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Sensitivity to Six Antitumor Drugs Differs Between
Primary and Metastatic Liver Cancers
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Abstract—Chemosensitivity to six different types of antitumor drugs was assayed using the
succinate dehydrogenase inhibition (SDI) test, with regard to effects of 29 tissues from primary
hepatocellular carcinomas (PHC) and 12 metastatic liver cancers. Succinate dehydrogenase
activity in the PHC was significantly decreased by adriamycin (ADM), mitomycin C (MMC),
aclacinomycin A (ACR) (P < 0.01), and 5-fluorouracil (5-FU), cisplatin (DDP) and car-
boquone (CQ) (P < 0.05), as compared to findings in tissues from the metastatic liver tumors.
In PHC, chemosensitivity to antitumor drugs in the SDI test was positive in 58.6% of tissues
exposed to ADM, 60.7% with MMC, 11.1% with 5-FU, 65.4% with DDP,65.5% with ACR
and 64.3% with CQ. On the contrary, the positive rates seen in metastatic liver tissues were
18.2% in DDP and 8.3% in CQ, and there was no positive chemosensitivity in tissues exposed
to ADM, MMC, 5-FU and ACR. Therefore, PHC will show a better response than metastatic

liver cancers to antitumor drugs.

Our observations show that the selection of sensitive drugs is most important to improve the
response rate and the survival time of patients. The SDI test proves useful for planning clinical

management.

INTRODUCTION
THE PRESENT treatment of liver cancers in humans,
including primary hepatocellular carcinoma (PHC)
and metastases, 1s not very effective. When the
tumors are localized and the hepatocellular reserve
is adequate, surgical resection is a valid consider-
ation [1]; however, not all patients benefit from
resection. Systemic or intra-arterial chemotherapy
for these liver cancers is disappointing, but a
remarkable response can be obtained [2]. The effi-
cacy of this ctemotherapeutic treatment depends
on multiple factors, such as the route of drug
administration, the distribution of blood flow in
the tumor and prolonged maintenance of cffective
concentration of drugs in the tumor tissue. The
sensitivity of individual tumors to antitumor agents
is also important. In vitro and in vive trials to predict
the chemosensitivity of individual tumors have been
established [3, 4]. In the present study, we com-
pared the chemosensitivity of PHC and metastatic
liver cancer tissues to various antitumor agents,
using the succinate dehydrogenase inhibition (SDI)
test [5, 6], an approach based on the correlation
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between succinate dehydrogenase (SD) activity and
cell viability. Tetrazolium salt was used as the
hydrogen acceptor for the SD activity [7].

MATERIALS AND METHODS

PHC specimens from 29 Japanesc patients (21
men and eight women), and metastatic liver cancer
specimens from 12 patients (10 men and two
women; primary sites were six colorectal carcinoma,
three gastric carcinoma, two pancreatic carcinomas
and one esophageal carcinoma) were obtained at
surgery and immediately placed in McCoy’s 5A
solution.

The antitumor drugs tested were those in regular
clinical use, adriamycin (ADM; 4 pg/ml), mitomy-
cin C (MMC; 10 pg/ml), 5-fluorouracil (5-FU;
100 pg/ml), cisplatin (DDP; 20 pg/ml), aclacino-
mycin A (ACR; 4 pg/ml) and carboquone (CQ;
1 mg/ml), at ten times the peak plasma concen-
tration [5]. These drugs were purchased from the
following sources: ADM, MMC and 3-FU were
from Kyowa Hakko Co., Ltd., Tokyo, DDP from
Nihon Kayaku Co., Ltd., Tokyo, ACR from Sanr-
aku-Ocean Co., Ltd., Tokyo and CQ from Sankyo
Co., Ltd., Tokyo.

The SDI test was done as described [5, 6]. Bri-
efly, the tumor tissues were cut with scissors and
passed through a No. 32 stainless steel mesh into
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McCoy’s 5A solution containing antibiotics, and
then washed three times with this solution. The
fragments were then suspended in minimal essential
medium with L-glutamine (292 mg/ml), 10% fetal
calf serum and antibiotics, plated in each of 35 mm
plastic dishes (three dishes per test group and
4-6 in control), and then incubated at 37°C in a
humidified 5% CO, atmosphere for 3 days. These
fragments were then assayed for SD activity. 3-(4,5-
Dimethyl-2-thiazolyl)-2,5-diphenyl-2H tetrazoli-
um bromide (MTT) was used as a hydrogen
acceptor for SD activity [8]. The formazan formed
from MTT was extracted with acetone containing
0.5% trichloroacetic acid and the absorbance of
formazan was measured at 565 nm. The SD activity
was presented as the optimal density (OD) per mg
tissue protein. The tumor fragments with an OD of
0.5 on day 0 were plated in separate dishes and an
OD over 0.1 in the control on day 3 was considered
as the evaluable assay. The chemosensitivity was
indicated by the percentage of SD activity of drug-
treated cells compared to that of control cells, and
was considered positive when the SD activity of the
drug-treated cells decreased to below 50% of that
in the control cells [5, 6].

In our laboratory, the sensitivity of the SDI test
was compared to that of irn vive systems such as the
subrenal capsule assay [6] and ATP assay [9]. A
close relationship was apparent.

Statistical analysis of difference in SD activity
between primary and metastatic liver cancers was
determined by Student’s t-test. A P value of less
than 0.05 was considered significant.

RESULTS

SD activity in the 29 PHC and 12 metastatic
liver cancer tissues, and exposed to six antitumor
drugs is shown in Fig. 1. The mean percentages of
SD activity in PHC and metastatic tumor tissues
were 50.8 £ 22.6%, 72.8 £15.6% for ADM
(P <0.01), 456 * 23.2%, 74.6 = 14.0% for
MMC (P < 0.01), 69.0 * 15.4%, 80.6 £ 15.0%
for 5-FU (P < 0.05), 42.3 £ 21.5%, 55.7 = 8.8%
for DDP (P < 0.05), 43.3 = 23.1%, 68.2 = 11.2%
for ACR (P <0.01) and 44.7 = 21.9%, 63.0 *
14.3% for CQ (P < 0.05), respectively. PHC had a
significantly lower SD activity than secondary liver
cancer, to all the six anticancer drugs.

In PHC, the SD activity of the drug-treated cells
decreased to below 50% of that of control cells in
17 of 29 patients (58.6%) in the case of ADM, 17
of 28 (60.7%) in MMC, three of 27 (11.1%) in the
5-FU, 17 of 26 (65.4%) in DDP, 19 of 29 (65.5%)
in ACR and 18 0f 28 (64.3%) in CQ. PHC in tissues
from four patients was sensitive to all the six drugs
tested, yet sensitivity to any drug was nil in PHC
from eight patients. The remaining 17 were sensitive
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Fig. 1. 8§D activity in PHC and metastatic liver cancer tissues exposed o
antitumor drugs. The chemosensitivity is indicated by the percentage of SD
activity of drug-treated cells compared to that of control cells. Solid and
dotted bars represents the mean = S.D. There was a significant difference
in ADM, MMC and ACR (P <0.01), and 5-FU, DDP and CQ
(P < 0.05) between PHC and metastases. PHC: primary hepatocellular
carcinoma (O), metastases (®); SD; succinate dehydrogenase, ADM;
adriamycin, MM C; mitomycin C, 5-FU; 5-flucrouracil, DDP; cisplatin,
ACR; aclacinomycin A, CQ; carboquone.

to only some of the drugs. In terms of metastatic
liver carcinoma, none of the tissues from 12 tumors
had a sensitivity to ADM, MMC, 5-FU and ACR.
Only two (18.2%) and one (8.3%) specimen of
the 12 tumors were sensitive to DDP and CQ,
respectively.

DISCUSSION

In patients with PHC, the median survival time
is 22 months (range 9-93 months), and in those
with metastases, this time is 18 months (range
4-113) [10]. Systemic chemotherapy for liver can-
cers has met with little success. In a prospective
randomized clinical trial [11], no response was secn
in any of 48 patients with PHC who were given 5-
FU systemically. Johnson et al. [12] found that
intravenous administration of ADM induced a
remission in 32% of 44 patients with PHC. Okuda
et al. [13] reported that the median survival of 169
untreated patients with PHC was only 1.6 months
from the time of the diagnosis. Systemic or intra-
arterial administration of MMC significantly pro-
longed survival in patients with advanced PHC.
The recent trend in chemotherapy has been to give
an antitumor drug via the hepatic artery so that a
higher level of the agent will reach tumor cells.
When 5-FU was prescribed intra-arterially, the
response rate was 73 % in patients with metastasized
liver cancers [14]. Despite this reclatively high
response rate, there is little evidence to suggest that
intrahepatic chemotherapy actually prolongs the
survival [15].

The present study showed that the PHC was
significantly more sensitive to six antitumor drugs
than were tissues from a metastasized tumor. More
than half of the PHC were sensitive to the drugs
tested, except for 5-FU. On the contrary, there was
little chemosensitivity to any drug in mctastatic
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response to antitumor drugs. The SDI test clinical
correlation was noted in some clinical cases [16].
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PHC will probably show a better considered. The SDI test used in the present study

To improve the response rate and the survival time, for planning clinical management.
a sensitive drug has to be selected. When the clinical

state does not respond to any drug, other modes
of therapy such as chemotherapy combined with

transcatheter arterial embolization [17] have to be the manuscript.
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is a simple, inexpensive and rapid technique for
screening antitumor drugs, and hence proves useful
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