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tumor periphery to the intermediate region when vascular
density was lower in the intermediate region compared
with the periphery. To explain this paradox, we posited
that insufficient blood supply in the intermediate region
might stimulate production of the angiogenic factors in
question, given that VEGF is a putative hypoxia-inducible
gene.?” The relatively hypoxic environment in the inter-
mediate portion as compared with the periphery was ver-
ified by RT-PCR analysis of anather hypoxia-inducible
gene, GLUTI?® (glucose transporter gene-1} (Ogawa M
etal., unpublished data, 2003). In support of this hypoth-
esis, there is evidence that hypoxia can induce ANG2 ex-
pression in vascular ECs and glioma cells.?1:39-41
Another possible link between Ang-2 and tumor-asso-
ciated angiogenesis could be inferred from the his-
topathologic features of the tumor vessels observed.
Tumor vessels appeared to be immature, with tortuous
morphology and a relatively small luminal size, signif-
cantly different from the ordinary straight vessels in nor-
mal liver tissue. Other studies also suggested that Ang-2
may be associated with vessel immaturity. The character-
istically small luminal size of tumor vessels was reported in
ANG2 transgenic mice and in Ang-2-dependent corneal
neovascularization in mice.1®!* It is noteworthy that
PESCs were not sufficiently recruited to surround ECs in
- these Ang-2-associated in vive models. In addition, it was
demonstrated that overexpression of the AING2 gene pro-
duced a lower degree of vessel maturation in #n wive ex-
periments involving gastric cancer cells.’¢ We consistently
found that insufficient recruitment of PESCs around ECs
became more evident going from normal liver tissue to the
tumor periphery, and also going from the periphery to the
intermediate portion of the tumor, and that expression of
Ang-2, but not Ang-1, increased accordingly with increas-
ing proximity to the center of the tumor (Figs. 6, 10D).
Because Ang-1 maintains and stabilizes mature vessels,
these findings suggest that high expression of ANG2 RNA
relative to ANG1 RNA may prevent vessel maturation.

In conclusion, we have demonstrated that Ang-2/

ANG2 is preferentially expressed at the protein and RNA
levels in metastatic CRC in the liver. The current data
suggest that Ang-2 may cooperate with VEGF in tumor-
associated angiogenesis and thus assist in tumorigenesis of
CRC metastases in the liver. Therefore, with respect to
anti-VEGF therapy, inhibition of Ang-2 activity may be
an alternative or additional strategy in the prevention of
CRC-related liver metastasis.

Acknowledgment:  The authors thank Y. Naito and S.
Yamane for their work on the preparation of paraffin sec-
tions and A, Ueda, M. Yamada, and X, Xu for their ex-

perimental assistance.

HEPATOLOGY, February 2004

References

1. Nelson H, Pecrelli N, Cartin A, Couture ], Fleshman J, Guillem J,
Miedema B, et al. Guidelines 2000 for colon and rectai cancer surgery.
] Natl Cancer Inst 2001;93:533-596.

2. August DA, Otow RT, Sugarbaker PH. Clinical perspective of human
coloreceal cancer metaseasis. Cancer Metastasis Rev 1984;3:303-324.

3. Fong Y, Cohen AM, Fortrer JG, Enker WE, Turnbull AD, Coit DG,
Marrero AM, er al. Liver resection for colorectal metastases. ] Clin Oncol
1997;15:938-946.

4. Kehn EC, Lioua LA. Invasion and metastasis: new approaches to an old
problem. Oncology 1993;7:47-52.

5. Terayama N, Terada T, Nakanuma Y, A morphometric and immunohis-
tochemical study on angiogenesis of human metastatic carcinomas of the
liver. HEPATOLOGY 1996;24:816-819.

6. Folkman J. Tumor angiogenesis: therapeuric implications. N Engl ] Med
1971;285:1182-1186.

7. Folkman J. What is the evidence that tumors are angjogenesis dependenc?
J Natl Cancer Inst 1990;82:4—6.

8. Davis S, Aldrich TH, Jones PF, Acheson A, Compton DL, Jain V, Ryan
TE, et al. Isclation of angiopoietin-1, a ligand for the TIE2 recepror, by
secretion-trap expression cloning. Cell 1996;87:1161-1169.

9. Suti C, Jones PF, Patan: S, Bartuntkova S, Maisonpierre PC, Davis 5, Sato

TN, et al. Requisite role of angiopoietin-}, a ligand for the TIE2 receptor,

during embryonic angiogenesis. Cell 1996;87:1171-1180.

Maisonpicere PC, Suri C, Jones PF, Bartunkova S, Wiegand SJ, Radziejew-

skiC, Compton D, eral. Angiopoietin-2, 2 natural antagonist for Tie2 that

disrupts in vivo angiogenesis. Science 1997;277:55-60.

Wong AL, Haroon ZA, Werner S, Dewhirst MW, Greenberg CS, Peters

KG. Tie2 expression and phosphorylation in angiogenic and quiescent

adule tissues. Circ Res 1997:81:567-574. .

Holash J, Wiegand SJ, Yancopoulos GD. New model of tumor angiogen-

esis: dynamic balance berween vessel regression and growth mediated by

angiopoietins and VEGF. Oncogene 1999;18:5356-5362.

Asahara T, Chen D, Takahashi T, Fujikawa K, Kearney M, Magner M,

Yancopoulos GD, et al. Tie2 receptor ligands, angiopoietin-1 and angio-

poietin-2, modulate VEGF-induced postnaral neovascularization. Circ

Res 1998;83:233-240.

Ahmad SA, Liu W, Jung YD), Fan F, Reinmuth N, Bucana CD, Ellis LM.

Differential expression of angiopoietin-1 and angiopoietin-2 in colan car-

10.

11

i2.

13.

14,

cinoma. A possible mechanism for the initiation of angiogenesis, Cancer

2001;92:1138-1143.

Tanaka S, Mori M, Sakamoto Y, Makuuchi M, Sugimachi K, Wands JR.

Biologic significance of angiopoietin-2 expression in human hepatocellular

carcinoma. | Clin Invest 1999;103:341-345.

. Etoh T, Inoue H, Tanaka S, Barnard GF, Kitano S, Mori M. Angiopoi-
etin-2 is related to tumor angiogenesis in gaseric carcinoma: possible in vivo
regulation via induction of proteases. Cancer Res 2001361:2145-2153.

. Wong MP, Chan SY, Fu KH, Leung SY, Cheung N, Yuen ST, Chung LP.

The angiopoietins, tie2 and vascular endothelial growth factor ase differ-

entially expressed in the transformation of normal lung o non-small <ell

lung carcinomas. Lung Cancer 2000;2%:11-22.

Bunone G, Vigneri P, Mariani L, Buto S, Collini P, Pilorei S, Pieroui MA,

er al. Expression of angiogenesis stimulators and inhibitors in human thy-

15.

18.

roid tumors and correlation with clinical pathological features, Am ] Pathol
1999;155:1967-1976.

Stratmann A, Risau W, Plate KH. Cell type-specific expression of angio-
poietin-1 and angiopoietin-2 suggests a role in glioblastoma angiogenesis.
Am J Pathel 1998;153:1459-1466.

Holash ], Maisenpierre PC, Compron D, Boland P, Alexander CR, Zagzag
D, Yancopoulos GD, et al. Vessel cooption, regression, and growth in
tumors mediated by angiopoietins and VEGF. Science 1999;284:1994 -
1998.

Koga K, Todaka T, Morioka M, Hamada ], Kai Y, Yano S, Okamura A, et
al. Expression of angiopoietin-2 in human glioma cells and its role for
angiogenesis. Cancer Res 2001;61:6248-6254.

19.

20.

21.

—231—



HEPATOLOGY, Vol. 39, No, 2, 2004

22.

23,

24,

25.

26.

27.

28.

29.

30,

3L

Ahmad SA, Liu W, Jung YD, Fan F, Wilson M, Reinmuth N, Shaheen
RM, et al. The effects of angiopoietin-1 and -2 on twmor growth and
angiogenesis in human colon cancer, Cancer Res 2001;61:1255-1259.
Muramarsu Y, Takayasu K, Moriyama N, Shima Y, Goto H, Ushio K,
Yamada T, et al. Peripheral low-density area of hepatic rumors; CT- -patho-
logic correlation. Radiology 1986;160:49—-52.

Murakami T, Kim T, Takamura M, Hori M, Takahashi S, Federle MP,
Tsuda K, et al. Hypervascular hepatocellular carcinoma: detection with
double arterial phase multi-detector row helical CT. Radiology 2001;218:
763-767.

Takemasa I, Yamamoto H, Sekimote M, Ohue M, Noura S, Miyake Y,
Matsumoro T, et al. Overexpression of CDC25B phosphatase as a novel
marker of poor prognosis of human colorectal carcinoma. Cancer Res
2000;60:3043~3050,

Noury §, Yamamoto H, Chnishi T, Masuda N, Matsumoro T, Takayama
O, Fukunaga H, et al, Comparative detection of lymph node micromeras-
tases of Stage 11 colorecral cancer by teverse transcriprase polymerase chain
reaction and immunchistochemistry. ] Clin Oncol 2002;20:4232- 4241,
Hayasht N, Yamamoro H, Hiracka N, Dono K, Ito Y, Okami ], Kondo M,
etal. Differential expression of cyclooxygenase-2 (COX-2) in human bile
ducr epithelial cells and bile duct neoplasm. HEPATOLOGY 2001;34:638 —
650.

Zhang EG, Smith SK, Baker PN, Charnock-Jones DS. The regulation and
localization of angiopoietin-1, -2, and their receptor Tie2 in normal and
pathologic human placentae. Mol Med 2001;7:624—635.

Willam C, Koehne P, Jurgensen JS, Grafe M, Wagner KD, Bachmann §,
Frei U, Eckarde KU, Tie2 receptor expression is stimulated by hypoxia and
proinflammatoty cytokines in human endothelial cells, Circ Res 2000;87:
370-377.

Takahashi Y, Kitadai Y, Bucana CD, Cleary KR, Ellis LM. Expression of
vascular endothelial growth factor and its receptor, KDR, correlates wich
vascularity, metastasis, and proliferation of human colon cancer. Cancer
Res 1995;55:3964 -3968.

Warren RS, Yuan H, Madi MR, Gillert NA, Ferrara N. Regulation by
vascular endothelial growth factor of human colon cancer tumorigenesis in
a mouse model of experimental liver meeastasis, ] Clin Invest 1995;95:
1789-1797.

32.

33.

34.

35.

36.

37.

38.

39.

40,

41.

42.

OGAWA ET AL. 539

Ishigami SI, Arii S, Furutani M, Niwano M, Harada T, Mizumoto M,
Mori A, et al. Predictive value of vascular endothelial growth factor
{VEGF) in merastasis and prognosis of human colorectal cancer. Br ]
Cancer 1998;78:1379-1384.

Laugmuir VK, Cobleigh MA, Hetbst RS, Holmgren E, Hurwiz H, Kab-
binavar F, Mille K, et al. Successful long-term therapy with bevacizumab
(Azastin) in solid rumors [abstract]. Proc Am Soc Clin Oncol 2002;21:9A.
Poon RT, Lau CP. Cheung ST, Yu WC, Fan $T. Quantitative correlation
of serum levels and tumor expression of vascular endothelial growth factor
in patients with hepatocellular carcinoma. Caneer Res 2003:63:3121-
3126.

Miesuhashi N, Shimizu H, Ohtsuka M, Wakabayashi Y, Ito H, Kimura F,
Yoshidome H, et al. Angiopoietins and Tic-2 expression in angiogenesis
and proliferation of human hepatocellular carcinoma. HEpaToLOGY 2003;
37:1105-1113.

Shahrara $, Volin MV, Connors MA, Haines GK, Koch AE. Differential
expression of the angiogenic Tie receptor family in arthritic and normal
synovial tissue. Arthritis Res 2002:4:201-208,

Shweiki D, Itin A, Soffer D, Keshet E. Vascular endothelial growth factor
induced by hypoxia may mediate hypoxia-initiated angiogenesis. Nature
1992;359:843- 845,

Clavo AC, Brown RS, Wahl RL. Fluorodeoxyglucose uptake in human
cancer cell lines is increased by hypoxia. ] Nuck Med 1995;36:1625-1632.
Mandriota §], Pepper MS. Regulation of angiopoietin-2 mRNA levels in
bovine microvascular endothelial cells by cytokines and hypoxia. Circ Res
1998;83:852-859,

Oh H, Takagi H, Suzuma K, Otani A, Matsumura M, Honda Y. Hypoxia
and vascular endothelial growth factor sefectively up-tegulate angiopoi-
etin-2 in bovine microvascular endothelial cells. ] Biol Chem 1999;274;
15732-15739.

Yuan HT, Yang SP, Woolf AS. Hypoxia up-regulaces angiopoietin-2, a
Tie-2 ligand, in mouse mesangial cells. Kidney Int 2000;58:1912-1919.
Lunevicius R, Nakanishi H, [to S, Kozaki K, Kato T, Tatematsu M, Yasui
K. Clinicopathological significance of fibsotic capsule formation around
liver metastasis from colorectal cancer. J Cancer Res Clin Oncol 2001;127:
193-199,

—232—



SAFE# Vol 90 No.1 (2004 : 1)

NOKREC B B E R E D BN ORI i &K s

Ak EX #BHE BEE
A il & ®HF BR HH HET
1 #E Wk E— WwH k£
At Mz BX Bl MHEH FA

i)
E
ais

—233—



NOKHIFEIZ

j—é% ru:b‘u
ﬁ¢%@ﬁ&®ﬂé£ﬁﬁ

NOKRBHIZ BV 5 RIRRGEI L R NEBRIBON AL RS 77

2k B

Benefit and drawback of immunohistochemical detection of micrometastasis in NO colorectal cancer

WA #FHxXx BE EE & 0 K

YAMAMOTO Hirgfumi NOURA Shingo TAKAYAMA Osamu

AN B R H BE O OFH EBT
OGAWA Minoru YASUI Masayoshi MANI Mariko

M O® R Ak — WwH OFE

HATA Taishi IKENAGA Masakazu IKEDA Muasataka

K ez BEX R MBE 5 AT

OHUE Masayuhi SEKIMOTO Mitsugu MONDEN Morito

U &I
BhER L, BEORERET CERB L
WREODL T RBHROERTH B, HhiEl
B2 X ABMNEIROBRBEE LR R TE
TBY, KEEY < Eh O/ NEEOEE L
BETREOBRICOVTIBAICBENTE

COZEE, BREDFEOBER, YHnigs
R NERBIBYE L 35 0 CRRTRENH— X R
TWiRWZ &, S5, TUhowEv~Lck
LHEREORELR EXFBER LTV AT E 2
Lbhd. FFRTIE, FTTIRFEEOENICES
B/NEBOBBRIZOWTRE L, FosRIzH

A R

i controversial ThHHEE1 P2,

Fl NOKBEOMIMGEREFHRICOVT

CEE L {'_'3 HE o . bk ﬁfj‘ﬁg ?fi

Nicholson 2)  Dukes A, B CAMS2 —
I3FEH, 5429 TN 6 1) 2 (1.1%)

Sasaki 3) Dukes A, B CAM5.2 19566 (100%) —
19EH, 3581 8 90 > 357 (25.1%)

Yasuda 4) Dukes B CAMS52 3245 (76.2%) —
42HEF, 10131) > 23 1367 7 VH5 (13.4%)

Cutait 5) Dukes A, B CK{AEI+AE3)  12£E41(26%) FEELL
4BIER, 603V ¥ a3H CEA 22V 381 (3.7%)

Jeffers 6) Dukes B CK(AEI+AE3)  19E(25%) HEEZL
THER], 5591 ¥ /38

Adell 7) Dukes B Anti-CK 30HEH (39%) HEXELL
1005EH, 4677 3 81 85 (17.3%)

Oberg 8) Dukes A, B CAMS52 ATHER (32%) HEELL
1475, 609Y > 734 77 ¥ 2385 (11.6%)

Greenson )  Dukes B CK{AEI+AE3)  14fEH1(28%) FELR
ROFE, 568Y ¥ ool 331 i (5.8%)

Isaka 10} Dukes B (Bilg#ic>4)  CAMS2 9 FEF1(21.4%) FHEAR
42550, 6447 ¥ 199 ¥ 238 (2.9%)

AERFRZEREZRFFER BB SRS R s

Key words : K/ T/ a8, RfElm

—234—

VT, KEBOY) ¥ 1B ofyNEdIfaOERE



78 SBHEE VoL 90 No.1 (2004: 1)

BREMIEE, BB v\ EihoEsty, e
CRETHL P ER TRV AIZDWTH-~,
SRR I L A MUNER B ORISR 20
FREUZOWTER L7,

L X&®ETGE

1989~19964F ¥ TIC LB CIHER K% Si13 /-
NOKIGHESSH 2R E L= (3 2). 1 EMH,-
D OFIHWFE ) BB, 1208ThY, T
R B BEIX805239.0% HTH 5. #
HE SR BUTRIARIAT o Ty, it
SHEEIL, stage I D11.1%, stage II D37.0%1-
HLT, 5-FU REH (& 212w 4 b3 C

1 EEEEULNEOY A MrSF e
B

A KEHBEEOWA M roFvRE

ZOEH) PG ENTVE, Fr<) VEEAS
74 VB ENTO662DY VSEIL Y, 6
BOEGDR 2L, 1480 HE Rea%, 54%
QYA M7 F Y ORBEREE T 35
RiZowTd, 2HOWH%/ERL, HE Bfs
TA M SF U RBETo N BNSHE, G5O
TURBIE 247w (7 — VB8 #& % (pH 6.0, 10
mM) 295 CA05- RIS, 4 Moo es
70—+ VAR (AEL/AES : 1ug/ml) &~
¥V & — Y dextran polylinker fFh1= ¥t
& (Envision plus(DAKO)) & BV CAFEREEH
REBC L 2R %fT ol By Pa—n &
LTRSS > 70, Blkay bo—n kL
T—KIEDOR D D 2FERE Y R IgG 2 HH
L7

. # ES

L. Y1 b rSFkic L 3 kEEEEs Y
B
BREEOBF T, ABEEESsEILR Y4
MO F Y OREBRBARLNE(H1A). EEOM
BRSO T, U A HOBRKRERLBERO
MIFBHIE (reticular cell) 23 LiE LiZ§gv Retatt 3

C H&sf

D

E BEEOR T, BRRO—EIThTWE0T, POl T

—235—



NORBEIC BT A RERa L2 EERtofsi s 79

3 BEVRBICLIRDEBOREE

F4 BABEBOBIASFOENFY

BEGER . - UrsE RIS S BUNEBRER o h
LR 41%(27/662) 32.7% (18/55) 1% 2B 3m R
2R 5.7% (38/662) 41.8%(23/55) )Y 50/373  16/203  4/86  79/662(119%)
5 YK 11.9%(79/662) 49.1%(27/56) w5 15 8 5 27/ 55(49.1%)

A single
C cluster

B multiple

H2 BemBianrE

BUMNEEIROEERRE LT, A BMNEBOS (BB THY (ingle), B HEOIIHEMAIR
A BIE (nultiple), C 8 5KEBRICESEERE TS b O (cluster) 25 5,

R, KR (es o7y —I) b XITH
wERL2-(K 1B, C). I, BREHIC
TFEMEE OHNXESTHB(E1D). LarL,
YEAYEOHRFETIE R L, BEITHL LS
A, SHSHEBETH-FE1E). b
BOBWMNIH 2o TiL, SHORBHNEE AT
BEL, 4 Mo F BT, HRMIKE
LA L HERM A LHLPICEERE VRS
boATERENE L., B3I, REUREELE
BNEBRIERE O RIZOVTRT,

2, NGB L INEROSERE ST
NER L, NOFEFISSHI 2781 (49.1%) 12,
6628 DY 1 E i 79E (11.9%) 2B bz,

BN ) VOB FRHEN Y 2 R 41TR
3.

3. MR TFTIERESS
BRI < BRET OR, Y v o5jEkk
RBOERICHEE Lz, 20% ik 1 EofMn
ELTAODED (single), & XIZFDL I LM
ST, BEAOP B S LA Y (multiple),
SHIBRIZEERERETALDOIALNS
(cluster) (K 2). #UMNEBHFLERR LMNEE
MR oBEIZOVTEMOHRELZES, 61K
7.

—236—



80 HBHEH Vol 90 No.l (2004: 1)

®5 Bl EBEERS

®£6 R EBEREY

HERK &L singlecell culster single + culster

e 0 15 610 1120 20<

SEPIEL 28 22 1 4

P 28 16 7 2 2

59.0+87

#
B 17 19 p=0703
T 10 9 :

B & R AR
£ 14 16 p=0.694
(4 13 12

AR
Bt 14 17 p=0508
it i3 i1

EEw

~BE TR 1 8 p=0013*
HETR~ 26 20

PR =) ]
et 15 17 p=0698
Bt 12 11

HiREE
£33 20 25 p=014
B 7 3

BEEEE (cm) 5717 43+28 p=0037*

*HMEEMNEBREAD

4. PBUINERYS & ERPRIREREEAVAT R & ORER
RUNERE: & BRI RICOW TR 7 IOR
3. EEEOREESHBUAICEE TS 9
PIFF RV NER B DT 1 oA (11.1%) Th
S/2DETHL, HREE I ZLH54681TIE, 268
(66.5%) & RBIMUMNER % 2072, T /-fNg
BIEEEL SBHEL T,

5. FRETE L CORMNER
BRRRERET O 5 FEFRE~OEEBL AR
&, SMEE, FREBOIABFFHET L L 5EH
A ORI, BUNEBORE L IMEN D
Lhol(EB). TN, stage [ EHAEBRWT
stage DT CRE L TLRIETH o 7=,
R MNEBORM & FHROBRICOVTRE
L7, $hbb, NEBEETLY V80D
B, OXERLLOWHE, O INERROE, B

£33 ERFOSEBAOEE
SERY (<60 : =260) 0.919

% (B &) 0.301
BB GRS ARAY (RS M) 0.664
REE (~BENRE BERTE~) 0.831
BESLE (Fk : k) 0.050
Y g RS (BB 0.156
BIREM (Rt @ B) 0.083
BE# (<50cm : =50cm) 0532
WiEHB{LEgE (kLB h) 0.557
by VRS (B B 0.817

EVDEDOFHER (B L, single cell, cluster )
oW TTHDH, ZOhTHE—, FEENICE
B L7-857 T E5 & ORISR S e,
NOFEBISSHIH, 1561(27.3%) 2 #itk 5 E£ELLAOE
FEHAHLN, cluster ZTBEL T 5 Hid 3 4
THEFAON=DIZHL, single cell /87—
Tik2280d 5 6, BUNEBEZ LBETI286I% 7

—237—



NOKB R 31 Bkt L s Riofla L RE 81

b

1 2 s00 0 i?’
TR
Y4 L~ 9 Tt 50% bl E TR 50% VLT TR
1 OOO® OO0 OO0
2 @O0 OCEOEDY OO
3 OO0 OGO OO
1 OO0 COEHEO OCOOO
5 @O oo OO0
5 OO OO OOOQ
7T OO OO0 OOOO
613 HEMAERICE2EREORE
FILERTHoT

6. SHEIEERIC & A2BEMOHE
BNEREBENEE Sh-10EO ) Y EIIZDOW
T, SHICERNA 4 MERLD T VUL T/REL
LifegticonT, MhEBOSH RS LA
(K3)., Z0R, 4ED) VI EHIEBYFET
CRUNERS R S on, 20y VNE]
I150% L LD ¢, BY 4 B0 Y HITIE
50% LT DY H COAIIBUMERFRE I h AT
T E ol

mlL. &=

BNERRL ORI B 72 o TR CHlRER
LTy, Uy o RERS TRERPZY
», HoTHEIRSFIELTHS, THIET
DREREEROEREOZ I YV 5FY
de—Hh—& LCHIHAEHh, —HTCEAPRW
bhTwb., ¥4 P4 5FORBIZE
AEI/AESMEDAKO ) AMERERTEHEDY,
CAMb5.2 (BectonDickinson 1) 25& X IZfEH S h

) vasER

i."" . “. ". g . ': 4

SN (Yl AARMER
BE Aivh A8 '
e U voUR MR

4 ERUROBE

TW5, U EEBRTAMRE LT, Y
mofbic, MEHE, Kadife, BEMRELZ SN
H5HEG4)7.

bivhhoBE T, MEmEs, LiIZLIEEs
Wi R R LA, B ORED SR, S
FEHIRL & BRERT B T ik, & BRI
RS RTE L EH A, RIIVEHREED

—238—



82 HFEHE Vol 90 No.l (2004: 1)

BAIEE THAH, FHADERIZIER L T
% preliminary 2 CEA & 34T-7-. CEA
B0 7 77—V CTEANALNAA, RHlEE
WABRERNAENNT — B LITLITA SR,
Zhik, HWEe CEA EEERAEZHELTE
b DERITVWELDEEZONL, BRET
i, CEA ISR ONE T 5.0 & T 58
A LR, UMNERILOREMIC SV
X CEA XD d% A b roFrohstLAsHED
07eDT, AFETIEHTA L7 5 F vtk
(AEl/AE3)ZFIHT B L & LT

ZhFETODITEAEORETIE, BNERIT1
BOUATEHshTws, gy N
AL YSHIEERIZIEN o Th 2D Tk vk
EV BB EBIIESHTWEDE, S50
U REERRET ADOIEROYE AL
HEARLAER L2205 THA, bhubhil,
HAZTEE2MED ) 3z onT, EHi6 K%
e LRUERN U NER IR A R L7, fviNgE
BEAED) VSO 1L, 28, sH#Ey
FEz2Eedicoh, oL, 20x
BERELT, 1HCIEIBORESHEERZ &
DEVH, WEOBRIRA RO L TATHDT
K& L%, BIRREMEONEo & ) & & R
M LHBTE LI LEDIToRS, BllzoH
RTERDE SN TV AEEIIRIER WS, [l
DmDBF 2P TH T TENCREMES R LD S
NBHEE, 0L BRI ET > ThA0R
ERMICHIRTE w2z LIFLEESR L
(B1E). ¥/, NGBS H-oTiE, B
8% 2 ATITY, ¥4 M SFUaBRHT, B
FIICH LI E VA2 05T BiEE L
7eo SO &) RHERBEOWIEIIL, BEICEE
BELLHTIATERETHA.

NOREHE OBUNERS 1T I E50(49.1%) DB
Db, ZORFRYMObhbhoEEt
BEPIBLA DD THol, FEA4IHNEBY
YRE R REHEOGBICRL LebWTaA E,
18 Y EID15.8%, 27, 3BEY VAHO
79%, 4.7%k, BEEY YREICH LSO

NEBHFIEL T, RHTHENOTH HLREE

- OFEY VSHIERE T TR B, IO

RIZL L ORPNEBEINIC IV BREENTHS
ZEERRLTNA,

HNEBOFED, BEOKEE, JLizgpE
BEECEELTW S &, BE3RE2LT
H5, FH, WETRE - BBCET LY Vg
CH/MNERRARE Sh A2 ER10%BETH S
B, BREERLS LNEBORIRET S, =
DT ki, RIEREI L ARUNERRE A
DI EEZEFEICRLTWA I E2WESTY
A, AR, BEEAZSDEDOOEHBETY

BT 2 BRBEREETH Y, SHOVKER

BRI, FDDTHPNRERIEE A DT 50
RN RRREEET S, Bl rFRLY v
IR ORVNER ORFEICIEI RT-PCREL D B
L UASHURRERIC L A RERENEHTH S
EERIEZ TV,

RIEGt TR S A NER R TFERTF IR
DZBNENIELOHENDH B (F1). —H,
Greenson % Isaka SIZFHEFELD I B EL
TWVEM, Zok) REBEROME, WEEN
RWFRTHA VOB EHSBELTWE L E
ZBNBEH, TRIIMAT, SEOSH RO
MR, UHORBUHIC L o TN, BMEERS
KESCEDYSBZLERLTBY, TDLXH5%
BREOREZEMRD, Zh I T controversial
LRELHEL TV 2000 Lk, |

L) VLoEZLNLDIL, HERETIIER
EWw212, single cell LV OBUNER 5% <
2TLE) LD, FHRETNS S 2 CRIE
LD TELRWHEWS ZETHB, BEDIZ
EAEDHER, IBORENATHY, 208K
HEIINOERI & L T21.4~39.0% TH 2570, 4
Hbibhid 5 MOREIZL 5T, #50%I28h
EREHD, Yasuda? i, R0 sHok®s
T76.2%, Sasaki® HIX108ET100% & $id: L
Wb,

DX I, single cell LRUVFTEDB L
NEBIGFFIIEHEERTET 20T, 20F#H

—239—



B¥E LToOERL, BIHFETLH0ENTRE
{, LLAFDENRSILT v, HEHVITE
EHREFE L T REIPL V) AL VEE
THHAWEEE?H L. SEHOKETH, single
cell 253 HEMICHT, cluster 2K LT
WAEFITERICERPALNR, ZOHIIDW
Thhbhid, #MNEBEVZED n(+) I
TAROENRISEET 250D LEZER
i RT-PCR ECHERELTWwA", ELHIIRT-
PCR & CAH#729%5 prospective [ZHET$ 5 &,
BNERFTFEFHMCER Cho oW EEHL
7=, iz, Liefers &id, BEfHOEReHEL
TWw5Y, RT-PCR OBADFHIRIL, U ¥/ g
ETHVORLTHRETELILTHY, R
BTHEE 2o DL ANV AROBH
T D WTORIEYN W EHHITo N5,

X 23

1) Wells CA, Heryet A, Brochier ], et al: The imrunocyto-
chemical detectyion of axillary micrometastasis in breast
cancer. Br ] Cancer 50: 193-197, 1984.

2) Nicholson AG, Marks CG, Cook MG: Effect on lymph
node status of triple levelling and immunohistochemistry
with CAMS5.2 on node negative colorectal carcinomas.
Gut 35 1447-1448, 1994,

3) Sasaki M, Watanabe H, Jass JR, et al: Occult lymph node

metastases detected by cytokeratin immunochistochem-

istry predict recurrence in "node-negative” colorectal can-

cer. ] Gastroenterol 32 : 758-764, 1997.

Vasuda K, Adachi Y, Shiraishi N, et al: Pattern of lymph

node micrometastases and prognosis of patients with col-

orectal cancer. Ann Surg Oncol 8 : 300-304, 2001

5) Cutait R, Alves VAF, Lopes LC, et al : Restaging of col-
orectal cancer based on the identification of lymph node
micrometastases through immunoperoxidase staining of
CEA and cytokeratins. Dis Colon Rectum 34: 917-920,
1991,

6) Jeffers MD, O'Dowd GM, Mulcahy H, et al: The prognos-
tic significance of immunohistochemically detected
lymph node micrometastases in colorectal carcinoma. J
Pathol 172 ; 183-187, 1994.

7) Adell G, Boeryd B, Franlund R, et al: Occurrence and
prognostic importance of micrometastases in regional
lymph nodes in Dukes’ B colorectal carcinoma: An
immunochistochemical study. Eur J. Surg 162: 637-642,

4

=

NOKBBRE I 31 5 RiEeta i L AR MNEB ORI s E Kt 83

Ehi)ic

5 BOEFE A % H ik, BuMNERE
BrictEEM %25 2 FHATH >/, Fi:single cell
a5 L, NOKBEOHIEHTY v 3 Eifgh
ERSHRODP oz, REREI L ANGEEILE
EEOREECEEEL L (HABL, Boig
B, 37255 local disease BB EFDORBHE) 225
expanding disease JAAD Y ¥ /3{ilZILAD D
Dk AWRE)~OBIT RIS, LaL,
et TR X DN DPMERIL cluster TERLH
TER~OBERI RS ), &t LT
HEEROTMEF & X% 63, single cell TBEE
DY EBREROTFARTFE LV EE
25,

1996.

8) Oberg A, Stenling R, Tavelin B.et al: Are lymph node
micrometastases of any clinical significance in Dukes
stage A and B colorectal cancer? Dis Colon Rectum 41:
1244-1249, 1998.

9) Greenson JX, Isenhart CE, Rice R, et al: Identification of
occult micrometastases in pericolic lymph nodes of
Dukes’ B colorectal cancer patients using monoclonal
antibodies against cytokeratin and CC49. Correlation
with long-term survival. Cancer 73: 563-569, 1994.

10} Isaka N, Nozue M, Doy M, et al: Prognostic significance
of perirectal lymph node micrometastases in Dukes' B
rectal carcinoma; An immunchistechemical study by
CAMS.2, Clin Cancer Res 5: 2065-2068, 1999.

11) Miyake Y, Fujiwara Y, Ohue M, et al: Quantification of
micrometastases in lymph nodes of colorectal cancer
using real-time fluorescence polymerase chain reaction.
Int J Oncol 16 : 289-293, 2000.

12) BEEniE, ok  ERAfEER (B2 EFER,
B, pp39-44, 1984,

13) Miyake Y, Yamamoto H, Fujiwara Y, et al : Extensive
micrometastases to lymph nodes as a marker for rapid
recurrence of colorectal cancer: a study of lymphatic
mapping. Clin Cancer Res 7: 1350-1357, 2001.

14) Liefers GJ, Cleton-Jansen AM, van de Velde CJH, et al:
Micrometastses and survival in stage II colorectal cancer.
N Engl ] Med 339: 223-228, 1993.

—240—



Clinical Trial

M
Chemotherapy 2005;51:32-39 )
DOI: 10.1159/000084416

Chemotherapy

Received: March 29, 2004
Accepted after revision: September 24, 2004
Published online: March 14, 2005

Sequential Treatment with Irinotecan and
Doxifluridine: Optimal Dosing Schedule in
Murine Models and in a Phase | Study for

Metastatic Colorectal Cancer

Hideyuki Mishima® Takeshi Kato? Mieko Yanagisawa®
Toshimasa Tsujinaka® tsamu Nishisho® Masaki Tsujie®
Kaori Fujimoto-Ouchi® Yutaka Tanaka® Nobuteru Kikkawa®

Departments of Surgery, “Osaka National Hospital, and ®Minoh City Hospital, Osaka, and ®Product Research,

Chugai Pharmaceutical Co., Ltd., Kamakura, Japan

Key Words
Camptothecin - Colorectal cancer - Combination
chemotherapy - Doxifluridine

Abstract .

Background: Irinotecan [CPT-11) and doxifluridine (5'-
DFUR) are active agents against colorectal cancer, Each
drug, however, has the possibility of causing diarrhea,
Methods and Results: First, we determined the optimal
dosing regimen in murine models. CPT-11 (i.v., g2d x 3)
and 5'-DFUR (p.o., qd x 14) were administered to mice
bearing a human colorectal cancer xenograft model. Di-
arrhea was stronger in the simultanecusly administered
schedule but not much stronger in the sequentially ad-
ministered schedule compared with monotherapies.
Both schedules yielded similar antitumor efficacies.
Next, we conducted a phase | study combining CPT-11
ondays 1 and 15, and 5'-DFUR on days 3-14 and 17-28
every 5 weeks in 19 patients with metastatic colorectal
cancer. The doses of CPT-11 ranged from 80 to 150 mg/
m? and those of 5’-DFUR from 800 to 1,200 mg. Diarrhea
of grade 3/4 developed in only 1 patient at 100 mg/
m?#/800-mg doses. Dose-limiting toxicities were hyper-

bilirubinemia and skipping doses due to fatigue at
150 mg/m?/1,200-mg doses. Conclusion: For the phase Il
study, the recommended dose was set at CPT-11
150 mg/m? and 5'-DFUR 800 mg.

Copyright € 2005 §. Karger AG, Basel

Introduction

Two recent large, randomized phase 111 studics have
demonstrated that compared with fluorouracil (5-FU)
and leucovorin (L V), thecombination of irinotecan (CPT-
11}, 5-FU and LV improved response rate (RR) and sur-
vival in patients with metastatic colorectal cancer [1,2],
and that CPT-11, 5-FU and LV represent one standard
option for patients with advanced colorectal carcinoma.
However, higher mortality and higher levels of toxicity
(particularly diarrhea and neutropenia) were observed in
patients treated with a combination of CPT-11 plus 5-
FU/LV compared with patients receiving 5-FU/LV [, 2),
necessitating safety precautions [3].

Preclinical and clinical studies have not clarified the
optimum combination of CPT-11 and 5-FU. Many pre-
clinical studies have shown schedule-dependent toxicity
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that was more severe when 5-FU was administered after
CPT-11 than when CPT-11 was administcred after 5-FU
[4-7]. One clinical study has shown that the sequence of
treatrnent with CPT-11 and 5-FU affects the tolerability
of this combination {8]. In other clinical studies, simulta-
neous desing of CPT-11 and 5-FU decreased the area
under the concentration curve for SN-38, an active form
of CPT-11. and this combination showed low RR {11%,
4 o0f 36} (9, 10]. These findings have shown that schedule-
dependent drug interactions affect the activity and toxic-
1ty of the combination of CPT-11 and 3-FU. It would
therefore be very useful to determine the optimal dosing
regimen for clinical use.

Doxifluridine (5'-DFUR}, a 5-FU derivative, is an oral
cytostatic that manifests its antitumor effects after being
converted to 5-FU by thymidine phosphorylase [11], and
it 1s effective against colorectal cancer [12, 13], In addi-
tion, it 1s an intermediate of capecitabine [11, 14]. Com-
bination therapy with 3-DFUR and CPT-11 could there-
fore be expected to result in a good therapeutic effect
together with case of administration, as this therapy can
be administered on an outpatient basis. However, since
the primary toxicitics of both 5'-DFUR and CPT-11 are
gastrointestinal toxicitics {12, 15], the combined use of
5-DFUR and CPT-1} may increase the sevenity of the
gastrointestinal toxicity.

In this study. we fAirst used murine models to determine
CPT-11 and 3'-DFUR combination therapy regimens
that ‘resulted in a stronger antitumor effect compared
with that obtained by monotherapy, while suppressing
any augmentation of gastrointestinal toxicity, We then
performed a phase I study of CPT-11 and 5'-DFUR in
pattents with mctastatic colorcetal cancer to determing
the optimal dose. In the phase | combination therapy tri-
at, CPT-11 was administered biweekly for convenience
[15}; and 5'-DFUR was administered intermittently to
prevent gastrointestinal toxieity {16].

Patients and Methods

Animals

Five-weck-old male BALB/c nu/nu mice were obtained {rom
Charles River Japan (Yokohama. Japan). They were kept for 1
week in our animal Tacility betore tumor inoculation.

Tumors )

The human colon cancer line COLO 205 (ATCC CCL-222) was
obtained from Dainippon Pharmaccutical (Osaka. Japan) and was
maintaingd in vitro with RPMI 640 medium containing 10%
Fus.

Scquential Treatinent with Irinotecan and
Doxifluridine

Human Cancer Xenograft Models

A suspension of COLO 205 cells (5 x 10° viable cells/mouse)
was inoculated subcutaneously inte male nude mice. The experi-
ment began 1t days after tumer inoculation. The tumor volumes
were estimated by using the equation V = ab¥/2, where g and b are
furnor length and width. respectively. To cvaluate the antitumor
effect of CPT-11 and 5"-DFUR. tumor size and body weights were
measured twice weekly. Gastrointestinal toxicity was cstimated by
obscrving the foces and cxamining them for occult blood. Feces
were scored as follows: N = normal leces; Lt = slighily loose feces:
L2 = loosc feces, and D = diarrhea. The occult bioed score was de-
termined using the Shionogi Qccult Blood Slide {o-toluidine meth-
od and guaniac method, Shionogi, Osaka, Japan) and scored as -,
t, +. ++, and ++4+ in accordance with the instructions in the kit.
All animal cxperiments were conducted in accordance with the
*Guidelines for the Care and Use of Laboratory Animals in the Nip-
pon Roche Rescarch Center'.

Chemicals for Animal Experiments

CPT-11 (irinotecan hydrochloride) was purchased from Daiichi
Pharmaccutical (Tokyo. Japan). 5’-DFUR was synthesized at Hoff-
mann-La Roche (Basel, Switzerland), CPT-11 was diluted with sa-
finc and administered intravenously, 5°-DFUR was dissolved in
40 mA citrate buffer (pH 6.0) containing 5% gum Arabic as vehicle
and orally administered. The maximum tolerated dose (MTD) of
5'-DFUR in the preclinmical experiments of this paper was based on
the data obtained from nudc mice bearing human colon tumor
HCTL16 in a previous study [17],

Staristical Analvsis

For the preclinical experiments. statistical analysis was per-
formed using the Mann-Whitney U test. Ditferences were consid-
cred to be significant at p < 0.05.

FPatients

The cligibility criteria were as follows: proven unresectable or
recurrent colorectal cancer with measurable lesions; age between
20 and 74 years; no major surgery. no radiotherapy or chemaother-
apy within 4 weeks, Eastern Cooperative Oncology Group perfor-
mance status of 0-2; predicted lifc expectancy at least 3 months:
adequate baseline organ functions. delined as neutrophil count
=2.000/pl, platelet count = 100,000/, hemoglobin = 10.0 g/dl,
AST and ALT <3 or less times the upper limit of the institutional
reference range; total bilirubin < 1.5 mg/dl, and scrum creatinine
= 1.5 mg/dl. The exclusion enteria included brain metastases. sec-
ondary malignancics. severe cardiac discasc. history of myocardial
infraction within the previous 6 months, severe nauscea and vomit-
ing. malabsorption syndrome and serious infection. The trial was
mitiated after obiaining Institutional Review Board approval for
both hospitals. and after obtaining written inforimed consent from
all the patients.

Pretreatment Evaluation and Follow-Up

Prctreatment cvaluation included a complete medicat history
and physical examination, chest X-ray, ECG, and imaging of mea-
surable discase. 2 complete blood cell count and a biochemical
screening profile. During treatment, patient monitoring included
the assessment of clinical toxicitics, a complete blood cell count.
seram chemistry. and physical examination before each biweekiy
dose of chemotherapy. Adverse events were evalvated according to

Chemotherapy 2005:51:32-39 33
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the National Cancer Institute Common Toxicity Criteria (version

2.0). Additionally. the target lesion(s) were measured by CT scans”

performed before cach cyele and at the end of treatment, The re-
sponse was evaluated in aceordance with the Response Evaluation
Criteria in Solid Tumors.

Plan of Sequential Treatment

Palients veevived treatment every 5 weeks. CPT-11 was admin-
istered in 500 ml of normal saline or dextrose as 90-min intrave-
nous infusions on days 1 and 15. 5'-DFUR wag supplicd as capsules
in two dose strengths (100 and 200 mg). and two or three capsules
were administered orally per day after meals on days 3-12 and
17-28 {sequential treatment}), The prophylactic use of granulocyte
colony-stimulating factor was not allowed. In the casc of intolerable
toxicity. disease progression. or patient refusal. the study treatment
was discontinued.

Treatment was delayed until the granutocyte count had recov-
ered to =2.000/pd. the platelct count to = 100.000/pl, serum bili-
rubin te = 1.5 mg/dl. serum creatinine 1o < 1.5 mg/dl, and when
there was no = grade 2 diarchea or infection, if toxicity required a
dosing delay of more than 3 weeks, (he patient was withdrawn from
the stidy due to toxicity. If patients cxperienced dosc-limiting tox-
icily (DLT)Y or patients required a dosing delay of more than 2
weeks. the CPT-11 dose given was 1 level lower than the original
dosc. If pationts experienced DLTs afler this dose reduction., the
protucel treatment was stopped. DLT was defined as any grade 3
or 4 nonhematologic toxicity (cxcept nausea, vomiting, or fatigue),
grade 4 neutropenia/leukopenia for more than 4 days, grade 4 ncu-
tropenia/lenkopenia with fever (temperature = 38°C), grade 4 he-
matologic toxicity (exeept neutropenia or levukopenia). or discon-
tinuation of treatmens due to treatment-related toxicity during the
first treatnzent cycte.

Dose-Escalation Schedule

The dose of 5"-DFUR was initially fixed at 800 mg. and CPT-
11 doses of 80, 100, 120 and 150 mg/m? were studied. When the
150 mg/m? dosc of CPT-11 was tolcrable, the 5-DFUR was csca-
fated te 1,200 mg. Cohaorts of 3 patients were to be entered at each
dose level. starting at dosc tevel 1. If any DET was observed in any
of the first 3 patients, an additional 3 patients were enrolled at the
same dose level, TE2 or more patients at any dosc level cxperienced
the same DLT, the MTD was determined to have been reached,
and the dose level below the MTD was considered to be the tecom-
mended dose for further studics.

Results

Gastrointestinal Toxicity Induced by CPT-11 Alone
and 5'-DFUR Alone in the Human Colon Tumor
Xenografi Model (COLO 205)

We first examined a monotherapy dosing regimen with
CPT-11, which can induce a delayed-type gastrointesti-
nal toxicity in mice bearing the COLO 205 human colon
tumor xenograft. A single intravenous injection of CPT-
11 at a dose of 150 mg/kg resulted in death immediately
after the injection due to the acute toxicity of CPT-11, In

14 Chemotherapy 2005:51:32-3¢

contrast, at.a dose of 120 mg/kg (MTD), the intravenous
CPT-11 injection induced neither death nor gastrointes-
tinal toxicity as assessed by fecal observation and the oc-
cult blood test (data not shown). We therefore examined
the use of multiple injections of CPT-11 on the induction
of delayed-type intestinal toxicity. Intravenous CPT-i1
injection at a dose of 100 mg/kg/day (5/6 MTD), admin-
istered on days 1, 3 and § (q2d % 3), induced intestinal
toxicity. The median toxicity levels observed were N-L |
for the fecal form (on days 7-10) and * for occult blood
{on days 7-10). When 5'-DFUR was administered peros
daily for 14 days at a dose of 154 mg/kg/day (5/6 MTD)
[17], gastrointestinal toxicity, evidenced by slightly loose
feces N-L1 and occult blood — to * was detected on days
15 and 16. '

Gastrointestinal Toxicity of Three Different Dosing
Regimens in the Human Colon Tumer X enograft
Model (COLO 205)

We compared the gastrointestinal toxicity and antitu-
mor activity of three different combination dosing regi-
mens in mice bearing the human colon tumor COLO 205.
CPT-11 was injected at a dose of 100 mg/kg/day i.v. three
times every other day (on days 1, 3 and 5), whereas §'-
DFUR was administered at 154 mg/kg/day p.o. for 14
days. 5’-DFUR was given from days 9 to 22 in regimen
1, days 7-20 in regimen 2, and days 1-14 in regimen 3.

In the simuitaneously administered dose regimen (reg-
imen 3), the gastrointestinal toxicity observed in the com-
bination therapy group appeared {o be higher than that
found in the CPT-11 or 5'-DFUR monotherapy treat-
ment groups (fig. 1). In regimen 2, which had 1-day treat-
ment intervals after the CPT-11 injections, the toxicity
was slightly higher than that in the monotherapy treat-
ment groups. The occult blood score for the combination
group was significantly higher than that for the CPT-11
treatment group on the following days (p < 0.05): on day
12 in regimen 2 and from days 7-13 in regimen 3. In
regimen 1, however, which had 3-day intcrvals after the
CPT-11 injections, there was no augmentation of either
the fecal observation or occult blood score (fig. 1).

Antitumor Activity of Three Different Dosing
Regimens in the Human Colon Tumor Xenograft
Model (COLO 205) '

We also examined antitumor activity in the experi-
ment described above, The antitumor activity was addi-
tive in the combination therapy groups for each of the
dosing regimens (fig. 2). The combination therapy group
exhibited significantly better efficacy than the vehicle and

Mishima et al.
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Fig. 1. Gastrointestinal toxicity of three difterent CPT-11 and 5'-DFUR combination therapy schedales in human
colon tumor xenografts (COLO 2035). Mice bearing COLO 205 turmors were randomized into groups of 6 mice
cach. CPT-11 was injected intravenously three times (days 1. 3 and 5) at 100 mg/kg beginning 11 days after the
tumor inoculation, 5'-DFUR was administered per os for 14 days at 154 mg/kg/day (schedule 1. days $-22; sched- -
ule 2, days 7-20: and schedule 3, days 1-14). Dala are medians of fecal observation scores and occult blood test
scores, N = Normal feees; L1 = slightly loose feces: L2 = loose feces, D = diarrhea. The occult blood test score was
determined using the Shionogi Oceult Bloed Slide kit, Thick arrows indicate the Liming of CPT-11 injection, and
thin arrows the timing of 5-DFUR administration. asss = CPT-11 along; -- .- = 5-DFUR alonc; == = CPT-

11 + 5-DFUR in combination.

the CPT-11 and the 5'-DFUR monotherapy groups for
ail three dosing regimens (p < 0.05, on day 29). The cffi-
cacy for the sequential dosing regimens was similar to that
for the simultaneous dosing regimens. These results sug-
gest that a scquential administration regimen of CPT-11
and 5'-DFUR would be more tolerable than and equally
cfficacious to a simultaneous administration regimen in
the mouse COLO 205 xenograft model.

Phase I Sty of Seguential Treatnent for Metastatic

Colorectal Cancer

From May 2001 to July 2002, 1% patients with meta-
static colorectal cancer were enrolled in this trial at the
Departments of Surgery of the Osaka National Hospital
and the Minoh City Hospital. The patients’ characteris-
tics are listed in table 1. Of these 19 patients, 14 (74%)
had reccived one or more prior chemotherapy regimens
including 13 patients (68%) with previous fluoropyrimi-
dine-based treatment and 6 patients (32%) with previous

Sequential Treatment with Irinotecan and
Doxifluridine

CPT-1 [-based treatment, All patients received at least
one complete cycle of the trial chemotherapy, and a total
of 51 cycles {median 2.0, range 1.0-7.5} were adminis-
tered.

The total number of patients, courses of treatment ad-
ministered, and patients with DLT are listed in table 2.
DLTs were observed in 3 patienis. One patient experi-
enced grade 3 diarrhea during the first treatment cycle
{dose level 2), but this patient continued with the chemo-
therapy after a 4-week rest and a dose reduction of CPT-
11 to 80 mg/m?. At this dose, only 1 of the 6 patients de-
veloped DLT. One patient who experienced grade 3 hy-
perbilirubinemia during the first treatment cycle (dose
level 5} discontinued the study treatment. One patient
experienced skipping doses owing to grade 2 fatigue, diar-
rhea and vomiting during the first treatment cycle (dose
level 5), and discontinued the study treatment. At dosc
level 5, 2 of the 4 patients developed DLT; therefore, this
dose was determined to be the MTD, At dose level 4, nei-

Chemotherapy 2005,51:32-39 35
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Fig. Z. Antitumor activity of three different CPT-11 and 5°-DFUR combination therapy schedules in human co-
lon tumor xcnografts (COLO 203). Mice bearing COLO 205 tumors were randomized into groups of 6 mice each,
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arrows indicale the timing of CPT-11 injection, and thin arrows the timing of 5'-DFUR administration. O = Ve-
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CPT-11, 5'-DFUR,

ther DLT nor grade 3 or 4 toxicity were observed. There-
fore, dosc level 4 1s the recommended dose for the phase
[Ttrial of the combination therapy using the regimen used
in this study.

The major adverse cvents per cach dose level are
shown in table 3, and all adverse events for the 19 patients
arc shown In table 4. The most common adverse events,
fatiguc (89%:), nausca/vomiting (74%) and alopecia (47%;
26% of grade 2), were mild and did not exceed grade 2.
There were only 2 (11%) grade 3 or 4 adverse events,
namcly grade 3 hyperbilirubinemia and grade 3 diarrhea.
Grade 3 or 4 diarrhea, which may be the greatest concern
for safety, developed in only 1 (5%) patient at dose level

RI3) Chemotherapy 2005:51:32-39

= 3'-DFUR along; & = CPT-11 + 5-DFUR in combination: * p < 0.05 vs. vehicle,

2. Common hematologic adverse events were nentrope-
nia (58%) and leukopenia (32%), which were also mild
and did not exceed grade 2,

Tumor response was not the primary end point of this
phase I study; however, evidence of antitumor activity
was observed. Seventeen of 19 patients were assessable
for tumor response; a partial response (PR) was achieved
in 3 patients. One and 2 PR were observed at dose levels
1 and 2, respectively, With respect to the characteristics
of the individual patients who showed a PR, I patient
experienced DLT (grade 3 diarrhea) at 100 mg/m?® of
CPT-11, but continued treatment for 12 months after a
dose reduction to 80 mg/m?, resulting in a 1 2-month re-
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Table 1. Paticnt characteristics

Characteristics Patients Median %
(range)

Total patients 19 100

Males/temales 13/6 68/32

Age. years 58 (46-71)

ECOG performance status 0(0-1)

Primary tumor site
Colon 5 26
Recium 14 74

Reason for prior chemotherapy -
Adjuvant 7 37
Metaslatic 9 47

Prior chemotherapy 14 74
Fluoropyrimidine bascd 13 68
CPT-11 hased 6 32

Courses of prior chemaotherapy 1 {0-4)

Sites of metastases
Lung 9 47
Liver 8 42
Lymph nodes 8 42
Other 4 2]
ECOG = Eastern Cooperative Oncology Group.

Table 2. Dose escalation scheme and incidence of DLT

Dosc CPT-11 3-DFUR  Paticats Courscs  Paticnts

level mg/m¥/day mg/day n n _ wlith DLT

n

1 R0 $00 3 10 0

2 100 200 6 20 |

3 120 800 3 7 0

4 150 800 3 9 0

3 150 1.200 4 s 2

Total 19 51 3

' During the first treatment cycle.

sponse duration. Two of the 19 patients received only onc
cycle of the study treatment owing to DLT at dose level
5 and wcre not asscssable. However, 1 of these patients
discontinued the study treatment and received the CPT-
I'1 monotherapy at the dose of 100 mg/m? for 2 weeks
and achieved a PR soon after the cessation of the study
trcatment.

Scquential Treatment with Irinotecan and
Doxifluridine

Discussion

The CPT-11 and 5-FU/LV combination therapy has
resulted in improved anti-tumor activity and clinical ef-
ficacy in the treatment of metastatic colorectal cancer in
comparison to 5-FU/LV therapy. This combination ther-
apy, however, also results in increased toxicity as evi-
denced by diarrhea and neutropenia [1, 2]. In addition,
there is need for vigilance against the use of the CPT-
11/5-FU/LV combination therapy {3]. Further investiga-
tion of the clinical safety and efficacy of this combinatios
therapy was therefore warranted. '

5'-DFUR, a prodrug of 5-FU, is an intermediate form
of capecttabine [11, 14], and it is therefore expected to be
efficacious when administered in combination with CPT-
1. In addition, as it may be orally administered., it is
convenient to use on an outpatient basis resulting in an
improved quality of life. The primary toxicity of 5'-
DFUR is gastrointestinal {12], which is the same as that
for CPT-11[15). However, there is no report on the safe-
ty of its combined use with CPT-11, and the combined
use may result in augmentation of gastrointestinal toxic-
ity.

In this study on COLO205-tumor-bearing murine
models, we first examined the CPT-11 and 5-DFUR
combination dosing regimens that did not result in gas-
trointestinal toxicity but did result in a stronger antitu-
mor effect compared with that observed after monother-
apy with either drug. Three different treatment regimens
were compared in which CPT-11 was injected three
times every other day (days 1, 3 and 3) in each of the
regimens, whereas 5'-DFUR was given daily for 2 weeks
as follows: (1) at 3-day treatment intervals after the CPT-
11 injections, (2) at a 1-day treatment interval after the
CPT-11 injections, and (3) simultaneously with CPT-11.
The antitumor effect for all three regimens was signifi-
cantly stronger compared with the results achieved by
monotherapy with CPT-11 or 5’-DFUR. Similar antitu-
mor effects were observed in cach of the three dosing
regimens. In contrast, when 5’-DFUR was administered
after 3- or 1-day intervals following the CPT-11 injec-
tions, the augmentation of gastrointestinal toxicity was
mild compared with that for the simultanecous dosing
regimen. This lack of augmentation of gastrointestinal
toxicity was most pronounced for the regimen in which
5'-DFUR administration started 3 days after the CPT-11
injections.

The results of this study in the murine models sug-
gested that a stronger antitumor effect can be achieved,
compared with monotherapy, without augmenting the in-

Chemotherapy 2005:51:32-39 37 -
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Table 3. Major adverse cvents For cach dose level

Dose Patients' Grading according to NCI-CTC (patients)
] e
evel fatigue nausea/vomiting alopecia diarrhea neutropenia

I 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4 1 2 3 4
| 3 3 0 0 0 2 0 0 o0 i I 0 0 ¢ 0 0 0 2 0 0 0
2 6 4 1 0 0 4 0 0 O 1 2 0 0 0 1 1 0 11 0 9
3 3 T 2 0 0 0 3 0 0 2 0 0 0 0 0 0 o 1 0 0 0
4 3 1 1t 0 ¢ 0 1 0 0O ¢ 0 0 o 0 0 0 o 2 1 0 0
5 4 2 2 0 0 I 3 ¢ 0 0 2 0 0 1 2 0 ¢ 2 1 0 0

NCI-CTC = National Cancer Institute Commeon Toxicity Criteria.
! Number of patients assessable [or adverse events for cach dose level,

Table 4. Adverse evenls in 19 patients treated with CPT-11 and
5'-DFUR '

Adverse events Patients Grade Grade
o % 1 2 3 4 ,;;"r 4
Hematologic
Neutropenia 11 58 &8 3 0 0 0
Leukopenia 6 32 5 1 0 O 0
Hemoglobinemia 2 U 2 0 0 0
Nonhematologic
Fatiguc 17 89 16 0 0 0
Nausca/vomiting 14 74 7 7 0 0 0
Alopecia 9 47 4 § 0 0 0
Diarrhca 5 26 1 3 1 0 5
Headache 1 5 L 0 0 0 0
Stomatitis oo 5 0O 1 0 O ¢
Hyperbilirubinemia 1 5 O 0 1 0 5

Adverse events are reported for all courses.

testinal toxicity, when 5'-DFUR is administered a few
days after the administration of CPT-11.

Based on the rationale of the preclinical study, we con-
ducted a phase I study using the regimen in which 5'-
DFUR was administcred | day after CPT-11. Although
augmentation of gastrointestinal toxicity was mildest
when 5’-DFUR was administered at 3-day intervals after
CPT-11 in the prechinical study, we chose the combina-
tion dosing regimen in which 5-DFUR was administered
2 days after the administration of CPT-11. This choice
was based on the following reasoning: namely, augmenta-
tion of gastrointestinal toxicity was mild enough even af-
ter a 1-day interval, compliance with 5’-DFUR treatment

3R Chematherapy 2005:51:32-39

is likely to improve, and some clinical reports have al-
ready shown that drug interaction was avoided when 5-
FU was administered 2 days following administration of
CPT-1119, 10].

During the phase I study, 19 patients with metastatic
colorectal cancer received CPT-11 on days 1 and 15 and
5"-DFUR on days 3-14 and 17-28, every 5 weeks. The
results of this study showed that the MTDs of CPT-11
and 5’-DFUR were 150 mg/m?* and 1,200 mg, respec-
tively, and that DLT was observed in 3 cases: grade 3
diarrhea at dose level 2, grade 3 hyperbilirubinemia, and
discontinuation of treatment due to grade 2 fatigue, diar-
thea and vomiting at dose level 5. The recommended
doses for CPT-11 and 5-DFUR were 150 mg/m? and
800 mg (dose level 4}, respectively. No adverse drug reac-
tions of grade 3 and above were observed. at this dose
level. A biweekly dose of 150 mg/m? is the maximum dose
of CPT-11 that is permitted in Japan.

The most common adverse drug reactions were neutro-
penia (58%), leukopenia (32%), fatigue (89%), nausea/
vomiting (74%) and alopecia (47%). There were only two
incidents (11%) of serious adverse drug reactions of grade
3or4, which were diarrhea and hyperbilirubinemia. There
was only 1 case (5%) of grade 3 or 4 diarthea, which is
considered to be the most serious toxicity associated with
this treatment. This incidence was similar to that (5%) re-
ported for 800 mg 5'-DFUR alone [16] and slightly lower
than that (13%) reported for 150 mg/m2 CPT-11 q2w alone
[15]). The most commeonly used concomitant treatments
were propulsives {such as metoclopramide) and serotonin
(SHTS;) antagonists (such as granisetron). Most patients
preferred granisctron for prevention of chemotherapy-in-
duced nausea or vomiting as already reported {18]. The
only patient who experienced this grade 3 diarrhea had

Mishima ct al.
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been receiving 100 mg/m?® of CPT-11 and 800 mg of 5'-
DFUR. Although administration was discontinued for 4
weeks after grade 3 diarrhea was observed during the first
cycle of treatment, CPT-11 administration was resumed

at 80 mg/m? as antitumor effects were being observed. .

From that point on, this patient received 80 mg/m? CPT-
11 and 800 mg 5"-DFUR and had no incident of serious
diarrhea for 12 months while exhibiting a tumor response.
This particular patient scemed to be very sensitive to CPT-
11 with regard to both its efficacy and toxicity. No grade
3 or 4 diarrhea was observed at the 150 mg/m* CPT-11
dose level (level 4 or 5). The meidence of severe diarrhea
does not seem to be increased by the combination therapy.
Therefore, we considered that sequential treatment im-
proved the tolerability of CPT-11 and 5'-DFUR. This en-

hanced tolerability may be due to the differential timing
of CPT-11- and 5-DFUR-induced diarrhea.
Tumor response was not the primary end point of this

phase 1 study; however, evidence of antitumor activity

was observed in previously treated patients. One and 2
PR were observed at dose levels 1 and 2, respectively.
Response to CPT-11 may be independent of its dose as
already reported [19].

Thus, sequential combination therapy with CPT-11
and 5'-DFUR may be very safe; however, further clinical
studies are needed to confirm their safety and efficacy.
Therefore, a phase II study in metastatic colorectal cancer
patients using sequential combination therapy of CPT-11
150 mg/m? on days 1 and 15 and 5’-DFUR 800 mg on
days 3-14 and 17-28 every 5 weeks is warranted.

)
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The Long-Term Resuits of Hepatic Resection for Metastatic L.esions from Colarectal Cancer: Minoru Tanada. Yoshiro
Kubo. Masahiro Ishizaki. Kengiro Aogi, Akira Kurita and Shigemitsu Takashima (Dept. of Surgery. National
Shikoku Cancer Center Hospital)
Summary

We reviewed the clinical course of 51 patients who underwent hepatic resection for metastatic lesions from
colorectal cancer between January 1984 and December 1997, The cumulative survival rate at 3 and 5 years were
§7% and 43%, respectively. Sex, age, chronotogy of liver metastases (LM), number of LM, maximum diameter of
LM, macroscopic surgical resection margin, tyce of hepatic resection, chemaotherapy after hepatic resection, and
site of primary tumar were not found to be statisticaily significant prognostic factors. The presence of lymph node
metastases for the primary tumor was a predictor of shorter survival duration by univariate analysis {(p=0.03}.

Recurrence was not cbserved in 15 patients. However, recurrence was observed in 36 patients, of which 4 were
in remission by undergoing repeated resection for recurrence sites (2 were in lung, 2 were in liver), Although the
icng term survival of the 19 patients with no significant remarks to be noted, but no one survived with more than
4 hepatic metastases among the long term survivors. Key words: Colorectal cancer, Liver metastases, Hepatic
resection
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