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However, two randomized trials have shown that
when 5-FU is administered by the same schedule in
each arm, survival is similar in both the irinotecanand oxaliplatin-containing arms.4,5 Therefore, treatment decisions for ﬁrst-line therapy can be made
based on the toxicity proﬁle of individual drugs or on
personal preference but not because of signiﬁcant
differences in efﬁcacy. Both FOLFOX and irinotecan
have demonstrated efﬁcacy as second-line therapy.6,7
More recently, agents that target angiogenesis
(VEGF inhibitors) and the epidermal growth factor
receptor (EGFR) have been approved for use in
colorectal cancer.
When added to IFL therapy as ﬁrst-line therapy,
bevacizumab, an anti-VEGF antibody, increases the
response rate, progression-free survival, and overall
survival of colorectal cancer patients compared to
IFL alone.8 As second-line therapy, the Eastern
Cooperative Oncology Group study (ECOG 3200)
demonstrated that bevacizumab improves the response rate, progression-free survival, and overall
survival compared to FOLFOX alone.9 Only bevacizumab-naı̈ve patients were tested in ECOG 3200,
so there are no data available to suggest that
continuing bevacizumab from ﬁrst- to second-line
therapy is of beneﬁt. Another inhibitor of the VEGF

SYSTEMIC CHEMOTHERAPY FOR
UNRESECTABLE PATIENTS
The treatment of metastatic colorectal cancer has
evolved signiﬁcantly over recent years. Where once
only 5-ﬂuorouracil (5-FU) was available for treatment, there are now ﬁve active agents available for
the treatment of advanced disease. Two new chemotherapy agents are now available: oxaliplatin and
irinotecan. When added to either bolus or infusional
5-FU, irinotecan signiﬁcantly increased the survival
of colorectal cancer patients compared to those given
5-FU alone.1,2 When oxaliplatin plus infusional 5-FU
(FOLFOX) was compared to irinotecan plus bolus
5-FU (IFL), both the response rate and survival were
improved in the oxaliplatin-containing arm.3
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pathway, PTK 787, has not shown the same beneﬁcial results as bevacizumab. In ﬁrst-line therapy of
colorectal cancer, PTK 787 failed to meet its primary
progression-free survival endpoint.10 It is unclear why
this method of targeting the VEGF pathway was
ineffective while the antibody was effective. However,
the schedule by which the PTK 787 was administered
may have played some role. A second-line trial
comparing FOLFOX + PTK 787 versus FOLFOX
alone also failed to show any beneﬁt of including
PTK 787 in the therapy, but these data have only
been presented as a press release.
The second signaling pathway being targeted in
colorectal cancer is that of the EGFR. Cetuximab,
a chimerized antibody to the EGFR, has been
tested after irinotecan failure, both with and without a continuation of the irinotecan therapy. Response rates are doubled when cetuximab is given
together with irinotecan, and progression-free survival is prolonged.11 However, because cetuximab
has never been tested against a non-cetuximabcontaining control arm, it is unknown if this agent
beneﬁts colorectal cancer patients in terms of
survival. The effects of a human antibody to the
EGFR, panitumumab, look remarkably similar to
those of cetuximab alone.12 Additionally, the cetuximab data have been remarkably consistent from
trial to trial, suggesting that the antitumor effects
of monoclonal antibodies to EGFR are very
reproducible.13 Despite a lack of data on survival,
it is expected that the demonstrated anticancer
activity of these agents will result in some beneﬁt
to colorectal cancer patients. Both panitumumab
and cetuximab are currently being evaluated as
ﬁrst-line treatment in combination with chemotherapy. To date, small-molecule tyrosine kinase
inhibitors of the EGFR pathway have not demonstrated efﬁcacy.14
When chemotherapy agents are combined, such as
in the FOLFOX or FOLFIRI regimens, the eﬀects
are clearly better than may be predicted by the sum of
the parts.2,3,7,14 In a similar fashion, an early trial
evaluating cetuximab + bevacizumab, with or without irinotecan, in patients with metastatic colorectal
cancer obtained high-response rates and progressionfree survival times for both arms.15 Therefore, current
ﬁrst-line trials are combining bevacizumab with
the EGFR antibodies to take advantage of this
potential synergy. In parallel, the iBET trial compared second-line irinotecan + cetuximab versus
irinotecan + cetuximab + bevacizumab in patients
who had previously been treated with FOLFOX +
bevacizumab.
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In summary, ﬁve active agents are available in 2006
for the treatment of metastatic colorectal cancer.
While developing future agents in new clinical trials,
it is incumbent on investigators to learn how best to
use the current agents to maximize survival for all
patients with unresectable metastatic disease.
Consensus Statement:
1. Standard of care is either infusional 5-FU, leucovorin and irinotecan (most commonly FOLFIRI) in combination with bevacizumab, or
infusional 5-FU, leucovorin, and oxaliplatin (most
commonly FOLFOX) with bevacizumab.
2. If FOLFOX + bevacizumab are used as ﬁrst-line
therapy, irinotecan or FOLFIRI should be the
second-line regimen. Upon progression, cetuximab should be added. While it may be reasonable
to add cetuximab immediately in the second-line
regimen, rather than waiting for progression on
irinotecan, current Food and Drug Administration (FDA) approval would suggest the ﬁrst plan.
3. If FOLFIRI + bevacizumab is administered ﬁrst,
then second-line therapy can be FOLFOX or
irinotecan + cetuximab.
4. Testing of the tumor for EGFR expression has
been suggested prior to cetuximab use, but this is
of no predictive value.
5. Enrollment in clinical trials, particularly the
cooperative group trials, remains crucial to determining the optimal use of available agents.

ADJUVANT THERAPY FOR RESECTED
HEPATIC COLORECTAL METASTASES
Principles of Adjuvant Therapy in Primary Colorectal
Cancer
Adjuvant treatment with 5-FU-based chemotherapy has been accepted as a standard approach following resection of node-positive primary colorectal
cancers. This is based on several trials that have
shown a substantial survival beneﬁt with adjuvant
therapy.16 20 The absolute beneﬁt for adjuvant
treatment appears to increase with the risk of relapse;
for example, the beneﬁt for node-positive (stage III)
patients is quite clear and has been demonstrated in
trials with 500 3000 patients. The absolute beneﬁt
for node-negative (stage II) patients, on the other
hand, appears to be smaller, and the role of adjuvant
treatment these patients is controversial.21 23 It has
Ann. Surg. Oncol. Vol. 13, No. 10, 2006
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been estimated that a trial with over 5000 stage II
patients would be required to deﬁnitively demonstrate a survival beneﬁt.24 In contrast, given the
comparatively high risk of recurrence following the
resection of hepatic colorectal metastases, one would
not expect the required number of subjects for a
clinical trial to be prohibitive. Despite this, there are
only a few clinical trials addressing adjuvant treatment following the resection of hepatic colorectal
metastases.
There are several options available for the adjuvant
chemotherapy of stage III colon cancer. Based on the
results of the MOSAIC trial,23 many consider the
gold standard to be the combination of infusional
5-FU, leucovorin (LV, or folinic acid), and oxaliplatin in the FOLFOX regimen. This pivotal study
randomized patients to 6 months of infusional
5-FU/LV with or without oxaliplatin and showed an
improvement in the 3-year disease-free survival of the
patients in the oxaliplatin arm, which has been widely
accepted as a reliable surrogate endpoint for overall
survival.25 Interestingly, in NSABP C-07, a different
schedule of bolus 5-FU/LV with oxaliplatin (FLOX)
has also shown an improved disease-free survival.26
5-FU/LV alone can also be successfully administered
without oxaliplatin in a variety of doses and schedules. More recently, an oral prodrug of 5-FU, capecitabine, has been shown to be equally effective and
better tolerated than monthly bolus 5-FU in stage III
patients.27 To the surprise of many, given its activity
in the advanced disease setting, irinotecan has not
shown the same beneﬁt when added to 5-FU/LV in
large trials and is not recommended.28 30 This ﬁnding has called into question whether the responsiveness of tumors in metastatic disease (where both
irinotecan and oxaliplatin appear to be equally active) is the same as that in localized disease (where
oxaliplatin appears to be more effective). Thus,
extrapolation from the advanced to the adjuvant
setting has limits, as yet not clearly understood.
Most currently enrolling adjuvant trials are evaluating the role of the ‘‘biologic’’ agents bevacizumab
(antibody against VEGF) and cetuximab (antibody
against EGFR) in the adjuvant setting. The results
from these studies are not expected for several years.
Adjuvant Therapy for Resected Liver Metastases
Given the comparatively high risk of relapse following the resection of metastatic disease to the liver
as compared to primary colorectal cancers, it comes
as no surprise that most medical oncologists recommend some type of adjuvant chemotherapy
Ann. Surg. Oncol. Vol. 13, No. 10, 2006

following partial hepatectomies. The lack of data
supporting such practice, however, is striking. The
optimal drug combination, schedule, timing, and
duration remain unknowns. There have been few
trials with substantial numbers of subjects prospectively randomizing to chemotherapy versus observation, or to diﬀerent chemotherapy regimens, for
resected hepatic colorectal metastases.31 33 Much of
the existing data regarding adjuvant treatment deal
with hepatic arterial infusion versus systemic chemotherapy or versus observation.34,35 Indeed, there
is a paucity of even small feasibility or safety-oriented phase II studies for adjuvant chemotherapy
following liver resection.
There are two recent studies comparing chemotherapy to observation in the adjuvant setting following hepatic resection. The ﬁnal results from both
trials are pending. In the FFCD 9002 trial, 167
patients were randomized to either monthly bolus
5-FU/LV or observation.33 There was an improvement in 5-year disease-free survival in the former
group, from 24% in the surgery alone group to 33% in
the 5-FU/LV group. Grade 3/4 toxicities were noted
in 25% of the patients. Of note, it took 10 years to
fully enroll an adequate number of patients to this
trial, which speaks to the challenge of doing such
trials. In the EORTC 40983 (EPOC) trial, the issue of
perioperative FOLFOX chemotherapy was addressed.32 In total, 354 subjects with potentially
resectable hepatic colorectal metastases were randomized to either surgery alone (without chemotherapy) or to 3 months of FOLFOX followed ﬁrst
by surgery and then by another 3 months of FOLFOX (a total of 6 months). Efﬁcacy results are
pending, but from a toxicity standpoint the chemotherapy appeared to be well-tolerated and did not
interfere with successful surgery. The most common
grade 3/4 adverse event was neutropenia (14%),
followed by diarrhea (6%). There was no difference in
perioperative mortality, although post-operative
complications were more frequent in the chemotherapy-treated group (21 vs. 10%).
There have been several small phase II studies
examining the feasibility of adjuvant chemotherapy
following liver resection. One recently published
study showed that six 21-day cycles of irinotecan
following hepatic resection is feasible, with an estimated relapse-free survival of 45.2 months; however,
only 29 patients were treated and an across-the-board
dose-reduction was required.36 Intravenous irinotecan has also been safely combined with the hepatic
arterial infusion drug ﬂuorodeoxyuridine (FUDR)
following liver resection.34
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Radioimmunotherapy has also been employed as
an adjuvant treatment following resection.37 Larger
studies of all of these adjuvant treatments will be
necessary.
Adjuvant chemotherapy following hepatic resection presents a dilemma for which there is no single
standard approach. On the one hand, it can be argued that aside from centers with specialization for
hepatic infusion pumps, no adjuvant therapy should
be given since eﬃcacy is unproven. On the other
hand, a reasonable point can be made that since
adjuvant therapy following resection of primary
colorectal cancers has a proven role and chemotherapy for advanced disease has improved outcomes, all
patients should be given some type of systemic therapy following hepatic resection. Similar arguments
can be made regarding the inclusion of ‘‘biologic’’
therapies such as cetuximab and bevacizumab, which
have a deﬁnite role for patients with advanced disease
but are, as yet, of unproven beneﬁt in the adjuvant
setting following resection of either primary cancers
or hepatic metastases. The results of the N0147 intergroup adjuvant trial, randomizing to FOLFOX
with or without cetuximab, and the NSABP C-08
trial, randomizing to FOLFOX with or without
bevacizumab, following the resection of primary tumors should help clarify this issue. Both trials are
currently enrolling.
Consensus Statement:
1. Even though there are no published level I or II
data supporting the use of chemotherapy for
initially resectable hepatic colorectal metastases,
the rationale for its use by extrapolation from
response rates seen in treating metastatic colorectal cancer probably justiﬁes it being offered to
selected patients. This rational is further supported by the fact that most patients with hepatic
colorectal metastases also have concomitant extrahepatic disease that would theoretically beneﬁt
from systemic chemotherapy.
2. Both adjuvant and advanced-disease regimens can
reasonably be offered, depending on the patientÕs
previous treatment and response, performance
status, organ function, and other factors.
3. The optimal duration of adjuvant systemic chemotherapy following liver resection is unknown,
but most oncologists utilize 4 6 months of
systemic chemotherapy.
4. If bevacizumab is employed as adjuvant therapy,
the recommendation is to discontinue this drug

approximately 8 weeks prior to surgery and/or to
wait 8 weeks following surgery due to possible
issues with wound-healing and other complications.38
5. Enrollment in clinical trials is strongly encouraged
to better deﬁne the efﬁcacy and toxicity of
adjuvant therapy following hepatic resection.

INTRA-ARTERIAL APPROACHES
(INFUSION, CHEMOEMBOLIZATION,
RADIOEMBOLIZATION, ISOLATED
PERFUSION)
Techniques for regional hepatic therapy for metastatic colon cancer to the liver include hepatic arterial
infusion chemotherapy, chemoembolization, infusion
radiotherapy with yttrium-90 labeled particles, and
isolated hepatic perfusion. While these approaches
have been available for a long time, their role in the
management of metastatic colon cancer continues to
evolve. Recent improvements in systemic chemotherapy for metastatic colon cancer should force
oncologists to re-evaluate the role of regional hepatic
therapy. It is essential to evaluate the indication and
timing for these approaches.
Hepatic arterial infusion (HAI) chemotherapy has
been the best studied of the approaches mentioned.39
The delivery of chemotherapy to the liver via the
hepatic artery has the advantage of higher chemotherapy exposure to the tumor over a longer period of
time. FUDR has been the most commonly studied
drug for this purpose. It has a high ﬁrst-pass
metabolism/clearance through the liver that minimizes the chances for systemic toxicity. This advantage leads to high response rates, where 35 83% of
patients will have an objective radiologic response.40
In several randomized trials of patients with unresectable disease, this treatment has been compared to
systemic therapy or to no therapy at all for colon
cancer. A meta-analysis of multiple randomized trials
demonstrated an improvement in response rate from
14 41% and a 27% relative survival advantage
(P = 0.0009),41 while two subsequent randomized
trials did not demonstrate improved survival compared to control arms.34,42 This treatment approach
is limited by hepatic toxicity and technical problems
related to catheters, arterial ports, and implantable
pumps. In a recent randomized trial from the Medical
Research Council (MRC) and European Organization for Research and Treatment of Cancer (EORTC) colorectal cancer study groups, only 63% of
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patients intended to receive HAI ever started therapy,
and the median number of cycles was two.42 Newer
combination systemic chemotherapy for metastatic
colorectal cancer now rivals response rates for
HAI therapy and is currently favored over the more
labor-intensive HAI therapy. Future studies need to
examine whether the addition of HAI therapy to
standard systemic chemotherapy demonstrates an
advantage in terms of survival compared to systemic
therapy alone. Kemeny et al. reported a 90% response
rate and 36-month median survival when HAI therapy was combined with systemic oxaliplatin and irinotecan. HAI therapy should be used as an adjunct
to systemic chemotherapy and not as a replacement
for systemic chemotherapy.43
HAI chemotherapy has also been used in adjuvant
setting after liver resection. In a multicenter
randomized trial comparing post-operative HAI
(FUDR) plus systemic infusion of 5-FU versus no
treatment the 4-year overall survival rate was no
diﬀerent between groups despite a better 4-year disease-free survival in the chemotherapy arm (46 vs.
25%)35 In another study, Kemeny et al.34 randomly
assigned 156 patients who had undergone resection of
hepatic colorectal metastases to HAI (FUDR and
dexamethasone) plus systemic chemotherapy (5-FU
with or without LV) or chemotherapy alone
(5-FU +/) LV). After a median follow-up of 62.7
months the median overall survival did not differ
between the two groups. In a subsequent analysis of
the same patient cohort, signiﬁcantly better overall
progression-free survival was noted in the combinedtherapy group (31.3 vs. 17.2 months), but no signiﬁcant improvement in 5- and 10-year overall survival
was obtained.44 It is important to note that this study
did not use new chemotherapy agents (oxaliplatin or
irinotecan) for systemic treatment. With the availability of newer drugs for systemic therapy, the role
of HAI as adjuvant treatment remains to be deﬁned.
The results of ongoing studies will help to clarify
whether or not HAI is beneﬁcial as post-operative
adjuvant therapy. For example, the National Surgical
Adjuvant Breast and Bowel Project (NSABP) is
presently accruing patients to Protocol CO9, which
randomizes patients with resectable/ablatable metastases (£6 metastases) to either systemic capecitabine
+ oxaliplatin or the same in combination with
IA-FUDR following surgery.
Transarterial chemoembolization or embolization
without chemotherapy has developed as a successful
treatment for hepatocellular cancer and has been
applied to colorectal cancer metastases. This treatment is applied via a percutaneous catheter advanced
Ann. Surg. Oncol. Vol. 13, No. 10, 2006

into the hepatic artery and is associated with less
technical complications than HAI therapy. The
embolization treatment leads to the acute ischemic
necrosis of tumors by blocking arterial ﬂow to the
tumors. This results in the death of most, but not all,
cells within a tumor. Tumors with slowly dividing
cells can be treated successfully with multiple embolizations over many months. Faster growing tumors
will recur quickly between treatments and will not
respond well overall to this approach. Nineteen trials
have evaluated chemoembolization for colorectal
cancer metastases in 324 patients.45 Response rates
vary from 25 to 100% depending on the criteria used
for measuring response, and a median survival of
between 7 and 23 months has been reported. These
results have not been adequately compared to other
forms of regional therapy for the liver and, therefore,
chemoembolization should not be considered to be
standard therapy for colorectal metastases.
An alternative approach to infusional chemotherapy is infusional radiotherapy using yttrium-90
microspheres. These microspheres are infused into
the common hepatic artery via a percutaneously or
surgically placed catheter, and they preferentially
localize to the tumor vasculature and emit therapeutic radiation. Two commercially available
90
Y-microspheres exist for this selective internal
radiation therapy (SIRT): SIR-Spheres (made of resin), and Thera-Spheres (made of glass). SIR-Spheres
are approved by the FDA for treating unresectable
metastatic liver tumors from primary colorectal
cancer and are commonly used in combination with
infusional FUDR. A phase III trial in 71 patients
demonstrated an improved response rate and time to
progression (9.7 vs. 15.9 months, P = 0.001) comparing intra-arterial FUDR alone to FUDR plus
SIR-Spheres.46 A randomized phase II study demonstrated an improved survival from 12.8 to 29.4
months with SIR-Spheres plus systemic 5-FU/leucovorin compared to systemic therapy alone.47 Toxicity with this approach is secondary to the escape of
radioactive microspheres from the liver leading to
damage of other organs, such as the stomach or
duodenum, lung, and bone marrow. In general,
however, this therapy is very well tolerated.
Isolated hepatic perfusion (IHP) is a surgical
technique where the liver vasculature is completely
isolated from the rest of the body and perfused with
chemotherapy.48 The dose of chemotherapy is limited
only by hepatotoxicity as no drug can leak out of the
perfusion circuit during the perfusion. Careful phase
I and phase II trials have been performed deﬁning the
maximum tolerated dose of IHP with melphalan. In
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19 patients treated with IHP with melphalan followed
by HAI with FUDR, the objective radiographic
response rate was 74% and the median survival was
27 months.49 Rothbarth et al. reported a response
rate of 59% and median survival of 29 months in
patients treated with IHP with melphalan alone.50
Newer techniques have simpliﬁed the IHP technique,
and a phase I trial of IHP with oxaliplatin is currently
accruing patients.
Consensus Statement:
1. Although numerous successful approaches exist
for the regional therapy of hepatic metastases
from colorectal cancer, these approaches should
not be considered outside of investigational protocols.
2. Given the effectiveness of systemic chemotherapy,
regional chemotherapy should be used in conjunction with systemic chemotherapy.
3. Too little data exist to determine an overall
advantage of one form of regional therapy over
another; however, chemoembolization is the least
appealing option and can no longer be recommended.
4. Clinical trials comparing regional therapy plus
systemic chemotherapy to systemic chemotherapy
alone should be performed to deﬁne the role for
each approach in the management of patients with
hepatic metastases from colorectal cancer.

STEATOSIS AND CHEMOTHERAPYASSOCIATED LIVER INJURY
5-FU based chemotherapy protocols, as well as
new regimens, have been associated with increased
resectability rates of hepatic colorectal metastases
and have brought renewed hope for cure. Not surprisingly, clinical, biologic, and microscopic hepatotoxic manifestations of these drugs have also been
recognized. The histologic complexity of the liver
accounts for the diversity of damage to hepatocytes,
endothelial cells, cholangiocytes, and stellate cells.
In this section we review the morphologic aspects
highlighted in recent studies.
Chemotherapy-Associated Steatosis and
Steatohepatitis
Non-alcoholic fatty liver disease (NAFLD), which
encompasses steatosis and steatohepatitis, is reported

in up to 3% of the general population and up to twothirds of individuals with morbid obesity. The exact
mechanisms leading to NAFLD remain obscure;
however, obesity and insulin resistance are common
risk factors.
Several series have emphasized a higher risk of
post-operative morbidity and mortality in patients
with marked hepatic steatosis that can impair liver
regeneration.51,52 Over the years, an association between cytotoxic chemotherapy and steatosis has
been reported. The development of steatosis has
been associated with 5-FU and levamisole which, as
mentioned above, are used in adjuvant therapy for
stage III colorectal cancers.53 In another series, 47%
of patients receiving 5-FU and folinic acid for advanced colorectal cancers had radiologic evidence of
fatty changes.54 Reversible steatosis has also been
reported in 30% of patients treated with a combination of a-interferon and 5-FU.55 More recently,
the association between preoperative chemotherapy
and the development of steatosis has been underscored.52 In a retrospective series of 248 patients
receiving preoperative chemotherapy, irinotecan was
associated with steatohepatitis in 20% of the patients, compared to 4.4% in patients who received
no chemotherapy (P < .0001).56 Furthermore, although mild in most patients, severe steatohepatitis
has been found to be associated with increased postoperative risk of mortality within 3 months of surgery, particularly in patients where there have been
extensive resection attempts.56 However, the association between chemotherapy and steatosis/steatohepatitis has not been universally accepted, and
there is continuing debate over the relative importance of the number of chemotherapy cycles, their
delivery (chronomodulation), and a patientsÕ individual traits, such as elevated body mass index
(BMI).56 58
Hepatic Sinusoidal Obstruction Associated with
Oxaliplatin-based Chemotherapy
Oxaliplatin is a proven, generally safe, and eﬀective, platinum-based chemotherapy that has recently
been shown to induce sinusoidal distention. The
sinusoidal dilatation can vary from mild to marked,
with extravasation of erythrocytes in DisseÕs space.
Fibrosis of the perisinusoidal spaces and centrolobular veins has also been identiﬁed.59 It is hypothesized that toxic injury to the sinusoidal endothelial
cells leads to activation of hepatic stellate cells and
the deposition of matrix.59 The incidence of oxaliplatin toxicity has not been widely reported. In two
Ann. Surg. Oncol. Vol. 13, No. 10, 2006
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independent studies published in 2004 and 2006,
Rubbia-Brandt and Karoui reported about a 50%
incidence of sinusoidal dilatation, peliosis, and atrophy of hepatocytes in patients receiving preoperative
oxaliplatin-based chemotherapy protocols.58,59
Whether oxaliplatin is solely responsible for this
alteration or whether the toxicity is linked to the
combination with other chemotherapeutic agents
(e.g., 5-FU) in a synergistic manner has not been fully
investigated. However, recent data conﬁrm the privileged association with oxaliplatin in comparison
with other therapeutic regimens.56 Less frequently
reported changes developing after oxaliplatin-based
therapy are hemorrhagic centrolobular necrosis and
nodular regenerative hyperplasia.59
Fibrosis may persist despite the discontinuation of
chemotherapy and the detection of cirrhosis.59
However, with the exception of one patient who
developed portal hypertension and ascites and eventually died, there are no reports in the literature of an
association between oxaliplatin toxicity and increased
post-operative mortality.56,60 Others, however, have
observed increased intra-operative transfusion rates,
particularly with prolonged preoperative chemotherapy protocols (>12 courses).61
Hepatotoxicity of 5-FU
Nodular regenerative hyperplasia (NRH), a diﬀuse
parenchymal reactive process, has been reported in
15% of patients receiving preoperative 5-FU-based
chemotherapy for metastatic colorectal metastases.62
NRH is characterized by an ill-deﬁned parenchymal
nodularity formed by alternating areas of expanding
nodules of hyperplastic hepatocytes with sinusoidal
congestion and compression of peripheral parenchyma and central veins. The pathogenesis of NRH,
which appears to develop within weeks of the completion of chemotherapy, is unknown, although it is
believed to be related to a modiﬁcation of the intrahepatic blood ﬂow. However, no morphologic vascular alteration has been reported in that setting.62 It
is likely that NRH regresses when the treatment is
discontinued. Of note, NRH has also been reported
in the setting of oxaliplatin therapy.59
Hepatotoxicity of FUDR
HAI is one approach to achieve high hepatic levels
of cytotoxic agents with concurrent limited systemic
toxicity. FUDR, the drug of choice, with 90%
extracted at the ﬁrst pass, has a toxicity that is
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dependent on both the duration of the treatment and
the dose.63 Several patterns of injury can be seen. In
addition to ‘‘chemical hepatitis’’ noted in about 40%
of patients, ductular damage of the intra- and extrahepatic bile ducts has been reported in up to 26% of
patients.63 The classical alteration includes bile duct
sclerosis, which principally involves the extrahepatic
biliary tract but often spares the distal common bile
duct, thereby providing an injury pattern reminiscent
of primary sclerosing cholangitis. Morphologically,
the lining epithelium is either eroded or atrophic, and
the duct wall is markedly ﬁbrosed.64 Acalculous
cholecystitis also develops in about one-third of the
patients, and prophylactic cholecystectomy is recommended.65 Hepatic parenchymal changes may include mild to moderate triaditis, portal ﬁbrosis with
bridging, ductular proliferation, cholestasis, and
central vein ﬁbrosis.66The injury results from an
obliterative vasculopathy involving both the artery
and veins, with secondary ischemic damage.64

Portal Vein Thrombosis Associated with Bevacizumab
Partial portal vein thrombosis following treatment
by bevacizumab, an anti-vascular endothelial growth
factor A (VEGF-A) murine monoclonal antibody,
has recently been observed.67 Although not previously reported in the portal circulation, a high incidence of arterial thrombotic events has been noted.68
The exact mechanism leading to hypercoagulability
in association with bevacizumab has not been completely elucidated. However, it is believed that the
anti-VEGF activity ultimately leads to the apoptosis
of endothelial cells, which in turn allows the exposure
of subendothelial cells and triggers a coagulation
cascade.69

Consensus Statement:
1. Most chemotherapeutic agents used for the management of hepatic colorectal metastases are
associated with various histological patterns of
liver injury, but the incidence and pathogenesis are
not well established.
2. In the spectrum of complications, steatohepatitis
is a matter of rising concern, most particularly
when irinotecan is employed.
3. The relative contributions that BMI, diabetes, and
dosing factors, such as the number of cycles and
chronochemotherapy, have on chemotherapy-induced liver injury remains to be fully determined.

CHEMOTHERAPY COLORECTAL METASTASES

REFERENCES
1. Saltz LB, Cox JV, Blanke C, et al. Irinotecan plus ﬂuorouracil
and leucovorin for metastatic colorectal cancer. Irinotecan
Study Group. N Engl J Med 2000; 343:905 14.
2. Douillard JY, Cunningham D, Roth AD, et al. Irinotecan
combined with ﬂuorouracil compared with ﬂuorouracil alone
as ﬁrst-line treatment for metastatic colorectal cancer: a multicentre randomised trial. Lancet 2000; 355:1041 7.
3. Goldberg RM, Sargent DJ, Morton RF, et al. A randomized
controlled trial of ﬂuorouracil plus leucovorin, irinotecan, and
oxaliplatin combinations in patients with previously untreated
metastatic colorectal cancer. J Clin Oncol 2004; 22:23 30.
4. Tournigand C, Andre T, Achille E, et al. FOLFIRI followed
by FOLFOX6 or the reverse sequence in advanced colorectal
cancer: a randomized GERCOR study. J Clin Oncol 2004;
22:229 37.
5. Colucci G, Gebbia V, Paoletti G, et al. Phase III randomized
trial of FOLFIRI versus FOLFOX4 in the treatment of advanced colorectal cancer: a multicenter study of the Gruppo
Oncologico DellÕItalia Meridionale. J Clin Oncol 2005;
23:4866 75.
6. Rougier P, Van Cutsem E, Bajetta E, et al. Randomised trial of
irinotecan versus ﬂuorouracil by continuous infusion after
ﬂuorouracil failure in patients with metastatic colorectal cancer. Lancet 1998; 352:1407 12.
7. 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.
8. Hurwitz H, Fehrenbacher L, Novotny W, et al. Bevacizumab
plus irinotecan, ﬂuorouracil, and leucovorin for metastatic
colorectal cancer. N Engl J Med 2004; 350:2335 42.
9. Giantonio BJ, Catalano PJ, Meropol NJ. High-dose bevacizumab improves survival when combined with FOLFOX4
in previously treated advanced colorectal cancer: Results from
the Eastern Cooperative Oncology Group (ECOG) study
E3200. Proc Am Soc Clin Oncol 24:abst 2, 2005.
10. Hecht JR, Trarbach T, Jaeger E. A randomized, double-blind,
placebo-controlled, phase III study in patients (Pts) with metastatic adenocarcinoma of the colon or rectum receiving ﬁrstline chemotherapy with oxaliplatin/5-ﬂuorouracil/leucovorin
and PTK787/ZK 222584 or placebo (CONFIRM-1) . Proc Am
Soc Clin Oncol 24:abst 3, 2005.
11. Cunningham D, Humblet Y, Siena S, et al. Cetuximab
monotherapy and cetuximab plus irinotecan in irinotecanrefractory metastatic colorectal cancer. N Engl J Med 2004;
351: 37 45.
12. Hecht JR, Patnaik A, Malik I, et al. ABX-EGF monotherapy
in patients (pts) with metastatic colorectal cancer (mCRC): An
updated analysis (abstract 3511). Proc Am Soc Clin Oncol
2004; 23:248.
13. Saltz LB, Meropol NJ, Loehrer PJ Sr, et al. Phase II trial of
cetuximab in patients with refractory colorectal cancer that
expresses the epidermal growth factor receptor. J Clin Oncol
2004; 22:1201 8.
14. Rothenberg ML, LaFleur B, Levy DE, et al. Randomized
phase II trial of the clinical and biological effects of two dose
levels of geﬁtinib in patients with recurrent colorectal adenocarcinoma. J Clin Oncol 2005; 23:9265 74.
15. Saltz LB, Lenz H, Hochster H. Randomized Phase II Trial of
Cetuximab/Bevacizumab/Irinotecan (CBI) versus Cetuximab/
Bevacizumab (CB) in Irinotecan-Refractory Colorectal Cancer. Proc Am Soc Clin Oncol 2005; 24:abstr 3.
16. International Multicentre Pooled Analysis of Colon Cancer
Trials (IMPACT) investigatorsEfﬁcacy of adjuvant ﬂuorouracil and folinic acid in colon cancer. Lancet 1995;
345:939 44.

1291

17. Goldberg RM, Hatﬁeld AK, Kahn M, et al. Prospectively
randomized North Central Cancer Treatment Group trial of
intensive-course ﬂuorouracil combined with the l-isomer of
intravenous leucovorin, oral leucovorin, or intravenous leucovorin for the treatment of advanced colorectal cancer. J Clin
Oncol 1997; 15:3320 9.
18. Meyerhardt JA, Mayer RJ. Systemic therapy for colorectal
cancer. N Engl J Med 2005; 352:476 87.
19. Moertel CG, Fleming TR, Macdonald JS, et al. Fluorouracil
plus levamisole as effective adjuvant therapy after resection of
stage III colon carcinoma: a ﬁnal report. Ann Intern Med 1995;
122:321 6.
20. Wolmark N, Rockette H, Fisher B, et al. The beneﬁt of leucovorin-modulated ﬂuorouracil as postoperative adjuvant
therapy for primary colon cancer: results from National Surgical Adjuvant Breast and Bowel Project protocol C-03. J Clin
Oncol 1993; 11:1879 87.
21. Mamounas E, Wieand S, Wolmark N, et al. Comparative
efﬁcacy of adjuvant chemotherapy in patients with DukesÕ
B versus DukesÕ C colon cancer: results from four National
Surgical Adjuvant Breast and Bowel Project adjuvant studies
(C-01, C-02, C-03, and C-04). J Clin Oncol 1999; 17:1349 55.
22. International Multicentre Pooled Analysis of B2 Colon Cancer
Trials (IMPACT B2) Investigators Efﬁcacy of adjuvant ﬂuorouracil and folinic acid in B2 colon cancer. J Clin Oncol 1999;
17:1356 63.
23. Andre T, Boni C, Mounedji-Boudiaf L, et al. Oxaliplatin,
ﬂuorouracil, and leucovorin as adjuvant treatment for colon
cancer. N Engl J Med 2004; 350:2343 51.
24. Buyse M, Piedbois P. Should DukesÕ B patients receive adjuvant therapy? A statistical perspective. Semin Oncol 2001;
28:20 4.
25. Sargent DJ, Wieand HS, Haller DG, et al. Disease-free survival
versus overall survival as a primary end point for adjuvant
colon cancer studies: individual patient data from 20,898 patients on 18 randomized trials. J Clin Oncol 2005; 23:8664 70.
26. Wolmark N, Kuebler JP, Colangelo L, Smith RE. A phase III
trial comparing FULV to FULV + oxaliplatin in stage II or
III carcinoma of the colon: Results of NSABP Protocol C-07.
Proc Am Soc Clin Oncol 2005; 23[Suppl 16S] (abstr 3500).
27. Twelves C. UFT plus calcium folinate/irinotecan in colorectal
cancer. Oncology (Williston Park) 1999; 13:51 4.
28. Saltz LB, Hollis D, Goldberg RM, et al. Irinotecan plus ﬂuorouracil/leucovorin (IFL) versus ﬂuorouracil/leucovorin alone
(FL) in stage III colon cancer (intergroup trial CALGB
C89803). Proc Am Soc Clin Oncol 2004; (abstr 3500).
29. Van Cutsem E, Hossfeld D, Bodokyg, et al. Randomized phase
III trial comparing infused irinotecan / 5-ﬂuorouracil (5-FU)/
folinic acid (IF) versus 5-FU/FA (F) in stage III colon cancer
patients (pts). (PETACC 3). Proc Am Soc Clin Oncol 2005;
(abstr 8).
30. Ychou M, Douillard J, Bugat R, et al. A phase III randomized
trial of LV5FU2+CPT-11 vs. LV5FU2 alone in adjuvant high
risk colon cancer (FNCLCC Accord02/FFCD9802). Proc Am
Soc Clin Oncol 2005; (abstr 3502).
31. Lorenz M, Muller HH, Staib-Sebler E, et al. Relevance of
neoadjuvant and adjuvant treatment for patients with resectable liver metastases of colorectal carcinoma. Langenbecks
Arch Surg 1999; 384:328 38.
32. Nordlinger B, Sorbye M, Debois M, et al. Feasibility and risks
of pre-operative chemotherapy (CT) with Folfox 4 and surgery
for resectable colorectal cancer liver metastases (LM). Interim
results of the EORTC Intergroup randomized phase III study
40983. In: ASCO Annual Meeting Proceedings, 2005 (abstract
3528); 253s.
33. Portier GRP, Milan C, Bouche O, et al. Adjuvant systemic
chemotherapy *CT) using 5-ﬂourouracil (FU) and folinic acid
(FA) after resection of liver metastases (LM) from colorectal
(CRC) orgin. Results of an intergroup phase III study (trial

Ann. Surg. Oncol. Vol. 13, No. 10, 2006

1292

34.
35.

36.

37.

38.
39.
40.
41.

42.

43.

44.
45.

46.

47.

48.
49.
50.

D. L. BARTLETT ET AL.

FFCD-ACHBTH-AURC 9002). Proc Am Soc Clin Oncol
2002; (abstr 528).
Kemeny N, Huang Y, Cohen AM, et al. Hepatic arterial
infusion of chemotherapy after resection of hepatic metastases
from colorectal cancer. N Engl J Med 1999; 341:2039 48.
Kemeny MM, Adak S, Gray B, et al. Combined-modality
treatment for resectable metastatic colorectal carcinoma to the
liver: surgical resection of hepatic metastases in combination
with continuous infusion of chemotherapy an intergroup
study. J Clin Oncol 2002; 20:1499 505.
Solorzano CC, Ksontini R, Pruitt JH, et al. Involvement of 26kDa cell-associated TNF-alpha in experimental hepatitis and
exacerbation of liver injury with a matrix metalloproteinase
inhibitor. J Immunol 1997; 158:414 9.
Liersch T, Meller J, Kulle B, et al. Phase II trial of carcinoembryonic antigen radioimmunotherapy with 131I-labetuzumab after salvage resection of colorectal metastases in the
liver: ﬁve-year safety and efﬁcacy results. J Clin Oncol 2005;
23:6763 70.
Ellis LM, Curley SA, Grothey A. Surgical resection after
downsizing of colorectal liver metastasis in the era of bevacizumab. J Clin Oncol 2005; 23:4853 5.
Cohen AD, Kemeny NE. An update on hepatic arterial infusion chemotherapy for colorectal cancer. Oncologist 2003;
8:553 66.
Barber FD, Mavligit G, Kurzrock R. Hepatic arterial infusion
chemotherapy for metastatic colorectal cancer: a concise
overview. Cancer Treat Rev 2004; 30:425 36.
Meta-Analysis Group in CancerReappraisal of hepatic arterial
infusion in the treatment of nonresectable liver metastases
from colorectal cancer. Meta-Analysis Group in Cancer. J Natl
Cancer Inst 1996; 88:223 224.
Kerr DJ, McArdle CS, Ledermann J, et al. Intrahepatic arterial
versus intravenous ﬂuorouracil and folinic acid for colorectal
cancer liver metastases: a multicentre randomised trial. Lancet
2003; 361:368 73.
Kemeny N, Jarnagin W, Paty P, et al. Phase I trial of systemic
oxaliplatin combination chemotherapy with hepatic arterial
infusion in patients with unresectable liver metastases from
colorectal cancer. J Clin Oncol 2005; 23:4888 96.
Kemeny NE, Gonen M. Hepatic arterial infusion after liver
resection. N Engl J Med 2005; 352:734 5.
Tellez C, Benson AB 3rd, Lyster MT, et al. Phase II trial of
chemoembolization for the treatment of metastatic colorectal
carcinoma to the liver and review of the literature. Cancer
1998; 82:1250 9.
Gray B, Van Hazel G, Hope M, et al. Randomised trial of SIRSpheres plus chemotherapy vs. chemotherapy alone for treating patients with liver metastases from primary large bowel
cancer. Ann Oncol 2001; 12:1711 20.
Van Hazel G, Blackwell A, Anderson J, et al. Randomised
phase 2 trial of SIR-Spheres plus ﬂuorouracil/leucovorin chemotherapy versus ﬂuorouracil/leucovorin chemotherapy alone
in advanced colorectal cancer. J Surg Oncol 2004; 88:78 85.
Elaraj DM, Alexander HR. Current role of hepatic artery
infusion and isolated liver perfusion for the treatment of
colorectal cancer liver metastases. Cancer J 2004; 10:128 38.
Bartlett DL, Libutti SK, Figg WD, et al. Isolated hepatic
perfusion for unresectable hepatic metastases from colorectal
cancer. Surgery 2001; 129:176 87.
Rothbarth J, Pijl ME, Vahrmeijer AL, et al. Isolated hepatic
perfusion with high-dose melphalan for the treatment of

Ann. Surg. Oncol. Vol. 13, No. 10, 2006

51.
52.
53.
54.

55.
56.

57.

58.
59.

60.
61.
62.
63.
64.
65.
66.
67.

68.
69.

colorectal metastasis conﬁned to the liver. Br J Surg 2003;
90:1391 7.
Behrns KE, Tsiotos GG, DeSouza NF, et al. Hepatic steatosis
as a potential risk factor for major hepatic resection. J Gastrointest Surg 1998; 2:292 8.
Kooby DA, Fong Y, Suriawinata A, et al. Impact of steatosis
on perioperative outcome following hepatic resection. J Gastrointest Surg 2003; 7:1034 44.
Moertel CG, Fleming TR, Macdonald JS, et al. Hepatic toxicity associated with ﬂuorouracil plus levamisole adjuvant
therapy. J Clin Oncol 1993; 11:2386 90.
Peppercorn PD, Reznek RH, Wilson P, et al. Demonstration
of hepatic steatosis by computerized tomography in patients
receiving 5-ﬂuorouracil-based therapy for advanced colorectal
cancer. Br J Cancer 1998; 77:2008 11.
Sorensen P, Edal AL, Madsen EL, et al. Reversible hepatic
steatosis in patients treated with interferon alfa-2a and 5-ﬂuorouracil. Cancer 1995; 75:2592 6.
Vauthey JN, Pawlik TM, Ribiero D, et al. Chemotherapy
regimen predicts steatohepatitis and an increase in ninety-day
mortality after surgery for hepatic colorectal metastases. J Clin
Oncol 2006; 24:2065 72.
Fernandez FG, Ritter J, Goodwin JW, et al. Effect of steatohepatitis associated with irinotecan or oxaliplatin pretreatment
on resectability of hepatic colorectal metastases. J Am Coll
Surg 2005; 200:845 53.
Karoui M, Penna C, Amin-Hashem M, et al. Inﬂuence of
preoperative chemotherapy on the risk of major hepatectomy
for colorectal liver metastases. Ann Surg 2006; 243:1 7.
Rubbia-Brandt L, Audard V, Sartoretti P, et al. Severe hepatic
sinusoidal obstruction associated with oxaliplatin-based chemotherapy in patients with metastatic colorectal cancer. Ann
Oncol 2004; 15:460 6.
Tisman G, MacDonald D, Shindell N, et al. Oxaliplatin toxicity masquerading as recurrent colon cancer. J Clin Oncol
2004; 22:3202 4.
Adam R. Personal communication.
Washington K, Lane KL, Meyers WC. Nodular regenerative
hyperplasia in partial hepatectomy specimens. Am J Surg Pathol 1993; 17:1151 8.
Skitzki JJ, Chang AE. Hepatic artery chemotherapy for colorectal liver metastases: technical considerations and review of
clinical trials. Surg Oncol 2002; 11:123 35.
Ludwig J, Kim CH, Wiesner RH, Krom RA. Floxuridine-induced sclerosing cholangitis: an ischemic cholangiopathy?
Hepatology 1989; 9:215 8.
Kemeny MM, Battifora H, Blayney DW, et al. Sclerosing
cholangitis after continuous hepatic artery infusion of FUDR.
Ann Surg 1985; 202:176 81.
Doria MI Jr., Shepard KV, Levin B, Riddell RH. Liver
pathology following hepatic arterial infusion chemotherapy.
Hepatic toxicity with FUDR. Cancer 1986; 58:855 61.
Donadon M, Vauthey JN, Loyer E. Portal vein thrombosis
after neoadjuvant chemotherapy with bevacizumb for
downstaging of colorectal liver metastases. Submitted for
publication.
Shah MA, Ilson D, Kelsen DP. Thromboembolic events in
gastric cancer: high incidence in patients receiving irinotecanand bevacizumab-based therapy. J Clin Oncol 2005; 23:2574 6.
Fernando NH, Hurwitz HI. Targeted therapy of colorectal
cancer: clinical experience with bevacizumab. Oncologist 2004;
9[Suppl 1]:11 8.

