
Abstract. Background/Aim: Hepatic venous isolation and
extracorporeal charcoal hemoperfusion (HVI-CHP) can
reduce systemic exposure to hepatic arterial infusion (HAI)
chemotherapy. The pre-existing HVI-CHP system has limited
effectiveness against high-dose cisplatin; therefore, we
designed a new system and evaluated its efficacy in a canine
model. Materials and Methods: Cisplatin was administered
via HAI under HVI-CHP. HVI-CHP was performed using one
charcoal column in group I and two charcoal columns in
group II; it was not performed in group III. The plasma
cisplatin levels in the systemic circulation and at the column
inlet and outlet, and the column extraction rate of were
analyzed. Results: The column extraction rates of free and
total cisplatin in group II were significantly higher than those
in group I. The systemic concentration of free cisplatin was
significantly lower in group II than in groups I and III after
HAI. No significant differences were observed in cisplatin
concentrations in the liver tissue among all groups.
Conclusion: A novel HVI-CHP system for HAI of cisplatin was
successfully developed.

Surgical resection is the optimum procedure for therapy of
malignant liver tumors, but the majority of patients with such
tumors cannot be subjected to this procedure (1). Although
hepatic arterial infusion (HAI) chemotherapy has been
widely used to achieve high local drug concentrations and
take advantage of the first-pass hepatic clearance of
chemotherapeutic agents, its significance remains obscure
owing to dose limitation.

To overcome this situation, we previously developed a
novel liver-specific chemotherapy with an extracorporeal
drug extraction system, namely percutaneous isolated hepatic
perfusion (PIHP) (2-6). High-dose HAI of an antitumor
agent was achieved by the combination of hepatic venous
isolation and an extracorporeal charcoal hemoperfusion
(HVI-CHP) circuit. More than 200 patients with highly
advanced hepatocellular carcinoma (HCC) have already
received this original therapy during the past two decades
and excellent therapeutic outcomes have been reported (7,
8). Meanwhile, our previous experimental study and clinical
pilot trial showed that antitumor agents available for PIHP
are still limited to doxorubicin and mitomycin C.

Cisplatin is one of the key drugs used against a variety of
human cancer types, and the most promising candidate for
high-dose infusion therapy owing to its concentration-
dependent antitumor effect (9, 10). However, cisplatin has a
relatively low hepatic extraction; thus, high systemic drug
concentrations with resultant systemic toxicity, especially renal
dysfunction, occur after its use in HAI. This has prevented
significant dose escalation of cisplatin in HAI chemotherapy
for liver tumors. We previously evaluated the extraction
efficacy of cisplatin after HAI using a single charcoal column
in HVI-CHP with our PIHP system (11). The efficacy of our
system was low, thereby restricting its clinical application. The
establishment of a new PIHP system fully optimized for HAI
of cisplatin can dramatically improve the therapeutic spectrum
of cisplatin against liver tumors. Therefore, we designed a new
drug-extraction system with HVI-CHP using two columns, in
which the column was replaced after 10 min from the
initiation of HAI. The aim of the present study was to evaluate
the efficacy of our newly-developed PIHP system for HAI of
cisplatin to the liver, with special focus on pharmacokinetics
and renal function in an experimental model.

Materials and Methods

Animal preparation. A total of 20 one-year-old female Beagles
(Kitayama Labes Co. Ltd., Yamaguchi, Japan), weighing between 7.9
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and 10.7 kg were used in this study. They were fed a standard diet
and observed for a week to ensure good health. Food was withheld
for 12 h preoperatively. At the end of the study, the dogs were
euthanized with a lethal dose of potassium chloride. The study
protocol was approved by the Institutional Animal Care and Use
Committee of Shin Nippon Laboratories (Approval No:
IACUC20130219-3-01). The study was carried out according to Shin
Nippon Biomedical Laboratories animal experimentation regulation. 

Experiment details and treatment groups. All dogs received high-
dose HAI of cisplatin (4 mg/kg; IA-call™, Nippon Kayaku Co. Ltd.,
Tokyo, Japan) over 20 min, and they were divided into three groups
according to the procedure used for HVI-CHP (Figure 1). Briefly,
HVI-CHP was performed using one charcoal column in group I and
two charcoal columns in group II; it was not performed in group III.

Group I: HAI with HVI-CHP using one charcoal column: Group I
consisted of four dogs that received HAI with HVI-CHP using one
charcoal column for 20 min. Blood samples were collected at 5, 10,
15, and 20 min after the initiation of HAI. Liver tissues were sampled
soon after the completion of HAI (20 min) and 24 h later (day 1).

Group II: HAI with HVI-CHP using 2 charcoal columns. Group
II consisted of eight dogs that received HAI with HVI-CHP using
2 charcoal columns for 20 min (10 min in each). In this group, the
charcoal column was replaced with a new one 10 min after the
initiation of HAI. Among four of the eight dogs, the liver tissues
were sampled immediately after the completion of HAI (20 min)
and 24 h later (day 1). In the remaining four dogs, the liver and
kidney tissues were sampled on postoperative day (POD) 7. Blood
samples were collected at 5, 10, 15, 20 min, and 24 h (day 1) from
eight dogs, and at the POD 3, 5, and 7 from four dogs.

Group III: HAI without HVI-CHP. Group III consisted of eight
dogs that received HAI alone without HVI-CHP. The timings of the
blood as well as liver and kidney tissue sampling were similar to
those for group II.

The pharmacokinetic analysis of the extraction rate (ER) of the
CHP column and changes in plasma biomarkers were analyzed for
all three groups, whereas for the long-term outcome, the renal
function was analyzed in groups II and III.

Experimental procedure. The dogs were anesthetized by the
intravenous administration of sodium pentobarbital (25 mg/kg body
weight) and pancuronium bromide (0.1 mg/kg body weight). After
endotracheal intubation, the dogs were mechanically ventilated
throughout the experiment. A catheter (6-Fr) was inserted into the
right external jugular vein, and lactated Ringer’s solution was
administered to maintain blood pressure during the procedure. An
arterial line was placed into the right carotid artery for both blood
pressure monitoring and blood sampling.

For HVI-CHP, a blood-delivering catheter (16-Fr) was placed in
the right external jugular vein. Laparotomy was then performed with
a midline incision from the xiphoid to the pubis. A blood return
catheter (14-Fr) was placed in the retrohepatic inferior vena cava
(IVC) through the right femoral vein to drain the hepatic effluent.
An infusion catheter (4-Fr) was introduced into the proper hepatic
artery via the gastroduodenal artery. The diaphragm just above the
IVC was incised in preparation for the clamping of the suprahepatic
IVC. The infrahepatic IVC was exposed in the renal vein branches.
Following thoracotomy, HVI-CHP was achieved with concomitant
vascular clamps placed at the suprahepatic and infrahepatic IVC.
Both blood delivering and return catheters were connected to an

extracorporeal unit consisting of a centrifugal pump (Biopump-50:
Medtronic BioMedicus, Inc., Eden Prairie, MN, USA) and a
charcoal drug extraction column (Hemosorba CHS-350 column;
Asahi Kasei Medical Co., Ltd., Tokyo, Japan, Figure 2). Once the
system was established, the blood was anticoagulated by heparin
administration (100 units/kg). Subsequently, a 20 min HAI of
cisplatin at a dose of 4 mg/kg was initiated with a syringe infusion
pump (Terufusion Model STC-523; Terumo Co., Ltd.; Tokyo,
Japan), followed by HVI-CHP, which was performed following the
manufacturer’s protocols.

Measurement of cisplatin concentration in plasma. During HVI-CHP,
the blood samples were collected in heparinized tubes from the pre-
CHP column line (hepatic venous blood), post-CHP column line, and
the left carotid artery (systemic blood). They were placed immediately
on ice, centrifuged at 1,000 × g at 4˚C for 10 min, and then the plasma
was removed. The plasma samples were analyzed directly in order to
determine the free and total cisplatin concentrations. For free cisplatin
measurement, approximately 1 ml of plasma was transferred
immediately to a YMT ultrafiltration membrane cone (Centrifree
Micropartition Devices; Amicon Inc., Beverly, MA, USA) and
centrifuged at 1,000 × g at 4˚C for 20 min. The ultrafiltrate fraction
was used for determining the free cisplatin concentration. A flameless
atomic absorption spectrometric method was used to measure the
cisplatin concentration as described previously (12).

Measurement of cisplatin level in liver tissue. The concentration of
cisplatin in the liver tissues was calculated during the pre- and
postoperative periods every 5 min in the three groups. The liver
tissue sample obtained after sectioning and nitric acid were mixed
in 1:3 weight ratio, and thermolysis was performed using an
ETHOS TC microwave digestion system (Shin Nippon Biomedical
Laboratories, Ltd., Pharmacokinetics and Bioanalysis Center,
Wakayama, Japan). The cisplatin concentration of the
decomposition products was calculated. The time program of
ETHOS TC was 0.00-5.00: 0→600 W, 90˚C; 5.01-25.00: 700 W,
90˚C; and 25.01-45.00: 700→0 W, 0˚C). The aliquot volume of the
decomposition products was weighed, and the density of the
decomposition products was calculated. The decomposition products
were pre-treated, and the mixtures were injected into an inductively
coupled plasma-mass spectrometer (Agilent 7700 Series; Shin
Nippon Biomedical Laboratories, Ltd., Pharmacokinetics and
Bioanalysis Center, Wakayama, Japan).

Pharmacokinetic and pathological evaluation. The blood flow rate in
the hepatic vein was monitored continuously with an electromagnetic
flow probe (Bioprobe TX40; Medtronic Bio-Medicus, Inc., Eden
Prairie, MN, USA) placed in the pre-CHP column circuit line. The
drug-clearance efficacy of HVI-CHP was defined as the the amount
of drug removed as a percentage of the amount of drug administered.
The drug ER of the CHP column at each sampling time was
calculated as follows: ER (%)=(ICa−OCa)/ICa ×100, where ICa was
the inlet drug concentration (μg/ml) at sampling time a; OCa was the
outlet drug concentration (μg/ml) at sampling time a. To investigate
the effect of cisplatin on the renal parenchyma, the renal tissues of
the dogs in groups II and III were evaluated from a pathological point
of view on POD 7.

Statistical analyses. To compare the continuous data between the
groups, the data were tested for normal distributions and an
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unpaired t-test was performed when appropriate; otherwise, the
Mann–Whitney U-test was used. The categorical data were analyzed
using the Chi-squared test or Fisher’s exact test, as appropriate. 
p-Values of less than 0.05 were considered statistically significant.
All statistical analyses were performed using the JMP 10 statistical
package (SAS Institute Cary, NC, USA).

Results
Plasma profile of cisplatin concentration during the first
hepatic pass. The pharmacokinetics of cisplatin during the

first pass through the liver parenchyma is shown in Figure
3. The free and total cisplatin concentrations over time at
the inlet of the CHP column (before the charcoal column)
in groups I and II are shown in Figure 3A. The mean
percentage of free to total cisplatin concentration at 5, 10,
15, and 20 min after the initiation of HAI is shown in
Figure 3B. The percentage of free to total cisplatin
concentration was maintained at about 90% at all specified
time points in both groups I and II during HAI with HVI-
CHP. 
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Figure 1. Outline of the study and experimental models used. HAI: Hepatic arterial infusion; HVI-CHP: hepatic venous isolation and extracorporeal
charcoal hemoperfusion.



Extraction rates of cisplatin with single and double HVI-
CHP. The mean ERs for free and total cisplatin in group I
(HVI-CHP using one column) and group II (HVI-CHP using
two columns) are shown in Figure 4. In group I, a high ER
level was maintained for both total and free cisplatin during

the first half of HAI (more than 80% in the first 5 and 10
min); however, it gradually, but significantly decreased with
time (around 50% at 20 min). Significantly higher ERs were
seen in group II even at 15 and 20 min, when compared to
those in group I (total cisplatin: p=0.0084 at 15 min, and
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Figure 2. Schematic of the experimental model of hepatic venous isolation and charcoal hemoperfusion. Cisplatin (4 mg/kg) was infused for 20 min
via hepatic arterial infusion. HAI: Hepatic arterial infusion.

Figure 3. The pharmacokinetics of cisplatin during the first pass through the liver parenchyma in groups I and II. A: Free and total plasma cisplatin
concentrations over time at the inlet of the hepatic venous isolation and charcoal hemoperfusion column. B: The mean percentage of free to total
cisplatin concentration.



p=0.0439 at 20 min; free cisplatin: p=0.0034 at 15 min, and
p=0.0291 at 20 min).

Cisplatin concentrations in systemic blood and liver tissue.
The median systemic concentration of free cisplatin in all
three groups is shown in Figure 5a. The systemic
concentrations of free cisplatin in group I and group II were
significantly lower than those in group III at all points after
HAI (p<0.001). Moreover, the median systemic free cisplatin
concentration in group II was significantly lower than that in
group I at 15 and 20 min after HAI initiation (Figure 5A;
p=0.0002 at 15 min, and p=0.0025 at 20 min). The systemic
concentration of free cisplatin in group I gradually increased
with time despite continuous drug extraction.

In contrast, there were no significant differences in the
concentrations of cisplatin in the liver of all three groups,
both immediately after HAI and 24 h postoperatively

(p=0.179 and 0.91, respectively; Figure 5B). In addition,
there were no significant differences with regard to the
concentration of cisplatin in the liver tissue between groups
I and II, both immediately after HAI and 24 h postoperatively
(p=0.896 and 0.521, respectively; Figure 5B). In all groups,
a high level of free cisplatin was maintained in the liver tissue
immediately after HAI and 24 h postoperatively.

Adverse events after HAI. The chronological changes of plasma
creatinine (Cr) level after operation in groups II and III are
shown in Figure 6. Among the four dogs in group II, no renal
dysfunctions were observed in three, and moderate renal
dysfunction was observed in one (plasma Cr level increased
from 0.71 to 1.46 on POD7). Of the four dogs in group III, two
died due to severe renal dysfunction on POD4. The mean
plasma Cr level of group II on POD7 was significantly lower
than that of group III (0.80 vs. 8.04, p=0.004).
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Figure 4. The mean extraction rate of cisplatin in groups I and II. A: Total cisplatin, and B: free cisplatin.

Figure 5. A: Median systemic blood concentration of free cisplatin over time in all groups. B: Concentration of free cisplatin in the liver tissue
immediately after hepatic arterial infusion and 24H postoperatively for all groups. HAI: Hepatic arterial infusion.



The mean concentrations of cisplatin at the renal
parenchyma were 666 ng/g in group II and 6925 ng/g in group
III (p=0.0062). The results of pathological analysis of the
kidneys in groups II and III on POD7 are shown in Figure 7.
No significant changes were seen in three out of the four dogs
in group II, and only a mild dilation of distal renal tubules was
seen in the remaining dog. Severe degeneration and necrosis
of renal tubules was seen in all four dogs in group III.

Discussion

The liver is one of the most appropriate targets for regional
chemotherapy with isolated blood circulation because of its
anatomical peculiarity (13, 14). Several preliminary studies
with animal models and clinical pilot trials on isolated liver
chemotherapy for malignant liver tumors have been reported
since the 1960s (15, 16). Although a notable antitumor
response for isolated chemotherapy with open-abdomen
method in advanced liver tumors was reported recently (14),
the complexity of the procedure has precluded its widespread
clinical implementation (17). Our PIHP system does not
require a major operative procedure, thereby dramatically
reducing surgical invasiveness during the isolated liver
circulation, and it can be used repeatedly in contrast to the open
approach (2-6). In 1998, our first report on the long-term
results of PIHP in 28 patients with advanced-stage HCC treated
with a doxorubicin-based regimen showed that the response
rate was 63%. The overall survival rate was 67.5% and 39.7%

at 1 and 5 years, respectively (5). Since then, more than 200
patients have received high concentrations of doxorubicin and
mitomycin C via PIHP with excellent outcomes (8).

The urgent issue which needs to be addressed regarding
PIHP is that cases refractory to existing regimens
(doxorubicin and mitomycin C) are unable to receive further
effective treatments. Although cisplatin is the most
promising candidate for PIHP, our initial studies on
extracorporeal drug extraction in animal models failed to
demonstrate the feasibility of cisplatin due to its severe
toxicity (11, 18). The present study reconfirmed the results
of our previous study (11): the ER of cisplatin with HVI-
CHP using one charcoal column decreased significantly with
time (Figure 4). This decline in ER during HAI perhaps
depended on the capacity of the drug-filtration system,
indicating that the single-column system should not be used
for clinical application. Therefore, we designed a new drug-
extraction system with HVI-CHP using two columns, in
which the column was replaced after 10 min from the
initiation of HAI. This successfully overcame the
performance deterioration of the single-column system. The
median systemic blood concentration of free cisplatin 15 and
20 min after HAI initiation in the group treated using the
two-column system was significantly lower than that of those
treated using the single-column system (Figure 5A).
Furthermore, the analysis of hepatic cisplatin level
immediately after HAI and 24 h postoperatively (Figure 5B)
demonstrated that a sufficient cisplatin level was maintained

ANTICANCER RESEARCH 38: 6445-6452 (2018)

6450

Figure 6. Plasma creatinine level over time after infusion in groups II and III.



using the two-column system compared with the single-
column one. This favorable distribution of systemic cisplatin
concentration was due to the continuous maintenance of high
ER with HVI-CHP using two columns. In addition,
considering the equivalent hepatic concentration of cisplatin
in group II (two-column) compared with that in groups I and
III (Figure 5B), there seemed to be little influence associated
with cisplatin re-entry into the liver during HAI. With regard
to the renal function, three out of four dogs in group II had
normal renal function on POD7, whereas the remaining dog
had mild renal dysfunction. The renal function of dogs in
group II was significantly better than that of dogs in group
III (Figure 6), indicating the feasibility and effectiveness of
the new system. This improved method is a substantial
achievement and enables maintenance of a high cisplatin ER
during HAI.

It has been reported that more than 90% of injected free
cisplatin is transformed to protein-bound cisplatin within an
hour (19). Protein-bound cisplatin was reported to lose both
antitumor effect and multi-organ toxicity (19). Interestingly,
in this study, the pharmacokinetics of HAI with cisplatin
revealed that immediately after the hepatic first pass, almost
no cisplatin was bound, and a high concentration of free
cisplatin was maintained for 20 min (Figure 3). This
pharmacokinetics seems quite ideal for HAI with cisplatin
and is a novel finding in our experimental model.

The feasibility and effectiveness of the PIHP system for
clinical use have already been demonstrated by our numerous

data (5, 7, 8). Furthermore, an improved method using a lethal
dose of cisplatin without any severe toxicity was demonstrated
in basic research in the present study. These findings may
represent a great step towards the clinical application of PIHP
using cisplatin for patients with refractory advanced HCC. If
the present PIHP technique using cisplatin can be incorporated
into treatment, it may have great potential not only with
second-line antitumor drugs for advanced HCC, but also for
other primary and secondary malignant liver tumors, including
intrahepatic cholangiocarcinoma and metastatic liver tumors.
If high-dose cisplatin can be applied clinically for these
tumors using this technique, it may potentially shorten the
treatment duration and reduce associated toxicities, thereby
providing great impact on treatment strategy.

For the future clinical application of high-dose cisplatin
in this way, many existing problems need to be solved.
Preliminary studies have shown that the cisplatin
concentration in the cytoplasm of hepatocytes should be
analyzed using a different method such as synchrotron
radiation X-ray fluorescence microscopy (20) because the
residual plasma cisplatin in tissue samples potentially affects
the results for the cisplatin concentration measured in the
liver parenchyma. From a clinical point of view, the
development of a more sophisticated type of hemofiltration
column optimized for use in PIHP is strongly desired
because the charcoal-based hemofiltration column used in
this study is not optimized to extract small-size molecules
such as cisplatin efficiently. In addition, further efforts to
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Figure 7. Pathological findings of the kidneys of group II (A) and group III (B). Hematoxylin and eosin staining.



reduce the plasma cisplatin concentration are required for the
establishment of a safer system. The combined use of
sodium thiosulphate (11, 21, 22) and a hemodialysis system
can potentially reduce the plasma cisplatin level after PIHP.
These combinations seem to have a synergistic effect and
may be an evolving treatment option.

In conclusion, improved hepatic isolated chemotherapy with
a high-dose HAI of cisplatin using a two-column HVI-CHP
system in an animal model has been successfully developed
without complications. This therapeutic option may be an
innovative approach for patients with primary or secondary
liver tumors, which currently has no indicated treatment.
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