hz)
6.60 (1H, s); 3C NMR (100 MHz, CDCl;) 6 19.2, 20.2, 35.9,
41.0, 51.0, 52.4, 52.6, 56.1, 58.0, 63.4, 63.8, 69.7, 72.8, 74.6,
78.3, 103.5, 132.3, 150.6, 152.4, 190.9, 197.9.



Total Synthesis of Epoxyquinols A—C and Epoxytwinol A

General Procedure of Table 4. To a solution of alcohol
25 (5.0 mg, 0.030 mmol) in dry CHzCl; (0.3 mL) was added
MnO; (209 mg, 75%, 1.80 mmol) at 0 °C under an argon
atmosphere, and the mixture was stirred for 1 h at that
temperature. The reaction mixture was filtered through a pad
of Celite, washed with AcOEt, and then concentrated at 0 °C
in vacuo. To the residue was added methyl vinyl ketone (0.25
ml, 8.0 mmol), and the mixture was allowed to stand at room
temperature for 10 h. The mixture was concentrated in vacuo
and purified by preparative thin-layer chromatography (AcOEY/
hexane = 1/1) to afford 28a (5.2 mg, 76%, colorless oil).

rel-(1S,8R,10R,12S5)-12-Acetyl-10-methyl-8-oxatricyclo-
[6.2.2.0%7]dodec-2(7)-en-3-one (28a): 'H NMR (400 MHz,
CDCl;) 6 0.84 (38H, d, J = 6.1 Hz), 1.26 (1H, ddd, J = 12.3,
6.5, 2.6 Hz), 1.97—-2.20 (6H, m), 2.44 (2H, t, J = 6.6 Hz), 2.57
(2H, t, J = 6.0 Hz), 3.19 (1H, bs), 3.29—3.39 (1H, m), 3.95 (1H,
q,J = 6.1 Hz), 446 (1H, d, J = 3.0 Hz); 3C NMR (100 MHz,
CDCl) 6 21.1, 23.1, 27.3,28.4,29.7,31.4, 37.4,51.7,70.2,72.1,
134.7, 161.2, 195.8, 207.7; FT-IR (neat) v 2966, 2925, 2864,
1712, 1664, 1456, 1194, 1173, 1014, 876 cm~1; HRMS (FAB)
[M + HI" ealed for C14Hi150;5 235.1334, found 235.1327.

rel-(15,2S,10R,11S,12S,20R)-10,20-Dimethyl-9,19-diphen-
y1-9,19-diazapentacyclo[10.6.2.0%7,0%11,0'>18]icosa-7,13-
(18)-diene-3,14-dione (32). To a solution of alcohol 25 (42.0
mg, 0.253 mmol) in dry CHCls (1.0 mL) was added MnO. (1.17
g, 75%, 10.1 mmol) at 0 °C under an argon atmosphere, and
the mixture was stirred for 1 h at that temperature. The
reaction mixture was filtered through a pad of Celite, washed
with AcOEt, and then concentrated at 0 °C in vacuo. To the
residue was added aniline (0.47 mL, 5.1 mmol), and the
mixture was allowed to stand at room temperature for 12 h.
The mixture was concentrated in vacuo and purified by
alumina eolumn chromatography (AcOEt/hexane = 1/10) and
further recrystallization from AcOEt to afford azapentacycle
32 (18.1 mg, 30%, yellow prisms): mp 197.0—198.0 °C (dec);
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'H NMR (400 MHz, CDCly) 6 0.79 (3H, d, J = 6.0 Hz), 1.00
(3H, d, J = 6.7 Hz), 1.68 (1H, qt, J = 13.6, 4.0 Hz), 1.93—2.27
(5H, m), 2.33—2.42 (2H, m), 2.56 (1H, ddd, J = 18.0, 7.9, 5.0
Hz), 2.63—-2.80 (3H, m), 3.27 (1H, s), 3.40 (111, s), 3.94 (1H,
ad, J = 6.0, 2.1 Hz), 3.99 (1H, q, J = 6.7 Hz), 5.20 (1H, 5), 6.18
(1H, ), 6.64 (1H, t,J = 7.2 Hz), 6.72 (4H, d, J = 7.2 Hz), 6.82
(1H, t,J = 7.2 Hz), 7.15 (2H, t, J = 7.5 Hz), 7.21 2H, t, J =
7.5 Hz); C NMR (100 MHz, CDCly) 6 16.6, 16.8, 22.9, 27.6,
29.2, 29.4, 37.0, 39.4, 40.5, 43.9, 52.7, 53.8, 58.9, 59.2, 113.8,
113.8, 114.1, 117.1, 119.7, 125.1, 129.3, 129.3, 133.6, 144.7,
145.4, 156.5, 195.2, 206.0; FT-IR (flm) » 3058, 2968, 2929,
2864, 1705, 1668, 1595, 1504, 1404, 1246, 1030, 748, 694 cm™;
HRMS (FAB) [M + HJ* caled for C3pHssN20, 479.2699, found
479.2693.
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E7070 is a novel sulfonamide anticancer agent that disrupts the
G1/S phase of the cell cycle. The objectives of this phase | study
of E7070 were to estimate the maximal tolerated dose (MTD), to
determine the recommended dose for phase Il, and to clarify
the pharmacokinetic profile of E7070 and its relation to poly-
morphisms of CYP2C9 (*2, *3) and CYP2C19 (*2, *3) in Japanese
patients. Patients received 1-2-h i.v. infusions of E7070 (400, 600,
700, 800 or 900 mg/m?) on day 1 of a 21-day cycle. Twenty-one
patients received between one and eight cycles of E7070. The
dose-limiting toxicities (DLT) comprised leukopenia, neutropenia,
thrombocytopenia, elevation of aspartate aminotransferase,
colitis, and ileus. The mean area under the plasma concentration-
time curve (AUC) for successive dose levels increased in a non-
dose-proportional mannet. Two patients were heterozygous for
the CYP2C9 mutation. For CYP2C19, eight patients were wild
type and the remainder had heterozygous (n = 8) or homozygous
mutations (n = 5). Regarding the CYP2C19 genotype, the AUC of
patients with mutant alleles were higher than those of patients
with wild type at a dose of 600 mg/m? or more. The severity of
toxic effects, such as myelosuppression, seemed to depend on
the AUC. No partial responses were observed. One patient
treated at a dose of 700 mg/m? experienced a maximum tumor
volume reduction of 22.5%. The MTD was estimated to be
900 mg/m2 A dose of 800 mg/m? is recommended for further
phase Il studies. The pharmacokinetic/pharmacodynamic properties
of E7070 seemed to be influenced by CYP2C19 genotype. The
observed safety profile and preliminary evidence of antitumor
activity warrant further investigation of this drug in monotherapy
or in combination chemotherapy. (Cancer Sci 2005; 96: 721-728)

E 7070, N-(3-chloro-7-indolyl)-1,4-benzenedisulfonamide,
has been reported to exhibit a potent antitumor activity
by blocking cell cycle progression. In vitro studies indicate
that the drug disrupts the G,/S phase, thereby inducing cell
cycle arrest and apoptosis.”” Although E7070 is not a direct
inhibitor of cyclin-dependent kinases (CDK), it causes
depletion of cyclin E, with a reduction in CDK2 catalytic
activity.® The exact mechanism of cyclin E/CDK2
inactivation is unclear. Transcriptional repression of cyclin H
in a p53-independent manner also occurs in response to
E7070.® The reduction in G, CDK activity induces arrest at
the G,/S boundary, accompanied by hypophosphorylation of
retinoblastoma (Rb) protein and decreases in CDK2, cyclin
A, and cyclin B proteins.Y E7070 activity is associated with
upregulation of p53 and p21, which may contribute to the

© Japanese Cancer Association doi: 10.1111/.1343-7006.2005.00109.%

reduced Rb phosphorylation, as well as subsequent apoptosis.
In preclinical models, E7070 was cytotoxic to human
HCT116 colon carcinoma and LX-1. E7070 exhibits more
potent in vivo antitumor effects than 5-fluorouracil, mito-
mycin C, and irinotecan.®

E7070 has been the subject of four clinical phase I studies.
In the first trial, E7070 was administered once every 21 days
at doses between 50 and 1000 mg/m%® and in the second
trial E7070 was administered five times per day once every 3
weeks at doses between 10 and 200 mg/m? per day.® Other sche-
dules used were a weekly infusion given over 4 consecutive
weeks repeated every 6 weeks,” and a continuous intrave-
nous infusion for 5 days every 3 weeks.® In the single-dose
every 3 weeks study, neutropenia and thrombocytopenia
were dose-limiting at 700 and 800 mg/m>® In the second
study, neutropenia and thrombocytopenia were dose-limiting
at 160 and 200 mg/m2@® In the study that used a weekly dose
schedule, neutropenia and thrombocytopenia were also dose-
limiting toxicities (DLT) and other DLT included stomatitis,
diarrhea, nausea, and fatigue.” Partial responses were
observed in patients with breast and endometrial cancer.®”

During a phase I trial, three patients receiving prophylactic
daily oral maintenance therapy with acenocoumarol developed
a hemorrhagic tendency and/or a prolonged prothrombin time
following treatment with 700 and 800 mg/m? of E7070.° The
major metabolic enzyme for acenocoumarol is cytochrome
P450 (CYP)2C9.® In vitro studies have shown that E7070
has the potential to inhibit CYP2C9 and CYP2C19.0% The
pharmacokinetic drug—drug interaction study indicated that
primary interaction of the two drugs could occur via inhibi-
tion by E7070 of acenocoumarol metabolism.

Based on these results from the previous phase I and phar-
macokinetic trials, the present phase I study was designed to
evaluate ascending doses of E7070 administered as a single
dose by 1-2-h i.v. infusion every 21 days. The objectives of
the study were to determine the maximum tolerated dose
(MTD) and the dose to be recommended for use in future
phase II studies, as well as to assess the safety, pharmacoki-
netic profile and preliminary antitumor activity of the drug.
We also evaluated the influence of genetic polymorphisms
of CYP2C9 and CYP2C19 on the pharmacokinetics of
E7070.

*To whom correspondence should be addressed. E-mail: yayamada@ncc.go.jp
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Materials and Methods

Patient selection

Japanese patients with histologically or cytologically
confirmed malignant solid tumors refractory to conventional
chermnotherapy, or tumors for which no effective therapy was
available, were candidates for this study. Eligibility criteria
included the following: age between 20 and 75 years; World
Health Organization (WHO) performance statis 0-1, life
expectancy = 3 months, absolute leukocyte count > 4000/uL
and < 12 000/uL, absolute neutrophil count = 2000/ulL, hemo-
globin level =9 g/dL, platelet count > 100 000/uL, serum
creatinine level <1.5 mg/dL or creatinine clearance = 50 mL/
min, and arterial partial pressure of oxygen of 65 torr or
more. Additional entry criteria were serurn bilirubin < 1.5 mg/dL,
and serum aspartate aminotransferase (AST) and alanine
aminotransferase (ALT) < 100 IU/L.. Before study entry, a 6-
week interval was required for patients previously treated
with mitomycin C or nitrosoureas, a 4-week interval was
required for other chemotherapy, endocrinotherapy, surgery,
radiation therapy, immunotherapy treatments or other invest-
igational agents, and a 2-week interval after blood trans-
fusion or administration of granulocyte-colony stimulating
factor (G-CSF). Patients were ineligible for the study if they
had symptomatic central nervous system metastases, active
infection, or other non-malignant disease, which was con-
sidered to be incompatible with the protocol. Patients who
were receiving corticosteroids or coumarin anticoagulants
less than 2 weeks prior to administration of E7070 were
excluded from the study. The protocol was approved by the
institutional review boards of the National Cancer Center,
and all patients gave written informed consent prior to study

entry.

Dosage and dose escalation
E7070 was provided as a lyophilized powder in 500-mg vials
by Eisai Co. (Tokyo, Japan). The starting dose of E7070 was
set at 400 mg/m? because only mild to moderate grade 1 to
grade 2 toxicity was observed at doses of 600 mg/m? or lower
in the previous phase I study.® Subsequent doses were to be
escalated to 600, 700, 800 and 900 mg/m? E7070 was dis-
solved in 20 mL of distilled water, then added to 500 mL of
normal saline for injection, and this solution was admin-
istered by intravenous infusion over 1 h at doses of 400 and
600 mg/m®. Injection site reaction was observed in one of
three patients at 400 mg/m* and three of three patients at
600 mg/m?. Therefore, E7070 was given in 1000 mL of
normal saline over 2 h at 700, 800, and 900 mg/m>. Patients
were hospitalized for the first course of E7070 and remained
hospitalized for close observation for 21 days thereafter.
Subsequent courses could be administered on an outpatient
basis with weekly patient evaluations by the investigator,
Patients were enrolled in cohorts of three patients per dose
level and observed for 21 days; the observation period was
extended to 42 days if a longer recovery period was needed.
If one of the three patients experienced DLT, then three addi-
tional patients were treated at the same dose. If two or more
of three or six patients experienced DLT, that dose level was
regarded as the MTD. If none of the first three patierits demon-
strated DLT, then the next three patients were treated at the
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next (higher) dose level. Individual patients who did not
demonstrate DLT and showed no evidence of disease pro-
gression could receive E7070 at the originally assigned dose.

After the MTD had been determined, a dose below the
MTD was evaluated in a total of six patients for identification
of the proposed recommended dose for phase I study. The
recommended dose was the highest dose at which less than
33.3% of treated patients experienced DLT.

Definition of dose-limiting toxicity

The DLT was defined as the occurrence of any of the
following events during cycle 1 that were attributable to
E7070: National Cancer Institute Common Toxicity Criteria
(NCI CTC) (version 2.0) grade 3 or 4 non-hematological
toxicity (except nausea, vomiting effectively managed with
symptomatic treatment, or alopecia), grade 4 leukopenia,
grade 4 neutropenia accompanied by fever of >38.5°C, or
that persisted 25 days, and platelet count <25 000/L.
Prophylactic use of colony-stimulating factors was not
permitted during the first cycle; however, patients who had
neutropenia that had met the criteria for DLT were permitted
to receive concomitant treatment with G-CSF.

Evaluation of patients

Safety was evaluated on the basis of physical findings, vital
signs, adverse events, and laboratory parameters obtained at
baseline and periodically throughout the study. During the
first cycle, hematology studies were performed at least twice
a week, while vital signs, physical examinations (including
evaluation of performance status) and serum biochemistry
were measured on days 1, 8 and 15. Toxicity evaluations of
subjective and objective findings were performed according
to the NCI CTC (version 2.0) on days 1, 8 and 15. For the
second and subsequent cycles, vital signs, laboratory tests
and toxicity evaluations based on subjective and objective
findings were performed on days 1, 8, and 15 of each cycle.
Blood glucose was monitored before the dose of E7070 and
after the end of infusion. Blood coagulation studies were
carried out before each dose for all cycles and also at day 8
of the first cycle. Efficacy was assessed by the physician on
the basis of antitumor effect according to the Response
Evaluation Criteria in Solid Tumors (RECIST).®" If an
antitumor effect was observed, the disease sile was re-
evaluated at least 4 weeks later to confirm the response.

Pharmacokinetics

Pharmacokinetic studies were performed during the first
cycle of treatment. On day 1, blood samples (4 mL cach) were
drawn from an indwelling intravenous cannula in the arm
contralateral to that bearing the infusion line. Samples were
collected in heparinized tubes, preinfusion, at 30 min after
the start of the infusion, at the end of the 1- or 2-h infusion,
and at 10, 30, and 60 min and 2, 4, 6, 10, 24, 48, 72, 96, 168,
and 240 h after the infusion. The samples were centrifuged at
1500xg for 10 min at 5°C, and the resulting plasma samples
were stored at —20°C until analysis. Urine samples were
collected before the start of E7070 infusion and over three
24-h intervals for 72 h after the start of the infusion. The
concentrations of E7070 in plasma and in urine were
analyzed at Eisai Co. by means of validated high-performance
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liquid chromatography methods with UV detection (HPLC-
UV). The lower limit of quantification was 20 ng/mL. N-(3-
Chloro-7-indolyl)-4-(N-methylsulfamoyl)benzenesulfonamide
(ER-67771)"? was used as an internal standard.

Plasma, the internal standard and 0.1 mol/L phosphate
buffer (pH 6.8) were vortexed. After adding ethyl acetate, the
mixture was shaken and centrifuged. The organic layer was
collected and transferred into a glass tube, then evaporated
under nitrogen flow in a drying block. The residue was dis-
solved in CH,CN-6.7 mmol/L phosphate buffer (pH 6.6), and
the solution was injected into an HPLC apparatus.

Chromatographic separation was achieved by using a
column switching method with Asahipak C8P-50 (Showa
Denko, Tokyo, Japan) as a separation column and YMC-pack
ODS-AM-312 (YMC) as an analytical column. Mobile phases
were CH,CN: 6.7 mmol/L phosphate buffer (pH 6.6; 360:640
[viv]) for separation and CH,CN: 6.7 mmol/L phosphate
buffer (pH 7.4; 360:640 [v:v]) for analysis. E7070 was
monitored by UV detection at 280 nmm.

Pharmacokinetic parameters of E7070 after a single dose
administration during the first cycle were determined by non-
compartmental analysis using WinNONLIN (Pharsight Cor-
poration, CA, USA). The apparent elimination rate constant
at the terminal phase (A,) was estimated by linear regression
analysis from the terminal log-linear declining phase to the
last quantifiable concentration. The elimination half-iife (t,,)
was calculated as t,, = In(2)/A,. The area under the plasma
concentration—time curve from zero to the last quantifiable
sampling time, AUC,_,,, was obtained by the log trapezoidal
rule. The AUC from zero to infinity was calculated as AUC,_,,
+ C./A,, where C, was the last quantifiable concentration.
The clearance was calculated as dose/AUC. The mean resi-
dence time (MRT) was estimated from AUMC/AUC, where
AUMC is the first moment curve. The volume of distribution
was calculated as MRT X clearance.

Genotyping procedures for CYP2C9 and CYP2C19

Genotyping was conducted using the Invader assay (BML,
Tokyo, Japan). Genomic DNA was isolated from whole
blood with the QlAamp DNA Blood Kit (Qiagen, CA, USA).
The primary probes (wild type and mutant probes) were used
to detect C430T (*2) and A1075C (*3) mutations of
CYP2C9, and G681A (*2) and G636A (¥3) of CYP2CI9,
respectively. The invader assay fluorescent resonance energy
transfer (FRET)-detection 96-well plates (Third Wave
Technologies, W1, USA) contained Cleavase enzyme, FRET
probes, MOPS buffer and polyethylene glycol. Eight
microliters of mixtures consisting of an appropriate primary
probe, Invader oligonucleotide and MgCl, was added to the
wells, followed by addition of 7 ul of the heat-denatured
genomic DNA, and this was overlaid with 15 L of mineral
oil. For only CYP2C9*2 (C430T) detection, a dilution of the
CYP2C9-specific polymerase chain reaction (PCR) product
was used instead of genomic DNA, because the CYP2C9*2
(C430T) detection point has the same sequence on
CYP2C19. The plates were incubated at 63°C for 4 h for
genomic DNA or 1 h for the PCR product. The fluorescence
intensities were measured on a Cytofluor 4000 fluorescence
plate reader (Applied Biosystems, CA, USA) with excitation
at 485/20 nm (wavelength/bandwidth) and emission at 530/
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Table 1. Patients’ characteristics

No. entered 21
Age (years)
Median 57
Range 35-70
Male:female (no. patients) 15:6
WHO performance status (no. patients)
0 7
1 14
Tumor type {no. of patients)
Colorectal 15
SCLC 2
Gastric 1
NSCLC 1
Liposarcoma 1
Mesothelioma 1

Prior treatment
Chemotherapy
No. prior regimens (no. patients)
0
1
2
>3
Surgery (no. patients)
Radiation therapy (no. patients)

—
N U - O

SCLC, small cell lung cancer; NSCLC, non-small cell lung cancer;
WHO, World Health Organization.

25 nm for FAM dye detection, and excitation at 560/20 nm
and emission at 620/40 nm for RED dye detection.

Subjects having either the *2 or *3 allele (*1/*2 or *1/*3)
were defined as hetero extensive metabolizers (hetero EM),
those with two mutated alleles (*2/%2, *2/*3 or *3/*3) as
poor metabolizers (PM), and those with no mutated alleles
(*1/*1) as homo EM.

Results

Patients’ characteristics

Twenty-one patients (15 male and six female) were enrolled
into the study (Table 1). All patients had a good performance
status and had received previous chemotherapy regimens.
The colon/rectum was the most commonly noted primary
disease site. All patients were evaluable for toxicity during
the first cycle, and for efficacy. Twenty-one patients received
42 cycles of treatment. The median number of cycles
administered per patient was one (range, 1-8).

Dose escalation and identification of DLT, MTD, and the
recommended phase Il dose

The DLT in this study were leukopenia, neutropenia, throm-
bocytopenia, elevation of AST, colitis, and ileus. None of the
patients treated at any dose of less than 800 mg/m? experi-
enced DLT. At a dose of 900 mg/m?, two of three patients
experienced dose-limiting leukopenia, neutropenia, and
thrombocytopenia, identifying this dose level as the MTD. At
the same dose, grade 3 colitis and grade 3 AST elevation
were observed in one patient. Therefore, three additional
patients were enrolled at 800 mg/m®. One of the additional
three patients evaluated for safety at 800 mg/m? experienced
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Table 2. Hematological toxicities during the first cycle of treatment with E7070

Dose (mg/m?)

Toxicity

Grade 400 600 700 800 900
(n=3) (h=3) (n=6) (n=6) (n=3)
Neutropenia 172 0 0 3 1 0
3/4 0 2 0 3 3
Leukopenia 112 1 2 3 3 1
3/4 0 0 ¢ 2 2
Thrombocytopenia 1/2 0 2 1 2 0
3/4 0 0 0 1 3
Anemia 1/2 1 2 4 2 2
3/4 0 0 0 1 1

DLT of grade 3 ilens. This patient had previously undergone
intestinal surgery for colon cancer. On the basis of these
findings, a total of six patients were treated at the dose of
800 mg/m* and one of the six patients experienced DLT.
Thus, based on protocol-defined criteria, the MTD was
estimated to be 900 mg/m® Therefore, a dose of 800 mg/m?
is the recommended dose for single-agent phase II studies.

Hematological toxicity

Neutropenia, leukopenia, and thrombocytopenia were the
hematological toxicities observed most commonly during
the first cycle (Table?2). Neutropenia was the principal
hematological toxicity in this study and was dose-limiting at
900 mg/m®. Eight patients treated at 600, 800 and 900 mg/m?
experienced grade 3 or more neutropenia. In these patients
the median times to nadir neutrophil counts were 12.5 (8-25)
days in the first cycle and 15.5 (8-25) days in all cycles, and
the median times to recovery from nadir to grade 1 were 5.0
(3~15) days in the first cycle and 6.0 (3—15) days in all
cycles. Neutrophil counts recovered to grade 1 within 21
days after E7070 infusion in all patients treated with 400 mg/
m?, but had not recovered by day 22 in two, one and two
patients at 600, 700 and 800 mg/m?, respectively. Neutrophil
counts recovered by day 29 after E7070 infusion in all
patients. G-CSF support was provided during cycle 1 in two
of three patients treated at 900 mg/m* One patient treated at
800 mg/m’ and three patients treated at 900 mg/m® experi-
enced grade 3 thrombocytopenia. In patients treated at 800
and 900 mg/m?, the median time to nadir platelet counts was
10.0 (7-12) days, and the median time to recovery from nadir
to grade 1 was 5.0 (2-9) days in the first cycle. Anemia,
reported in 13 (62%) patients, did not exceed grade 1-2
severity except in two patients at 800 and 900 mg/m> The
numbers of patients with blood cell count toxicity did not
tend to increase with increasing number of courses of
treatment, suggesting that the hematological toxicity of
E7070 is not cumulative,

Non-hematological toxicity

The non-hematological toxicities reported commonly during
the first cycle were rash, fatigue, stomatitis, alopecia, injection
site reaction, diarrthea and constipation (Table 3). These
toxicities were generally mild. Grade 3 and grade 4 toxicities
were reported in patients treated with 800 or 900 mg/m?
Grade 3 ileus and grade 4 constipation associated with the

ileus developed in one patient at 800 mg/m?. Grade 3 AST
elevation, grade 3 colitis and grade 3 diarrhea accompanying
the colitis were observed in one patient at 900 mg/m?. The
toxicities reported most commonly in subsequent cycles were
similar in terms of number of patients affected and severity
to those reported during the first cycle of treatment.

Gastrointestinal toxicity, usually mild, was the most com-
mon non-hematological toxicity associated with E7070.
Diarrhea (grades 1-3) was noted in eight (38%) patients dur-
ing the first cycle, and the incidence was greater at the
800 mg/m? (5/6) and 900 mg/m? (3/3) doses than at the 400—
600 mg/m* doses (none). Severe diarthea (grade 3) was
observed in only one patient, who received 900 mg/m? and
had previously undergone surgery for primary colorectal can-
cer. In almost all cases, nausea and vomiting responded well
to antiemetic therapies and patients were able to maintain
good oral intake. Mild constipation (grades 1-2) was noted at
600-900 mg/m?, except for one patient with grade 4 consti-
pation associated with grade 3 ileus at 800 mg/m> Alopecia
was observed in nine (43%) patients. Grades 1-2 injection site
reaction, including irritation, pain, or phlebitis, developed in
one patient at 400 mg/m® and three patients at 600 mg/m?
Therefore, E7070 in 1000 mL of normal saline was given over
2 h at 700, 800, and 900 mg/m*. However, three patients at
700 mg/m® and two patients at 800 mg/m? showed injection
site reaction, and thus E7070 was given to patients at
900 mg/m? through a central vein. There were no deaths
within 28 days of E7070 administration, and none of the
deaths that occurred after the study was considered to have
been treatment-related.

Pharmacokinetics

Complete pharmacokinetic data sets were obtained in 21
patients. The mean (+SD) plasma concentration-time curves
of E7070 are shown in Figure 1. The mean (£ SD) pharm-
acokinetic parameters derived from the plasma concentration
are listed in Table 4. After the end of the infusion, plasma
concentration of E7070 decreased rapidly for several hours,
followed by a slower elimination phase (Fig. 1). During the
elimination phase, the E7070 plasma concentration-time
profile was convex, which is characteristic of non-linear
pharmacokinetics. Maximum plasma concentrations (C,.0) of
E7070 at the 700-900 mg/m? doses were lower than that at
600 mg/m? (Table 4). This is probably related to the change
of the infusion time of E7070 from 1 h to 2 h at doses over
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Table 3. Non-hematological toxicities during the first cycle of treatment with E7070

Dose {mg/m?)

Toxicity Grade 400 600 700 800 900
(n=3) (n=3) (n=8) (n=6) (n=3)

Diarrhea 172 0 0 ¢} 5 2

3 0 0 0 0 1
Constipation 172 0 1 2 3 1

3/4 0 0 0 1 0
Nausea 172 0 1 3 1 1

3 0 0 0 1 0
Vomiting 1/2 0 1 0 0 0

3 0 0 0 1 0
Anorexia 172 0 1 2 1 1

3 0 0 0 1 0
Stomatitis 172 1 1 2 3 3

3 0 0 0 0 0
Injection site reaction 1/2 1 3 3 2 0*

3 0 0 o 0 0*
Rash 1/2 1 1 5 2 3

3 0 0 0 0 0
Fatigue 172 1 2 2 3 3

3 0 0 0 0 0
Headache 12 1 1 4 2 0

3 0 0 0 0 0
Alopecia 172 0 1 2 3 3
*E7070 was administered through a central vein at a dose of 900 mg/m?2
Table 4. Pharmacokinetic parameters of E7070
Dose No. Corox AUC CcL MRT tin Vg Urinary
(mg/m?) patients (ng/mL) (pg-h/mL) {mL/min per m? (h) (h) (L/m?) excretion (%)
400 3 82.2+15.4 1066 + 140 6.3+0.9 268 20+5 9.8+16 0.82+0.22
600 3 142.8+12.3 4204 + 1353 2.61+1.0 53+ 17 32+11 7.6%0.0 1.67+£0.13
700 6 116.1£11.3 3300+ 1058 3.9+1.3 41+£12 21%7 8.7+0.9 1.57+0.39
800 6 117.7+£8.6 3943 + 1243 3.6+1.0 45+ 11 22+4 9.2+0.8 1.77£0.80
900 3 133.8+0.7 6095 + 1008 25104 59+ 10 27+8 8.7£07 247 +1.33
C,.. Maximum plasma concentration; AUC, area under the plasma concentration-time curve; CL, clearance; MRT, mean residence time; t,,,

terminal elimination half-life; V., distribution volume at steady state; urinary excretion, cumulative excreted amount of E7070 in urine.

600 mg/m? because of injection site reaction. The AUC
increased more than expected with increasing dose. The
clearance decreased between 400 and 900 mg/m?, with mean
values of 6.3 mL/min per m? to 2.5 mL/min per m% The
mean plasma half-life (t,,) was between 20 and 32 h at the
examined doses. Mean 72-h urinary excretion was 0.82% to
2.47% of the administered dose of E7070 in the five cohorts.

Pharmacodynamics

The pharmacodynamic analysis was performed by focusing
on leukopenia, neutropenia and thrombocytopenia, because
these were the DLT of E7070. Figure 2 shows that the nadirs
of white blood cells (WBC), neutrophils, and platelets were
related to the AUC of E7070. The percentage decrease rate
from the value before dosing to the nadir of WBC, neutrophil
or platelet count also showed a good correlation with the
AUC of E7070.
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Fig. 1. Mean plasma concentrations of E7070 after single intravenous

infusion at each dose level. Circles, 400 mg/m?; triangles, 600 mg/m?

squares, 700 mg/m? inverted triangles, 800 mg/m? diamonds, 900 mg/m?.
Each point represents the mean with standard deviation,
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Fig. 2. Relationship between the area under the plasma concentration-time curve (AUQ) of E7070 and white blood cells, neutrophil and

platelet counts. Closed squares, 400 mg/m% open squares, 600 mg/m?

triangles, 900 mg/m?. R, Pearson's correlation coefficient.

Genotyping of CYP2C9 and CYP2C19

The CYP2C9 and CYP2C19 genotypes were studied in 21
patients. Two (10%) were hetero EM for CYP2C9 (*1/%3),
and 19 (90%) were homo EM for CYP2C9 (*1/#1). Five (24%)
were PM for CYP2C19 (¥2/*2 or *2/%3), eight (38%) were
hetero EM for CYP2C19 (*1/*2 or *1/#3) and eight (38%)
were homo EM for CYP2C19 (*1/*1). Figure 3 shows the
relationship between dose and AUC of E7070 with respect to
CYP2C9 and CYP2CI9 genotypes. At a dose level of 600 mg/n1
or more, the AUC of patients with mutant allele(s) (PM and
hetero EM) of CYP2C9 or CYP2C19 were higher than those
of the patients without mutant alleles (homo EM). DLT was
observed in one CYP2C19 PM patient at 800 mg/m? and two
CYP2C19 hetero EM or PM patients at 900 mg/m?.

Antitumor activity

No objective clinical responses were observed, but liver
metastasis was reduced by 22.5% at the 8th cycle of 700 mg/m?
in one colorectal cancer patient, who had previously received
5-fluorouracil.

Discussion

This phase I study was conducted to determine the MTD of
E7070 administered by intravenous infusion over 1-2 h every
21 days, to determine the recommended single-agent dose for
phase II studies, and to characterize the safety, pharm-
acokinetic and pharmacodynamic profiles of E7070. The
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Fig. 3. Relationship between dose and area under the plasma
concentration-time curve (AUC) of E7070 in relation to CYP2C9 and
CYP2C19 genotypes. Circles, homo extensive metabolizers (EM) for
both CYP2C8 and CYP2C19; squares, homo EM for CYP2C9 and
hetero EM for CYP2C19; triangles, hetero EM for both CYP2C9 and
CYP2C19; diamonds, homo EM for CYP2C9 and poor metabolizers
(PM) for CYP2C19. Patients with dose-limiting toxicity are indicated
with closed symbols.
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MTD in this study was estimated to be 900 mg/m?, and the
recommended dose for phase II studies is 800 mg/m?® DLT
observed at 900 mg/m? included leukopenia, neutropenia,
thrombocytopenia, elevation of AST, and colitis.

The hematological abnormalities most commonly reported
during the first cycle of treatment were neutropenia, leukope-
nia, and thrombocytopenia. Neutropenia, which tended to be
dose-dependent, but not course-dependent, was the principal
hematological toxicity in this study and was dose-limiting at
900 mg/m?. At the recommended dose of 800 mg/m?, the
mean recovery time of neutrophils from day 1 to grade 1
neutropenia was 24.0 £ 6.1 days. Therefore, bone marrow
recovery should be confirmed before the start of successive
treatment cycles. Hematological toxicities were also dose-
limiting in four previous phase I trials of E7070.5%

The non-hematological toxicities most commonly reported
during the first cycle of treatment were rash, fatigue, stoma-
titis, alopecia, injection site reaction, diarrhea and constipa-
tion. The type and incidence of the frequently noted events
were generally consistent across dosages and cycles of treal-
ment. Gastrointestinal toxicity, the most common non-
hematological type of toxicity associated with E7070, was
usually mild and well-controlled with medication. The frequency
of diarrhea increased with dose, and grade 3 severe diarrhea and
colitis were observed only in one patient at 900 mg/m? this
patient had previously undergone intestinal surgery for colon
cancer. Diarrhea was a dose-limiting toxicity in two previous
phase I trials of E7070.%7 Because of the relatively high
frequency and dose-dependency of diarrhea in this study,
patients receiving E7070 should be carefully monitored for
diarrhea. Grade 3 ileus followed by grade 4 constipation was
reported in one patient treated with 800 mg/m* of E7070.
Although this event appeared to be related to peritoneal
dissemination, its onset after 7 days of E7070 infusion sug-
gested that it might have been induced by E7070. None of
the patients treated at less than 800 mg/m® had grade 2 or
higher nausea, vomiting, or anorexia.

Grades 1-2 rash, commonly localized to the face, anterior chest,
and upper back, with mild itching, was observed in 12 patients
given 400—900 mg/m? of E7070. Its frequency and severity were
not dose-dependent. Rashes recovered within a week after the
administration of E7070, and skin toxicity did not interrupt
the therapy in any patient. Injection site reaction (grades 1-2)
was reported in nine (43%) patients. The frequency of this event
did not seem to be dose-dependent, suggesting that it was
related to infusion irritation by E7070, rather than hemolysis
or thrombosis. E7070 shows similarities to chloroquinoxaline
sulfonamide, which is known to cause hypoglycemia and
cardiac tachycardia.""® However, no hypoglycemia or cardiac
arrhythmia was observed in this phase I trial of E7070.

The results of pharmacokinetic analysis suggested that the
AUC of E7070 was non-linearly related to dose within the
dose range of 400-900 mg/m® The clearance seemed fto
decrease, with a disproportionate increase in AUC. These
results were in agreement with those obtained in other phase
I irials with Caucasian patients.®® This non-linearity was
prominent at higher dose levels and is likely to be a complex
consequence of saturation of metabolism, protein binding
and distribution of E7070./“ The absolute values of nadirs
and the decrease ratios of WBC, neutrophil and platelet
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counts were apparently correlated with the AUC of E7070. In
vitro experiments have shown that E7070 has the potential to
inhibit CYP2C9 and CYP2C19, suggesting that these CYP
may be involved in the metabolism of E7070.“? In fact, other
in vitro experiments have shown that CYP2C9 and CYP2C19
are responsible for the metabolism of E7070 (unpublished
data). Since these CYP show genetic polymorphism, there is
a possibility that subjects with one or more mutant alleles of
these CYP have decreased clearance for any compound that
is mainly metabolized by these polymorphic CYP. Therefore,
we were prompted to investigate the relationship of the phar-
macokinetics of E7070 with CYP2C9 and CYP2C19 geno-
type in this trial. At a dose level of 600 mg/m?* or more, the
AUC of patients with mutant allele(s) (PM and hetero EM)
of CYP2C19 were higher than those of the patients without
mutant alleles (homo EM). These results imply that the
presence of mutant allele(s) of CYP2C19 may result in a
decrease in the clearance of E7070 (Fig. 3), and support the
involvement of CYP2C19 in the metabolism of E7070, as
suggested from in vitro studies. The difference of AUC
between CYP2C19 homo EM and PM was not clear at a dose
of 400 mg/m?. This was probably because metabolic capacity
was less saturated at the low dose of 400 mg/m? compared
with the higher doses, and so intergenotypic differences did
not appear. The influence of the CYP2C9 genotype on the
AUC of E7070 was not clarified because only two subjects
had a mutani allele of this gene. The incidence of CYP2C9
PM is known to be less in Asian (< 1%) than in Caucasian
(< 10%) people,>'® whereas CYP2C19 PM is more frequent
in Asian (20%) than in Caucasian (< 1%) people.!” Due to
the low frequency of mutation of CYP2C9 in Asian popula-
tions, investigation of the effect of CYP2C9 on the pharma-
cokinetics of E7070 might be difficult in Japanese subjects.
Research on subjects with various racial origins would be
necessary for evaluation of the clinical impact of the CYP2C9
genotype. In any case, because of the small number of subjects
in the present study, further studies should be taken into con-
sideration to assess whether either the CYP2C9 or CYP2C19
genotype is of any clinical significance from the viewpoints
of safety and efficacy of E7070. Urinary excretion of unchanged
E7070, up to 72 h after the start of administration, was only
0.82-2.47% of the administered dose, indicating that renal
clearance plays only a minor role in the elimination of E7070.
Although clinical efficacy (in terms of confirmed partial or
complete responses) of E7070 was not demonstrated in this
study, one patient with liver metastasis from colon cancer had
a reduction in tumor size of < 22.5% and demonstrated stable
disease lasting 5 months. A phase II trial of E7070 as a single
agent in 5-fluorouracil-resistant or refractory colorectal cancer
showed limited activity with a 4% response rate,"® and thus
further clinical studies of combination therapy with irinotecan
(CPT-11) are ongoing for the treatment of this tumor type.
In conclusion, the MTD of E7070 administered intrave-
nously in a 1-2 h infusion every 3 weeks was estimated to be
900 mg/m? and the reconumended dose for a phase II study is
800 mg/m® At 800 mg/m?, hematological toxicities were
manageable. Gastrointestinal toxicity was the most common
non-hematological toxicity associated with E7070, but was
generally well controlled with premedication. However, this
recommended dose might be influenced by the CYP2CI9
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genotype and possibly by the CYP2C9 genotype as well.
E7070 scems to be an interesting agent with novel cell-cycle-
inhibitory effects. Additional phase 1 and 11 studies are cur-
rently ongoing in various tumor types to explore further the
antitumor activity of this drug as a single agent and in com-
bination with other chemotherapeutic agents.
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KEYWORDS - Summary

Neuroendocrine: - Background: The efficacy of chemotherapy in patients with large cell neuroendocrine
carcinoma; - . . carcinoma of the lung (LCNEC) remains unclear.

Lung cahcer; e Methods: Patients with LCNEC who received cisplatin-based chemotherapy were
Chemotherapy; . - identified by reviewing 567 autopsied and 2790 surgically resected lung cancer pa-

tients. The clinical characteristics and objective responses to chemotherapy in these
patients were analyzed.

Results: Overall, 20 cases of LCNEC were identified, including stage IllA (n=3), stage
1B (n=6), stage IV (n=6) and postoperative recurrence {n=5) cases. Six patients
had received prior chemotherapy, and 14 were chemo-naive patients. The patients
had received a combination of cisplatin and etoposide (n=9), cisplatin, vindesine
and mitomycin (n=6), cisplatin and vindesine (n=4), or cisplatin alone (n=1). One
patient showed complete response and nine showed partial response, yielding an
objective response rate of 50%. The response rate did not differ between patients
with the initial diagnosis of SCLC and those with the initial diagnosis of NSCLC,
however, the response rate in chemo-naive patients (64%) was significantly different
from that in previously treated patients (17%).

Conclusions: Our results suggest that the response rate of LCNEC to cisplatin-based
chemotherapy was comparable to that of SCLC.

© 2005 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Pulmonary neuroendocrine tumors include a spec-
trum of four clinicopathological entities classified
on the basis of the morphological and biological
features: typical carcionoid and atypical carcinoid,
which are tumors of low to intermediate grade ma-
lignancy, and large cell neuroendocrine carcinoma
(LCNEC) and small ceil carcinoma (SCLC), which are
high-grade malignant tumors. Travis et al. proposed
the term LCNEC in 1991 [1], for classifying a type of
poorly differentiated high-grade carcinoma charac-
terized by a neuroendocrine appearance under light
microscopy. LCNEC exhibits more prominent cellu-
lar pleomorphism and higher mitotic activity than
the atypical carcinoid (AC), and is distinguished
from SCLC by the tumor cell size and chromatin
morphology. Although several different terminolo-
gies and classifications have been proposed previ-
ously, and even the present classification of pul-
monary neuroendocrine tumors lacks uniform def-
inition criteria, this class of tumors could become
widely accepted and included in the updated histo-
logical classification of the World Health Organiza-
tion [2].

The clinical features of LCNEC have not yet
been completely clarified. The prognosis of pa-
tients with surgically resected LCNEC is reported
to be intermediate between that of AC and SCLC
[3—5], and the same as that of resected NSCLC,
except that stage | LCNEC has a poorer progno-
sis than stage | non-small cell lung cancer (NSCLC)
[6]. To the best of our knowledge, however, there
are no studies that have examined the role of
chemotherapy for LCNEC and the prognosis of pa-
tients with unresectable LCNEC, even though sev-
eral reports have been published on the associa-
tion between response to chemotherapy and the
neuroendocrine differentiation of NSCLC [7-9].
The appropriate treatment of unresectable LCNEC,
therefore, remains unclear. In the present study,
we attempted to investigate the effectiveness of
chemotherapy with cisplatin-based regimens for
LCNEC in patients with unresectable and recurrent
LCNEC.

2. Materials and methods

Eighty-seven of 2790 patients with primary lung
cancer who underwent tumor resection from 1982
to 1999 at the National Cancer Center Hospital were
found to have tumors with the histological char-
acteristics of LCNEC [6]. Of these, five had re-
ceived cisplatin-based chemotherapy at the time

of recurrence, and were enrolled as subjects of
this study. In addition, 303 of 567 patients who
were autopsied from 1983 to 1997 at the Na-
tional Cancer Center Hospital who had the fol-
lowing histological diagnoses were first selected:
SCLC (n=112), poorly differentiated adenocarci-
noma (n=99), large cell carcinoma (n=58), poorly
differentiated squamous cell carcinoma (n=29),
poorly differentiated adenosquamous carcinoma
(n=2), LCNEC (n=2), and carcinoid {(n=1). Of
these, 161 had received cisplatin-based chemother-
apy were selected for a pathological review. Fi-
nally, specimens from 17 of these161 cases were
found to have histological characteristics consis-
tent with the diagnosis of LCNEC, and were se-
lected as subjects of this study. We focused on
cisplatin, because since the 1980s, cisplatin has
been the only anticancer agent with proven ef-
ficacy against both SCLC and NSCLC [10,11]; we,
therefore, considered that the effectiveness of
chemotherapy for LCNEC could be reasonably eval-
uated if cisplatin were included in the regimen.
Cases which had received adjuvant chemotherapy
without evaluable lesions were excluded from the
analysis.

All the available paraffin-embedded tissue sec-
tions stained with hematoxylin—eosin were re-
viewed. We classified LCNEC according to the
histopathological criteria in the WHO classifica-
tion [2]. Immunohistochemical analysis was per-
formed to confirm the neuroendocrine features
of the tumors. For this purpose, formalin-fixed
paraffin sections were stained for a panel of neu-
roendocrine markers, including chromogranin A
(CGA), synaptophysin (SYN), and neural cell ad-
hesion molecule (NCAM), using standard methods.
The intensity of immunostaining for these mark-
ers was scored as follows: +, when the propor-
tion of stained tumor cells was >50%; %, when
10—-50% of tumor cells were stained; and —, when
<10% of tumor cells were stained, as previously de-
scribed [6]. One case included in this study had
the typical histological features of LCNEC, but
no neurcendocrine features as determined by the
immunohistochemical analysis. For specimens ob-
tained after treatment, we routinely confirmed
that the histopathological and morphological fea-
tures showed no changes due to treatment as
compared with the pretreatment biopsy or cyto-
logic specimens. Such cases for which no pretreat-
ment samples were available were excluded from
the study; since it has been reported that his-
tological changes may occur after treatment in
SCLC [12], we were concerned that misdiagno-
sis might occur if the same were also true for
LCNEC.
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Fig. 1 Case no. 2, 57-year-old man. (A) The tumor cells which are large-sized, polygonal in shape and have a low
nuclear-cytoplasmic ratio, are arranged in organoid nests and trabeculae (H&E stain, x200). Positive staining for neural
cell adhesion molecule (B), chromogranin A (C), and synaptophysin (D) (immunostain, x400).

Clinical information about the cases was ob-
tained from the medical records. The clinical dis-
ease staging was reassessed according to the lat-
est International Union Against Cancer (UICC) stag-
ing criteria [13]. The response to chemotherapy
and overall survival rate were assessed retrospec-
tively. The objective tumor response was evalu-
ated according to the WHO criteria published in
1979 (WHO, 1979) [14]. The survival time was mea-
sured from the date of start of chemotherapy with a
cisplatin-containing regimen. Survival curves were
drawn using the Kaplan—Meier method [15]. Drug
toxicity could not be assessed as the study was a
retrospective one and records were often incom-
plete.

3. Results

Overall, 22 cases were recognized as having tumors
with histological characteristics consistent with LC-
NEC among the autopsied and surgically resected

cases of primary lung cancer that had received
cisplatin-based chemotherapy and had evaluable
lesions; of these 17 were autopsied cases and
five were surgically resected cases. Two of the
autopsied cases were excluded, because no pre-
treatment pathological or cytological samples were
available. The typical microscopic appearance of
the tumor specimens is shown in Fig. 1A. The speci-
men sources for the prechemotherapy-diagnosis in-
cluded surgically resected specimens (n=5), biopsy
specimens (n=9), and cytology specimens (11=6).
The histological and cytological findings in the spec-
imens obtained before chemotherapy were con-
sistent with those in the specimens obtained af-
ter chemotherapy. We therefore finally enrolled 20
cases in this study. The initial pathologic diagnoses
in these patients were as follows: small cell car-
cinoma (n=10), poorly differentiated adenocarci-
noma (n=6), large cell carcinoma (n=2), undiffer-
entiated carcinoma (n=1), and poorly differenti-
ated carcinoma (n=1) (Table 1). None of the cases
had been labeled as LCNEC at the time of initial
diagnosis, probably because the concept of LCNEC



