Int. J. Cancer 91, 231-2% (2001)
© 2001 Wiley-Liss, Inc.

EFFICACY OF INTRA-HEPATECTOMY 5-

Publication of the International Union Against Cancer

FU ON RECURREN®E AND

METASTASIS OF HUMAN HEPATOCELLULAR CARCINOMA IN NUDE MICE
Bab&k RasHiDiM'? Zili ANY, Fang-Xian Sun?, Xiaoming Li%, Z.Y. Tang®, A.R. Mooss# ard Robet M. Horrman®2*

LAntiCancer Inc., San Diega, CA, USA

2Departmen of Surgery University of California, San Diego, CA, USA
SLiver Cance Institute ShanghaMedicd University, Shanghai China

A novel intra-operative chemotherapy nude mouse model
for human hepatocellular carcinoma (HCC) has been devel-
oped. Intra-peritoneal (i.p.) administration of 5-fluorouracil (5-
FU) was begun 2 hr before hepatic resection of HCC and then
continued post-operatively for 4 consecutive days. This regime,
termed intra-hepatectomy chemotherapy (IHC), significantly
prolonged animal survival compared with pre-operative 5-FU,
neoadjuvant therapy, 5-FU post-operative adjuvant therapy,
surgery alone, 5-FU without surgery, and the untreated control.
The median survival of the intra-operative 5-FU-treated group
was 127 days compared with 78 days for the neoadjuvantly-
treated animals and 53 days for the control group (p < 0.006).
When all animals with neoadjuvant 5-FU treatment had died,
60% of the animals in the IHC group were still alive (p < 0.011).
Survival of all other treatment groups, including 5-FU without
surgery, surgery alone, and adjuvant post-operative chemother-
apy, was not significantly different from the untreated control
group. Five animals in the IHC group were free of tumor when
sacrificed at day 150 post-surgically. While 100% of animals in
the control group had lymph nodes draining the liver involved
with metastases, only 20% of animals in the IHC group had
lymph node metastases. These data suggested that IHC ther-
apy increased survival by preventing metastases of cancer cells
not removed in the liver resection procedure. The results of this
study indicate that IHC therapy for resection of HCC should be
investigated clinically.
© 2001 Wiley-Liss Inc.
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HCC is the mog comma primary malignarn tuma of the liver.t
The incidene of HCC in the Far Eag ard sub-Saharia Africais 30
pe 100,0® persoms per year? In the United States13,0® new cases
are expectd annually34 Surgey is the mog effective currert treat-
mert for HCC! However tuma recurrene after a curative liver
resectio is high7* the reasos for which are 1. spreadig of
malignan cells into the portd circulation during surgicd manipula-
tion;11-132. microscopt residu&tumar cells after liver resectior:1.13
3. growth factors releasd early after liver resectiori4-16

Repeatd hepatectom for recurrence after a curative liver
resectim benefis only a smal groy of patients sinee most
recurrem tumors are unresectablé?

Liver transplantatio for HCC has also bea associaté with ahigh
incidene of recurrencé.Use of liver transplantatio for treatmen of
HCC is limited due to an organ shorta@ ard high cost>-1° Adjuvant
systemi chemotherap with 5-FU ard othe drugs has nat signifi-
cantl improved the survivd of HCC patiens with recurrenceafter a
curative liver resectiort.17-21 The resuls of post-operatie intra-
arterid chemotherap with lipiodol ard percutaneosiethand injec-
tion are limited.*2.13.20|ntra-arterih chemoembolizatio also has not
significanty increasd the survivd of patiens with HCC 2223

The seart for new anticance agens and treatmem modalities
has bean impedel by the limited availability of clinically accurate
moug models specificalyy highly metastatt models Toward this
goal our laboratoy has establishd clinically representatie met-
astatc moug modek of humar cance with a novd metha of
surgica orthotopt implantation (SOI) of intad tumar tisste frag-
ments24-27n our study, a highly metastatt human hepatocellular
carcinona nuce mous modd was usedz2s

The aim of our study was to evaluae the efficag/ of intra-
operative 5-FU for the treatmen of highly metastat HCC in an
orthotopt nude mous model.

MATERIAL AND METHODS
Animals

Athymic nu/ru Balb/c mice of both sexes6—7 weels old, were
usel in our study The animak were maintainel in a specific
pathogen-fre environmenin complian@ with USPHS guidelines
governirg the car and maintenane of experimenthanimals All
animd studies were conducte in accordane with the principles
and procedurs outlined in the Nationd Institutes of Healh Guide
for the Care amd Use of Animals unde assurane number
A3873-1 Mice were fed with an autoclave laboratoy rodert diet
(Tecklad LM-485, Westen Researh Products Orange CA).

Human hepatocellula carcinoma

A highly metastatt huma hepatocellula carcinona nude
mouge mode| LCI-D20, was previousy establishd by surgical
orthotopt implantation (SOI)28

Tuma implantation on the nude mice liver

Inthe presemstudy, LCI-D20 human hepatoratissie fragments
were implantad by SO directly on the left lobe of the liver in 60
animak using the following methods Liver metastaseof LCI-
D20 tha originated from SO to the liver of nude mice were
harvestd and carefully inspectel unde a dissectig microscope
(5X) to remowe necrott tissue The harvestd tumar tissues were
then equally divided into smal pieces of 1 mm® each Tuma tissue
fragmens were mixed thoroughy before the implantatian proce-
dureto ensuetha eat mous receival equall viabletissuesThe
left lobe of the liver of the mice was isolatel via aleft subcostal
incision unde isoflurare anesthesiaA smal cut was then mace on
the glissonian capsule Three 1 mm® pieces of the abowe tumor
tisste fragmens were inserteal into the incision on the left lobe and
then fixed in place using an 8-0 nylon suture The abdoma was
closed with a6-0 silk sutule using differert instrumens than those
usel for tuma implantation in orde to preven ary tumar cell
seediy at the incision site.

Partial hepatectomy

Mice were anesthetize with isoflurare inhalation ard put in a
supire position The abdome was sterilized with iodine and
alcohd swabs To preven ary residud tumar growth, the left
subcosthincision site, which was usel for tumar implantation,
was completey excised Throuch thisabdominawall opening the
tumor-bearig left lobe of the liver was isolatel ard its bilio-
vascula bundk ligated with a6-0 nylon suture Then the entire left
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lobe was resected. The incision line was at least 1 cm distant fr@one and adjuvant post-operative 5-FU groups was longer than the
the liver metastasis. The resected lobe corresponded to appraxintrol group, it was not statistically significant. When all animals
mately 30% of the total liver. The abdomen was then closed withith neoadjuvant 5-FU treatment had died, 60% of animals with
a 6-0 silk suture using different instruments than those used for th¢C were still alive << 0.011) (Table ).
resection to prevent any tumor spreading at the incision site.
] ) Systemic metastasis

Chemotherapeutlc study de§|gn . All animals were explored for metastasis at necropsy. In the

5-FU (Calbiochem-Novabiochem, San Diego, CA) was used @ntrol group, 100% of the animals had metastasis in lymph nodes
20 mg/kg/0.5 mli.p. There were 6 groups of animals in this studgraining the liver. In animals treated with 5-FU alone, 100% of the
In group 1, the control animals were treated with saline, 0.5 Minimals had lymph node metastases. In animals treated with sur-
once a day for 5 days. In group 2, animals were treated with 5-Ryjcal resection only without chemotherapy, 75% of the animals
only once a day for 5 days, with the first dose starting 3 days aftgad lymph node metastases. In animals treated with surgery and
tumor implantation. In group 3, a curative liver resection wasybsequently adjuvant chemotherapy, 63% of the animals had
performed 3 days after tumor implantation. In group 4, whiclymph node metastases. In the neoadjuvant chemotherapy group,
(ecelved agjjuvant treatment, animals were first given a curatiggos of the animals had lymph node metastases. In the IHC group,
liver resection, then after 2 days of rest, were subsequently treatgfly 2 animals had lymph node metastases (20%). Peritoneal
with 5-FU once a day for 5 days. In group 5, which receivegdarcinomatosis occurred in 67% of animals in the control group
neoadjuvant treatment, animals were treated with 5-FU once a ¢g in only 10% of animals treated with IHQ € 0.020). Five
for 5 days,then after 2 days of rest, a curative liver resectiogjce treated with IHC sacrificed at day-150 post-tumor implanta-
was performed. In group 6, intra-hepatic chemotherapy (IHGjon were found free of neoplastic disease. All other animals in all
the first 5-FU dose was given to the animals 2 hr prior to live§roups had recurrences of tumor in the liver. The metastatic
resection. Four more daily doses of 5-FU were given to theatterns and frequency in the different treatment groups are shown
animals beginning from the first post-operative day (Table 1)in Table III.

Statistical analysis

The incidence of survival at defined time points and the inci-
dence of metastasis was analyzed using the Fisher exact test.

Median survival was analyzed using the Wilcoxon rank-sum test, Adjuvant, post-operative and standard chemotherapeutic re-
gimes have not significantly improved survival of patients with

HCCZ17-19 Early recurrence in the remnant liver after a curative
liver resection is high-1t The reasons for recurrences in the
Survival residual liver after a curative liver resection are believed to be due

All animals were sacrificed when they became moribund. FiJl@ microscopic residual foci of tumor or spreading of malignant
animals in the IHC treatment group did not show any sign (gells_by su_rglcal manipulation or b_o%h.l3lt is known_that Sl_JrglcaI
neoplastic disease and were sacrificed at day-150 post-tumor fRnipulation spreads HCC cells into the portal circulatid.29
plantation. Animals with IHC survived much longer than all other In recent years, a number of reports have suggested that at least
treatment or control groups (Fig. 1). The median survival of themall HCC are mainly supplied by the portal circulatiér?®-31As
IHC group was 127 days compared with 53 days for the contrblCC increase in size and become increasingly dedifferentiated, the
group < 0.006). The median survival of animals in the neoadiumber of portal tracts apparently decreases and intratumoral

DISCUSSION

RESULTS

juvant group was 78 day® (< 0.021 compared with the control arterioles develop! In larger HCC, the portal circulation also has
group). Though survival of animals in the surgery-alone, 5-FUan important role and could become the main supplier after adju-

TABLE | — TREATMENT REGIMENS OF HUMAN HEPATOCELLULAR
CARCINOMA IN THE LIVER OF NUDE MICE

vant, post-operative, intra-arterial chemoembolizagon.
Pharmacokinetic and phase-1 clinical studies have indicated that
i.p. administration of 5-FU achieves drug concentrations in the
peritoneal cavity between 300 and 2,200 times higher than in the
systemic circulatiod2-33Anatomic considerations and experimen-
tal data suggest that a major mechanism of clearance of com-

Group No. of Therapeutic regimens listed in order > 1 ST
animals of use pounds placed into the peritoneal cavity is by way of the portal

(1) Control 9 Saline 0.5 ml, once a day circulation#2-25The delivery of the drug to the liver by way of the
for 5 days. portal circulation essentially equals the amount of drug entering

(2) 5-FU alone 8 20 mg/kg/0.5 ml once a day the liver during intrahepatic artery infusiga:3
for 5 days; first dose 3 Several clinical trials studied whether perioperative adjuvant
days after tumor portal vein injection in patients with colon cancer can prevent

. . |mp_|ant|£_:1t|on. . recurrences in the livé®-38In Taylor’s study, benefit was seen in

(3)alLo|\r/12r resection 10 Clégg’zﬂ"effruﬁsoﬁcmn 3 patients with Dukes’ B. The Weber and Wolmark studies showed
implantation. an increase of survival in patients who received adjuvant intrapor-

(4) Adjuvant ) Curative liver resectioft 2 tal infusion of chemotherapy after resection of their primary colon
days rest+ 5-FU 20 mg/ tumor. However, none of these studies demonstrated a decrease in
kg/0.5 ml once a day for the incidence of liver metastasés38in contrast to IHC, which

_ 5 days. demonstrates a significant decrease.

(5) Neoadjuvant 8 5'FdU 2? m59/|d‘9/0'5 g" once The reason for accelerated tumor growth after hepatectomy
gayiyrec')srﬁ cSr)f{iFve liver seems to be due to growth factors, such as hepatocyte growth
resection. factor and transforming growth facter; secreted from the

(6) Intra-hepatectomy 10 5-FU 20 mg/kg/0.5 ml, first residual liver of both humans and mice during the first week

chemotherapy

dose 2 hr prior to
curative liver resection+
4 more doses beginning
from post-operative first
day.

after a partial hepatecton®.39 In a previous study, we dem-
onstrated an increase of human colon cancer growth implanted
into the liver of nude mice after 30% hepatectoiyl.he timing

of initiation of chemotherapy in our study is important for 2
reasons: 1. the potential effect of growth factors that can stim-
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Days after tumor implantation

Ficure 1—5-FU was used at 20 mg/kg/0.5 ml i.p. There were 6 groups of animals in this study. In group 1, the control animals were treated
with saline 0.5 ml, once a day for 5 days. In group 2, animals were treated with 5-FU only once a day for 5 days; the first dose starting 3 days
after tumor implantation. In group 3, a curative liver resection was performed 3 days after tumor implantation. In group 4, adjuvant treatment,
animals were first given a curative liver resection; then after 2 days of rest, were subsequently treated with 5-FU once a day for 5 days. In grouj
5, which received neoadjuvant treatment, animals were treated with 5-FU once a day for 5 days, then after 2 days of rest, a curative liver resectic
was performed. In group 6, intra-hepatic chemotherapy (IHC), the first 5-FU dose was given to the animals 2 hr prior to liver resection. Four
more daily doses of 5-FU were given to the animals beginning from the first post-operative day (also see Table 1).

TABLE Il —SURVIVAL EFFICACY OF INTRA-HEPATECTOMY CHEMOTHERAPY COMPARED WITH STANDARD TREATMENT MODALITIES IN NUDE MICE

WITH HCC
At the time when all At the time when all At the time when all At the time when all - o
mice in the control had mice in the 5-FU mice in the surgery mice in the adjuvant ﬂﬁ; ;Z%génfv‘ggtenrgﬂ mr:(;% Igied
Group died group had died group had died group had died ! group

Survival p-value* Survival p-value* Survival p-value* Survival p-value* Survival p-value*

rate (%) vs. control rate (%) vs. 5-FU rate (%) vs. surgery  rate (%) vs. adjuvant rate (%) vs. neoadjuvant
Control 0 — 0 — 0 — 0 — 0 0
5-FU 20 0.474 0 — 0 — 0 — 0 0
Surgery 60 0.011 30 0.211 0 — 0 — 0 0
Adjuvant 30 0.211 20 0.474 20 0.474 0 — 0 0
Neoadjuvant 70 0.003 60 0.011 40 0.087 30 0.211 0 —
Intra-hepatectomy 80 0.001 70 0.003 70 0.003 70 0.003 60 0.011

chemotherapy

*All p-values were derived from the?/Fisher exact test.

ulate tumor growth released early after liver resection; 2. sunode metastases draining the liver occurred in only 2 animals and
gical manipulation spreads malignant cells into the portal ciperitoneal carcinomatosis in only 1 animal (Table Ill). The IHC
culation12.19.29 The highest concentration of 5-FU after i.p.thus seemingly reduced the malignancy of the tumor.

injection on liver tumors is reached after 24%Therefore, in  The data in our study demonstrated that IHC for resectable
our study, in the IHC group, the first dose of 5-FU was injectedCC is an effective and convenient procedure. IHC therapy
i.p. 2 hr before the start of the operation. The other 4 doses wejges not have the disadvantage of neoadjuvant chemotherapy in
administered daily from the first post-operative day througfyhich a resectable tumor remains in the liver parenchyma with
day-4. the possibility of becoming nonoperable in case there is
The IHC strategy significantly prolonged survival and in 5 of 1@0 response to chemotheraffyThe results of this study indi-

animals prevented tumor recurrence. Despite the recurrencescafe that IHC for resection of HCC should be investigated
tumor in the liver in 5 of the animals treated with IHC 5-FU, lymplclinically.
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TABLE Il — EFFICACY OF INTRA-HEPATECTOMY CHEMOTHERAPY COMPARED WITH STANDARD TREATMENT MODALITIES ON GROWTH AND
METASTASIS OF HCC IN NUDE MICE
No. of mice Mean tumor p-valuet Lymph nod p-valué Peritoneal p-value®
Toveam UL commseuit Thelsass  CPPASCMI carcnomaoss  oPaed uin
Control 9 8.8+ 3.14 — 9/9 — 6/9 —
Surgery 8 6.9+ 4.64 0.834 6/8 0.206 2/8 0.153
5-FU 10 9.1+ 1.75 1.000 10/10 1.000 6/10 1.000
Adjuvant 8 6.8+ 4.02 0.878 5/8 0.082 2/8 0.153
Neoadjuvant 8 7.3 3.56 0.846 5/8 0.082 3/8 0.347
Intra-hepatectomy 10 2.7+ 2.90 0.003 2/10 0.001 1/10 0.020
chemotherapy
1By the ANOVA test.?*By the x%Fisher exact test.
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