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Fig. 1 CT. A. Before chemotherapy. Multiple metastatic lesions
were observed in both liver lobes B, After chemotherapy. A
marked tumor reduction (65%) was observed.
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Fig. 2 FDG-PET/CT. Patient 1. A. Before chemotherapy. Abnormal uptake was seen in muitiple meta
static lesio

ns in both liver lobes. B, After chemotherapy. No abnormal uptake was observed

Fig. 3 Resected specimen A. The resected specimen weighed 275g. No tumors were palpable from the
surface. B, On the cut surface, the tumors had turned into scar tissue.

Fig. 4 Histopathological findings. A. L

sis and mucousnization were observ
dence of cancer lesions

“ig. 5 Only a few tumor cell
. but there was nio avi Fig. 5 Only a few tumor cel

clusters farrowheads) are present
In mucous pools of metastases. Foci of calcif;

Jon (arrow) are
scattered (HE x 40). Most of the residual tumor cells are mark
edly degenerative with pyknosis or Karyolysis, although some
of these are regarded viable (HE = 400)
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Fig. 6 CT. A, Before chemotherapy. Multiple metastatic lesions
were observed in both liver lobes B, After FOLFOX therapy
A marked tumor reduction (56%) was observed. C. After

FOLFIRI therapy. A 20% tumor reduction was noted.
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Fig. 7 Resected specimen. A, The initially resected specimen weighed 556 g and no tumors were palpa-
ble from the surface. B. On the cut surface, the tumors had turned into scar tissue and become necrotic
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Combination of Hepatic Arterial Infusion Therapy and FOLFOX for Colorectal Cancer with Multiple Unresectable Liver
Metastases Causing Severe Liver Dysfunction: Takeshi Suto®, Toshihiko Sato™', Naoki Mori*', Naruhisa Takano ™,
Koshira Ishiyama®', Naoki Sakurai*!, Kiyohiro Saito*?, Hajime lizawa*" and Eiichi Ikeda*' (Dept. of*'Gastroenterological
Surgery, “*Radiology, Yamagata Prefectural Central Hospital)

Summary

Purpase: The purpose of this study was to evaluate the efficacy of the combination of hepatic arterial infusion thera-
py and FOLFOX for colorectal cancer with multiple unresectable liver metastases causing severe liver dysfunction.

Subjects and Methods: The subjects were 13 colorectal cancer patients who had undergone resection of the primary
tumor, and showed multiple, unresectable liver metastases and severe liver dysfunction. They consisted of 8 men and §
women, with a median age of 63 (29-77) years. Of these patients, 7 and 6 had colon and rectum cancers, respectively.
They had an average of 8 (3-22) liver metastases of 4.6 (1.5-14.5) cm in diameter. During surgery. extrahepatic
lesions were found in 3 patients (Pin 2, and CY in 1). The preoperative serum LDH and ALP levels were high, at 1, 099
(322-1,418) and 1,011 (644-2, 384), respectively. The follow-up period was approximately 500 (248-328) days. Only
5-FU in FOLFOX4 or 6 m therapy was infused into the hepatic artery, and LV and L-OHP were injected into the central
venous port about every two weeks. Response rates and adverse events were evaluated according to the RECIST
criteria and CTCAE ver 3. 0, respectively,

Results: The therapy was performed 14 (6-22) times, with a response rate of 84. 6% for liver metastases, facilitating
hepatectomy in | patient. The overall respanse rate was 61. 5%, with 1 patient dying of the primary cancer on the 265th
day. Grade 3 adverse events were neutropenia and anorexia in only 1 patient each, and no adverse events were specific
to hepatic arterial infusion,

Conclusion: Since the follow-up period after this therapy was still short, only 13 patients have received the therapy.
However, it appears that it can be performed relatively safely, and is effective for the control of extrahepatic lesions as
well. Therefore, this therapy provides good control, and can be a treatment option. Key words: Colorectal cancer,
Multiple liver metastases, Hepatic arterial infusion, FOLFOX (Received Apr. 2, 2008/Accepted Jul. 3, 2008)
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@ B Eh FE#F £ 12 levofolinate caleium (LV) & oxalipla-
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MiELwetic oW THEN L (EFeE0BEE
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Terminology Criteria for Adverse Eventsv3.0) Zff<
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Table1 Subjects

Gender

Male/female 8/5
Age 63 (29~77)
Performance status

0/1/2/3/4 11/2/0/0
Tumor location

Colon/rectum 7/6
Number of liver metastases 8 (3~22)

Diameter of liver metastases (cm) 4.6 (1.5~14.3)
Extra hepatic metastases

ves/no 3/10

P/CY 2/1
GOT (1U/L) 104 (31~-228)
GPT (JU/L) 110 (32—~208)
7=GTP (TU/L} 252 (85~631)
T-Bill (mg/mL) 0.8 (0.3~-1.3)
LDH (1U/L) 1.009 (322~1,418)
ALP (IU/L) 1.011 (644~2 384)
CEA (ng/mL) 362.1 (65 6~3.832)

CA19-9 (U/mL) 451.3 (46.9~73.816)
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0. # # (Table2, 3)

1. # 5% R

D i FOLFOX #6800 Bid7 B B it vp i T 14
(6~22) E&H o7z 4 PIDEHRERTHY, PILOE
i ] FATFEREBRIZI D, 3SEAPD XD, 1 FMHEF
BARMIZEIZL Y, AFYHERRLETH -

Table 2 Response rate and prognosis

Response Liver Overall
Complete response, No 0 0
Partial responses, No 11 ]
Stable diseanse, No 1 1
Progressive diseases. No 1 4
Response
No. i1 3
% B4.6 61.5
Death

1 (265 days)
14 (6—~22)

No [days after chemotherapy)
Courses of chemotherapy

Table 3 Adverse events

Advers grace 2~3 No. (%)

events 1 'd
Neutropenia 1 1 1 2 (15.3)
Hb 1 1] 0 0 0
Platelet 1 0 0 0 (0)
Anorexia 1 0 1 1 (7.7
Nausea 1 1 0 L-VED
Diarrhea 1 1] 0 0 (0)
Paresthesias 7 2 0 2 (15.3)
Allergy 0 0 i] 0 (0
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Fig.1 Casel
a Before surgery and chemotherapy
b: After 6 courses of combined hepatic arterial infusion therapy and FOLFOX6m
c: After 16 courses of therapy. Reduction rate: 61%
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Fig.3 Case3
a: Before surgery and chemotherapy
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b: After 9 courses of combined hepatic arterial infusion therapy and
FOLFOX6m. Reduction rate: 68%.

a: Before chemother
both liver lobes
After 9 courses of combined hepatic arterial infusion therapy and
rked tumor reduction (56%) was observed and

FOLFOX4. A

Fig.4 Cased

af

tumor was resected
f FOLFIRI therapy. A 20% tumor reduction was

T % B AT R

ter 3 courses (

ted and rest tumor was resected.

190

apy. Multiple metastatic lesions were observed in

gohTwa

(318) "B I TH v
FEENAEFAIIREHEEEOS%NTHN. K

NBEICEAEFEOMEIZ 1 2% L B<6RTVE,

5@




MIBE WIH 2000414

FOS, EHFETARSADL0IIRAEHOEHD
SHELUABRTLI LV EHOEFELMLEIEELEE
bha,

WA TIRYRBRTRE H2ILFREL 5 AR
MESHI YL, RENCEg9¥osy FOLFOX &
neoadjuvant chemotherapy & L TH v, WE 4+ F
SHTVAY. KBREFEBOETERAICST 2 W6
{EFREOTRIIERFBPOR A L) FWATTREC 2
ZZETHY, Wb FREOEDE L YEFITHENT
LEg<bhTwa", 2 Adams Hit, WH{EER
ERICUEBRTREE 2o EWNO S FEFEI, BIEFIC
VR ETH o EMADYURERLFETHL EAST
v,

EHTIR 190 FERHEICREIEh T FEhiEs
EidES{LERELoERBBIIE-T, BRI OR
EHEWTHLILOOEFNMOER BV TRIEIR
sht, FNREOMEOMNIEL, »7—7LEAR
OFEMEBIE LD first-line ¥ LTiEFHENLE{ %o
Twi, LAL, cheoBEHTRERICBVWTHRITS
NTWFRERELREN AT -7 VEARASRET T
HiTEanTEh, FHERO TS THRMETET, &
BMEFAO 0% THATF—F N P 7L TEHEBEES
RECH N, BEMIZIZ6 -2 FEIIHL, FH2a—
ADER LI fTbhTwd ol

AHICBGTIRS-FUEME I SR TEATS
GRETEDEILS 50-80%, EFEMM P sl 18—~
26HRBERHZBRATHY, 50 ¥y a(bEBER
BifrbhTtwiwboo, E€® FOLFOX #
FOLFIRI & Vo o R EMB L EFZEDH TR M-
fro SHOREEOHFBEREOMETIL, TSI
weekly 5-FU+LV HFRpiESRGE R EICH T a%0E
2 75% CAFEHEMAPRMEE 2 AL MELY. Kemeny
it FUDR O RhERE L 5-FU+LV £ 5 MED K
BERICBVWTEDENAT% & 24%, S FRIR PRl
447D 0B THECHBERENBE-TWD
LHELTVWAT,

Zho k) ALPORML CHELFRERE 21§
DT ERERATAARMI T A{bERMEL L
T, XBEOAHBHEM LIV EHOLENF—F
LEABEETL, FEBIZHT20ERDROHGE
BirRiE:, FARZoONBO L eaMELHRTA
CETTFHROUBIELGNLILEZGREIY, SED
NI YRR AN B iz L 5-FU
DA AFBEF—-MEDEAL, LV £ L-OHP 2508
BE—- L NEATHEREL 13 FICRITL: L-
OHP A EAFIc BV TEREZNTHSEMA E LE

75

. WRNMOBREAEH 500 B L EvL oo, FRE
CHTARMEIHSBEMETHY. | HICURTIE
T, 2L 1 WICURTFETH- e FARELENT
LE2BDERT LA TH Y, HEMFARED S
Po—nbshTwdEiohsf, T/ 1I3ALHMIC
HRTRTIAOACAT—FIVHNEZRDHOAT
bHol, FWEHE FOLFOX #&# 01T @ it R
T 14 (6~22) BTHol:7, grade I U LOHFERIT
EFcp IR A4 & anorexia D 2O AT, grade 2 12T
FECLODAFTHD. HEhiEME I BROCBEEL
LR+ CRBREL VST, BN ESICEfTAN
Twiz. L-OHP INRMZEEOXHNERES. 7
PIVF—LBHTWEDo7 FRIZBWTIZ, BEH
MAEwbLOOEERE LT FOLFIRI # S-1 AR
HiTshTwadd, ECHIZ2BBEBD 1AEBEH0
ATHol=.

BAIZB VT, Ducreux G I2ERFHAVBYTh-T
LRMEFIERI L:b 0D, L-OHP # Bz Av:,
S-FUHLV 228t s L, 9% 64%, MST#H
27# A L M&ELY, Kemeny &id FUDR OB L,
irinotecan, L-OHP O£ & #Ei2 X h 3E2h % 90%,
MST #3628 EBELTWEY, RRAOME LIZEGR
DHFFROERELELEEL LT hEL62wED
O, FFiELER G - S HLEMEL P HBETL LT,
RE/BLETEATw2HENESLERNED
FOLFOX, FOLFIRI@EOMST #2090 L0 LEL
LME TS E L oNS ), SR hGE
HEE L7 ¥ L {ERBOLELEEDRE,

SEbhbhiL, FHREEEL AT LUETFRE REF
EREMICHL, FEBICMTIERERE L TORY
EMEE, FAREOI Y bO—nE LTER{bediE
YHME L7 FOLFOX #EX 13MIcREiTL 2. BB
HHAFHE L SEORBNEBEFLETH LN, BHES
FOMNE Lt oo bo—vitERBBEFTH), %
ZICMfTa TV, U CRYUBTEFEEBERIC
HLEGTEME LEERENETH 205 AT
[ibhbhi s L EHO LS IS@ L R EMNE L
HY5HEMACHLTLEDTFORV-IFBERE L 251
EMELWATH L TRGVRITIREE 20, G¥iE
O—o2ORIRRE L L DRSS T AN, SHRIFY
BLBLEAOREBOMMILESREL &0, REHER
RT3 L TYORTENEBEHOETFEORE L%
AaZipEELEbRE,

X ®

1) ERIEl SRR XREFEBOEM A E KR
WAL H 29 1149-1158, 2006

—191—




76

2) Stangl R, Altendorf-Hofmann A, Charnley RM, et al: Fac-

3

=

6

7

8

—

—

9

10)
11)

tors influencing the natural history of colorectal liver
metastases. Lancet  343: 1405-1410, 1994,

Yamashita K, Urakami A, Kubota H. ¢t al: Results of hep-
atic arterial infusion chemotherapy with 5-FU and leu-
covorin for unresectable liver metastases from colorectal
cancer. Jon | Cancer Chemother 35(1): 71-76, 2008.
Wood CB, Gillis CR and Blumgart LH: A retrospective
study of the natural history of patients with liver meta-
stases from colorectal cancer. Clin Oncol 2: 285-288,
1976.

Registry of Hepatic Metastases: Resection of the liver for
colorectal carcinoma metastases, a multiinstitutional
study of indication for resection. Surgery 103: 278-283,
1988.

Scheele ], Stang R, Altendorf-Hofmann A, et af Resec-
tion of colorectal liver metastases. World | Surg 19 59-
71, 1895

Arai Y, Inaba Y, Takeuchi Y, ef af Intermittent hepatic
arterial infusion of high-dose 5-FU on a weekly sched-
ule for liver metastases from colorectal cancer. Cancer
Chemather Pharmacol 40 526-530, 1997.

Kerr D], McArdle CS, Ledermann J. ef al Intrahepatic
arterial versus intravenous fluorouracil and folinic acid
for colorectal cancer liver metastases. Euwr [ Surg Oncol
26: 468-473, 2000.

Alberts SR. Horvath WL, Stenfeld WC, et al: Oxaliplatin,
fluorouracil, and leucovorin for patients with unresecta-
ble liver-only metastasis from colorectal cancer: a North
Center Cancer Treatment Group Phase II study. J Clin
Onecol  23(36): 9243-9249, 2005.

s, BRFEE O - i KRR o
EEE. HIERESEE 24: 293-301, 2001

Ballantyne GH and Quin J: Surgical treatment of liver matastases

—

12

13)

14

15

16

17

—

18)

19)

BeALBEE

in patients with colorectal cancer. Cancer  71:4252-4266, 1993,
Lehnert T, Knaebel HP, Duck M, et ol Sequential hepatic
and pulmonary resection for metastatic colorectal can-
cer. Br f Surg  B6: 241-243, 1999,
Folprecht G, Grothey A, Alberts S, et al: Neoadjuvant
treatment of unresectable colorectal liver metastases:
correlation between tumour response and resection
rates. Ann Oneal  16: 1311-1319, 2005.
Adam R. Lucidi V and Bismuth H, et al: Hepatic colorec-
tal metastases: methods of improving resectability. Surg
lin N Am 84:659-671, 2004.
Arai Y, Inaba Y, Matsuda K, ef al: Weekly Shour hepatic
arterial infusion of high dose 5-FU for unresectable liver
metastases from colorectal cancer in patients without
extra-hepatic lesions. Proc ASCO 17: 285a, 1998,
REH 8L, FoHIRE, FEAE - KRS
AR 5-FU M 1 [ 5 W M5 s #ti—2 iR it
K— BOfESaIE 281449 1993,
Kemeny N, Neidzweiecki D and Hollis DR: Hepatic arte-
rial infusion versus systemic therapy for hepatic meta-
stases from colorectal cancer: a randomized trial of effi-
cacy, quality of life, and molecular markers (CALGB
9481). J Clin Oncol 24: 1395-1403, 2006.
Duereux M, Ychou M, Laplanche A, et al: Hepatic arteri-
al oxaliplatin infusion plus intravenous chemotherapy in
colorectal cancer with inoperable hepatic metastases; a
trial of the gastrointestinal group of the Federation Na-
tionale des Centres de Lutte Contre le Cancer. J Clin On-
col 23: 4883-4896, 2005.
Kemeny N, Jarnagin W, Paty P, ef al: Phase 1 trial of
systemic oxaliplatin combination chemotherapy with
hepatic arterial infusion in patients with unresectable
liver metastases from colorectal cancer. J Clin Oncol
23: 4888-4896, 2005.

—182—




ANTICANCER RESEARCH 25: 389-394 (2008)

5-Fluorouracil-related Gene Expression in Hepatic
Artery Infusion-treated Patients with Hepatic
Metastases from Colorectal Carcinomas
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Gunma Cancer Center, Ota, Gunma, Japan

Abstract Aim: To predict the therapeutic efficacy of hepatic
arterial infusion (HAI) with 5-fluorouracil (5FU) for patients
with liver metastases from colorectal carcinomas, SFU-related
gene expressions were examined in primary colorectal
carcinomas. Patients and Methods: Thirty-eight patients with
liver merastases from colorectal carcinoma received HAI of
SFU. The expressions of the mRNAs for thymidine synthase
(TS), dihydropyrimidine dehydrogenase (DPD), thymidine
phosphorylase (TP), and oroteta phophoribosyl transferase
(OPRT) in primary colorectal carcinomas were measured by
RT-PCR. Results: The response rate was 52.6% (20/38). The
overall median survival time was 29.1 months. DPD and TP
expression was significantly higher in the progressive disease
(PD) group than in the complete response (CR) or partial
response (PR) group (p=0.032, p=0.014), respectively. The
levels of DPD and TP mRNAs showed a significant correlation
(r=0.76, p=0.0001). Conclusion: The expression of DPD and
TP mRNASs in primary colorectal carcinomas was significantly
predictive of the therapeutic response to SFU HAL

Hepatic metastasis is one of the most important factors that
determines the prognosis of patients with advanced
colorectal carcinoma. Surgical resection alone can result in
significant prolongation of survival in patients with
favorable prognostic factors (1, 2). Systemic chemotherapy
regimens that include 5-fluorouracil (SFU) have been used
to treat hepatic metastases in colorectal carcinoma patients
when surgical resection cannot be performed (3, 4).
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thymidine phosphorylase, oroteta phophoribosyl transferase.

0250-7005/2008 $2.00+ .40

Hepatic artery infusions (HAIs) have also been
performed as regional chemotherapy for liver metastases
arising from colorectal carcinomas. Randomized trials
evaluating HAI therapy for the treatment of unresectable
hepatic metastases have demonstrated higher response rates
(31%-50%) than those achieved with systemic
chemotherapy (8%-20%), but no survival benefit was
reported (5, 6). Recently, Kemeny and associates have
reported the results of a randomized trial comparison
between HAI using floxuridine and systemic chemotherapy
using SFU and leucovorin (7). The overall survival was
significantly longer for HAI than the systemic treatment
(median, 24.4 vs. 20 months).

In a previous study, we administered SFU by HAI to
patients with liver metastases from colorectal carcinoma
after radiological placement of the infusion lines, and found
that HAI significantly improved the median survival time
(MST) and response rate (8). We also reported that lymph
node metastases in primary carcinoma and the pre-
treatment serum CEA level were prognostic factors for
MST in HAl-treated patients,

However, the response rate was not influenced by the
histological features or lymph node metastases of the
primary colorectal carcinomas, nor was it influenced by the
synchronous/metachronous status of the liver metastases,
the number of hepatic metastases, or the pre-treatment
serum CEA levels.

It has been reported that enzymes involved in SFU
metabolism, such as thymidine synthase (T8S),
dihydropyrimidine dehydrogenase (DPD), thymidine
phosphorylase (TP) and oroteta phophoribosyl transferase
(OPRT) are important predictors of the therapeutic efficacy
of SFU (9, 10). TP, also known as platelet-derived
endothelial cell growth factor, plays an important role in the
angiogenesis of carcinomas. It has been reported that the
clinical response and survival rates in response to SFU-
based chemotherapy for colorectal carcinomas are related
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to the expressions of TS, DPD and TP and that a high level
of TP gene expression in colorectal carcinomas is associated
with non-responsiveness to SFU (9, 11, 12). The expression
of these enzymes is important for guiding the rational
selection of chemotherapeutic regimens. The expression of
TS, DPD, TP, and OPRT genes has been examined by a
newly developed technique using laser-captured
microdissection combined with RNA extraction from
paraffin-embedded specimens (13-16).

The expression of enzymes involved in 5SFU metabolism
has not been examined in patients with liver metastases
treated using HAIL The aim of this study was to investigate
the correlation between the clinical response to HAI and
the expression of TS, DPD, TP and OPRT mRNAs in
primary colorectal carcinomas.

Patients and Methods

Patients. Patients with liver metastases originating from colorectal
carcinomas were included (n=38). Patients characteristics are
described in Table I. Their primary colorectal carcinomas had been
resected surgically and were histologically confirmed. Patients with
extrahepatic metastases were excluded. The patients received no
other chemotherapy prior to HAI Informed consent was obtained
from all patients.

Catheter placement and HAI procedure. Catheter placements in the
hepatic artery were performed radiologically by interventional
radiologists using the distal fixation method (17). The catheter was
inserted vig the right femoral artery and connected to the infusion
port (Infuse-a-Port, Strato Medical Corp., Beverly, MA, USA). The
HAI treatment was performed weekly or every 2 weeks at an
outpatient chemotherapy facility. The 5FU (1,000-1,500 mg) was
dissolved in 200 ml of physiological saline and loaded into a
portable infusion pump (Intermate LV; Baxter Healthcare Corp.,
Deerfield, IL, USA). HAI was performed continuously for 5 h at
an infusion rate of 50 mi/h (8).

Clinical response and survival evaluation. The patients scheduled
for HAI received a chest and abdominal computed tomography
(CT) scan before the start of treatment. Tumor status was
assessed by chest and abdominal CT scans after every 10
infusions. The therapeutic response was evaluated according to
the Response Evaluation Criteria In Solid Tumors (RECIST)
guideline (18) as complete response (CR), partial response
(PR), stable disease (SD) and progressive disease (PD).
Actuarial survival curves were computed by the Kaplan-Meier
method, using GraphPad Prism version 4.0 for Macintosh (San
Diego, CA, USA).

Microdissection. Four 10 pm-thick sections of the primary
colorectal carcinomas and adjacent normal mucosa were prepared
from the paraffin-embedded blocks. One 4 pm-thick section was
prepared and stained with hematoxylin and eosin (HE). A
representative formalin-fixed, paraffin-embedded (FFPE) tumor
specimen was selected by a pathologist after examination of the
HE-stained slides. Sections 10 pm in thickness were stained with
neutral fast red to enable visualization of histology for laser

Table 1. Patients characteristics.

Characteristics No.of Characteristics No. of
patients patients
pTNM of primary
Gender colorectal carcinoma
Male 25 pT
Female 13 pT1 0
Age (average) 65.6 pT2 0
Onset of liver metastases pT3 35
Synchronous 25 pT4 3
Metachronous 13
Histology of pnimary colorectal pN
carcinoma pNO 11
Well 11 pN1 15
Moderate 25 pN2 12
Poor 1 pM
Mucinous 1 pMO - 13
pM1 25

capture microdissection (PALM Microlaser Technologies AG,
Munich, Germany), which was performed to ensure that only
tumor cells were studied.

RNA extraction and ¢DNA synthesis. The RNA was isolated from
the FFPE specimens using a novel, proprietary procedure
(Response Genetics, Los Angeles, CA, USA) (9). The tissue
samples to be extracted were placed in a 0.5 mL thin-walled tube
containing 400 Bl of 4 M dithiothreitol (DTT)- GITC/sarc (4 M
guanidinium isothiocyanate, 50 mM Tris-HCl, pH 7.5, 25 mM
EDTA) (Invitrogen; No. 15577-018). The samples were
homogenized and an additional 60 Bl of GITC/sarc solution was
added. They were heated at 92°C for 30 min and then transferred
to a 2 mL centrifuge tube. Fifty microliters of 2 M sodium acetate
was added at pH 4.0, followed by 600 Bl of freshly prepared
phenol/chloroform/isoamyl alcohol (250:50:1). The tubes were
vortexed for 15 sec, placed on ice for 15 min and then centrifuged
at 13,000 rpm for 8 min in a chilled (8°C) centrifuge. The upper
aqueous phase was carefully removed and placed in a 1.5-mL
centrifuge tube. Glycogen (10 BI) and 300-400 Bl of isopropanol
were added and the samples were vortexed for 10-15 sec. The tubes
were chilled at -20°C for 30-45 min to precipitate the RNA. The
samples were then centrifuged at 13,000 rpm for 7 min in an 8°C
centrifuge. The supernatant was poured off and 500 Bl of 75%
ethanol was added. The tubes were again centrifuged at 13,000 rpm
for 6 min in a chilled (8°C) centrifuge. The supernatant was then
carefully poured off, so as not to disturb the RNA pellet, and the
samples were quick-spun for another 15 sec at 13,000 rpm. The
remaining ethanol was removed and the samples were left to air-
dry for 15 min. The pellet was resuspended in 50 Bl of 5 mM Tris.
After RNA isolation, cDNA was derived from each sample
according to a previously described procedure (13).

PCR quantification of mRNA expression. Target cDNA sequences
were amplified by quantitative PCR using a fluorescence-based
real-time detection method (ABI PRISM 7900 Sequence Detection
System, TagMan®, Perkin-Elmer (PE) Applied Biosystems, Foster
City, CA, USA) as previously described (19, 20). The PCR reaction
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Figure 1. mRNA expression ratio of thymidine synthase (TS) (a), dihydropyrimidine dehydrogenase (DPD) (b), thymidine phosphorylase (TP) (c), and
oroteta phophoribosyl transferase (OPRT) (d) to fi-actin in HAI-treated patients. CR=complete response, PR=partial response, SD=stable disease,

PD=progressive disease.

mixture (25 pl) contained 600 pmol/L of each primer, 200 nmol/L.
cach of dATP, dCTP and dGTP, 400 pmol/L. dUTP, 5.5 mmol/L
MgCl,, and 1x TagMan buffer A containing a reference dye (all
reagents were supplied by Applied Biosystems). The primers and
probes sequences used were as follows: TS primers:
GCCTCGGTGTGCCTTTCA and CCCGTGATGTGCGCAAT,
probe 6FAM - TCGCCAGCTACGCCCTGCTCA; DPD primer:
AGGACGCAAGGAGGGTTTG and GTCCGCCGAGTCCTTA
CTGA, probe 6FAM - CAGTGCCTACAGTCTCGAGTCTG
CCAGTG; TP primers: CCTGCGGACGGAATCCT and GCTG
TGATGAGTGGCAGGCT, probe 6FAM - CAGCCAGAGATG
TGACAGCCACCGT, OPRT primers: TAGTGTTTTGGAAA
CTGTTGAGGTT and CTTGCCTCCCTGCTCTCTGT, probe
6FAM - TGGCATCAGTGACCTTCAAGCCCTCCT; f-actin
primers: TGAGCGCGGCTACAGCTT and TCCTTAATGTCA
CGCACGATTT, probe 6FAM - ACCACCACGGCCGAGCGG.

—195—

PCR was performed at 50°C for 10 sec and 95°C for 10 min,
followed by 42 cycles at 95°C for 15 sec and 60°C for 1 min. Gene
expression values (relative mRNA levels) are expressed as ratios
(differences between the Ct values) between the gene of TS, DPD,
TP or OPRT and an internal reference gene (f-actin). This
reference gene provides a baseline measurement for the amount of
RNA isolated from a specimen

Statistical analysis. Differences in the expression of TS, DPD, TP,
and OPRT between the CR/PR group, SD and PD groups were
determined by one-way analysis of variance (ANOVA) followed by
Tukey's multiple comparison test. Correlations between the
mRNA levels of TS, DPD, TP and OPRT were assessed using
Spearmans’s rank correlation. A value of p<0.05 was considered
statistically significant. GraphPad Prism version 4.0 for Macintosh
was used for the analyses.
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Results

Therapeutic response and survival of patients treated by HAI
A CR in 5 patients, PR in 15 patients, SD in 9 patients, and
PD in 9 patients were found. The overall response rate was
52.6%. The overall MST was 29.1 months.

5FU-related gene expression in HAI-treated patients. DPD and
TP expression was significantly higher in the PD than in the
CR/PR group (p=0.032, p=0.014, respectively) (Figure 1).
There was no significant difference in the expression of TS
or OPRT between the 3 subgroups. MST was not related to
the expression of TS, DPD, TP, or OPRT. The mRNA
levels of DPD and TP showed a significant correlation
(r=0.76, p=0.0001) (Figure 2).

Discussion

In the present HAI study, the expressio ; of DPD and TP
mRNAs were significantly lower in responders than in the
PD group. Furthermore, DPD and TP expressions showed
a significant correlation. DPD and/or TP were thus
predictive factors for the therapeutic efficacy of HAI
treatment. It has also previously been reported that DPD
and TP expression in liver metastases of colorectal
carcinomas correlated (21).

In the present study, TS expression did not vary
significantly between the responding and non-responding
groups. TS has been described as a key marker for
predicting the therapeutic efficacy of SFU-based systemic
chemotherapy (9). The hepatic concentration of 5FU is
much higher in patients treated by HAI than by systemic
infusion. The mechanism of the antitumor effects of SFU
in HAI may be different from that in systemic
chemotherapy and it may be more cytotoxic when
administered by HAI than when given systemically. The
antitumor effects of 5FU mainly involve two pathways: the
inhibition of DNA synthesis and the inhibition of mRNA
synthesis (22, 23). TS acts to catalyze the methylation of
2’-deoxyuridine-5’-monophosphate  (dUMP) to 2’-
deoxythymidine-5'-monophosphate (dTMP), which is an
important process for DNA synthesis (22, 24). The 5FU
metabolite 5-fluoro-2'-deoxyuridine-5'-monophosphate
(FAUMP) forms a complex with TS and folic acid, which
inhibits the de novo synthesis of dTMP from dUMP. In
contrast, the pathway for inhibition of mRNA synthesis is
not associated with TS. The 5-FU metabolite 5-
fluorouridine-5'-triphosphate  (FUTP) inhibits the
synthesis of mRNA (25). The detailed mechanism by
which FUTP inhibits mRNA synthesis has not been clearly
defined. It is reported that bolus injection can be
considered to be more effective with respect to RNA
damage in tumor tissue (26, 27). As HAI in our study was
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Figure 2. Correlation between mRNA expression ratio  of

dihydropyrimidine dehydrogenase (DPD) and thymidine phosphorylase
(TP) to f-actin tin HAI-treated patients.

performed with high dose 5FU in 5h, it is close to bolus
injection more than continuous injection. The anti-tumor
effect of HAI may be mainly due to the inhibition of
mRNA. Physicians should consider CPT-11-based
treatment for patients who show high TS gene expression
levels prior to systemic chemotherapy generally (9, 10).
However, according to our data, high TS gene expression
would not be a limiting factor with HAI treatment.

DPD or TP, or both but not TS were demonstrated to be
predictive factors of response to HAI treatment. No
relationship between SFU-related enzymes and survival time
was found. Additional prospective studies will be required to
determine whether the expression of these enzymes can be
used to predict the prognosis of patients treated by HAL
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5-Fluorouracil-related Gene Expression in Primary Sites
and Hepatic Metastases of Colorectal Carcinomas
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Abstract. The aim of this study was to investigate the
correlation of the mRNA expressions of 5-fluorouracil (5FU)-
related genes in the primary sites and liver metastases of
colorectal carcinomas. Patients and Methods: Patients with
liver metastases from colorectal carcinomas were included
(n=43). The expression ratios to B-actin of mRNA of thymidine
synthase (TS), dihydropyrimidine dehydrogenase (DPD),
thymidine phosphorylase (TP) and oroteta phosphoribosyl
transferase (OPRT) were measured in primary and liver
metastases of colorectal carcinomas by laser-captured
microdissection and real time PCR. Results: The ratios for the
expression of TS, DPD, TP and OPRT mRNAs were
significantly correlated between paired primary sites and liver
metastases. The mRNA expression ratios of DPD and TP
showed a significant correlation both in primary sites and in
liver metastases. Conclusion: Enzymes of the primary
colorectal carcinomas can be used in predicting the
therapeutic efficacy of SFU against liver metastases.

Metastasis is the most important event that determines the
prognosis of patients with advanced colorectal carcinoma
(CRC). The liver is the most common target of metastases
from CRCs. Surgical resection alone can result in a
significant prolongation of survival in patients with favorable
prognostic factors (1, 2). Systemic or regional chemotherapy
regimens that include 5-fluorouracil (SFU) have been used
to treat hepatic metastases in CRC patients when surgical
resection cannot be performed (3-5).
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thymidine phosphorylase, oroteta phosphoribosyl transferase, laser-
captured microdissection.

SFU metabolism is regulated in vive mainly by enzymes
such as thymidine synthase (TS), dihydropyrimidine
dehydrogenase (DPD), thymidine phosphorylase (TP), and
oroteta phosphoribosyl transferase (OPRT). TS acts to catalyze
the methylation of 2'-deoxyuridine-5'-monophosphate
(dUMP) to 2’-deoxythymidine-5"-monophosphate (dTMP),
which is an important process for DNA synthesis (6, 7). 5-
Fluoro-2'-deoxyuridine-5'-monophosphate (FdAUMP), a SFU
metabolite, forms a complex with TS and folic acid, which
inhibits the de novo synthesis of dTMP from dUMP. The 5FU
metabolite 5-fluorouridine-5'-triphosphate (FUTP) inhibits the
synthesis of mRNA (8). The detailed mechanism by which
FUTP inhibits mRNA synthesis has not been clearly defined.
TP, also known as platelet-derived endothelial cell growth
factor, plays an important role in the angiogenesis of
carcinomas.

It has been reported that enzymes involved in 5FU
metabolism, such as TS and DPD are important predictors
of the therapeutic efficacy of 5FU (9, 10). It was reported
that a high level of TP gene expression in CRC is
associated with non-responsiveness to SFU (11). However,
in these studies, the enzymes which were reported to be
responsible for the antitumor effects of 5FU were
examined in primary sites of CRCs, The expression of
enzymes involved in SFU metabolism in metastatic site has
not been examined. It is necessary to examine the
relationship between the enzyme expression in primary and
metastatic sites of CRCs.

The aim of this study was to investigate the correlation of
the expression of TS, DPD, TP and OPRT mRNAs in
primary sites and liver metastases of CRCs. The expression
of TS, DPD, TP and OPRT genes was examined by a newly
developed technique using laser-captured microdissection
(LCM) combined with RNA extraction from paraffin-
embedded specimens and RT-PCR (12-15). The LCM
method made it possible to remove the contamination of
adjacent normal tissue surrounding the carcinoma tissue and
to purify the samples.
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Table 1. Panient characteristics.

Characteristic No. of patients
Gender
Male 28
Female 15
Age (years; average) 620
Onset of liver metastasis
Synchronous 27
Metachronous 16
Histology of primary colorectal carcinoma
Well 11
Moderate i
Poor 1
pTNM of primary colorectal carcinoma
pT
1 0
2 3
3 36
4 4
pN
0 13
1 21
2 9
pM
0 13
1 30

pTNM classification: a pathological classification for malignant tumors
defined by UICC (International Union of Cancer).

Patients and Methods

Patients. Patients with synchronous or metachronous liver
metastases originating from colorectal carcinomas were included
(n=43). Their primary colorectal carcinomas and liver metastases
were resected surgically. Patients who received preoperative
irradiation were excluded. The patients characteristics are described
in Table I. Written informed consent was obtained from all patients.

Microdissection. Four 10 pm-thick sections of the primary
colorectal carcinomas and adjacent normal mucosa were prepared
from the paraffin-embedded blocks. One 4 um-thick section was
prepared and stained with hematoxylin and eosin (HE). A
representative formalin-fixed, paraffin-embedded (FFPE) tumor
specimen was selected by a pathologist after examination of the HE-
stained slides. Sections 10 pm in thickness were stained with neutral
fast red to enable visualization of histology for LCM (PALM
Microlaser Technologies AG, Munich, Germany), which was
performed to ensure that only tumor cells were studied.

RNA extracrion and cDNA synthesis. The RNA was isolated from the
FFPE specimens using a novel, proprietary procedure (Response
Genetics, Los Angeles, CA, USA) (9). The tissue samples to be
extracted were placed in a 0.5 mL thin-walled tube containing 400 ul
of 4 M dithiothreitol (DTT)-GITC/sarcosine (4 M guanidinium
isothiocyanate, 50 mM Tris-HCl (pH 75), 25 mM EDTA)
{Invitrogen, Carlsbad, CA, USA; No. 15577-018). The samples were
homogenized and an additional 60 pl of GITC/sarc solution was

Table II. Median mRNA expression ratio of thymidine synthase (TS),
dikydropyrimidine dehydrogenase (DPD), thymidine phosphorylase
{TP) and oroteta phosphoribosyl transferase (OPRT) in primary site
and liver metastases.

Primary site Liver metastases p-value
TS 3.19 (0.73-8.35) 398 (0.34-18.5) 026
DPD 0.46 (0.09-1.41) 045 (0.08-1.44) 0.80
TP 3.16 (0.81-8.17) 2.72 (0.69-9.59) 0.02
OPRT 2.00 (0.63-424) 2.16 (0.45-551) 024

Expression ratio is shown as median valve (range).

added. They were heated at 92°C for 30 min and then transferred to
a 2 mL centrifuge tube. Fifty microliters of 2 M sodium acetate (pH
40) were added, followed by 600 ul of freshly prepared
phenol/chloroform/isoamyl alcohol (250:50:1). The tubes were
vortexed for 15 s, placed on ice for 15 min and then centrifuged at
13,000 rpm for 8 min in a chilled (8°C) centrifuge. The upper
aqueous phase was carefully removed and placed in a 1.5 mL
centrifuge tube. Glycogen (10 pl) and 300-400 ! of isopropanol
were added and the samples were vortexed for 10-15 s. The tubes
were chilled at —20°C for 30-45 min to precipitate the RNA. The
samples were then centrifuged at 13,000 rpm for 7 min in a
centrifuge of 8°C. The supernatant was poured off and 500 ul of
75% ethanol were added. The tubes were again centrifuged at 13,000
rpm for 6 min in a chilled (8'C) centrifuge. The supernatant was
then carefully poured off, so as not to disturb the RNA pellet, and
the samples were quick-spun for another 15 s at 13,000 rpm. The
remaining ethanol was removed and the samples were left to air-dry
for 15 min. The pellet was resuspended in 50 pl of 5 mM Tris-HCl
(pH 8.0). After RNA isolation, cDNA was derived from each sample
according to a previously described procedure (12).

PCR quantification of mRNA expression. Target cDNA sequences
were amplified by quantitative PCR using a fluorescence-based real-
time detection method (ABI PRISM 7900 Sequence Detection
System, TagMan®; Perkin-Elmer (PE) Applied Biosystems, Foster
City, CA, USA) as described elsewhere (16, 17). The PCR reaction
mixture (25 pL) contained 600 pmol/L. of each primer, 200 nmol/L
cach of dATP, dCTP and dGTP, 400 pmol/L. dUTP, 5.5 mmol/L
MgCl; and 1x TagMan buffer A containing a reference dye (all
reagents were supplied by Applied Biosystems). The primer and
probe sequences used were as follows: TS primers:
GCCTCGGTGTGCCTTTCA and CCCGTGATGTGCGCAAT,
probe 6FAM-TCGCCAGCTACGCCCTGCTCA, DPD primers:
AGGACGCAAGGAGGGTTTG and GTCCGCCGAGTCCTTAC
TGA, probe 6FAM-CAGTGCCTACAGTCTCGAGTCTGCCAGTG:
TP primers: CCTGCGGACGGAATCCT and GCTGTGATGAG
TGGCAGGCT, probe 6FAM-CAGCCAGAGATGTGACAGC
CACCGT; OPRT primers: TAGTGTTTTGGAAACTGTTGAGGTT
and CTTGCCTCCCTGCTCTCTGT, probe 6FAM-TGGCATCA
GTGACCTTCAAGCCCTCCT; P-actin primers: TGAGCGCG
GCTACAGCTT and TCCTTAATGTCACGCACGATTT, probe
6FAM-ACCACCACGGCCGAGCGG.

PCR was performed at 50°C for 10 s and 95°C for 10 min,
followed by 42 cycles at 95°C for 15 s and 60°C for 1 min. Gene
expression values (relative mRNA levels) are expressed as ratios
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Figure 1. Expression ratios of thymidine synthase (T5), dihydropyrimidine dehydrogenase (DPD), thymidine phosphorylase (TFP) and oroteta
phosphoribosyl ransferase (OPRT) mRNA to f-actin in primary sites and liver metastases of colorectal carcinomas (TS, r=0.62, p<0.0001: DPD,

r=0.50, p=0.0009; TP, r=0.65, p<0.0001; OPRT, r=0.50, p=0.0003).

(differences between the Ct values) between the gene of TS, DPD.
TP or OPRT and the internal reference gene fi-actin. This reference
gene provides a baseline measurement for the amount of RNA
isolated from a specimen.

Statistical analysis, Differences in the mRNA expression ratios of
TS, DPD, TP and OPRT in the primary sites and liver metastases
were determined by the Wilcoxon signed rank test. Correlations
between the mRNA levels of TS, DPD, TP and OPRT were assessed
using Spearman’s rank correlation. A value of p<0.05 was
considered statistically significant. GraphPad Prism version 4.0 for
Macintosh (San Diego, CA, USA) was used for the analyses.

Results

Gene expression levels in primary sites and liver metastases
of CRCs. Median mRNA expression ratios of TS, DPD, TP
and OPRT to fB-actin are given in Table [1. TP expression was
significantly higher in primary sites than in their
corresponding liver metastases. TS, DPD and OPRT did not
differ significantly between primary sites and liver metastases.

Correlation of mRNA expression between primary sites and
liver metastases of CRCs. The mRNA expression ratios of
TS, DPD, TP and OPRT to f-actin in primary sites were
significantly correlated to those in the liver metastases of
CRCs (Figure 1).

Correlation berween TS, DPD, TP and OPRT mRNA
expressions in primary sites or liver metastases of CRCs. The
mRNA expression of DPD and TP showed a significant
correlation in both primary sites and in liver metastases
(Figure 2).

Discussion

Our study demonstrated that the mRNA expression ratios of
TS, DPD and OPRT in primary sites did not differ
significantly from those in liver metastases. Only TP
expression was significantly higher in primary sites than in
liver metastases. There have been several studies which
examined SFU-related gene expression in primary and
corresponding liver metastases from CRCs. However, their

—200—

1479




