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Table 1 Platipum concentra-
tion in the NIPP groups and
the systemic mtravenous
administration group

Platinum

1 Bolus (A)

2 Boluses (B) 3 Boluses (C) 4 Boluses (D)

Plasma pelvic to systemic exposure  15.5 (9.1):1.0
1atio {SD) during NIPP

Plasma drig concentrations (8)
Maximum pelvic concentration (mg/l}

160(32)1.0 19384310 -

In the arterial site 750 (155) 558(13) 38.2(5.6) -
In the venous site 59.7 (158) 389(74) 29.2(4.3) 104 (0.9
Average of pelvic concentration
In the arterial site 43.6 (9.0} 37920) 283 (1.6) -
In the venous site 375(108) 294 (42) 234 (1.8) 8.0 (1.4)*
Pelvic concentration at end of NIPP
In the arterial site 270 (9.0) 260 (22) 30.7 (4.7) - .
3 The systemic platinum con- SIn the venous site i 21.7 (9.0) 23.0 (4.7} 27.2 (3.5} 88(13)
centrationsin group ID are N se) 31004 23(08) 104 (09)
used as synonymous with the Pl i ’ i
pelvic venous concentrations Average 3.2(1.3) 22 (04) 1.5 (0.6) 84(14)
1204 = "
. —o— CGirotg A B 80
1004 § ., ~a~Group B Enr

~a-Group C
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Fig. 2 Comparison of the pelvic arterial platinum concentrations
when the bolus time was one (group A), two {group B) and three
{(group C). *P < 0.05, *P < 0.01 and P < 0.001

platinun concentration was 37.5 (10.8) mg/l in group
A, 294 {(42) mg/l in group B and 23.4 (1.8) mgl in
gronp C. The maximum platinum concenirations in
group A in the pelvic circulation om the arterial or
venous sides were significantly (P < 0.05) higher than
those in groups B and C. Those in group B were signifi-
cantly (P <0.05) higher thao those in group C. The
average platinum concentrations (based on the serum
concentration-time relationship from 0 to 30 min after
the start of drug perfusion} in group A were signifi-
cantly (P <0.05) higher than those in group C, but
there were no significant differences between groups A
and B, or between groups B and C. With regard to plat-
inum concentration on the arterial side, althongh that
in group A was significantly higher than that in group B
{P < 0.05) or C (P < 0.01) until 10 min after the start of
NIPP, that in group B tended to be higher than that in
group A after 15 min and was significantly (P < 0.001)
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Fig, 3 Comparison of the pelvic venous platinum concentrations
among four groups. The systemic platinum concentrations in
group D are used as synonymous with the pelvic venous concen-
trations. Comparison among NIPP groups (*P <0.05, ¥P < 0.0
and *¥P < 0.001). Comparison of NIPP groups versus group D
(*P < 0.05, *P < 0.01, *+P < (,001) .

higher than that group C until 20 min after the start of
NIPP. With regard to platinum concentrations on the
venous side, that in group A was significantly
(P < 0.05) higher than that in group B or C imtit 10 min
after the start of NIPP, that in group B was significantly
(P < (.05) higher than that in group C umtil 20 min
after the start of NIPP. If the systemic plationum con-
centrations in group D were the same as the pelvic
venous concentrations, these platinum concentrations
were sipnificantly lower than those I group A
(P <0.05) until 20 min after the start of NIPP, B
(P <0.01), or C (P<0.01) during NIPP. The serum
platinum concentration in group D was three times
lower than that in the pelvic venous circulation in
group C.
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Serum plasma platinum concentrations in the systemic
circulation

On the other hand, the maximum plasma platinum
concenfrations in the systemic venous circulation
(Table 1; Fig. 4) were 3.8 (1.6} mg/ in group A, 3.1
{0.4) mg/l in group B, 2.3 (0.8) mg/l in group C and 10.4
(0.9) mg/l in group D, The average platinum concentra-
tions were 3.2 (1.3) mg/! in group A, 2.2 (0.4) mg/ in
group B, 1.5 (0.6} mg/t in group C and 8.0 {1.4) mg/l
in group D. The systemic platinum concentration in
group D was significantly higher than that in group A
at5 (P < 0.01), 15 (P <0.05), 25 (P < 0.001) and 30 min
(P <0.01), B (P <0.05), or C (P <0.05) during NIPP
and was five times higher than that in the systemic cir-
culation in group C. However, there were no significant
differences among NIPP groups, at least within the lim-
ited number of pigs employed.

Plasma pelvic to systemic exposure ratio during NIPP

The plasma pelvic to systemic exposure ratio (Table 1)
was 15.5 (9.1):1.0 in group A, 16.0 (3.2):1.0 in group B
and 19.3 (8.4):1.0 in group C. There were no significant
differences among the three NIPP groups. However,
there was a tendency for systemic leakage to increase
as the platinum concentration in the pelvic circulation
increased.

Discussion

The aims of regional chemotherapy are to iacrease
drug efficacy in the treated area by creating a locally
highly drug concentration and to avoid systemic toxic-
ity by decreasing the degree of systemic drug exposure.

S

—o~Group A

=
[=T. ]

Platinum concentrations (mg/1)
[+]

ot . . : : .
0 5 16 15 20 25 30
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Fig. 4 Comparison of systemic venous platinum concentrations
among four groups. Comparison among NIPP groups (*P < 0.05,
#p < 0,01 and "P < 0.001). Comparison of NIPP groups versus
group D (*P < 0.05, ¥*P < 0.0, ***P < 0.001)

PP is the only regional perfusion technique that per-
mits delivery of a drug into the pelvic circnlation at a
higher conceniration than in the systemic circulation,
However, leakage of anticancer drugs can easily occur
from the pelvic into the systemic circulation during IPP
(Lawrence et al. 1961, 1963; Wile et al. 1985, 1987; Col-
lins 1989; Turk etal. 1993; Wanebo and Belliveau
1999;Wanebo etal. 1996; Belliveau etal 20035). To
realize the full potential of IPP therapy, we devised a
novel IPP technique that allowed control of the nega-
tive-balance in—out flow rate, thus reducing drug leak-
age into the systemic circulation. This NIPP technique
makes it possible to dramatically decrease drug leak-
age from the pelvic into the systemic circulation
(Murata et al. 2005). To optimize the performance of
NIPP therapy, it is necessary to acquire data about the
correlation between the method of administration and
the concentrations of platinum in the pelvic and sys-
temic circulation.

As expected, the serum plasma platinum concentra-
tion in the pelvic circulation on both the arterial and
venous sides tended to increase as the anticancer agent
bolus time decreased. On the other hand, the serum
plasma platinum concentration in the systemic circnla-
tion tended to increase as the bolus time decreased. A
significant difference was observed between groups A
and B, or between A and C until 10 min after the start
of NIPP and between groups B and C until 20 min after
the start of NIPP. As for the systemic platimam concen-
tration in group D, it was significantly higher than that
in NIPP groups during NIPP and was five times higher
than that in group C with the same three boluses. How-
ever, there were no significant differences among NIPP
groups, at least within the limited number of pigs
employed. If the systemic platinum concentration in
group D was the same as the pelvic venous concentra-
tion, then this platinum concentration was significantly
lower than that in NIPP groups during NIPP. The
serum platinum concentration in group I was thiee
times lower than that in the pelvic venous circulation in
group C. Our prescnt results suggest that a high dose of
anticancer agent can be used for NIPP therapy without
increasing the severity of complications. Consequently,
the serum platinum concentration in the pelvic circula-
tion was much higher than achievable by systemic che-
motherapy. Thus, the full potential of IPP therapy will
be realized if the NIPP method is used.

The most interesting result of this study was that the
plasma pelvic to systemic exposure ratio was 155
(9.1):1.0 in group A, 16.0 (3.2):1.0 in group B and 19.3
{(8.4):1.0 in group C, there being no significant differ-
ences among the three NIPP groups. This suggests that
the bolus times for NIPP therapy can be chosen
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according to the various situations of the patients, such
as the type of tumor, tumor size, grading of malig-
nancy, or general condition, espectally renal function
under conditions of hydronephrosis. For example,
three or more boluses can be chosen for patients with
renal dysfunction, or one or two boluses can be chosen
depending on tumor size or grading of malignancy in
patients whose general condition is good.

In summary, NIPP allows a high concentration of
anticancer drug to be delivered into the pelvic circula-
tion, while maintaining a low concentration in the sys-
temic circulation. The plasma platinum concentration
in the pelvic circulation tended to increase as the bolus
time of the anticancer agent decreased. On the other
hand, the platinum concentration in the systemic circu-
lation tended to increase as the bolus time decreased.
There were no significant differences in the plasma pel-
vic to systemic exposure ratio among bolus times,
These resulis suggest that bolus times in NIPP therapy
can be chosen according to various situations in indi-
vidual patients. Based on the above findings and addi-
tional isolated dialysis of anticancer agents in the pelvic
cavity after NIPP therapy (Murata et al. 2005), we have
performed NITP therapy in patients with inoperable or
recurrent cancer and obtained good control of tumor
progression.
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Innovative Therapeutic Development of Isolated Liver Perfusion:

Applicability to the Treatment of Hepatic Malignancy
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Purpose

To evaluate the effect of total isolated liver perfusion on hepatic circulation and the feasibility of
a percuianeous approach in a pig model

Materials and Methods

In twenty-five pigs undergoing total isclated liver perfusion (Fig. 1), the unilateral common femoral artery and
the bilateral common femoral veing and the right jugular vein were exposed through a cut-down incision, and
sheaths (8 Fr., 12 Fr, 9 Fr. and 9 Fr. each) were inserted into each of them. The thyrocervical arftery was
exposed, and a 5 Fr. cannula sheath was inserted to monitor blood pressure during the procedure. Arterial
blood pressure were recorded before, and 0, 5, 10, 15, 20, 25, and 30 minutes after the start of perfusion.
Catheters were placed in the proper hepatic artery and the inferior vena cava (IVC). The portal vein branch
was punctured by a PTCD needle under ultrasonographic guidance, and a 12 Fr, sheath was inserted. Then, a
balloon catheter was inserted into the portal vein trunk. We developed two kinds of balloon catheters, a first
version (n=19) and a second version (n=6). They had specially designed side arms to allow high flow and to keep
the pressure in the pump-system low during withdrawal and return of the blood through the catheter. After
systemic heparinization {120U/kg), balloons were used to occlude the proper hepatic and the portal vein trunk
and the infrahepatic and suprahepatic IVC. Blood was withdrawn from the portal vein with one rotary pump
{120m!/min) and returned to the proper hepatic artery (120m!/min) with contrast medium or cisplatin Z5mg/
kg) through the balloon catheter with another rotary pump. To maintain blood pressure blood was withdrawn
from the infrahepatic IVC with one rotary pump and returned to the jugular vein through the sheath with
another rotary pump. Blood was withdrawn from the superior mesenteric vein and returned to the jugular vein
through the sheath with a rotary pump. Perfusion was carried out for 30 min.

Resulis

The 19 pigs with the first version of the balloon catheter were hemodynamically unstable. It was impossible
to assess the effect of the new isclated bver perfusion system. The remaining 6 pigs with the second version of

Journal Website (hitp://wwwnms.acip/inms/)
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Bevelopment of Isclated Liver Perfusion
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the balloon catheter were hemodynamically stable. During complete occlusion of hepatic veins contrast medium
was seen to drain in a reverse direction into the portal vein in 6 pigs. Collateral vessels could not be
demonstrated. Concentrations of cisplatin in the hepatic artery, the portal vein, and the systemic circulation are
shown in Fig. 2.

Conclusion

Total isolated perfusion accomplished by occlusion of the IVC and the portal vein in combination with
aspiration applied in the pertal circulation results in rapid and extensive arterioportal shunting without
visualization of collateral vessels. This percutaneous approach is technically feasible, but its hemodynamic safety
must be evaluated before clinical application.

50 ] Nippon Med Sch 2006; 73 (1)
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Adapted from Grothey A, et al. J Clin Oncol. 2004:22:1209-1214, and Venock A. Oncologist. 2005;10:250-261.
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