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Colorectal cancer (CRC) is the third most common cause of death from cancer worldwide. Nearly 20% 

of patients present with synchronous metastatic disease at the time of diagnosis and up to 50% of 

patients will develop liver metastases at some point during the course of their disease. It is said that 

approximately 85% of patients with stage IV disease present with liver metastases that are considered 

unresectable at the time of diagnosis. The median survival for these patients without treatment is 

6-9 months and it reaches up to 35% at five years when they are converted to resection.

Many techniques for the regional treatment of liver metastases from CRC have been described, based 

either on ablative therapy (radiofrequency ablation, cryoablation, microwave ablation) or perfusion 

(chemoembolization, radioembolization, infusion of chemotherapy directly into the hepatic artery); each 

of these techniques has been shown to be effective within their domain. Still, no comparative studies 

have been conducted to establish precise indications for opting for one of these techniques over 

another and the benefits of each. At present the only treatment for unresectable liver metastases from 

CRC that has been validated continues to be systemic treatment with chemotherapy.

The rationale for isolated hepatic perfusion is based on administering high doses of chemotherapeutic 

agents by infusing them through the liver under hyperthermic conditions in order to produce maximum 

antitumor effects while limiting systemic toxicity by temporary interruption of the blood supply to the 

liver. Numerous studies have reported responses of more than 50-60%, with complete radiologic 

response in up to 5% of the cases reported and with acceptable transient perioperative morbidity and 

mortality rates with respect to the other modalities of systemic treatment currently in use.
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INTRODUCTION

The liver is the most common site for metastatic 
spread in patients with CRC and, in turn, CRC is 
the primary tumor that causes most metastases in 
the liver; nearly 20% of patients with it present with 
liver metastases at the time of diagnosis and as 
many as 50% of patients will develop them at 
some point during the course of their disease1. It 
has been reported that median survival for un-
treated patients with colon cancer metastatic to 
the liver is 6-9 months2; in contrast, five-year sur-
vival rates of up to 35% have been reported for 
those patients who are converted to resection3. 
Nevertheless, up to 80-85% of liver metastases are 
usually unresectable due to excessive tumor bur-
den, insufficient residual hepatic function of the 
remnant, or medical comorbidities4. In these cas-
es, systemic treatment is usually the only thera-
peutic alternative and long-term survival is report-
ed to be poor5,6. Moreover, the likelihood of a 
durable response to second-line treatment is usu-
ally very small, with reports of responses under 
25% and overall survival of less than 12 months7-11. 

Liver metastases usually receive most of their 
blood supply from the hepatic artery, while most 
of the blood flow through the liver tissue comes 
via the hepatic portal vein. Various methods for the 
regional treatment of liver neoplasms have been 
described, of which the infusion of chemothera-
peutic agents via the hepatic artery is the most 
commonly used. Although in comparison to sys-
temic chemotherapy this technique has been 
shown to increase tumor response rates in the 

short term, it has hardly any impact on overall 
survival due to limitations associated with dose-
related toxicity12. A recent meta-analysis by Gru-
ber, et al. on transarterial chemoembolization as 
treatment for unresectable liver metastases in pa-
tients with CRC showed partial response in 16.7% 
and stable disease in 48.2%, with survival rates at 
one and two years of 62 and 28%, respectively13. 
In the same situation, some authors have reported 
partial response in 29% of patients treated with 
radioembolization, stable disease in 90%, with 
survival at one year reported as varying between 
37 and 74%14. 

Alternatively, isolation of hepatic circulation from 
systemic circulation allows higher doses of various 
drugs to be delivered to the liver parenchyma in 
comparison with the doses that can be adminis-
tered directly into the hepatic artery15-17. Isolating 
the liver from the systemic circulation allows ad-
ministration of chemotherapeutic agents at high 
temperatures and increased doses that would oth-
erwise be lethal if administered systemically.

Several phase I and II studies have shown that 
there are limitations to the systemic administration 
of tumor necrosis factor alpha (TNF-α) in humans, 
secondary to toxicities associated with the dose 
at which all tumor activity is suppressed18. In mul-
ticenter studies of isolated perfusion of the limbs, 
Liénard, et al.19 and Eggermont, et al.20 showed 
that complete vascular isolation of the limb from 
the systemic circulation allows high doses of TNF-a 
in combination with melphalan to be safely admin-
istered as it ensures that systemic exposure to the 
drug is minimal. 

The importance of evaluating this new therapeutic tool is that, with the exception of surgical resection with negative 

margins, overall survival rates for all of the other treatments currently available for patients with unresectable liver 

metastases from CRC are too low. (J CANCEROL. 2016;3:5-17)

Corresponding author: Osvaldo A. Quiroz-Sandoval, osvaldo_quiroz80@hotmail.com

Key words: isolated hepatic perfusion, hyperthermia, colorectal cancer, unresectable liver metastases.
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DEVELOPMENT OF ISOLATED  
HEPATIC PERFUSION

The first description of a technique for isolated 
hepatic perfusion was described by Ausman21 in 
1961 in a canine model and subsequently carried 
out in five patients, with reports of significant mor-
bidity. Although there are no reports of follow-up, 
significant therapeutic effects were observed in 
two patients. In 1969, Skibba22 was able to dem-
onstrate the synergistic effects of the regional ap-
plication of chemotherapeutic agents in hyperther-
mic conditions by using perfusion, which became 
the standard for perfusion that at present has been 
extrapolated to the liver region. In any case, this 
technique did not gain acceptance during the fol-
lowing three decades due to its significant morbid-
ity and potential mortality, with only a few isolated 
reports of small series at individual institutions, 
whose patient selection criteria and perfusion pa-
rameters were very variable15,22,23. It was not until 
1992 that Liénard and Lejeune19 resumed the mat-
ter of isolated perfusion with a combination of TNF-
a and melphalan with the aim of limb salvage in 
patients with sarcoma and melanoma.

At present, the development over the last 20 years 
of better technologies that permit proper monitor-
ing of toxicity related to leakage during perfusion 
has allowed several protocols to be designed, 
which allow an assessment of the efficacy and 
safety of using isolated hepatic perfusion as an 
alternative in the treatment of unresectable meta-
static liver disease. In a prospective phase II study 
of 34 patients with unresectable metastatic liver 
disease (in 60% of whom it was secondary to met-
astatic CRC), Alexander, et al.24 reported an overall 
response rate of 75% of cases of patients with re-
versible grade III hepatic toxicity after using TNF-a 
at a dose of 1.0 mg and melphalan at 1.5 mg/kg in 
association with hyperthermia, thereby establish-
ing the use of TNF-a and melphalan in isolated 
hepatic perfusion as a viable option for the treat-
ment of unresectable metastatic liver disease.

ROLE OF ISOLATED HEPATIC PERFUSION 
IN COLORECTAL CANCER WITH 
UNRESECTABLE LIVER METASTASES

Given their relative frequency, several studies have 
been conducted to evaluate the role of isolated 
hepatic perfusion in the treatment of unresectable 
metastatic liver disease secondary to CRC, in 
which, although the criteria for deeming metasta-
ses unresectable are very heterogeneous, most 
studies agree that definition includes an average 
of 10 lesions in the liver or a replacement of the 
liver parenchyma by the tumor of at least 25%.

In a sequential prospective clinical study at the Na-
tional Cancer Institute (NCI), Alexander, et al.25 re-
ported that median overall survival was 17.4 months 
in 120 patients with unresectable metastatic liver 
disease secondary to CRC who were treated with 
isolated hepatic perfusion. Melphalan alone was used 
in 69 patients, TNF-a and melphalan in 41 patients, 
and TNF-a alone in 10 patients; furthermore, 46 pa-
tients received additional treatment with hepatic 
arterial infusion using floxuridine. As much as 80% 
of the patients had received prior systemic che-
motherapy treatment. Treatment-related mortality 
was observed in five patients (4%); however, three 
of the mortalities occurred in a previous phase I 
study in which the main objective was to determine 
the standard dose of medication for isolated hepatic 
perfusion. Response was observed in 114 patients, 
two of whom achieved complete response, with 
partial response in 67 according to imaging stud-
ies (59%). Thirty-two patients (65%), including 
those in whom complete response was recorded, 
were in the group treated with isolated hepatic per-
fusion and additional treatment with hepatic arterial 
infusion using floxuridine; 33 patients (57%) were 
in the group treated with isolated hepatic perfusion 
alone, and four patients were in the group treated 
with TNF-a alone in perfusion and no additional 
treatment. A median time to hepatic progression 
of seven months was reported. The patients who 
received additional treatment with hepatic arterial 
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infusion using floxuridine had a longer time to he-
patic progression (13 months) than those who did 
not receive additional treatment (5.8 months) and 
those in whom TNF-a alone was used in perfusion 
(three months). The most common toxicities re-
ported were transient elevations in serum trans-
aminases and total bilirubin. Independent factors 
that were associated with better response were 
high doses of melphalan (≥ 200 mg) and the use 
of TNF-a. On the multivariate analysis, only the use 
of additional treatment with hepatic arterial infu-
sion using floxuridine and a preoperative serum 
carcinoembryonic antigen (CEA) level of ≤ 30 ng/ml 
were statistically significant with regard to better 
overall survival.

Similarly, van Iersel, et al.26 reported median over-
all survival of 24.8 months and a partial response 
rate of 50% in 105 patients with unresectable met-
astatic liver disease secondary to CRC who were 
treated with isolated hepatic perfusion using high 
doses of melphalan (200 mg); treatment-related 
morbidity was found to be similar to that observed 
in the NCI study25. A median hepatic progression-
free survival period of 7.4 months was recorded, 
while the median duration of hepatic response was 
11.4 months. They also observed that the use of 
adjuvant chemotherapy was an independent fac-
tor related to the degree of response and progres-
sion-free survival in the multivariate analysis. It 
should be mentioned that they randomly used the 
portal vein with and without the use of the gastro-
duodenal artery as the site of access into the 
perfusion circuit; the multivariate analysis showed 
that use of the portal vein was an independent 
factor associated with a higher rate of postopera-
tive complications and reduced overall survival 
(possibly in direct relation to the postoperative 
complications secondary to its use).

Using this same group of patients in a case-control 
study, van Iersel, et al.27 compared systemic treat-
ment with chemotherapy and isolated hepatic per-
fusion with melphalan in patients with unresect-
able metastatic liver disease secondary to CRC, 

without finding significant differences between the 
two groups. The systemic chemotherapy group 
consisted of 111 patients who were previously en-
rolled in the capecitabine, irinotecan, oxaliplatin 
(CAIRO) study of the Dutch Colorectal Cancer 
Group. A total of 111 patients received either se-
quential chemotherapy with first-line capecitabine, 
followed by second-line irinotecan and third-line 
capecitabine and irinotecan or a combination of 
capecitabine and irinotecan as first-line treatment, 
followed by second-line capecitabine and oxali-
platin. Of the 99 patients treated with isolated he-
patic perfusion, 35% presented with postoperative 
complications and the reported treatment-related 
mortality was 6%. In the systemic chemotherapy 
group, a 52% rate of morbidity was recorded, which 
was associated with grade III/IV toxicities and treat-
ment-related mortality was 2%. The response rate 
for the isolated hepatic perfusion group was 47%, with 
median time to hepatic progression of 7.3 months. In 
the chemotherapy group, the rate of response to first-
line therapy was 37%, with a median time to hepatic 
progression of 7.9 months. The reported overall sur-
vival was 25 months for those treated with isolated 
hepatic perfusion as opposed to 21.7 months for 
the group treated with chemotherapy.

The role of isolated hepatic perfusion in patients 
with unresectable metastatic liver disease second-
ary to CRC who progress to systemic treatment with 
chemotherapy was analyzed by Alexander, et al.28 
in 25 patients who received chemotherapy with 5-flu-
orouracil (5-FU) as first-line treatment. In 22 cases, 
irinotecan was added to the first-line treatment and 
all 22 patients received second-line treatment based 
on irinotecan. The observed rate of response was 
60% (one patient achieved complete response and 
another 14 reached partial response), with a median 
duration of response in the liver of 12 months. 
Systemic progression was seen in 13 patients 
(54%) after a median of five months following the 
end of treatment; median overall survival was 
12 months, with a two-year survival rate of 28%. 
These results are favorable compared with the 
second-line of treatment, in which the rate of 

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16



O.A. Quiroz-Sandoval, et al.: An Up to Date in the Role of Isolated Hepatic Perfusion in Unresectable Liver Metastases from CRC

9

response that was observed was < 25% and me-
dian overall survival was less than 15 months.

All these data together appear to suggest that the 
use of isolated hepatic perfusion does not provide 
greater survival benefit compared with systemic 
chemotherapy as first-line treatment in patients 
with unresectable metastatic liver disease second-
ary to CRC; so its main role may be as second-line 
treatment in select cases, for patients refractory to 
systemic treatment29. 

SURGICAL ASPECTS

Total vascular exclusion of the arterial and venous 
circulatory systems of the liver with respect to sys-
temic circulation needs to be performed under 
direct vision in order to instill a perfusate contain-
ing chemotherapeutic agents at high doses under 
hyperthermic conditions, while limiting systemic 
leakage to none or virtually none.

Patients who show evidence of peritoneal dissem-
ination or distant metastatic lymph node disease 
are classified as non-candidates, although in-
volvement of lymph nodes in the porta hepatis is 
not a contraindication as long as they are resected 
as they have not been shown to be associated 
with a worse prognosis with respect to overall sur-
vival29,30.

As it is necessary to interrupt the venous flow 
through the retrohepatic inferior vena cava and in 
order to maintain systemic venous return, it is nec-
essary to create a venovenous bypass system 
using, for the sake of convenience, the right great 
saphenous vein and the left axillary vein to create 
the circuit. For anatomical reasons, the gastroduo-
denal artery is the ideal access site for delivery of 
the perfusate to the liver parenchyma. To prevent 
dilution of the perfusate and maintain a uniform 
hyperthermic temperature in the liver parenchyma, 
the blood flows through the portal vein and the 
common hepatic artery must be occluded.

The perfusion circuit consists of a roller pump, a 
membrane oxygenator, and a heat exchanger to 
ensure the maintenance of controlled uniform tem-
perature within the circuit. The uniform perfusion 
of the liver parenchyma can be observed through 
temperature probes to maintain even distribution 
of the temperature in both lobes.

The perfusate is the mechanism through which the 
chemotherapy agents and hyperthermia are deliv-
ered, and it must also ensure adequate oxygen-
ation of the liver parenchyma during the perfusion, 
when it will be exposed to controlled ischemia. In 
order to generate a significant therapeutic effect, 
the minimum time of exposure to the chemothera-
peutic agents required for perfusion is 20 minutes 
and the maximum time of exposure is 60 minutes; 
after 60 minutes of ischemia, irreversible liver cell 
damage occurs. The optimal rate of infusion is 
generally between 600-800 ml/min, with a maxi-
mum flow rate of up to about 1,200 ml/min, as the 
aim is to keep the pressure in the arterial line of 
the circuit between 100 and 200 mmHg. It must 
be noted that pressure in the hepatic artery is 
significantly lower. The flow rate for the axillary to 
saphenous venovenous bypass should be be-
tween about 1,800 and 2,000 ml/min.

Intraoperative monitoring to assess perfusate leak 
into the systemic circulation can be performed us-
ing I131 serum albumin, although evidence of leak-
age is next to zero when this technique is em-
ployed, so the value of monitoring leakage into the 
systemic circulation has fallen out of favor among 
many authors. Likewise, a change in the volume of 
outflow from the venous reservoir during perfusion 
suggests incomplete isolation of the hepatic blood 
flow with respect to systemic circulation29-31. 

HEMODYNAMIC EFFECTS

Heaney originally described vascular isolation of 
the liver in 1966 as an attempt to limit the risk 
of bleeding and gas embolism during hepatectomy. 
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Occlusion of venous flow through the retrohepatic 
inferior vena cava together with selective occlu-
sion of the suprahepatic veins serves the purpose 
of obstructing flow in the suprahepatic veins while 
preserving portal venous flow. This isolation must 
be continuous, occluding blood flow through the 
inferior vena cava just above the renal veins in 
order to prevent the release of chemotherapeutic 
agents into the renal circulation. Hemodynamic 
changes vary from one patient to another depend-
ing on the patient’s age, circulating blood volume, 
myocardial function, and presence of spontane-
ous portacaval shunts.

Occlusion of blood flow in the vena cava is as-
sociated with an approximately 10% fall in arterial 
blood pressure, which can translate into a 50% 
reduction of cardiac output, a decrease of ap-
proximately 25% in pulmonary artery pressure, a 
40% reduction in cardiac index, and a decrease 
in systemic vascular resistance of up to 80%. 
Complete sensitivity to total vascular isolation of 
the liver, which consists in a > 30% decrease in 
arterial blood pressure and a reduction in cardiac 
output > 50%, is generally less than 15%.

For this reason it is necessary to use a bypass to 
promote the return of the venous flow in the porta-
caval vein back to the central circulatory system, the 
same one that is used for the axillary to saphenous 
venovenous bypass; because of the length and 
complexity of the procedure, an extracorporeal 
pumping system is needed to maintain constant flow 
in order to sustain the central venous pressure32,33.

Isolating the venous blood flow in the liver causes 
cytolysis, secondary to hepatic parenchymal isch-
emia, which is accompanied by transient elevation 
of serum transaminases in proportion to the dura-
tion of ischemia (serum transaminases generally 
return to baseline levels within 15-20 days). The 
consequences of isolating hepatic venous flow 
from the kidneys and gastrointestinal mucosa are 
usually well tolerated in humans, to the extent of 
being irrelevant34. 

When major hepatectomy is performed in a noncir-
rhotic liver, the hepatic vein may be isolated for up 
to 90 minutes before irreversible liver damage oc-
curs; an isolated hepatic perfusion procedure usu-
ally lasts between 30 and 60 minutes, and oxygen-
ation is usually required for longer periods, which 
is obtained by adding 300 ml of packed red blood 
cells to the perfusate.

DRUGS AND SOLUTIONS USED

The doses and the drugs used during isolated 
hepatic perfusion are not fixed and doses are vari-
able. Molecules with high molecular weight are 
generally better retained in tumor cells, but mole-
cules that are larger than 5,000 Daltons cannot pass 
through the cell membrane and thus cannot pene-
trate the tumor site. Lipophilic molecules can cross 
the lipophilic barrier of the cell membrane more 
readily than hydrophilic molecules. Agents that 
require active transport across cell membranes 
are generally more likely to encounter chemother-
apy drug resistance than those that rely on passive 
diffusion, due to the genetic mutations in transport-
ers that constitute a classic mechanism of resis-
tance35. The weak binding to proteins in the plasma 
or perfusate promotes the release of a significant 
fraction of the drug and also promotes its antitu-
mor activity36. This effect should occur as rapidly 
as possible (in less than 60 minutes).

It therefore seems unlikely that any chemothera-
peutic agent should be able to kill tumor cells with 
only a 60-minute exposure, even under the best of 
circumstances. Chemotherapy agents that are not 
cell cycle dependent and have a long intracellular 
half-life, such as melphalan, can be effectively 
delivered as a high-intensity single dose. This is 
how melphalan has been able to deliver good 
results in the numerous reports that have been 
published. In a phase I study using melphalan at 
doses of 1.5 mg/kg and 1.0 mg of TNF-a in com-
bination with hyperthermia, Alexander, et al. rec-
ommended use of normal saline solution for the 
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perfusate as they are rapidly absorbed and are 
unable to retain increased volume within the intra-
vascular space. The effects of bolus administra-
tion of cytotoxic agents (every 5 minutes) in order 
to limit toxicity as much as possible have already 
been assessed, but in the case of melphalan, it 
has been found that continuous administration (in-
fusion for at least 20 minutes) results in greater 
antitumor activity while also being associated with 
a lower rate of complications than when it is ad-
ministered for a shorter time37.

The advantages of administering TNF-a in combi-
nation with melphalan for isolated limb perfusion 
seem to be clear, but they continue to be debated 
in isolated hepatic perfusion20,25,38. An experimental 
test in rats showed it had remarkable effects as a 
synergist in the treatment of sarcomas of the limbs, 
but little to no effect on colorectal metastases39.

In a study of 32 patients with CRC, Bartlett, et al. 
confirmed this effect by administering TNF-a in 
addition to melphalan at high doses (> 200 mg)40, 
increasing liver or systemic toxicity even in pres-
ence of minimal systemic leakage41. This differ-
ence may be explained by the direct effects of 
TNF-a on endothelial cells and the large amount 
of vascularity in sarcomas of the limbs compared 
with liver metastases from CRC, which are often 
nourished almost exclusively by the blood flow 
from the hepatic artery20. Likewise, a study of 
10 patients with CRC that used TNF-a alone in 
the perfusate had poor response rates compared 
to those obtained with the use of high-dose mel-
phalan alone reported in the literature42. Moreover, 
the maximum tolerated dose of melphalan when 
combined with TNF-a generally decreases from 
3.0 to 1.5 mg/kg38.

Nevertheless, in a study of 120 patients with CRC, 
Alexander, et al. showed that when TNF-a and mel-
phalan were administered at doses of 1.5 mg/kg, 
higher rates of partial response and complete re-
sponse were obtained as compared to the use of 
melphalan alone at a dose of 3.0 mg/kg, with a 

median survival rate of 17.4 months25. While the 
significance of TNF-a in isolated hepatic perfusion 
is not quite clear, it appears that its usefulness lies 
in acting as a synergist, boosting the effect of 
melphalan, more than in its own antitumor activity, 
with the best response rates, both partial and 
complete, and the longest progression-free sur-
vival periods being reported after it was adminis-
tered in combination with melphalan at a dose of 
1.5 mg/kg, in comparison with administration of 
melphalan alone at high doses25. 

The effects of TNF-a in tumor neovasculature have 
now been demonstrated as it acts by increasing 
permeability to various chemotherapeutic agents in 
the tumor interstitium, which is followed by intravas-
cular coagulation resulting in tumor ischemia43,44.

It is well known that hyperthermic conditions in-
crease the antitumor effects of TNF-a and melpha-
lan; it is even known that including without the 
administration of any cytotoxic agents, hyperther-
mia alone is able to induce an antitumor effect in 
in vivo models45,46.

Given its superior effects as a chemotherapeutic 
agent in gastrointestinal cancer, a phase I trial was 
conducted to study the use isolated hepatic perfu-
sion with oxaliplatin in combination with hyperther-
mia in 13 patients with unresectable metastatic 
liver disease secondary to CRC; the results, how-
ever, were not superior to those obtained with TNF-a 
and melphalan, with a partial radiological response 
rate observed in 66% of cases (one patient had 
complete radiological response) but rather high 
toxicity rates47.

ROUTE OF ADMINISTRATION OF THE 
PERFUSATE

It is well known that metastatic lesions in the liver pre-
dominantly derive their blood supply from the hepatic 
artery; likewise, most of the blood to the liver paren-
chyma is supplied mainly through the portal vein48. 
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Delivery of the perfusate via the hepatic artery (with 
access through the gastroduodenal artery) during 
isolated hepatic perfusion produces a direct cyto-
toxic effect on tumor cells, avoiding, in part, direct 
toxicity to liver cells. This effect can be checked 
by a comparison of the best outcomes in terms of 
greater antitumor response, long-lasting progres-
sion-free survival, and lower rates of perioperative 
complications when the perfusate is administered 
via the hepatic artery route to when it is adminis-
tered through the portal vein route. Also, there 
seems to be no additional benefit to administering 
the perfusate through both routes42.

There are studies that have compared the admin-
istration of the perfusate in isolated hepatic perfu-
sion using a conventional technique as opposed 
to using a method of retrograde reperfusion so that 
the perfusion effluent is flushed through the portal vein 
instead of the inferior vena cava. Delivery of the per-
fusate and the chemotherapeutic agents to the tumor 
site remains unchanged, regardless of the route of 
administration; nevertheless, the flow to the liver 
parenchyma is reduced by 80% so that using the 
inferior vena cava for outflow reduces liver toxicity 
while preserving the antitumor effects49. 

Some authors have proposed a minimally invasive 
procedure for percutaneous occlusion of hepatic 
venous flow using a double balloon catheter sys-
tem, which allows delivery of the perfusate without 
need for an extracorporeal pump or a venovenous 
bypass and with the added advantage of being 
able administer treatment up to four times (with a 
one month interval between each treatment), ac-
cording to the series published50,51; still, experi-
ence with this method has shown it results in poor 
isolation of hepatic venous flow, with significantly 
high perfusate leak into the systemic circulation 
secondary to hemofiltration, also resulting in the 
use of doses that are significantly lower than those 
used in open techniques, in addition to causing 
greater reduction in cardiac output than that ob-
served in the open techniques. The lowering of 
the blood pressure that occurs from dilatation of the 

vascular lumen as a result of inflation of the cath-
eter balloon, in conjunction with the physiological 
depletion of catecholamines through hemofiltra-
tion, make it necessary to use more vasoactive 
agents than when an open technique is used. 
These reasons, together with the multiple difficul-
ties in obtaining a return flow with a neutral bal-
ance within the perfusion circuit because of poor 
isolation of the hepatic venous flow, make this 
technique unsuitable30,52.

MONITORING OF PERFUSATE LEAKAGE 
DURING PERFUSION 

During isolated hepatic perfusion, patients under-
go physiological changes associated with major 
surgical procedures such as heat stress caused 
by hyperthermia as well as the potential for toxic-
ity associated with chemotherapy and hypoperfu-
sion if not managed adequately during surgery. 
Proper management of fluid balance during hyper-
thermia is critical for maintenance of optimal organ 
perfusion and to prevent kidney damage.

The patient should be monitored via an arterial line 
in the radial artery and via a central access line in 
the superior vena cava. It is recommended to 
maintain urine output of 100 ml every 15 minutes 
during hyperthermic perfusion; diuresis between 
50-75 ml every 15 min may be acceptable in some 
labile patients. In addition, core body temperature 
should be kept below 39°C31.

Several authors note that since hepatic vascular 
exclusion during the open isolated hepatic perfu-
sion technique is performed under direct vision, 
full control over potential leakage of perfusate in 
the systemic circulation during the isolation can be 
had, unlike during isolated limb perfusion in which 
a tourniquet is applied to perform the vascular 
exclusion of the collateral branches. For this rea-
son, the most recently published reports indicate 
that the need for monitoring systemic leakage in 
patients has fallen15-17. For all that, the authors that 
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describe the technique report that systemic leak-
age of perfusate during isolated hepatic perfusion 
using an open technique can be monitored in the 
same way that it is for isolated limb perfusion, by se-
rial counts using a gamma probe or gamma camera.

After the perfusion and venous return circuits are 
in place and prior to infusion of the cytotoxic 
agents into the perfusate, the gamma camera 
must be positioned above the patient directly over 
the left ventricle in order to monitor systemic leak-
age of perfusate by determining counts per min-
ute. The 99mTc macroaggregates are then inject-
ed into the central venous circulation in order to 
establish baseline values and generate a graph 
for measuring the continuous changes that may 
occur during the perfusion procedure. Once the 
baseline values have been established for the 
gamma camera graph, a dose of 99mTc macroag-
gregates that is 10-fold higher than the one that 
was previously administered is added directly into 
the arterial line of the perfusion circuit. In this way, 
consecutive counts per minute are used to record 
any variations that are plotted on the graph, which 
should reflect no changes with regard to the previ-
ously recorded baseline values. Any variations on 
this graph are indicative of an inadequate hepatic 
vascular exclusion technique and will warrant 
checking the surgical site for any collateral branch-
es within the circuit that have not been tied.

Any variations in the gamma camera count per 
minute graph are indicative of leakage; a doubling 
over the baseline value signifies a 10% leak of 
perfusate into the systemic circulation; this tech-
nique allows even leak rates as low as 1% to be 
measured31,42,53.

RELATED COMPLICATIONS

It is necessary to separate the complications associ-
ated with this procedure from those resulting di-
rectly from the use of chemotherapeutic agents and 
those secondary to the surgical procedure per se.

–– Systemic toxicity related to the release of che-
motherapeutic agents at the end of isolated he-
patic perfusion is associated with inadequate 
washing out of the perfusate after perfusion and 
before restoration of the liver blood flow to the 
systemic circulation. 

–– Systemic toxicity related to the release of che-
motherapeutic agents during isolated hepatic 
perfusion is directly related to insufficient he-
patic vascular exclusion and is directly propor-
tional to the surgeon’s technique.

–– Surgical complications inherent in the surgical 
procedure such as bleeding, accidental vascu-
lar injury, or poor technique in performing vas-
cular at the end of the procedure. 

Independently of the presence of perfusate leak into 
the systemic circulation, approximately 3.5-7.0% 
of the patients in the series in which TNF-a was 
used as part of the perfusate solution experienced 
severe hypotension within the first 12-24 hours of 
the immediate postoperative period following iso-
lated hepatic perfusion. This morbidity has been 
associated with induction of interleukins 6 and 
8 (IL-6 and IL-8) secondary to TNF-a infusion, 
demonstrated by an elevation of serum cytokines 
within 4-6 hours after perfusion. Furthermore, melpha-
lan usually produces postoperative grade 3-4 toxicity 
in the liver parenchyma secondary to perfusion. 
This toxicity is reflected in the sudden rise of serum 
transaminases and bilirubin in more than 50% of 
patients, with a peak at 3-4 days, which usually 
returns to normal within 15-20 days43,44.

Chemotherapy prior to the isolated hepatic perfu-
sion procedure does not seem to modify this situ-
ation. At the same time, no cases of death caused 
by severe hepatic failure have been reported in 
the literature. With regard to the potential for toxic-
ity secondary to systemic leakage of the perfus-
ate, it is directly proportional to adequate vascular 
exclusion of the liver. In the literature, rates of 
mortality secondary to hematologic toxicity caused 
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by systemic leakage of the perfusate vary between 
0 and 10%26,42,47,54,55.

The use of doses higher than 1.0 mg of TNF-a 
during perfusion has been associated with severe 
coagulopathy25. In the majority of these series, 
veno-occlusive disease was reported as the lead-
ing cause of mortality, ranging in incidence from 
5-22%. This complication appears to be directly 
related to the administration of melphalan at a 
dose > 1.5 mg/kg in the perfusate25,30. Some oth-
er complications have been sporadically reported, 
including thrombosis or dissection of the hepatic 
artery, splenic rupture, sepsis, residual portal hy-
pertension, and post-operative ileus, complications 
that seem to result from the surgical procedure 
(Table 1).

CURRENT STATUS OF TREATMENT  
FOR UNRESECTABLE METASTATIC  
LIVER DISEASE SECONDARY TO 
COLORECTAL CANCER AND ISOLATED 
HEPATIC PERFUSION

At present, the therapeutic approach for diffuse, 
unresectable liver metastases from CRC is in con-
stant development. Due to the significant increase 
in efficacy of new combinations of chemothera-
peutic agents in systemic treatment regimens 
based on irinotecan or oxaliplatin with or without 
bevacizumab as first and second lines of sys-
temic treatment56,57, response rates allowing for 
surgical resection of liver metastases have been 
achieved in as many as 20% of patients58,59. Nev-
ertheless, despite overall response rates greater 
than 50%, most of these responses are partial and 
the duration of the responses is usually less than 
one year56,60-63. Furthermore, patients whose le-
sions often become undetectable to CT scans, 
and who subsequently benefit from surgical treat-
ment, have been shown to have persistent viable 
disease in as much as 80% of the previous sites 
of disease64. Unfortunately, treatment with sec-
ond-line systemic chemotherapy usually has very 

limited clinical benefit, with response rates as poor 
as 25%65-67. 

Today we know that the blood supply to liver me-
tastases comes almost exclusively from the he-
patic artery so that regional treatment via infusion 
of chemotherapeutic agents through the hepatic 
artery selectively enhances the antitumor effect on 
tumor cells, while limiting the associated systemic 
toxicity68. Regional treatment with chemotherapy 
administered through isolated hepatic perfusion, 
as second-line treatment for those patients whose 
disease remains confined to the liver despite pro-
gression after first-line treatment, has proved its 
efficacy by inducing tumor regression in patients 
with disseminated disease who were not consid-
ered candidates for resection68,69. It is associated 
with response rates above 50-60%, which even 
reach 80% if stable disease is included as a cri-
terion for response, and without being adversely 
influenced by the amount of disease in the liver, 
the number of lesions, or the percentage of tumor-
ous replacement of the hepatic parenchyma. The 
rates of local response in the liver following iso-
lated hepatic perfusion do not seem to be subject 
to a history of systemic chemotherapy treatment, 
which reinforces the hypothesis that it may have 
potential therapeutic utility as an option for re-
gional treatment in second-line systemic treatment, 
in a context of patients with diffuse, unresectable, 
metastatic liver disease secondary to CRC, espe-
cially in those cases in which progression has 
remained confined to the liver following first-line 
therapy.

CONCLUSIONS

Isolated hepatic perfusion is a regional therapy for 
the treatment of unresectable liver metastases of 
diverse etiologies, which can be used in patients 
with unresectable metastatic liver disease second-
ary to CRC. Numerous studies have reported local 
response rates of more than 50-60% (80% if stable 
disease is included as a criterion for response), 

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16



O.A. Quiroz-Sandoval, et al.: An Up to Date in the Role of Isolated Hepatic Perfusion in Unresectable Liver Metastases from CRC

15

Ta
b

le
 1

. 
Re

su
lts

 a
nd

 m
or

bi
di

ty
 a

ss
oc

ia
te

d 
w

ith
 is

ol
at

ed
 h

ep
at

ic
 p

er
fu

si
on

 r
ep

or
te

d 
in

 th
e 

lit
er

at
ur

e

St
ud

y
Ye

ar
Pa

tie
nt

s
Pe

rf
us

io
n

Se
ve

re
 

m
or

bi
di

ty
Op

er
at

iv
e 

m
or

ta
lit

y 
(4

5 
da

ys
)

Pa
rt

ia
l 

re
sp

on
se

Co
m

pl
et

e 
re

sp
on

se
Pr

og
re

ss
io

n-
fr

ee
 s

ur
vi

va
l 

in
 li

ve
r

Ov
er

al
l s

ur
vi

va
l

Sk
ib

ba
, e

t a
l.22

19
86

5 
CR

C 
2 

M
M

 
1 

Ot
he

r
Hy

pe
rt

he
rm

ia
 

w
/o

 c
he

m
o

–
25

%
83

%
–

–
–

Ha
fs

tr
om

70
19

94
4 

CR
C 

10
 M

M
 

15
 o

th
er

s
29

 m
el

ph
al

an
  

20
 c

is
pl

at
in

–
13

.8
%

20
%

–
–

17
.2

%
 a

t 3
 y

ea
rs

M
ar

in
el

li71
19

96
9 

CR
C

M
ito

m
yc

in
 C

66
%

11
%

–
–

–
12

 m
on

th
s

Al
ex

an
de

r, 
et

 a
l.24

19
98

34
M

el
ph

al
an

 +
 T

NF
-a

75
%

3%
72

%
3%

9 
m

on
th

s
–

Li
nd

ne
r, 

et
 a

l.34
19

99
5 

CR
C 

2 
M

M
 

4 
ot

he
rs

M
el

ph
al

an
 +

 T
NF

-a
54

.5
%

18
.2

%
50

%
0%

6 
m

on
th

s
20

 m
on

th
s

Va
hr

m
ei

je
r, 

et
 a

l.37
20

00
24

 C
RC

M
el

ph
al

an
–

14
%

23
.5

%
5.

8%
-

–
Li

bu
tti

, e
t a

l.31
20

00
37

 C
RC

 8
 M

M
 

5 
ot

he
rs

M
el

ph
al

an
 +

 T
NF

-a
 +

 
hy

pe
rt

he
rm

ia
–

4%
73

%
2%

6 
m

on
th

s
–

Ba
rt

le
tt,

 e
t a

l.40
20

01
51

 C
RC

 
32

 m
el

ph
al

an
 +

 T
NF

-a
 

+ 
hy

pe
rt

he
rm

ia
 5

1 
m

el
ph

al
an

 +
 

hy
pe

rt
he

rm
ia

14
%

2%
76

%
0%

10
.5

 m
on

th
s

–

Ro
th

ba
rt

h,
 e

t a
l.42

20
03

73
 C

RC
M

el
ph

al
an

41
%

5.
6%

59
%

4.
2%

7.
7 

m
on

th
s

37
%

 a
t 3

 y
ea

rs
Al

ex
an

de
r, 

et
 a

l.72
20

03
29

 M
M

M
el

ph
al

an
 +

 T
NF

-a
65

%
0%

52
%

10
%

8 
m

on
th

s
12

 m
on

th
s

Sa
vi

er
, e

t a
l.52

20
03

3 
CR

C 
1 

ot
he

r
M

el
ph

al
an

 1
0 

se
ss

io
ns

 
(4

 o
pe

n 
+ 

6 
PH

P)
50

%
0%

25
%

0%
–

–

Al
ex

an
de

r, 
et

 a
l.28

20
05

25
 C

RC
M

el
ph

al
an

 +
 

hy
pe

rt
he

rm
ia

–
-

60
%

4%
5 

m
on

th
s

28
%

 a
t 2

 y
ea

rs

Pi
ng

pa
nk

, e
t a

l.51
20

05
13

 M
M

 2
 C

RC
 

13
 o

th
er

s
M

el
ph

al
an

, P
HP

, 2
-4

 
se

ss
io

ns
 p

er
 p

at
ie

nt
19

%
0%

21
.4

%
 

M
M

: 3
0%

7.
1%

 
M

M
: 2

0%
–

–

va
n 

Ie
rs

el
, e

t a
l.73

20
08

12
 M

M
 7

 o
th

er
s

M
el

ph
al

an
26

%
0%

37
%

5%
–

M
M

: 1
0 

m
on

th
s 

Ot
he

rs
: 2

9 
m

on
th

s
Ve

rh
oe

f, 
et

 a
l.74

20
08

18
 C

RC
 4

 M
M

 
2 

ot
he

rs
M

el
ph

al
an

25
%

0%
58

%
4%

9 
m

on
th

s
CR

C 
18

 m
on

th
s

va
n 

Ie
rs

el
, e

t a
l.

20
08

10
5 

CR
C

M
el

ph
al

an
37

%
7%

47
%

3%
7.

4 
m

on
th

s
24

.8
 m

on
th

s
Ze

h,
 e

t a
l.47

20
09

10
 C

RC
Ox

al
ip

la
tin

30
%

10
%

55
%

11
%

-
–

Al
ex

an
de

r, 
et

 a
l.25

20
09

12
0 

CR
C

M
el

ph
al

an
 ±

 T
NF

-a
-

4%
61

%
1.

7%
7 

m
on

th
s

34
%

 a
t 2

 y
ea

rs
va

n 
Ie

rs
el

, e
t a

l.27
20

10
99

 C
RC

M
el

ph
al

an
 +

 
hy

pe
rt

he
rm

ia
35

%
6%

44
%

3%
–

25
 m

on
th

s

Vo
ro

n,
 e

t a
l.75

20
12

1 
HC

C 
1 

NE
T

M
el

ph
al

an
 +

 
be

va
ci

zu
m

ab
 +

 
hy

pe
rt

he
rm

ia

50
%

0%
=

–
HC

C 
7 

m
on

th
s 

NE
T 

27
 

m
on

th
s

HC
C 

41
 m

on
th

s 
NE

T 
48

 m
on

th
s

PH
P:

 p
er

cu
ta

ne
ou

s 
he

pa
tic

 p
er

fu
si

on
 (w

he
n 

th
e 

ro
ut

e 
of

 a
dm

in
is

tra
tio

n 
is

 n
ot

 s
pe

ci
fie

d,
 it

 is
 o

pe
n 

is
ol

at
ed

 h
ep

at
ic

 p
er

fu
si

on
); 

CR
C:

 c
ol

or
ec

ta
l c

an
ce

r; 
M

M
: m

el
an

om
a;

 H
CC

: h
ep

at
oc

el
lu

la
r c

ar
ci

no
m

a;
 N

ET
: n

eu
ro

en
do

cr
in

e 
tu

m
or

.

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16



16

Journal of Cancerology. 2016;3

with complete radiologic response in as many as 
5% of the cases reported, and with acceptable tran-
sient perioperative morbidity and mortality rates with 
respect to the other modalities of systemic treat-
ment. While the use of systemic chemotherapy con-
tinues to be the standard of care, isolated hepatic 
perfusion may have a role as second-line treatment 
for patients who are refractory to systemic treat-
ment, who progress on first-line systemic chemo-
therapy, and in whom, in carefully selected cases, 
it may improve survival in the short and medium 
term when added to conventional treatment with 
second-line systemic chemotherapy. However, the 
medical community remains skeptical to the use 
of isolated hepatic perfusion due to lack of pro-
spective studies showing improved survival in 
comparison with current treatments. 

As there are not enough prospective studies eval-
uating the role of isolated hepatic perfusion in 
patients with unresectable metastatic liver disease 
secondary to CRC, it is necessary to consider the 
possibility of potentially improving survival and 
the progression-free period without providing a 
significant commitment with regard to morbidity 
and mortality, in comparison with the treatments 
already being used.

REFERENCES

	 1.	Siegel R, Ma J, Zou Z, et al. Cancer Statics 2014. CA Cancer J Clin. 
2014;64:9-29.

	 2.	Wagner JS, Adson MA, Van Heerden JA, et al. The natural history of 
hepatic metastases from colorectal origin. A comparison with resective 
treatment. Ann Surg. 1984;199:502-8.

	 3.	Que FG, Nagorney DM. Resection of recurrent colorectal metastases to 
the liver. Br J Surg. 1994;81:255-8.

	 4.	 Leporrier J, Maurel J, Chiche L, et al. A population-based study of the 
incidence, management and prognosis of hepatic metastases from 
colorectal cancer. Br J Surg. 2006;93:465-74.

	 5.	Sanoff H, Sargent D, Campbell M, et al. Five-year data and prognostic 
factor analysis of oxaliplatin and irinotecan combinations for advanced 
colorectal cancer: N9741. J Clin Oncol. 2008;26:5721-7.

	 6.	Masi G, Vasile E, Loupakis F, et al. Randomized trial of two induction 
chemotherapy regimens in metastatic colorectal cancer: an updated 
analysis. J Natl Cancer. 2011;103:21-30.

	 7.	Peters S, Voelter V, Zografos L, et al. Intraarterial hepatic fotemustine for 
the treatment of liver metastases from uveal melanoma: experience in 101 
patients. Ann Oncol. 2006;17:578-83.

	 8.	 van Cutsom E, Bajetta E, Valle J, et al. Randomized, placebo-controlled, 
phase III study of oxaliplatin, fluorouracil, and leucovorin with or without 
PTK787/ZK 222584 in patients with previously treated metastatic colorec-
tal adenocarcinoma. J Clin Oncol. 2011;29:2004-10.

	 9.	Bidard F, Tournigand C, Andre T, et al. Efficacy of FOLFIRI-3 (irinotecan 
D1,D3 combined with LV5-FU) or other irinotecan-based regimens in ox-
aliplatin-pretreated metastatic colorectal cancer in the GERCOR OPTI-
MOX1 study. Ann Oncol. 2009;20:1042-7.

	 10.	Giantonio B, Catalano P, Meropol N, et al. Bevacizumab in combination 
with oxaliplatin, fluorouracil, and leucovorin (FOLFOX4) for previously 
treated metastatic colorectal cancer: results from the Eastern Cooperative 
Oncology Group Study E3200. J Clin Oncol. 2007;25:1539-44.

	 11.	Rothenberg M, Cox J, Butts C, et al. Capecitabine plus oxaliplatin (XELOX) 
versus 5-fluorouracil/folinic acid plus oxaliplatin (FOLFOX-4) as secondline 
therapy in metastatic colorectal cancer: a randomized phase III noninfe-
riority study. Ann Oncol. 2008;19:1720-6.

	 12.	De Takats PG, Kerr DJ, Poole CJ, et al. Hepatic arterial chemotherapy for 
metastatic colorectal carcinoma (review). Br J Cancer. 1994;69:372-8.

	 13.	Gruber-Rouh T, Naguib N, Eichler K, et al. Transarterial chemoemboliza-
tion of unresectable systemic chemotherapy-refractory liver metastases 
from colorectal cancer: long-term results over a 10-year period. Int J 
Cancer. 2013;134:1225-31.

	 14.	Rosenbaum C, Verkooijen H, Lam M, et al. Radioembolization for treatment 
of salvage patients with colorectal cancer liver metastases: a systematic 
review. J Nucl Med. 2013;54:1890-5.

	 15.	Aigner KR. Isolated liver perfusion: 5-year-results. Reg Cancer Treat. 
1988;1:11-20.

	 16.	De Brauw LM, Van de Velde CJH, Tjaden LR, et al. In vivo isolated liver 
perfusion technique in a rat hepatic metastasis model: 5-fluorouracil con-
centrations in tumor tissue. J Surg Res. 1988;44:137-45.

	 17.	Marinelli A, Dijkstra FR, Van Dierendonck JH, et al. Effectiveness of iso-
lated liver perfusion with mitomycin C in the treatment of liver tumor of rat 
colorectal cancer. Br J Cancer. 1991;64:74-8.

	 18.	 Feinberg B, Kurzrock R, Talpaz M et al. A phase I trial of intravenously 
administered recombinant tumor necrosis factor in patients with advanced 
cancer. J Clin Oncol. 1988;6:1328-34.

	 19.	 Lienard D, Ewalenko P, Delmotte JJ, et al. High-dose recombinant tumor 
necrosis factor alpha in combination with interferon gamma and melpha-
lan in isolated perfusion of the limbs for melanoma and sarcoma. J Clin 
Oncol. 1992;10:50-62.

	 20.	Eggermont AMM, Schraffordt KH, Klausner JM. Isolated limb perfusion 
with tumor necrosis factor and melphalan for limb salvage in 186 patients 
with locally advanced soft tissue extremity sarcomas. The cumulative 
multicenter European experience. Ann Surg. 1996;224:756-65.

	 21.	Ausman R. Development of a technic for isolated perfusion of the liver. 
NY State J Med. 1961;61:3393-7.

	 22.	Skibba J, Quebbeman E. Tumoricidal effects and patient survival after 
hyperthermic liver perfusion. Arch Surg. 1986;121:1266-71.

	 23.	Schwemmle K, Link K, Rieck B. Rationale and indications for perfusion in 
liver tumors: current data. World J Surg. 1987;11:534-40.

	 24.	Alexander H, Bartlett DL, Libutti SK, et al. Isolated hepatic perfusion with 
tumor necrosis factor and melphalan for unresectable cancers confined 
to the liver. J Clin Oncol. 1998;16:1479-89.

	 25.	Alexander H Jr, Bartlett D, Libutti S, et al. Analysis of factors associated 
with outcome in patients undergoing isolated hepatic perfusion for unre-
sectable liver metastases from colorectal center. Ann Surg Oncol. 2009; 
16:1852-9. 

	 26.	 van Iersel L, Gelderblom H, Vahrmeijer A, et al. Isolated hepatic melpha-
lan perfusion of colorectal liver metastases: outcome and prognostic 
factors in 154 patients. Ann Oncol. 2008;19:1127-34. 

	 27.	 van Iersel L, Koopman M, van de Velde C, et al. Management of isolated 
nonresectable liver metastases in colorectal cancer patients: a case-
control study of isolated hepatic perfusion with melphalan versus sys-
temic chemotherapy. Ann Oncol. 2010;21:1662-7. 

	 28.	Alexander H Jr, Libutti S, Pingpank J, et al. Isolated hepatic perfusion for 
the treatment of patients with colorectal cancer liver metastases after iri-
notecan-based therapy. Ann Surg Oncol. 2005;12:138-44.

	 29.	Reddy SK, Kesmodel SB, Alexander H Jr. Isolated hepatic perfusion for 
patients with liver metastases. Ther Adv Med Oncol. 2014;6:180-94.

	 30.	 Facy O, Doussot A, Zinzindohoué F, et al. Isolated hepatic perfusion: 
principles and results. J Visc Surg. 2014;151:525-32.

	 31.	 Libutti SK, Bartlett DL, Fraker DL, et al. Technique and results of hyper-
thermic isolated hepatic perfusion with tumor necrosis factor and melphalan 
for the treatment of unresectable hepatic malignancies. J Am Coll Surg. 
2000;191:519-30.

	 32.	Sato T, Asanuma Y, Kusano T, et al. Difference in hepatic tissue oxygen-
ation between total vascular exclusion and inflow occlusion of the liver 

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16

Si
n 

co
nt

ar
 c

on
 e

l c
on

se
nt

im
ie

nt
o 

pr
ev

io
 p

or
 e

sc
ri

to
 d

el
 e

di
to

r, 
no

 p
od

rá
 r

ep
ro

du
ci

rs
e 

ni
 f

ot
oc

op
ia

rs
e 

ni
ng

un
a 

pa
rt

e 
de

 e
st

a 
pu

bl
ic

ac
ió

n.
  


©

 P
er

m
an

ye
r 

20
16



O.A. Quiroz-Sandoval, et al.: An Up to Date in the Role of Isolated Hepatic Perfusion in Unresectable Liver Metastases from CRC

17

and the possible role of hepatic venous blood under liver ischemia. Dig 
Surg. 1998;15:15-20.

	 33.	Hiratsuka K, Kim YI, Nakashima K, et al. Tissue oxygen pressure during 
prolonged ischemia of the liver. J Surg Res. 2000;92:250-4.

	 34.	 Lindner P, Fjalling M, Hafstrom L, et al. Isolated hepatic perfusion with 
extracorporeal oxygenation using hyperthermia, tumor necrosis factor and 
melphalan. Eur J Surg Oncol. 1999;25:179-85.

	 35.	Sparreboom A, Danesi R, Ando Y, et al. Pharmacogenomics of ABC 
transporters and its role in cancer chemotherapy. Drug Resist Update. 
2003;6:71-84.

	 36.	Guchelar HJ, Hoekstra HJ, de Vries EG, et al. Cisplatin and platinum 
pharmocokinetics during hyperthermic isolated limb perfusion for human 
tumors of the extremities. Br J Cancer. 1992;65:898-902.

	 37.	Vahrmeijer AL, van Dierendonck JH, Keizer HJ, et al. Increased local 
cytostatic drug exposure by isolated hepatic perfusion: a phase I clinical 
and pharmacologic evaluation of treatment with high dose melphalan in 
patients with colorectal cancer confined to the liver. Br J Cancer. 2000; 
82:1539-46.

	 38.	 Fraker DL, Alexander HR, Andrich M, et al. Treatment of patients with 
melanoma of the extremity using hyperthermic isolated limb perfusion with 
melphalan, tumor necrosis factor and interferon: results of a tumor necro-
sis factor dose-escalation study. J Clin Oncol. 1996;14:479-89.

	 39.	Manusama ER, Noijen PT, Stavast J, et al. Synergistic antitumor effect of 
recombinant human tumor necrosis factor alpha with melphalan in iso-
lated limb perfusion in the rat. Br J Surg. 1996;83:551-5.

	 40.	Bartlett DL, Libutti SK, Figg WD, et al. Isolated hepatic perfusion for un-
resectable hepatic metastases from colorectal cancer. Surgery. 2001;129: 
176-87.

	 41.	 Thom AK, Alexander HR, Andrich MP, et al. Cytokine levels and systemic 
toxicity in patients undergoing isolated limb perfusion with high-dose tu-
mor necrosis factor, interferon gamma and melphalan. J Clin Oncol. 1995; 
13:264-73.

	 42.	Rothbarth J, Pijl ME, Vahrmeijer AL, et al. Isolated hepatic perfusion with 
high-dose melphalan for the treatment of colorectal metastasis confined 
to the liver. Br J Surg. 2003;90:1391-7. 

	 43.	 Friedl J, Puhlmann M, Bartlett DL, et al. Induction of permeability across 
endothelial cell monolayers by tumor necrosis factor (TNF) occurs via a 
tissue factor-dependent mechanism: relationship between the procoagu-
lant and permeability effects of TNF. Blood. 2002;100:1334-9.

	 44.	Nawroth PP, Stern DM. Modulation of endothelial cell hemostatic proper-
ties by tumor necrosis factor. J Exp Med. 1986;163:740-5.

	 45.	Bates DA, Mackillop WJ. The effect of hyperthermia in combination with 
melphalan on drug-sensitive and drug-resistant CHO cells in vitro. Br J 
Cancer. 1990;62:183-8.

	 46.	Zhang XL, Hu AB, Cui SZ, et al. Thermotherapy enhances oxaliplatin-in-
duced cytotoxicity in human colon carcinoma cells. World J Gastroen-
terol. 2012;18:646-53.

	 47.	Zeh HJ, Brown CK, Holtzman MP, et al. A phase I study of hyperthermic 
isolated hepatic perfusion with oxaliplatin in the treatment of unresectable 
liver metastases from colorectal cancer. Ann Surg Oncol. 2009;16:385-94.

	 48.	Sigurdson ER, Ridge JA, Kemeny N, et al. Tumor and liver drug uptake 
following hepatic artery and portal vein infusion. J Clin Oncol. 1987;5: 
1836-40.

	 49.	Rothbarth J, Sparidans RW, Beijnen JH, et al. Reduced liver uptake of 
arterially infused melphalan during retrograde rat liver perfusion with unaf-
fected liver tumor uptake. J Pharmacol Exp Ther. 2002;303:736-40.

	 50.	Alexander HR, Butler CC. Development of isolated hepatic perfusion via 
the operative and percutaneous techniques for patients with isolated and 
unresectable liver metastases. Cancer J. 2010;16:132-41.

	 51.	Pingpank JF, Libutti SK, Chang R, et al. Phase I study of hepatic arterial 
melphalan infusion and hepatic venous hemofiltration using percutane-
ously placed catheters in patients with unresectable hepatic malignan-
cies. J Clin Oncol. 2005;23:3465-74.

	 52.	Savier E, Azoulay D, Huguet E, et al. Percutaneous isolated hepatic per-
fusion for chemotherapy: a phase I study. Arch Surg. 2003;138:325-32.

	 53.	Barker WC, Andrich MP, Alexander HR, et al. Continuous intraoperative ex-
ternal monitoring of perfusate leak using I131 human serum albumin during 
isolated perfusion of the liver and limbs. Eur J Nucl Med. 1995;22:1242-8.

	 54.	 van Iersel LB, Verlaan MR, Vahrmeijer AL, et al. Hepatic artery infusion of 
high dose melphalan at reduced flow during isolated hepatic perfusion 

for the treatment of colorectal metastases confined to the liver: a clinical 
and pharmacologic evaluation. Eur J Surg Oncol. 2007;33:874-81.

	 55.	 van Iersel LB, Hoekman EJ, Gelderblom H, et al. Isolated hepatic perfu-
sion with 200mg melphalan for advanced noncolorectal liver metastases. 
Ann Surg Oncol. 2008;15:1891-8.

	 56.	Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab plus irinote-
can, fluorouracil, and leucovorin for metastatic colorectal cancer. N Eng 
J Med. 2004;350:2335-42.

	 57.	Grothey A, Sargent D, Goldberg RM, et al. Survival of patients with ad-
vanced colorectal cancer improves with the availability of fluorouracil-
leucovorin, irinotecan, and oxaliplatin in the course of treatment. J Clin 
Oncol. 2004;22:1209-14.

	 58.	Alberts SR, Horvath WL, Sternfeld WC, et al. Oxaliplatin, fluorouracil, and 
leucovorin for patients with unresectable liver-only metastases from 
colorectal cancer: a North Central Cancer Treatment Group phase II study. 
J Clin Oncol. 2005;23:9243-9.

	 59.	Masi G, Cupini S, Marcucci L, et al. Treatment with 5-fluorouracil/folinic 
acid, oxaliplatin, and irinotecan enables surgical resection of metastases 
in patients with initially unresectable metastatic colorectal cancer. Ann 
Surg Oncol. 2006;13:58-65.

	 60.	Goldberg RM, Sargent DJ, Morton RF, et al. Randomized controlled trial 
of reduced-dose bolus fluorouracil plus leucovorin and irinotecan or in-
fused fluorouracil plus leucovorin and oxaliplatin in patients with previ-
ously untreated metastatic colorectal cancer: a North American Intergroup 
Trial. J Clin Oncol. 2006;24:3347-53.

	 61.	Cunningham D, Humblet Y, Siena S, et al. Cetuximab monotherapy and 
cetuximab plus irinotecan in irinotecan-refractory metastatic colorectal 
cancer. N Eng J Med. 2004;351:337-45.

	 62.	Haller DG, Rothenberg ML, Wong AO, et al. Oxaliplatin plus irinotecan 
compared with irinotecan alone as second-line treatment after single-
agent fluoropyrimidine therapy for metastatic colorectal carcinoma. J Clin 
Oncol. 2008;26:4544-50.

	 63.	Kemeny N, Garay Ca, Gurtler J, et al. Randomized multicenter phase II 
trial of bolus plus infusional fluorouracil/leucovorin compared with fluoro-
uracil/leucovorin plus oxaliplatin as third-line treatment of patients with 
advanced colorectal cancer. J Clin Oncol. 2004;22:4701-9.

	 64.	Benoist S, Brouquet A, Penna C, et al. Complete response of colorectal 
liver metastases after chemotherapy: does it mean cure? J Clin Oncol. 
2006;24:3939-45.

	 65.	Rothenberg ML, Oza AM, Bigelow RH, et al. Superiority of oxaliplatin and 
fluorouracil-leucovorin compared with either therapy alone in patients with 
progressive colorectal cancer after irinotecan and fluorouracil-leucovorin: 
interim results of a phase III trial. J Clin Oncol. 2003;21:2059-69.

	 66.	Rothenberg ML. Current status of second-line therapy for metastatic 
colorectal cancer. Clin Colorectal Cancer. 2004;4(Suppl 1):S16-21.

	 67.	 Jonker DJ, O’Callaghan CJ, Karapetis CS, et al. Cetuximab for the treat-
ment of colorectal cancer. N Engl J Med. 2007;357:2040-8. 

	 68.	Alexander HR, Bartlett DL, Libutti SK. Current status of isolated hepatic 
perfusion with or without tumor necrosis factor for the treatment of unre-
sectable cancers confined to liver. Oncologist. 2000;5:416-24.

	 69.	Grover A, Alexander HR, Jr. The past decade of experience with isolated 
hepatic perfusion. Oncologist. 2004;9:653-64.

	 70.	 LR Hafstrom, SB Holmberg, PLJ Nareid, et al. Isolated hyperthermic liver 
perfusion with chemotherapy for liver malignancy. Surg Oncol 1994;3:103-
108.

	 71.	 A Marinelli, LM de Brauw, H Beerman. Isolated liver perfusion with mito-
mycin C in treatment of colorectal cancer metastases confined to the 
liver. Jpn J Clin Oncol 1996;26:341-350.

	 72.	 H Richard Alexander Jr, Steven K Libutti, James F Pingpank, et al. Hyper-
thermic isolated hepatic perfusion using melphalan for patients with ocu-
lar melanoma metastatic to liver. Clin Cancer Res 2003;6343-6349.

	 73.	 Liselot BJ van Iersel, Ellen J Hoekman, Hans Gelderblom, et al. Isolated 
hepatic perfusion with 200mg melphalan for advanced noncolorectal liver 
metastases. Anals Surg Oncol 2008;15(7):1891-1898.

	 74.	 Cornelis Verhoef, Johannes HW de Wilt, Flavia Brunstein, et al. Isolated 
Hypoxic Hepatic Perfusion with Retrograde Outflow in Patients with Irre-
sectable Liver Metastases; A New Simplified Technique in Isolated He-
patic Perfusion. Annals Surg Oncol 2008;15(5):1367-1374.

	 75.	 T. Voron, F. Zinzindohoué, D. Journois, et al. Hyperthermic isolated liver 
perfusion with melphalan and bevacizumab. J Visceral Surg 2013;150:60-66. Si

n 
co

nt
ar

 c
on

 e
l c

on
se

nt
im

ie
nt

o 
pr

ev
io

 p
or

 e
sc

ri
to

 d
el

 e
di

to
r, 

no
 p

od
rá

 r
ep

ro
du

ci
rs

e 
ni

 f
ot

oc
op

ia
rs

e 
ni

ng
un

a 
pa

rt
e 

de
 e

st
a 

pu
bl

ic
ac

ió
n.

  


©
 P

er
m

an
ye

r 
20

16
Si

n 
co

nt
ar

 c
on

 e
l c

on
se

nt
im

ie
nt

o 
pr

ev
io

 p
or

 e
sc

ri
to

 d
el

 e
di

to
r, 

no
 p

od
rá

 r
ep

ro
du

ci
rs

e 
ni

 f
ot

oc
op

ia
rs

e 
ni

ng
un

a 
pa

rt
e 

de
 e

st
a 

pu
bl

ic
ac

ió
n.

  


©
 P

er
m

an
ye

r 
20

16




