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Abstract

As colorectal cancer and colorectal liver metastases be-
come a serious public health problem, new treatment
modalities are needed in order to achieve better results.
In the last decade there has been very important prog-
ress in oncology, with new and more effective chemo-
therapeutic agents administered alone or in combination
improving the resectability rate in up to 40% of patients
with colorectal liver metastases. Advances in interven-
tional radiology, in particular, with the use of portal vein
embolization and radiofrequency thermal ablation are
new strategies allowing major liver resections and treat-
ment of small liver metastases or early recurrences. Sur-
gery, however, remains the gold standard strategy with
intention to treat. In this review article we will describe
the advanced role of surgery in the multidisciplinary ap-
proach to colorectal liver metastases, and the clinical
problems the liver surgeon has to deal with, such as the
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resectability of the metastases, the presence of bilobar
liver lesions and extrahepatic disease, the impact of che-
motherapy in already resectable liver metastases, the
problem of vanishing metastases after chemotherapy
and the dilemma of staged or combined liver and colon
operations and which organ first in the clinical scenario
of synchronous colorectal liver metastases.

© 2010 Baishideng. All rights reserved.
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INTRODUCTION

Colorectal cancer (CRC) is an important public health
problem: there are nearly one million new cases diagnosed
wortldwide each year and half a million deaths. Recent
reports show that CRC is the third most frequent cancer
in the Western world while in the USA it is the most fre-
quent form of cancer among persons aged 75 years and
older'". Approximately 25% of these patients have liver
metastases at the time of diagnosis [colorectal liver metas-
tases (CRLM)] and 25% will develop, CRLM during the
course of the disease. Eventually two-thirds of patients
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with CRLM will die because of liver metastases”. Given
that the majority of malignancies occur in elderly people
and with ageing of the population in mind the above epi-
demiological observations make the need for prevention
and improved treatment strategies very urgent.

In the last decade there has been very important prog-
ress in 3 different fields regarding the treatment of CRLM:
new and more effective chemotherapeutic agents in oncol-
ogy administered alone or in combination; an advanced
role of interventional radiology with portal vein emboliza-
tion and radiofrequency ablation; and last, but not least,
new strategies and manipulation techniques for safer he-
patic resections. The combination of these improvements
makes the role of a multidisciplinary approach in the pa-
tient with CRLM the only therapeutic modality, which has
gradually but effectively improved the resectability rate of
metastases to 20%-30% of cases and has resulted in 5-year
survival of 35%-50% for selected cases™".

In this review we will discuss the improvement in
chemotherapy and interventional radiology as well as the
new and advanced role of surgery in this multidisciplinary
approach in order to establish treatment strategies and to
gain better results in disease-free and overall survival in
patients with CRLM.

CHEMOTHERAPY-ONCOLOGY

Chemotherapeutic agents have substantially changed
over the last decade. Two new agents, irinotecan and
oxaliplatin are used in combination with the traditional
regimen of 5-fluorouracil (5-FU) and leucovorin (LV).
Irinotecan is an inhibitor of topoisomerase I and its
combination with 5-FU and LV is called Folfiri while ox-
aliplatin is a non-nephrotoxic platinum complex which
in combination with 5-FU and LV is called Folfox. While
traditional chemotherapy was of limited efficacy, with re-
sponse rates not exceeding 25%, the new combinations
allowed a tumor response in approximately 40%-50% of
patientsﬁ’(’], Another very important issue is that the new
chemotherapeutic combinations have been reported to
facilitate the resection of 9%-40% of initially unresect-
able metastases, with data emerging from randomized
trials suggesting that the addition of targeted agents and
a third cytotoxic drug might improve these results even
more¥. The use of a triple combination of irinotecan,
oxaliplatin and 5-FU or LV seems to further increase the
efficacy of systemic chemotherapy, as 3 different studies
described a response rate of up to 70% and improve-
ment in the overall survival of up to 26 mo® . All these
studies showed that patients who can undergo surgical
resection for their CRLLM have better survival rates com-
pared to patients treated only with chemotherapy.
Besides oxaliplatin and irinotecan, the introduction of
two new targeted agents opens a new era in the oncologi-
cal treatment of colorectal liver metastases. Cetuximab is
a monoclonal antibody against the epithelial growth fac-
tor receptor and bevacizumab is a humanized antibody
against the vascular endothelial growth factor (VEGF).
The use of the above-mentioned targeted agents in
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combination with Folfox or Folfiri has increased the re-
sectability rate in patients whose tumors were previously
considered unresectable and has also improved the overall
survival rate in patients with CRLM as mentioned above.
Hurwitz ef al'? published a randomized controlled trial
where 813 patients with CRLM were allocated to either
Folfiri or Folfiri plus bevacizumab. The addition of be-
vacizumab was associated with a statistically significant
increase in median survival, progression-free survival and
overall tumor response rate. There were also other studies
whete the addition of bevacizumab to Folfox was associ-
ated with an increased tumor response rate and median
overall survival'”. However, these studies were not ran-
domized.

However, apart from these positive effects of che-
motherapy on resectability and survival rates, there were
also some severe adverse effects on the liver, as histologi-
cal lesions are known to occur in the liver parenchyma
following chemotherapy, with the type of lesion being
specific for the agent used. Sinusoidal obstruction syn-
drome is characterized by erythrocytic congestion and
can be accompanied by perisinusoidal fibrosis and fibrotic
venous occlusion. This syndrome has been desctibed in
association with oxaliplatin, and the incidence of these
histological changes is between 20% and 299%"*" The
administration of oxaliplatin-based chemotherapy can
also be associated with vascular lesions in the liver such
as hemorrhagic centrilobular necrosis, and carry a higher
risk of operative bleeding and transfusion requirement,
as well as impaired liver regeneration and increased post-
hepatectomy mortality!""”. The second adverse effect is a
form of steatohepatitis that has been related to irinotecan
administration. Chemotherapy-associated steatohepatitis
is characterized by the simultaneous presence of severe
steatosis, lobular inflammation and ballooning of the
hepatocytes“sl. Analysis of the impact of steatosis on
surgical outcome suggests that morbidity is increased and
that there is also an increased rate of infectious complica-
120 Steatohepatitis linked to irinotecan treatment is
associated with increased 90-d mortality because of liver
failure after surgery*!.

At this point there is an important question raised
whether the above-mentioned chemotherapy-linked
liver damage is related to the duration of treatment or
not. There are 2 pertinent studies in the literature which

cleatly showed that the morbidity rate was related to the
17,21]

tions

number of cycles of chemotherapy administered'
More recent data on postoperative complications in the
EORTC 40983/EPOC study show that 3 mo of pre-
operative chemotherapy with Folfox-4 had a relatively
mild impact on surgical outcome™. Another issue re-
garding the safety of preoperative chemotherapy is the
potent effect of the monoclonal antibody bevacizumab,
as targeting VEGF could augment hepatic damage and
diminish regeneration after resection. One study showed
that there was no major effect of bevacizumab on the
incidence of postoperative complications if stopped at
least 5 wk prior to surgerym. Data from another study
described that the use of this agent may even reduce the
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incidence of liver failure after hepatic resection™. One
can conclude that neoadjuvant chemotherapy can induce
liver injury but with little clinical impact if patients are
not overtreated and if a proper time interval is main-
tained between chemotherapy and surgery[zs].

INTERVENTIONAL RADIOLOGY

Advances in interventional radiology have contributed to
the treatment of patients with CRLM, in particular the
use of portal vein embolization (PVE) and radiofrequency
thermal ablation (RFA). Since 1982 when Makuuchi e# a/”’
first used PVE in order to provoke compensatory hypet-
trophy of the future remnant liver in patients planned
for major hepatic resections, much experience has been
gained and this technique is today available in every spe-
cialized hepatobiliary center™™. In patients planned for
major hepatectomy and with an otherwise normal liver,
preoperative PVE is recommended when the ratio of the
remnant liver to total liver volume is estimated to be less
than 30%, whereas in patients with neoadjuvant chemo-
therapy this ratio is considered to be 40%7. PVE is a
safe procedure, but movement of the embolic material to
the main portal vein or into branches that supply the fu-
ture remnant liver remains a risk.

RFA was initially and widely used for local treatment
of hepatocellular carcinoma and recently has gained
populatity for the management of CRLM, where its indi-
cations are still under debate. Critical review of the results
of RFA shows that RFA must be restricted in cases with a
maximum of 3 lesions with the size of the biggest lesion
less than 3 cm®". Another limitation for the use of RFA
in the management of CRLM is the anatomic location
of the lesion. When the metastases are near big vessels
the risk of incomplete ablation is increased as the heat
effect is minimized™. Because of the above-mentioned
limitations there is still no place for RFA in patients with
resectable CRLM. The use of RFA is actually limited in
cases with eatly recurrence after resection, detected as
small legi}ons, because it is not mandatory to stop chemo-

[33]

therapy .

THE ROLE OF SURGERY

The liver surgeon of the multidisciplinary team for the
treatment of CRLM will face some clinical problems and
scenarios such as the resectability of the metastases, the
presence of bilobar liver lesions or extrahepatic disease,
the impact of neoadjuvant chemotherapy in the case of
resectable metastases, the problem of vanishing metas-
tases after chemotherapy, and the dilemma of staged or
combined liver and colon resections in the clinical sce-
nario of synchronous CRLM. For historical reasons we
mention that liver metastases were classified as unresect-
able if they were large in size, bilobar or there were more
than 4", Today there has been substantial progress in
liver surgery owing to improved preoperative diagnosis
and intraoperative and postoperative care, and new strat-
egies are being developed in order to achieve larger and
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Figure 1 Atrophy of the right
hemiliver (right arrow) and
hypertrophy of the left he-
miliver (left arrow) after right
portal vein ligation.

safer resections. Many tumors that were previously con-
sidered untesectable are now amenable to complete re-
section. In 2007, Figueras ¢z a/** published a study where
no predefined criteria of resectability were mentioned
with regard to number, size, location of the tumor or
presence of extrahepatic disease. The only prerequisite is
that the resection was possible and that the potential liver
remnant was able to sustain metabolic, synthetic and de-
toxifying functions”. Tt is in general accepted that where
possible it is better to remove a metastasis than to leave it
and that even R1 resections might become an acceptable
clinical strategy provided that they confer meaningful pa-
tient benefit”™.

The presence of bilobar CRLM is a challenging issue
for the liver surgeon as this problem requires extended
resections. As mentioned above, interventional radiology
with PVE is an important preoperative tool in order to in-
crease the volume of the remnant liver after an extended
resection. However, the legitimate concern that metastases
in the non-embolized hemiliver might grow more rapidly
after right PVE" has led to the proposal of a 2-stage pro-
cedure. In the first stage all visible metastases in the left
hemiliver are removed in association with right portal vein
ligation. In the second stage, which takes place between 2
and 4 wk after the first stage, an extended right hemihepa-
tectomy is performed”” (Figure 1).

Despite the great effort that has been made both in
preoperative liver volume manipulation and in intraopera-
tive and postoperative care there are still many patients
who present to the liver surgeon with initially unresect-
able metastases. Current treatment practice for these pa-
tients is a combination of classical chemotherapy with the
targeted agents cetuximab and bevacizumab, which facili-
tates resection in 9%-40% of lesions initially considered
unresectable”. As a consequence, 5-year survival rates of
50% after combined treatment are becoming increasingly
common®. The next step is to define the most effective
chemotherapeutic regimen for this treatment strategy.
Currently, data from randomized trials are beginning to
show the added benefit conferred by the targeted agent
cetuximab on response and resection rates achieved with
standard first-line therapies in patients with advanced
CRC™ . The rate of surgery with curative intent was
higher in patients who received Folfiri plus cetuximab in
comparison with Folfiri alone and the RO resection was
also increased™”. In this setting the requirement for a
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delay between the end of chemotherapy treatment and
the planning of surgery, as well as the presence of K-ras
mutation in the primary tumor are 2 very important
considerations for the management of these complex
cases ™. Mutations in this gene have been shown to be
predictive of reduced disease-free and overall survival.
Furthermore, it has been demonstrated that those with
K-ras mutations do not benefit in the same manner from
the traditional chemotherapeutic regimens as those with
the wild type. Analysis of recent data show that patients
with wild type K-ras had a significant advantage in terms
of tumor response with the addition of bevacizumab
compared to standard Folfiri treatment. Further studies
are needed in the era of biomarkers in order to achieve
better tumor response rates and increased survival . At
this point it is important to mention that the presence of
extrahepatic disease is no longer considered in the criteria
for unresectability, provided that it is also resectable!™.

The conventional way of thinking in patients with
resectable synchronous CRLM is to offer an upfront
operation, and the reason for this attitude is the fear that
the CRLM will not respond to chemotherapy and that
during the time of chemotherapy the tumors will grow
beyond the possibility of surgical cure. However, chemo-
therapy before surgery, even in patients with resectable
CRLM, can increase the complete resection rate, facilitate
limited hepatectomies, improve postoperative recovery,
treat micrometastases, provide a test for chemorespon-
siveness, identify aggressive disease and spare ineffective
chemotherapy. All the above parameters are supported
by the results of the EORTC 40983 study where the
progression-free survival rate at 3 years was increased by
8.1% in those patients who received perioperative che-
motherapy when compared with surgery alone. Further-
more, single-center non-randomized studies support the
use of neoadjuvant protocols for resectable CRLM". A
specific problem that has emerged with the use of effec-
tive neoadjuvant chemotherapy regimens is known as the
“missing” or “vanishing” metastases. This terminology
reflects lesions that were present on initial radiological
examinations and can no longer be identified by imag-
ing performed after chemotherapy. Because these lesions
are very difficult to localize and resect during surgery
the situation is well characterized by the sentence “when
the dream of the oncologist becomes the nightmare of
the surgeon”. While a publication suggested that missing
metastases are cured in 70% of cases™, another study
showed persistent microscopic or macroscopic residual
disease or very ecarly recurrence in 83% of cases with a
complete radiological responsem]. Thus a complete ra-
diological response does not mean a complete histologi-
cal response and some authors suggest that when the
detailed intraoperative ultrasound examination fails to
detect missing metastases, the corresponding parenchy-
mal region should be resected in the basis of vascular
landmarks™”.

The final but very important issue that the liver sur-
geon has to deal with is whether to proceed to combined
(liver and colon) or staged surgery and if he chooses a
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staged procedure which organ first. The ideal solution for
this complicated problem would be a simultaneous co-
lon and liver operation. The advantage of the combined
procedure is that we have one operation with less psycho-
logical considerations for the patient, less financial costs
and shorter hospitalization time. On the other hand the
advantages of the staged procedure are that there is no
accumulation of the risks of liver and bowel resections at
the same time, a neoadjuvant chemotherapy may be given
before liver resection, and an extended hepatectomy or
difficult bowel resection can be performed with the full at-
tention of the surgical team focused on the liver or bowel
disease. However, the critical issue for decision-making is
the patient’s safety. Considering the initial experience with
simultaneous zersus staged resections, a French multicenter
study showed an operative mortality of 7% for simultane-
ous 25 2% for staged surgeryﬁo], while in a single center US
study the mortality was 12% for simultaneous us 4% for
staged resections” . It was also shown in several studies
that simultaneous operations can be performed without
death™ . These studies, however, were retrospective
and patients for simultaneous resection were selected by
experienced hepatobiliary surgeons. In conclusion, simul-
taneous liver and bowel operations can be performed on
selected patients but should be avoided in cases of major
hepatectomies, in elderly patients, and in difficult rectal
surgery.

In the case of a staged operative procedure, the
standard treatment recommendations in the pertinent
literature until now were resection of the primary tumor
followed by chemotherapy for 3-6 mo and then liver sut-
gery. Given that liver metastases rather than the primary
tumor determine survival the above-mentioned standard
approach has some disadvantages. Firstly, chemotherapy
which is effective against liver metastases cannot be given
during the treatment of the primary tumor, especially if
complications of colorectal surgery are encountered as the
risk for an anastomotic leak in rectal surgery varies from
6% to 12%P Even if the colon surgery runs unevent-
fully the recommended treatment for locally advanced rec-
tal cancer is a long course of radio-chemotherapy (5 wk).
Surgery is usually planned 6-10 wk after finishing neoadju-
vant therapy. During these 3 mo no treatment is given to
hepatic metastases and these may progress beyond cure™,
The second disadvantage is that there rapid growth of
metastases described after removal of the primary tumor
in several mouse models™*". The underlying mechanism
for these experimental data seems to be the loss of pri-
mary tumot-induced inhibition of angiogenesis in the me-
tastases. It was also demonstrated in human CRLM that
vascular density increased after resection of the primary
tumor®". However, the clinical significance of these ex-
perimental demonstrations is still unknown.

These two major disadvantages gave impetus to a new
approach for the treatment of CRLM. This new approach
is the “liver first” approach, where, after initial treatment
with chemotherapy, the liver metastases were operated
first followed by removal of the primary tumor. The new
reverse approach includes the risk that during the period
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between chemotherapy and liver resection the primary
tumor might become obstructive. This rare possibility can
casily be solved by performing Hartmann’s procedure.
There have already been pertinent studies published in the
literature showing that the “liver first” approach is a safe
procedure and brings excellent results™ . The results of
these studies suggest that patients with advanced synchro-
nous CRLM and non-obstructive primary tumors can be
safely and effectively treated with highly effective neoad-
juvant chemotherapy towards the metastases, followed by
liver surgery and, finally, colorectal resection.

CONCLUSION

Many changes have occurred in the treatment of CRLM
in the last decade. Progress in neoadjuvant chemotherapy,
new targeted agents and improvement of interventional
radiology with PVE and RFA as well as diagnostic imag-
ing provide useful tools. However, since surgery is still
the only treatment modality that has curative potential on
its own, this may appear the most attractive approach in
some situations, even if resistance to medical treatment
generally means an unfavorable prognosis. The 2-stage
hepatectomy as well as the “liver first” approach seem
to create new treatment strategies and improve the rate
of survival of patients in whom an RO resection can be
achieved with curative intention. The multidisciplinary
treatment modality in these complex cases of patients
with CRLM helps to make the best treatment selection for
patients in order to offer each of them the best strategy.
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