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Introduction
Liver metastases are commonly observed in vari-
ous malignancies and are often the cause of sub-
stantial morbidity and mortality. In cases of 
isolated liver metastases, surgical resection 
(when possible) portends the best long-term 
survival. However, up to 80% of patients with 
liver metastases have unresectable disease due to 
combinations of excessive tumor burden, antici-
pated insufficient liver remnant with intact vas-
cular inflow/outflow and biliary drainage, or 
medical comorbidity [Leporrier et  al. 2006; 
Tzeng and Aloia 2013]. In these cases, systemic 
chemotherapy is often the only pursued treat-
ment alternative. Yet long-term survival with 
chemotherapy treatment alone is rare, particu-
larly for colorectal and melanoma liver metasta-
ses [Masi et al. 2011; Sanoff et al. 2008; Flaherty 

et  al. 2012; Chapman et  al. 2011; Eisen et  al. 
2010]. Moreover, durable disease response to 
second-line therapy is uncommon. For colorec-
tal cancer liver metastases (CRCLM), second-
line response rates are less than 25% and median 
survival after initiation of second-line chemo-
therapy is less than 15 months [Bidard et  al. 
2009; Giantonio et al. 2007; Peters et al. 2006; 
Rothenberg et al. 2008; van Cutsom et al. 2011]. 
While long-term survival is more common 
among patients with unresectable neuroendo-
crine liver metastases, symptoms due to disease 
burden or hormone secretion are usually refrac-
tory to systemic chemotherapy [Chamberlain 
et  al. 2000]. Clearly alternative therapies are 
needed in a substantial portion of patients with 
colorectal, melanoma, and neuroendocrine liver 
metastases.
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Liver-directed regional therapies administer inten-
sive therapy to the cancer-burdened organ while 
limiting unnecessary systemic toxicities and thus 
may have an important role in the management of 
patients with unresectable liver metastases. 
Hepatic artery infusion (HAI), hepatic artery 
bland embolization and chemoembolizaton, radi-
oembolization, and isolated hepatic perfusion 
(IHP) have the additional advantage of treating 
the entire liver to target macroscopic and micro-
scopic disease. Recent meta-analyses on transarte-
rial chemoembolization show partial response and 
stable disease rates of 16.7% and 48.2% and  
1- and 2-year survival of 62% and 28% for CRCLM 
[Gruber-Rouh et  al. 2013]. Corresponding data 
for radioembolization are 20–90% response rates 
and 1-year survival of 37–74% [Rosenbaum et al. 
2013]. For neuroendocrine liver metastases, com-
plete or partial response rates range from 12% to 
100% with median survival of 18–70 months after 
first treatment after radioembolization [Yang et al. 
2012]. While the experience is less for chemoem-
bolization for neuroendocrine liver metastases, 
median progression-free survival (PFS) and over-
all survival (OS) of 18 and 69 months have been 
reported [Whitney et al. 2011]. While less exten-
sive, small studies have shown disease response in 
the majority of patients after chemoembolization 
[Fiorentini et  al. 2009a] and radioembolization 
[Kennedy et  al. 2009] for neuroendocrine liver 
metastases. IHP can provide significant benefit in 
patients whose disease is refractory to other thera-
pies and who have limited treatment options. The 
purpose of this review is to describe the develop-
ment of and clinical results regarding IHP for liver 
metastases.

Development of IHP and initial clinical 
results
Liver metastases derive most of their blood sup-
ply from the hepatic artery whereas the majority 
of the blood source to benign hepatocytes is from 
the portal vein (PV) [Breedis and Young, 1954]. 
This discordance in blood supply is the basis for 
IHP and subsequent adjuvant HAI which allow 
for high concentrations of chemotherapy treat-
ment to malignant tumors with limited toxicity to 
the background liver parenchyma. By isolating 
the liver and thereby limiting systemic chemo-
therapy administration, IHP further allows for 
delivery of substantially higher concentrations of 
chemotherapy at elevated temperatures that 
would otherwise be lethal if systemically adminis-
tered [de Brauw et al. 1991].

Dr Robert Ausman published the first description 
of a technique for IHP [Ausman, 1961]. The 
technique was first refined in a canine model and 
was then tested in five patients with various 
hepatic malignancies. Although there was no 
long-term follow up and the morbidity was sig-
nificant, therapeutic effect was likely observed in 
two patients. In 1969, Stehlin demonstrated the 
synergistic effects of hyperthermia and chemo-
therapy in regional perfusion [Stehlin, 1969]. 
Thus the combination of hyperthermia and 
chemotherapy became the standard approach 
which has been extrapolated to IHP. Because of 
the significant morbidity and potential mortality 
associated with IHP, this technique did not gain 
widespread acceptance over the following three 
decades. Several small, single institution series 
were published during this time, but patient selec-
tion criteria and perfusion parameters were vari-
able, limiting the utility of these studies [Aigner 
et al. 1983; Schwemmle et al. 1987; Skibba and 
Quebbeman, 1986]. In the early 1990s, interest in 
the field of regional perfusion was renewed fol-
lowing a report by Lienard and Lejeune combin-
ing chemotherapy and tumor necrosis factor α 
(TNFα) for the treatment of extremity melanoma 
and sarcoma [Lienard et al. 1992]. Because of the 
potential for significant systemic toxicity associ-
ated with the use of TNFα, there was more focus 
on standardizing perfusion techniques. Emphasis 
was placed on ensuring complete vascular isola-
tion and monitoring systems were developed to 
assess systemic leaks during perfusion.

Just over 20 years ago, several groups in the United 
States and Europe developed protocols to evalu-
ate the safety and efficacy of IHP for unresectable 
liver malignancies [Lebhati et al. 1997; Hafström 
et  al. 1994; Apple et  al. 1999; Marinelli et  al. 
1998]. Investigators from the National Cancer 
Institute (NCI) conducted a prospective phase II 
clinical trial which evaluated the use of high-dose 
melphalan, TNFα, and moderate hyperthermia 
for the management of unresectable malignancies 
confined to the liver [Alexander et  al. 1998; 
Lebhati et al. 1997]. The doses of melphalan and 
TNFα used were 1.5 mg/kg of ideal body weight 
and 1.0 mg, respectively, and established from a 
previously conducted phase I study. A total of 34 
patients were treated and 33 patients were assess-
able for response. The majority of patients (76%) 
had CRCLM and 60% had received prior sys-
temic or regional treatment. Other diagnoses 
included ocular melanoma (n = 4), leiomyosar-
coma (n = 1), and liver metastases from an 
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unknown primary adenocarcinoma (n = 2) and 
hepatocellular cancer (n = 1). There was one 
treatment-related mortality. Grade III or greater 
hepatic toxicity was observed in 75% of patients 
and was reversible in all but one patient. The 
overall response rate was 75% and was main-
tained in patients with advanced disease or those 
who had prior treatment (Table 1). This study 
established IHP using melphalan and TNF as a 
viable treatment option for patients with unre-
sectable liver metastases.

Open technique for IHP
The abdomen is initially explored to evaluate for 
peritoneal dissemination or distant lymph node 
involvement which would be a contraindication to 
the procedure. Involvement of resectable lymph 
nodes limited to the porta hepatis is not a con-
traindication to IHP, since this has not been 
shown to adversely affect outcomes. The presence 
of background liver pathology, such as severe ste-
atosis, steatohepatitis, and sinusoidal obstructive 
syndrome is a contraindication to IHP. Hepatic 
vascular isolation is obtained by extensively mobi-
lizing the right and left lobes of the liver; at this 
time all collateral veins and accessory hepatic 
arteries to the liver are either clamped or ligated. 
The inferior vena cava (IVC) is exposed by per-
forming a generous Kocher maneuver of the duo-
denum and then all venous tributaries from the 
retrohepatic IVC including the right adrenal vein 
and phrenic veins are ligated. The structures of 

the porta hepatis, including the proper hepatic 
artery, PV, and common bile duct are completely 
exposed. The gastroduodenal artery (GDA) is 
dissected and serves as the cannulation site for 
the perfusion. The IHP circuit is depicted in 
Figure 1.

Systemic anticoagulation using heparin is admin-
istered to maintain an activated clotting time of 
more than 350–400 s. A venovenous bypass cir-
cuit is then created from the saphenous vein to 
the axillary vein to maintain systemic venous 
return. This is necessary since flow in the retrohe-
patic vena cava will be interrupted with occluding 
clamps during the perfusion. The saphenous vein 
is cannulated with a 12–16 Fr catheter using an 
open or percutaneous insertion technique and the 
catheter tip is positioned just caudal to the renal 
veins. A 12–16 Fr catheter is then placed in the 
axillary vein or internal jugular vein with the tip 
positioned in the central circulation. These two 
cannulae are then attached to a centrifugal pump 
and form the venovenous bypass circuit.

To create the perfusion circuit, vascular clamps 
are placed across the infrahepatic IVC just above 
the renal veins a few centimeters apart. A venot-
omy is made in the IVC between the clamps and 
a 20–24 Fr catheter is advanced in the retrohe-
patic vena cava and secured with a Romel tourni-
quet; this cannula provides venous outflow for the 
hepatic perfusion circuit. Alternatively, the retro-
hepatic venous cannula can be inserted via the 

Table 1.  Response to isolated hepatic perfusion based upon number of lesions, diameter of largest tumor, or 
percent hepatic replacement in 33 evaluable patients. (Modified from Alexander et al. [1998].)

n PR or CR %

Overall 33 25 75%
Number (radiographically imageable lesions)  
1–4   9   7 78%
5–19 13   9 69%
20 11   9 81%
Diameter largest lesion (cm)  
< 5   4   2 50%
5–9.9 12   9 75%
10 17 14 82%
% Hepatic replacement  
<20   6   5 83%
20–49 15 10 66%
>50 12 10 83%

PR, partial response; CR, complete response.
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femoral vein percutaneously. The PV and com-
mon hepatic artery (CHA) are occluded with vas-
cular clamps. As the dominant blood supply to 
the background liver is from the PV, clamping of 
the PV is necessary to prevent dilution of the 
chemotherapy and impairment of hyperthermia 
from the circuit. The inflow for the perfusion is 
then created by cannulating the GDA with a 3–4 
mm arterial catheter with the tip positioned at the 
orifice of the CHA (Figure 2). Complete isolation 
of the liver is then achieved by placing a vascular 
clamp across the suprahepatic vena cava. 

Temperature probes are placed directly into the 
liver parenchyma on the right and left side to 
monitor hyperthermia during the procedure.

The perfusion circuit for the open technique con-
sists of a roller pump, membrane oxygenator, and 
a heat exchanger. The perfusate consists of 700 ml 
of a balanced salt solution and 1 unit of packed 
red blood cells (roughly 300 ml). A unit of packed 
red blood cells is necessary to ensure adequate 
oxygen delivery to the hepatic parenchyma during 
the perfusion. Arterial and venous blood gases are 

Figure 1.  Illustration showing the isolated hepatic perfusion circuit. On the patient’s right is the 
extracorporeal perfusion circuit connected to an inflow cannula positioned in the gastroduodenal artery and 
an outflow cannula in an isolated segment of the retrohepatic inferior vena cava. Note the vascular occlusion 
clamps on the common hepatic artery and portal vein. A second venovenous bypass circuit is on the patient’s 
left to shunt inferior vena cava blood flow back to the heart during perfusion. art., artery; IVC, inferior vena 
cava; Sup, superior; v., vein.
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monitored throughout the perfusion to maintain a 
perfusate pH between 7.2 and 7.3. This is achieved 
with the addition of sodium bicarbonate to the 
perfusate. The heat exchanger is utilized to warm 
the perfusate to maintain hepatic parenchymal 
temperatures between 38.5 and 40°C. Flow rates 
of over 400 ml/min should be achieved and opti-
mal flow rates are 600–800 ml/min (Table 2). 
Uniform perfusion to both lobes of the liver can be 
observed by rapid and uniform increase in tem-
perature in both lobes. Complete vascular isola-
tion using continuous intraoperative leak 
monitoring with I-131 human serum albumin was 
used in initial clinical trials; however, because 
complete vascular isolation is almost always 
achieved with the technique as described, radioac-
tive leak monitoring is no longer used. Nevertheless, 
during the perfusion the venous outflow reservoir 
is monitored for changes in volume and a signifi-
cant change in the reservoir suggests incomplete 
vascular isolation. If this occurs, all vascular 
clamps should be evaluated and any additional 
collateral vessels to the liver should be identified 
and ligated. The perfusion continues for 60 min 
and then the liver is flushed with 1500 ml of crys-
talloid followed by 1500 ml of colloid. The can-
nulas are removed, vascular structures are repaired, 
and normal liver perfusion is restored.

Clinical results

Ocular melanoma metastases
Ocular melanoma accounts for approximately 
3–6% of all cases of melanoma and 30–60% of 

patients with ocular melanoma will develop liver 
metastases [Cohen et al. 2003; Kujala et al. 2003; 
Lorigan et  al. 1991; McLaughlin et  al. 2005; 
Seregard and Kock, 1995; Singh and Topham, 
2003]. Once liver metastases develop survival is 
very short, less than 1 year, and death is usually 
due to disease progression in the liver [Agarwala 
et al. 2004]. Therefore, aggressive regional ther-
apy to control disease progression in the liver 
appears justified in this patient population. 
Several protocols were conducted at the NCI to 
evaluate IHP in patients with ocular melanoma 
liver metastases. A series of phase I–II studies of 
IHP in patients with ocular melanoma and unre-
sectable hepatic metastases were conducted at the 
NCI, Bethesda between 1994 and 1999[Alexander 
et al. 2000]. Twenty-two patients were treated in 
two studies; an initial phase I trial testing escalat-
ing doses of melphalan with and without TNFα 
and a phase II study using fixed doses of melpha-
lan and TNFα. Overall, half the patients received 
melphalan alone and the other half were treated 
with melphalan and TNFα. Patients generally 
had advanced disease with a median number of 
metastatic nodules of 25, a mean percentage of 
hepatic replacement of 25%, and the mean size of 
the largest lesion was greater than 7 cm. The over-
all radiographic response rate was 62% with two 

Figure 2.  Operative photograph which shows the 
porta hepatis during isolated hepatic perfusion. 
On the right a cannula is positioned in the 
gastroduodenal artery and there are atraumatic 
cross clamps on the portal vein and common bile 
duct. On the left is a cannula that is positioned in the 
retrohepatic vena cava.

Table 2.  Treatment and perfusion parameters used 
during isolated hepatic perfusion.

Duration 1 h

Hepatic tissue temp 39.5–40ºC
Tumor necrosis factor# 1.0 mg
Melphalan 1.5 mg/kg
Flow rate 600–1200 ml/min
Arterial line pressure 110–200 mmHg*
Veno-venous bypass flow 1.8–2.0 l/min

Perfusate volume  
Perfusate composition 700 cm3 crystalloid
  300 cm3 packed red 

blood cells
  2000 U heparin
  20–40 meq NaHCO3

   
Post perfusion flush  
Hepatic artery 1.5 l crystalloid
  1.5 l colloid
Portal vein 1.0 l crystalloid

#Not used currently
*�Measured pressure in circuit, actual delivered pressure 
into hepatic artery is lower.
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complete responses (CRs, 10%) and 11 partial 
responses (PRs, 52%). Of those patients treated 
with melphalan alone, 7 out of 10 (70%) had a 
response, while 6 out of 11 patients (54%) treated 
with melphalan and TNF had evidence of a radio-
graphic response. There was one treatment mor-
tality (5%). The median PFS was 9 months in all 
patients and was significantly longer in patients 
who received TNFα (14 months versus 6 months, 
p = 0.04). The OS for the 22 treated patients was 
11 months. These results were very promising 
given the high response rate and the acceptable 
observed morbidity and mortality.

A follow-up study reported outcomes in 29 
patients (seven from the previous report) with 
metastatic ocular melanoma to the liver treated at 
the NCI using IHP with melphalan alone. In this 
study conducted between 1997 and 2002 
[Alexander et al. 2003), the overall response rate 
was 62% with three CRs (10%) and 15 PRs 
(52%). The actuarial median hepatic PFS in the 
18 patients who demonstrated evidence of a 
response was 12 months and the OS in all patients 
was 12.1 months. There were no treatment-
related deaths, and the most common side effect 
was transient grade III or greater hepatic toxicity, 
which occurred in 65% of patients. On multivari-
ate analysis, only baseline lactate dehydrogenase 
(LDH) was identified as a significant independ-
ent prognostic factor for survival, suggesting that 
baseline LDH level may have a role in patient 
selection (Figure 3).

Additional series in the literature have also 
reported similar results. Noter and colleagues 
treated eight patients with IHP using a fixed dose 
of 200 mg of melphalan for patients with ocular 
melanoma liver metastases [Noter et  al. 2004]. 
The overall response rate was 50% (all partial), 
the median PFS was 6.7 months, and the median 
OS was 9.9 months. Transient hepatic toxicity 
was observed in three patients and veno-occlusive 
disease eventually developed in two patients. A 
follow-up report from the same center which 
included a total of 19 patients treated with IHP, 
13 with ocular melanoma metastases, demon-
strated a response rate of 33 % in patients with 
ocular melanoma metastases, a median time to 
hepatic progression of 8.2 months, and a median 
OS of 10 months [van Iersel et al. 2008b].

Based on these studies, response rates of greater 
than 50% can be obtained using IHP with mel-
phalan with and without TNFα for unresectable 

ocular melanoma liver metastases. These results 
are better than those obtained with systemic ther-
apy alone and appear to be comparable to those 
obtained with other regional therapies [Fiorentini 
et  al. 2009b; Gupta et  al. 2003; Huppert et  al. 
2010; Leyvraz et  al. 1997; Mavligit et  al. 1988; 
Peters et al. 2006; Sato et al. 2008]. Therefore, the 
use of IHP in these patients has the potential to 
provide substantial clinical benefit for a disease 
with a very low proportion of cure with any non-
resectional liver therapy. Rather than being a sub-
stitute for established less invasive radiologically 
guided regional therapy, IHP should be viewed as 
an additional therapy in the armamentarium of 
treatments for ocular melanoma liver metastases 
For example, transarterial chemo- or radioembo-
lization could be used as an additional line of 
therapy for disease progression after IHP.

Neuroendocrine liver metastases
Approximately 75% of patient with neuroendo-
crine tumors will have metastatic disease at pres-
entation and the most common site for metastasis 
is the liver. While surgical resection is effective 
and can improve 5-year survival rates to greater 
than 50%, complete surgical resection is usually 
difficult since patients often present with multifo-
cal or bilateral disease. Even with diffuse liver 
metastases, 5-year survival rates of approximately 
30% have been observed without treatment 
[Chamberlain et  al. 2000; Moertel, 1987; 
Norheim et al. 1987; Benevento et al. 2000; Chen 
et  al. 1998; Pingpank et  al. 2005]. However, 
patients may develop debilitating local and sys-
temic symptoms related to tumor burden and 
hormone production. In addition, liver-directed 
therapies have the potential to improve long-term 
outcomes by controlling progression of disease. 
Therefore, treatment of hepatic metastases has 
become an important component in the overall 
management of these patients.

The largest report in the literature which docu-
ments the use of IHP to treat neuroendocrine 
hepatic metastases is a study from the NCI 
[Grover et al. 2004]. This report details treatment 
and outcomes in 13 patients with neuroendocrine 
liver metastases treated with IHP on various pro-
tocols between 1993 and 2003. Ten patients were 
treated with melphalan alone, two patients 
received a combination of melphalan and TNFα, 
and one patient was treated with TNFα alone. 
Reversible grade III/IV hepatic toxicity was 
observed in 62% of patients, which is consistent 
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with toxicity observed in other IHP studies. There 
was one treatment-related mortality. Overall 
response was 50% and the median actuarial OS 
was 48 months. Given the effectiveness of surgical 
resection and other liver-directed therapies in the 
management of patients with neuroendocrine 
liver metastases, it is likely that IHP will only play 
a significant role in the management of patients 
with quite advanced disease.

Colorectal cancer liver metastases
Because of the relatively high frequency of 
CRCLM, the majority of studies that have evalu-
ated IHP have been performed in patients with 
CRCLM. These studies have utilized multiple 
types of chemotherapy, including mitomycin C, 
oxaliplatin, and melphalan with and without 
TNFα [Zeh et  al. 2009; Alexander et  al. 2002, 
2005, 2009; Rothbarth et al. 2003; van Iersel et al. 
2008a, 2010].

A total of 120 patients with CRCLM were treated 
on sequential prospective clinical trials at the NCI 
using IHP with melphalan alone (n = 69),  
melphalan and TNFα (n = 41), or TNFα alone  
(n = 10); 46 patients also received additional HAI 
therapy using floxuridine [Alexander et al. 2009]. 

The majority of patients (80%) had been treated 
with previous chemotherapy prior to IHP. There 
were five (4%) treatment-related mortalities; 
three of the mortalities occurred in patients 
treated on phase I dose-seeking studies. Response 
was evaluable in 114 patients. The overall radio-
graphic response rate was 59% with a median 
time to hepatic progression of 7.0 months. 
Median OS was 17.4 months. Patients who 
received HAI therapy had a longer time to hepatic 
progression than those who did not receive HAI 
therapy: 13.0 versus 5.8 months respectively 
(Table 3). The most common toxicities were tran-
sient elevations in serum transaminases and total 
bilirubin. Factors associated with response were 
higher doses of melphalan and the use of TNF. 
With respect to OS, only the use of HAI therapy 
and a preoperative carcinoembryonic antigen 
level of up to 30 ng/ml were significant on multi-
variate analysis (Figure 4).

Similar outcomes were reported by van Iersel and 
colleagues who treated 105 patients with unre-
sectable CRCLM over a 10-year period [van 
Iersel et al. 2008a]. All patients were treated with 
a fixed high dose of 200 mg of melphalan and 
almost all patients were perfused simultaneously 
through the hepatic artery and PV (of note, 

Figure 3.  Actuarial overall survival in patients with ocular melanoma liver metastases undergoing isolated 
hepatic perfusion with melphalan with or without tumor necrosis factor; survival for patients with baseline 
lactate dehydrogenase (LDH) below 160 is significantly greater than for patients with elevated baseline LDH 
levels.
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therapy via the PV is not the norm for IHP). 
Treatment-related morbidity and mortality were 
similar to those observed in the NCI study. The 
median PFS was 7.4 months, while the median 
duration of hepatic response was 11.4 months. 
The overall response rate was 50% (52/105 
patients). The median OS was 24.8 months. On 
multivariate analysis, the use of adjuvant chemo-
therapy was associated with response and PFS 
while a greater number of hepatic metastases, PV 
perfusion alone, and postoperative complications 
were associated with decreased OS.

Using this same group of patients treated with 
IHP, van Iersel and colleagues recently reported a 
case–control study that compared the use of IHP 
with melphalan to systemic chemotherapy in 
patients with unresectable CRCLM [van Iersel 
et  al. 2010]. The IHP group consisted of 99 
patients treated between August 1994 and 
December 2004. The systemic chemotherapy 
group consisted of 111 patients who were enrolled 
in the Capecitabine, Irinotecan, Oxaliplatin 
(CAIRO) study of the Dutch Colorectal Cancer 
Group and received either sequential chemother-
apy with first-line capecitabine, followed by sec-
ond-line irinotecan, and then third-line 
capecitabine and irinotecan or combination 
chemotherapy with first-line capecitabine and 
irinotecan followed by second-line capecitabine 
and oxaliplatin. Patient characteristics in both 
groups were similar except that the patients 
receiving IHP were significantly younger. In the 
IHP group, major postoperative complications 
were observed in 35% and perioperative mortality 
was 6%. In the systemic chemotherapy group, 
grade III/IV toxicity was observed in 52% of 
patients and treatment-related mortality was 2%. 
The overall response rate for IHP was 47% and 
the median time to disease progression was 7.3 

months. The overall response rate to first-line 
therapy was 37% and the median time to disease 
progression was 7.9 months. There was no signifi-
cant difference in OS between the two groups: 
25.0 months for those treated with IHP and 21.7 
months for patients treated with systemic chemo-
therapy alone. Those patients who were treated 
with IHP as first-line therapy (50 patients) had an 
OS of 28.9 months which was not significantly 
different compared with the systemic therapy 
group (p = 0.24).

Together these data raise important questions 
about the management of patients with unresect-
able CRCLM. The role for IHP in patients who 
experience disease progression on systemic chem-
otherapy was tested by Alexander and colleagues 
who reported the outcomes of 25 patients with 
unresectable CRCLM refractory to chemother-
apy [Alexander et al. 2005]. All patients received 
5-fluorouracil (5-FU) based therapy with (n = 3) 
or without (n =22) irinotecan as first-line treat-
ment; however, all 22 patients did receive irinote-
can-based therapy as second-line treatment for 
CRCLM. Similar to other IHP studies, the 
patients had significant tumor burden with a 
median number of 10 hepatic metastases and a 
median percent hepatic replacement by tumor of 
25%. The overall response rate was 60% (1 com-
plete, 14 partial), and the median duration of 
response in the liver was 12 months. Systemic 
progression occurred in 13 patients (54%) at a 
median of 5 months. The median OS was 12 
months, with a 2-year survival of 28%. These 
results are quite favorable compared with second-
line chemotherapy, which is associated with 
response rates of generally less than 25% and a 
median OS of usually less than 15 months. Taken 
together these data suggest that IHP demon-
strated no significant survival benefit compared 

Table 3.  Results with IHP for patients with colorectal cancer liver metastases treated with IHP.

Treatment regimen Numberof evaluable patients CR PR Median PFS months

Overall 114 2 67
59%

  7.0

IHP–no HAI   58 0 33
57%

  5.8

IHP–HAI   46 2 30
65%

13.0

IHP (TNF alone)   10 0 4   3.0

IHP, isolated hepatic perfusion; PR, partial response; CR, complete response; TNF, tumor necrosis factor; HAI, hepatic 
artery infusion.
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with systemic chemotherapy alone as first-line 
therapy. There does appear to be a role for IHP as 
second-line or third-line therapy in selected 
patients with unresectable CRCLM whose condi-
tion is refractory to systemic chemotherapy 
(Figure 5). IHP should be considered in the con-
text of prospective clinical trials evaluating an 
integrated multimodal management approach.

Percutaneous hepatic perfusion
Percutaneous hepatic perfusion (PHP) utilizes  
a double-balloon catheter system (produced  
by Delcath Systems, New York, NY, USA) 

positioned percutaneously in the retrohepatic 
vena cava under fluoroscopic guidance. The dou-
ble-balloon catheter has a unique construction 
with a large central lumen, three accessory lumina, 
and fenestrations throughout its length that allows 
for collection of hepatic venous outflow (Figure 
6). The two balloons on either end of the catheter 
are positioned inferior and superior to the hepatic 
veins and are independently inflated under fluor-
oscopy. The venous outflow from the liver is fil-
tered through an extracorporeal filtration system 
and is then returned to the systemic circulation 
through a catheter in the internal jugular vein. 
The arterial catheter is placed percutaneously 

Figure 4.  Actuarial overall survival in 120 patients with diffuse colorectal cancer liver metastases who 
underwent isolated hepatic perfusion (IHP) based on baseline carcinoembryonic antigen (CEA) level (top panel) 
or with or without hepatic artery infusion (HAI) therapy (bottom panel) following IHP. Tx, treatment.
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from the femoral artery and is positioned in the 
proper hepatic artery under fluoroscopic guid-
ance. Accessory hepatic arteries are embolized to 
minimize dilution of chemotherapy infusion to 
the liver. Once vascular isolation is confirmed, 
chemotherapy is administered as a continuous 
infusion over 30 min. The filtration circuit is then 
continued for an additional 30 min after the per-
fusion to ensure that all the chemotherapy is 
removed. Anticoagulation is required during the 
perfusion and is reversed using protamine and 
fresh frozen plasma at the end of the perfusion. 
Temporary use of vasopressors is necessary after 
balloon inflation to maintain hemodynamic 
stability.

PHP has several attractive features compared 
with open IHP. First, the open technique has the 
potential for significant morbidity and the tech-
nique cannot be repeated. While hemodynamic 
perturbations can occur during PHP (including 
decreases in mean arterial and central venous 
pressure) which may require inotropic or vaso-
pressor support, these changes usually are tran-
sient [Miao et al. 2008]. Decreased venous return 

due to inflation of the IVC balloon catheter and 
depletion of catecholamine observed with extra-
corporeal hemofiltration are the reasons for 
decreasing mean arterial blood pressure. A total 
of 70–80% of patients treated required some type 
of pressor or intropic support [Miao et al. 2008; 
Ravikumar et  al. 1994]. Given the excellent 
response rates that are observed after a single per-
fusion, it is possible that multiple perfusion treat-
ments as done with PHP may provide more 
durable responses and improve OS. Initial experi-
ence and results using PHP were first reported in 
the early 1990s [Beheshti et al. 1992; Curley et al. 
1994; Ravikumar et al. 1994]. Ravikumar and col-
leagues reported a series of 58 PHPs that were 
performed in 21 patients using escalating doses of 
5-FU or doxorubicin. The majority of patients 
experienced significant transient hypotension at 
the time of IVC occlusion. In this study, the 
extraction efficiency of the filter ranged from 64% 
to 91% resulting in sufficient systemic exposure 
of the therapeutic agents to result in transient 
grade III/IV toxicities. There were no mortalities. 
As an example of the benefits of repeat PHP, one 
patient with scalp melanoma liver metastases in 

Figure 5.  Gadolinium-enhanced magnetic resonance imaging study from a patient with extensive hepatic 
metastases from colorectal cancer who had been previously treated with systemic and regional chemotherapy. 
The patient had a marked response to a 60 min isolated hepatic perfusion (IHP) as reflected in the lower 
images obtained more than 1 year after treatment.
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this study had a 96% reduction in liver disease 
burden after four treatments with complete symp-
tom resolution [Ravikumar et  al. 1994]. Curley 
and colleagues reported similar outcomes using 
PHP with escalating doses of doxorubicin in  
10 patients with hepatocellular carcinoma. 
Importantly, one patient died after IVC balloons 
were inflated [Curley et al. 1994]. Both of these 
studies demonstrated that the technique was fea-
sible; however, the clinical efficacy of the proce-
dure was not rigorously evaluated.

In 2005, Pingpank and colleagues reported a 
phase I study of escalating melphalan dose admin-
istered via PHP in patients with unresectable 
hepatic malignancies [Pingpank et  al. 2005]. A 
total of 74 procedures were performed in 28 
patients. Twelve patients were treated at an initial 
melphalan dose of 2.0 mg/kg which was then 

escalated to a maximum tolerated dose (MTD) of 
3.5 mg/kg. Seventy-five percent of patients had 
received previous treatment for liver metastases. 
As experienced by previous investigators, the 
most common grade III/IV toxicities were myelo-
suppression, mainly neutropenia and thrombocy-
topenia, which were observed at all dose levels. 
Grade III/IV hepatic toxicity occurred infre-
quently and was transient. The filtration efficiency 
ranged from 58.2% to 94.7%, with a mean of 
77%. The overall response rate in 27 assessable 
patients was 30%. In the 10 patients with ocular 
melanoma primaries, the objective tumor 
response was 50%. This study established the 
MTD of melphalan at 3.0 mg/kg, demonstrated 
that PHP could be performed with manageable 
toxicities, and also showed antitumor effects 
across various tumor histologies. Preliminary 
results from a phase III trial comparing the 

Figure 6.  Diagram of the Delcath Catheter System. Melphalan is administered directly into the hepatic artery 
through an infusion catheter placed percutaneously via the femoral artery. Hepatic venous outflow is isolated 
via a double balloon catheter in the retrohepatic inferior vena cava (IVC) (shown top right). Blood is drawn 
out of the retrohepatic IVC through multiple fenestrations located along the length of the catheter between 
the cranial and caudal balloons. The blood is then pumped through a pair of activated charcoal filters prior 
to return to the systemic circulation via an internal jugular vein catheter. Fluoroscopic image of the isolated, 
retrohepatic IVC segment obtained by retrograde injection of contrast through the intraballoon fenestrations to 
confirm the absence of systemic leak is shown in the middle right.
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efficacy of PHP with melphalan with standard of 
care for melanoma liver metastases have been 
published [Pingpank et al. 2010]. Median hepatic 
PFS was 254 days among 44 patients treated with 
PHP compared with 49 days among 49 patients 
treated with standard of care. The overall response 
rate after PHP was 34.1%. Marked responses 
may be obtained after PHP, as shown in Figure 7.

As of now, the catheter delivery systems for PHP 
have not been approved by the US Food and 
Drug Administration for use in the United States.

Conclusion
IHP is a liver-directed therapy that may be uti-
lized to treat patients with unresectable liver 
metastases. Numerous studies in patients with 
various tumor histologies have generally demon-
strated response rates of greater than 50% with 
transient morbidity and acceptable mortality 
rates. While systemic therapy remains the stand-
ard of care for treatment of patients with unre-
sectable CRCLM, there may be a role for IHP in 
patients who are refractory to systemic therapy. 
For patients with unresectable ocular melanoma 
liver metastases, the role for IHP may be more 
significant as another component in the  
armamentarium of therapies for a disease with 
relatively rapid disease progression after nonre-
sectional therapy. The ability to perform PHP 
may increase the role of hepatic perfusion for 
treatment of multiple tumor histologies since this 

procedure allows for sequential treatments to be 
delivered with lower morbidity. The management 
of unresectable liver metastases is a significant 
clinical problem that requires the combined 
efforts of multiple providers to develop an inte-
grated approach for each patient. Continued eval-
uation of hepatic perfusion in these patients is 
necessary so that its role in this integrated 
approach can be more clearly defined.
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