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Abstract: Colorectal cancer (CRC) is a major health concern in the United States (US) with over 140,000
new cases diagnosed in 2012. The most common site for CRC metastases is the liver. Hepatic resection
is the treatment of choice for colorectal liver metastases (CLM), with a 5-year survival rate ranging from
35% to 58%. Unfortunately, only about 20% of patients are eligible for resection. There are a number of
options for extending resection to more advanced patients including systemic chemotherapy, portal vein
embolization (PVE), two stage hepatectomy, ablation and hepatic artery infusion (HAI). There are few
phase III trials comparing these treatment modalities, and choosing the right treatment is patient dependent.
Treating hepatic metastases requires a multidisciplinary approach and knowledge of all treatment options
as there continues to be advances in management of CLM. If a patient can undergo a treatment modality
in order to increase their potential for future resection this should be the primary goal. If the patient is still
deemed unresectable then treatments that lengthen disease-free and overall-survival should be pursued.
These include chemotherapy, ablation, HAI, chemoembolization, radioembolization (RE) and stereotactic

radiotherapy.
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Introduction

Colorectal cancer (CRC) is a major health concern in the
United States (US) with over 140,000 new cases diagnosed
in 2012 (1). Worldwide CRC is the second leading cause
of cancer deaths (2). However, there has continued to be
a decline in the death rates due to increased screening,
prevention, and improved treatment options. The 1-year and
5-year survival rates are 83.2% and 64.3% respectively (1).
However, once there has been metastasis to distant organs
the 5-year survival drops to 11.7% (1). The most common
site for CRC metastases is the liver. Approximately
25% of patients have hepatic metastases at their initial
presentation, and another 30% develop metastases during
the course of their disease (2). Hepatic disease accounts for
two-thirds of CRC deaths (2,3), emphasizing the importance
of understanding the multidisciplinary and multimodality
treatment options for colorectal liver metastases (CLM).
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Surgical resection remains the gold standard for curative
resection with several modalities available to extend the
resection criteria and additional modalities to extend
survival and provide palliation when the patient is not a
resection candidate.

Surgical resection

Hepatic resection is the treatment of choice for CLM, with
a 5S-year survival rate ranging from 35% to 58% in modern
series (4-14). The most common indication for hepatectomy
in western populations is CLM (15). The morbidity and
mortality rates of hepatic resection in modern series are
less than 30% and less than 3% respectively (2,4,13,16-18).
There have been multiple risk factors that have been reported
to independently predict survival after resection. These
factors include age, primary tumor stage, preoperative carcino
embryonie antigen (CEA) level, disease-free interval, hepatic
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tumor size, number of metastases, margin of resection, and
presence of extrahepatic disease (4,12,19). These factors are
important to identify the 10-20% of patients with hepatic
metastases that are eligible for resection (3,17,20).

In 1999, Fong er al. developed a clinical prognostic
score, identifying seven factors with a significant impact on
survival following resection of colorectal metastases (12).
The first two of these factors were positive margin
and the presence of extrahepatic disease both of which
predicted a risk of death 1.7 times greater than baseline.
The authors concluded that those two should be relative
contraindications to resection. The other five factors were
disease-free for less than 12 months, number of tumors >1,
pre-op CEA >200, lymph node-positive primary and size of
tumor >5 cm. A scoring system was devised with 1 point for
each of the five factors. The 5-year survival rate for patients
with 0 points was 60% vs. the rate for patients with 5 points
was only 14%. They concluded that those with a score of
0-2 have a highly favorable outcome, those with a score
of 3-4 have a much more guarded prognosis and resection
should be planned only in the context of adjuvant therapies.
In patients with a score of 5, resection without effective
adjuvant therapy or outside of adjuvant trials would be
highly questionable. The prognostic score still remains
valid but the 5-year survival of even patients with a score of
5 has improved to 31% in a more recent analysis (21). The
improvement is likely related to numerous factors including
more effective chemotherapy and adjunct procedures to
extend the indications for resection. In the more recent
analysis the only patients that derived no benefit from
resection were those with >8 metastases combined with an
inflammatory tumor response (21).

While most studies traditionally looked at
clinicopathologic factors like those described above to
determine which patients will benefit from liver resection,
the focus has now shifted to whether complete intrahepatic
and extrahepatic disease resection can be obtained, while
maintaining sufficient hepatic reserve (22).

The definition of complete intrahepatic resection has
been based on a general consensus that a 1 cm margin
should be obtained. More recently the exact definition
of an adequate margin has been more closely evaluated.
Based on a number of studies it appears that with modern
chemotherapy the width of the margin does not impact
overall survival (OS) as long as it is negative (4,23-27).

"The ability to remove all disease from the liver safely with
a negative margin is dependent on the future liver remnant

(FLR). The FLR should be calculated in a standardized
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fashion for all patients in whom the expected FLR is <40% (28).
There is no consensus as to the minimal FLR at which liver
surgery can be done safely (28). Suggested guidelines are
in a patient without cirrhosis or underlying liver disease,
>20% of the total liver volume must remain (2,3,29,30). In
patients with extensive steatosis or chemotherapy a volume
of >30% has been proposed, and patients with cirrhosis
should have a FLR of >40% prior to hepatic resection (2,3).
Studies looking specifically at extended liver resections
show that the complication rate, intensive care unit stay,
and hospital stay are all prolonged in patients with an FLR
<25% (28-30). Another method to assess safety of resection
is FLR to body weight ratio rather than percentage of total
liver volume. A FLR to body weight ratio of <0.5%, puts
the patient at considerable risk for hepatic dysfunction and
mortality (31).

Extra-bepatic disease

Long-term post-hepatectomy survival is possible in selected
patients with extra-hepatic disease (EHD). Multiple studies
show long term survival is possible with complete resection
of EHD with survival based on the EHD site. Lung
metastases with CLM have the best survival, pedicular
lymph nodes and peritoneal disease have a somewhat lower
OS, and multiple sites and para-aortic or celiac nodes have
a dismal prognosis (32,33). OS is significantly lower in the
EHD group compared with patients without EHD, but a
S-year OS of 19-38% compares favorably with rates much
less than 5% when treated by chemotherapy alone (32-36).
A recent review analyzed 22 studies with 1,142 patients with
EHD and CLM, morbidity and mortality were 28% and
1% respectively, similar to isolated CLM resection series.
The review found a median overall 5-year survival with
an RO resection of 25% (range, 19-36%). As previously
noted survival varies by EHD site with a median 5-year
OS for lung of 27% (range, 0-33%), porta-caval nodes
17% (range, 0-27%), peritoneal metastases 8% (range,
0-30%), and multiple sites 7% (range, 0-28%) (36). The
significantly better survival associated with lung metastases
must keep in mind that in these patients, the liver resection
and lung resections were likely staged, allowing for
potential selection bias as the patients who progressed in
the lung were excluded. Looking specifically at CLM and
peritoneal disease a recent multi-institutional study of 523
patients with peritoneal disease from CRC, of which 77
had CLM found no that CLM did not impact OS for the
entire group but did have a significant impact on the group
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that had an RO resection of the peritoneal disease. Based
on this the authors felt that liver metastases could be a
relative contraindication if associated with a high peritoneal
index (37). In summary, resection of CLM with EHD can
result in long term survival in highly selected patients when
complete resection of disease is possible.

Synchronous CLM

A subset of EHD is the patient with synchronous
presentation of CRC and CLM. Studies are divided on
whether synchronous CLM is associated with worse
survival than metachronous metastases (38). In resectable
patients the decision is whether colon and hepatic
resections should occur as a single combined procedure or
staged. There are three options including staged resection
with colon first, staged with liver first, or simultaneous
resection. The concern with simultaneous resection has
been increased morbidity and mortality associated with the
combined operation. However, recent studies have shown
simultaneous resection to be similar in morbidity, and
perioperative mortality to staged resection (39-42). A recent
multicenter international analysis compared simultaneous
resections to staged (colon first and liver first) in over 1,000
patients and found no significant difference in morbidity,
mortality or long-term oncologic outcomes between any of
the three sequences (39). In addition, a recent meta-analysis
confirmed no difference in oncologic outcome between
staged and simultaneous resection, and a shorter hospital
length of stay and lower morbidity with simultaneous
resection (40). Retrospective studies have also shown that
complications and mortality are similar between staged
and simultaneous procedures even in the setting of major
hepatectomy (39-41). Simultaneous resection appears safe in
selected patients but most studies addressing staged versus
simultaneous resection have a high degree of selection bias
given that patients expected to have higher complication
rates will generally be offered staged resection. In selected
patients the simultaneous resection of the primary colon
tumor and hepatic metastasis may be the preferred approach,
as it avoids a second surgery, permits earlier completion
of surgical therapy, allowing more prompt initiation
of adjuvant therapy (41). According to a recent expert
consensus the priority in staged resection may be given to
colorectal-first or liver-first strategies based on concern
for complications related to the primary tumor, such as
obstruction, perforation, or bleeding, or the progression
of marginally resectable CLM during treatment of the

© Pioneer Bioscience Publishing Company. All rights reserved.

primary (38). The decision to do simultaneous resections
is based on the overall complexity of both procedures and
the patient’s comorbidities (38). The liver-first sequence
is most suited to rectal cancers so that the liver metastases
are not left untreated during the radiation portion of
treatment to the rectum (38). During the simultaneous
procedure the liver resection is typically done first so that
it may be done with low central venous pressure (38).
Whichever order of procedures is used, RO resections
need to be obtained at both sites. If liver metastases are
not resectable, resection of the primary tumor does not
improve survival (42) and should only be used in patients
with symptoms that are not controlled with less invasive
techniques.

Adjuncts to improved resectability

When the FLR is anticipated to be marginal there are
several options for improving the FLR. These options
include systemic chemotherapy, portal vein embolization
(PVE), two-stage hepatectomy, and associating liver
partition with portal vein ligation (PVL) for staged
hepatectomy (ALPPS)/in situ split procedure.

Systemic chemotherapy

For patients with unresectable disease, systemic
chemotherapy remains the standard first-line therapy.
For patients with initially unresectable CLM, systemic
chemotherapy offers the possibility of reducing the
tumor burden to an extent where resection becomes
possible (38). In patients with disease initially determined
to be anatomically unresectable, modern preoperative
chemotherapy allows complete resection in 12.5-32.5% of
patients (43,44). These regimens include FOLFOX (folinic
acid, fluorouracil, and oxaliplatin) and FOLFIRI (folinic
acid, fluorouracil, and irinotecan) most commonly and more
recently the use of the monoclonal antibodies bevacizumab
or cetuximab in combination with chemotherapy to increase
response rates (45).

Steatosis and steatohepatitis have been associated with the
use of fluorouracil and irinotecan. Sinusoidal dilation and
congestion can be seen with prolonged use of oxaliplatin.
Both steatohepatitis and sinusoidal injury, but not
steatosis, have been associated with increased perioperative
morbidity with liver resection (45-50). Steatohepatitis
has been associated with increased mortality (47).
The increase in morbidity appears to be related to duration
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of therapy with increased risks with greater than six cycles
(45,48). Scoggins et al. found no difference in morbidity or
mortality with neoadjuvant chemotherapy with a median
chemotherapy duration of 4.2 months (51). Steatohepatitis is
also more frequently seen in obese patients with neoadjuvant
chemotherapy. Bevacizumab does not appear to be increase
complication rates when added to standard chemotherapy
regimens but studies stop the drug for an average of
6-8 weeks prior to surgery (52,53). There is some data
that bevacizumab may be protective when combined with
oxaliplatin against development of sinusoidal injury (46).
There are no published studies regarding the direct effect
on chemotherapy-induced liver injury of the anti-epidermal
growth factor receptor (EGFR) monoclonal antibodies
cetuximab and panitumumab (46).

Because approximately two-thirds of patients have a
recurrence following resection of colorectal metastases
preoperative systemic chemotherapy has been examined
in resectable colorectal metastases as well. The EORTC
Intergroup trial 40,983 randomized patients with resectable
colorectal metastases to six cycles of perioperative
chemotherapy with FOLFOX or surgery and found improved
3-year progression free survival (PFS) for neoadjuvant
chemotherapy (49). The study was not powered to
adequately assess for a survival benefit but a follow up study
showed no difference in OS between the two groups (17).
Retrospective studies show variable results based on
prognostic factors. Adam et 4/ looked at metachronous
solitary lesions and found increased morbidity with no
improvement in survival (54). Zhu ez /. found that patients
with more than two poor prognostic factors had a survival
advantage with neoadjuvant therapy (55). Malik et al.
examined more than 600 patients retrospectively and
found no difference in disease free survival (DFS) or OS
between neoadjuvant versus upfront surgery (56). Reddy
et al. in a large multi-center retrospective study, examined
patients with resectable synchronous colorectal metastases.
They found that post-hepatectomy chemotherapy but
not preoperative chemotherapy increased OS (57). The
variability in these findings has led to differences in expert
consensus varying from resection should be performed as
soon as feasible, and the duration of neoadjuvant therapy
should be carefully considered to most patients regardless
of resectability should receive chemotherapy upfront (3,58).

PVE

PVE has been used in pre-operative management of patients
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with marginal FLR to increase the safety of resection in
these patients. The physiologic response is referred to as the
atrophy-hypertrophy complex (AHC) and is likely related to
increased flow within the portal vein to the non-embolized
lobe (59,60). PVE can be performed under conscious
sedation by interventional radiology under sonographic and
fluoroscopic guidance (30,61). Resection typically occurs
3-6 weeks following embolization. This time frame is based
studies showing it takes at least 3 weeks to reach the steady
state of liver regeneration (62). The hypertrophy of the FLR
reduces the risk of postoperative liver failure and allows
potentially curative extended hepatectomy in a group of
patients that otherwise would be only marginal candidates
for resection based on a small FLR. PVE has been reported
to result in a 7-27% increase in the % FLR (30,61,63). With
PVE the functional capacity as measured by indocyanine
green excretion and 99mTe-GSA scintigraphy appears to
improve to a greater extent and sooner than hypertrophy
(64,65). PVE is safe, with complication rates less than 10%
in most series (61,62,66). PVE results in a greater than 60%
resection rate and an RO resection in greater than 70% of
resected patients (30,62,63,67). Liver surgery following
PVE can be accomplished safely with morbidity of 19-55%
and perioperative mortality of 1-7% (61,63,67-69).

There is a concern that tumors could have increased
growth rates following PVE in both the embolized and non-
embolized lobes. The hypothesis states that by increasing
hepatic artery and portal blood flow there is an increase
in local growth factors, leading to tumor growth (70,71).
Several studies have indeed demonstrated this in colorectal
metastases (15,70-72). The addition of chemotherapy
between PVE and resection has shown success in slowing
tumor progression, and improving long-term survival for
PVE patients (15). Given the proposed etiology of the
increased growth rate Bevacizumab has been examined for
its potential impact on tumor growth following PVE with
a decrease in the tumor growth rate but it did not reach
statistical significance (71). Initially it was thought that if
a patient continued their neoadjuvant chemotherapy there
would be impediment of liver hypertrophy. However,
this has more recently been shown to be false, with
chemotherapy having no negative effects on the amount of
hepatic hypertrophy (73).

The contraindications to PVE are largely relative and
include tumor invasion of the portal vein (presumably flow
has already been diverted), portal thrombosis, severe portable
hypertension, uncorrectable coagulopathy, renal failure, and
biliary dilation not amenable to drainage in the FLR (2,3).
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Imaging should be performed 3-6 weeks after PVE to assess
the amount of hypertrophy, determine the patient’s new
FLR, and determine if resection for cure is possible.

Two-stage bepatectomy

Two-stage hepatectomy can accomplish complete resection
of disease that is initially unresectable, resulting in
improved survival over comparative patients treated with
chemotherapy only (74). This approach usually begins
with 4-6 cycles of systemic chemotherapy. Repeat imaging
is obtained and patients with response or stable disease
undergo the first-stage resection. The first-stage resection
usually involves resection of all metastases from the future
FLR in the form of minor resections that avoid hilar
dissection or mobilization of the contralateral liver (75).
Often PVE is necessary at this stage to increase FLR prior
to the second-stage resection. Resecting all disease in the
FLR prior to PVE also avoids the increased tumor growth
rate seen following PVE (70). After 4-6 weeks, typically
with or without chemotherapy, repeat imaging is obtained
to assess for liver regeneration and second-stage resection
then follows (38). Morbidity following the first procedure is
11-17% with negligible mortality (74,76,77). It is important
to minimize morbidity after this first stage to ensure the
subsequent resection because there is no benefit of just the
first stage for survival (74). The second stage resection is
completed in 76-87% of patients who undergo the first
stage (74,76,77). The RO resection rate for the second
stage procedure is 58-79% (74,77). The 3-year OS ranges
from 50% to 84% for patients completing both stages of
resection (74,76,77). This survival is a reflection of both
selection of favorable biology and complete resection of
metastatic disease (74).

Associating liver partition with PVL for staged
hepatectomy (ALPPS)/in situ split procedure

ALPPS or the in situ split procedure is an alternative to
PVE for increasing the FLR. This is a novel procedure in
its developmental stage with promising initial results (78).
The first stage is surgical exploration, right PVL, and iz situ
splitting (ISS) of the liver parenchyma to the right of the
falciform ligament for proposed extended right hepatectomy
or along Cantile’s line for right hepatectomy. Computed
tomography (CT) volumetry is performed about a week
later followed shortly by the second operation performed
where completion of the resection of the involved liver is
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performed (78-83).

The increase in FLR with ALPPS ranges form
63-87% (79-83). The morbidity ranges from 53-71% with
a mortality of 0-22% (79-83). The reported mortality
after ALPPS is significantly higher in some series than the
4.7-5.6% reported after extended hepatectomy in recent
series (79,81,82,84-86). This increased mortality will
likely decrease as the technique and indications are further
developed (78). A particularly high rate of morbidity and
mortality is seen in hilar cholangiocarcinoma patients with
preoperative cholestasis and colonized bile, with some
authors questioning the indication in these patients (81,82).
Given the novel nature of the technique there are no long-
term oncologic outcome studies.

The advantage of ALPPS over PVE is the short interval
to completion surgery. This short interval may prevent
tumor progression. The shorter interval also adds a
technical advantage over the more traditional two-stage
hepatectomy. There should be fewer adhesions, a faster
recovery for the patient, and the ability for the patient
to start adjuvant therapy sooner. ALPPS also addresses
the most common causes of failure to undergo resection
following PVE, disease progression and failure of FLR
to hypertrophy (63,87). When compared to PVE the
hypertrophy of the FLR generally occurs in less than
10 days compared to over 3 weeks for PVE (29,62,70,78-82).
The reason this procedure appears to work much more
efficiently than PVE is due to the ISS, allowing complete
devascularization of segment IV and preventing formation
of collaterals between the left lateral and right lobes (79).

In patients who have insufficient hypertrophy after
PVE, ALPPS can still be evaluated as an option in order
to convert the patient to resectability. Patients who had
insufficient PVE followed by iz situ liver transection showed
rapid growth within 3 days with a mean volume increase of

63% (80).

Unresectable disease
Ablative therapies

Ablative therapies include radiofrequency ablation (RFA),
microwave ablation (MWA) and cryoablation. Thermal
ablation delivers extreme temperatures to hepatic colorectal
metastases causing immediate cell death (38). The advantages
of ablation therapies are the ability to spare liver parenchyma;
utilization of percutaneous and laparoscopic modalities; it
does not limit future therapeutic options; and low morbidity
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rates (38,88). The ablative techniques generate and
maintain enough temperature change to cause irreversible
thermal damage to the tumor and a margin of normal
liver tissue in a process called coagulative necrosis (89).
RFA is the most common ablation therapy used to treat
CLM (89,90). These methods are limited by the size of
the lesion in relation to the probe and have largely been
used for patients with unresectable disease or significant
comorbidities precluding resection.

RFA

During RFA an electrode is placed within the tumor under
radiologic guidance. Radiofrequency, or thermal energy,
is used to destroy the tumor and a margin of normal
surrounding parenchyma. Specifically, high-frequency
alternating current causes thermal coagulation and protein
denaturation. At 60° Celsius there is immediate cell death,
and ablation zones are created in excess of this threshold (38).

RFA can be performed percutaneously, laparoscopically,
or during laparotomy. RFA has been most effective for
smaller lesions (<3 cm) that are amenable to coverage by
a single probe (91-94). For larger lesions it is necessary
to apply multiple overlapping RFA probe applications to
achieve adequate ablation. Visualizing a sphere and then
attempting to cover the surface of that sphere with additional
overlapping burns shows the difficulty of this. Open or
laparoscopic placement of the probe allows better placement
than percutaneous and offers the additional advantage of
exploration and intra-operative ultrasound of the liver,
which can demonstrate occult peritoneal and hepatic disease
(88,89,95). RFA has some limitations to placement within
the liver. Placement near major vessels runs the risk of an
inadequate ablation secondary to the flow in the vessels
conducting the heat energy away from the target. This
“heat sink” phenomenon can be overcome by temporary
vascular occlusion such as a “Pringle” maneuver (96).
RFA should not be performed adjacent to major biliary
structures, particularly within 1 to 2 cm of the hepatic hilum
due to the risk for bile duct stricture and fistula (13).

The data regarding oncologic outcome of RFA is based
on two, phase II trials and a large number of retrospective
series. The median survival following RFA for CLM
ranges from 24-45.3 months with a 5-year OS of 18-33%
(88,93,97-103). This compares to a median survival of
41-80 months and a 5-year OS of 48-71% in resection of
CLM (13,97,99,102-104). The local recurrence rate even in
the best cases (4-16.1%) is inferior to margin recurrences of

0.9-5% for resected CLM (13,92,93,97-100,105,106). The
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improved outcome of resection when compared to RFA
retrospectively is related to more advanced disease in RFA
performed for unresectable CLM and hepatectomy may
remove occult parenchymal micrometastases (91).

Three clinical questions remain, is RFA equal to resection
in resectable CLM, can RFA extend the pool of patients
offered resection for cure, and is there benefit of RFA in
addition to chemotherapy for unresectable CLM (91)? The
first question is the most difficult to answer. Numerous
authors have used retrospective comparison of resected
CLM to unresectable CLM treated with RFA as evidence
that RFA is inferior regarding local control (13,97,102,103).
These are obviously different patient populations (deemed
unresectable, failed chemotherapy, and/or are unable to
tolerate a liver resection) and comparing retrospective
data on RFA versus resection to conclude that RFA is
inferior is flawed (93,102,106). However, local recurrence
is universally higher for RFA studies and this is associated
with decreased survival. This data supports continued use
of resection as the “gold standard” for resectable CLM.
Some authors have suggested that the increased local
recurrence rate can be overcome by repeat applications via
a minimally invasive technique in select patients similar to
the development of the breast conservation therapy model
(88,107). The ultimate role for RFA will be defined by
recognizing that RFA and resection have different strengths
and weakness inherent, different indications might highlight
the advantages of each technique (96).

The question of benefit in using RFA to extend the
pool of resectable patients was addressed with a Phase
IT prospective trial. The EORTC 40004 trial looked at
52 patients with unresectable CLM treated with a combination
of RFA and resection. They achieved a 43% 5-year OS (106).
Karanicolas er 4l. also recently reviewed their experience
with the use of ablation combined with resection in
unresectable bilateral CLM with poor prognostic factors
and found a 56% S5-year OS (108). This data supports
the use of RFA in addition to resection in an attempt at
curative resection in otherwise unresectable disease. The
use of RFA can potentially obviate the need for a two-stage
hepatectomy. This allows sooner recovery, initiation of
adjuvant therapy and avoiding the risks of progression
between stages.

The question of benefit of the addition of RFA to
chemotherapy for the treatment of unresectable CLM was
addressed with the CLOCC trial (chemotherapy plus local
ablation vs. chemotherapy alone). The trial randomized
119 patients to chemotherapy or chemotherapy plus RFA.
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The PFS was significantly better at 16.8 months in the
patients undergoing RFA when compared to 9.9 months in
the chemotherapy alone group (99). The trial was hampered
by slow accrual and was not ultimately powered to evaluate
OS and so we do not know if the PFS translates into OS.

MWA

MWA has been introduced as a rapid method of delivering
high temperatures to a large hepatic area. An electrode is
placed into the tumor under ultrasound or CT guidance.
The microwave coagulator then generates and transmits
microwave energy. Coagulative necrosis causes cellular death
and destroys the tissue. MWA induces rapid oscillation
in water molecules leading to coagulation necrosis of the
tumor, making its effects less dependent on tissue variations
(107,109,110). This has some advantages over RFA and
could allow safer applications, and potentially resulting in
lower local recurrence and complication rates (107). The
shorter wavelength of microwave allows more rapid heating
and less loss of energy across different densities of tissues.
This theoretically addresses two shortcomings of RFA, the
heat sink effect near major vessels and the incomplete burn
of larger lesions secondary to charring. These benefits have
been seen when examining animal models (111-115). MWA
offers a potential benefit for patients with lesions >3 cm,
because the desiccation and charring seems to be of less
importance when using MWA in comparison to RFA (111).
However in a recent multi-center trial despite a low local
recurrence rate of 6% the greatest impact on recurrence
free survival was a lesion >3 cm. mirroring findings in RFA
studies (116). MWA has not been nearly as well studied,
as RFA and the theoretical benefits have not been clearly
shown to translate to improved clinical outcome to date.

Cryoablation

Cryoablation involves liquid nitrogen or argon gas being
delivered into the liver tumor, guided by ultrasound. Ice
crystal formation during rapid freezing causes destruction
of cellular structure and kills the tumor cells. Cryoablation
has fallen out of favor, because of a higher complication
rate and recurrence rate than RFA (117,118). The higher
complication rate is marked by the potentially fatal
complication of cryoshock manifested by hypothermia,
coagulopathy, respiratory failure and renal failure (89).

Hepatic artery infusion

Hepatic artery infusion (HAI) is directed chemotherapy
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via a pump attached to a catheter which gets implanted
through the gastroduodenal artery. The tip of the catheter
is positioned at the gastroduodenal-hepatic artery junction.
This therapy can be used in combination with systemic
chemotherapy, along with resection or RFA if performed
via laparotomy or laparoscopy. Chemotherapy given via the
hepatic artery decreases toxicity given the knowledge that
liver metastases are perfused almost exclusively by the hepatic
artery, opposed to normal liver tissue that receives its blood
supply predominantly from the portal circulation (119).
This directed therapy allows an increased amount of
cytotoxic drugs without increasing the systemic side
effects. Given the high hepatic extraction rate for FUDR,
almost a full dose of systemic chemotherapy can be given
concurrently without increasing toxicity (120).

Phase I and II HAI studies show response rates in the
liver between 52% and 75% in previously treated patients
and even higher in chemotherapy naive patients (121-123).
HATI can be used to convert unresectable CLM to
resectable. The combination of HAI and systemic
chemotherapy has shown response rates in excess of 90%
with 24-47% of patients going on to resection (121,124).
The conversion to resectable was even greater at 53-57%
in the chemotherapy naive patients including patients
with extensively involved liver (121,124). HAI has been
studied in the adjuvant setting in patients with a high risk
for recurrence following resection of CLM and increased
DFS significantly but not OS (125). Pump complications
after catheter placement occur in approximately 20% of
patients; however, approximately half can be salvaged and
still used for treatment (126). Biliary sclerosis is a long-term
complication that can usually be managed by insertion of a
biliary stent, without affecting OS.

Chemoembolization

Transarterial chemoembolization (TACE) can be performed
in conventional method using either emulsions of
ethiodized oil, which are embolic particles, in combination
with chemotherapy solution, or as drug-eluting beads
loaded with irinotecan (DEBIRI-TACE). There have been
no studies comparing the two, so which method to give is
usually institutional preference. DEBIRI was first reported
in 2006 (127). The toxicity data suggests a more severe post-
embolization syndrome compared to radioembolization
(RE), with 40% reporting right upper quadrant pain,
80% fever, 27% nausea, and increased transaminases in
70% of patients (128). However, despite these symptoms,
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therapeutic response was achieved in 78% of patients, and
over 90% of patients report an improvement in their well-
being for over 4 months, with a median duration of response
lasting 6 months, and a median survival of 25 months (128). A
recent prospective study randomizing patients with colorectal
metastases who failed standard chemotherapy to DEBIRI
versus FOLFIRI chemotherapy. The DEBIRI group had
a significantly improved median survival of 22 months
compared to 15 months for the FOLFIRI group (129).

RE

RE is the best studied of the embolization techniques
for CLM. RE can be performed with microspheres
labeled with the B emitter yttrium-90 (*Y). There are
two commercially available microspheres, one composed
of a biocompatible resin (SIR-Spheres; SIRTex Medical,
Ltd., Sydney, Australia) and the other composed of glass
(TheraSphere; MDS Nordion, Inc., Ontario, Canada).
Portal vein compromise is a contraindication for the
SIR-Spheres (130). The most common adverse effect for both
is gastrointestinal toxicity (131). The first step in minimizing
this toxicity is performing arteriography of the celiac and
superior mesenteric arterial distribution and skeletonizing
the hepatic arterial vasculature. Gastrointestinal ulceration
results from microspheres diverting via extrahepatic arteries
supplying the gastrointestinal tract. A technetium 99 (Tc”™)
macroaggregated albumin (MAA) scan is also used in
pretreatment evaluation to determine the presence and
extent of any arteriovenous shunts and identify non-target
organs, such as the gastrointestinal tract, or the lungs. A
lung shunt fraction (LSF) is calculated based on imaging
and dose reduction needs to be considered if the LSF is
between 10-20% (130). Toxicity is usually mild and resolves
in 1 to 4 weeks but symptoms include fatigue, abdominal
pain, nausea, and anorexia (130). The response rates are
12.9-35.5% with 24-65% achieving stable disease (132-136).
The median OS following Y is 10.2-12.6 months
(132-137). This is achieved in patients who have failed
chemotherapy.

External beam

External beam radiation therapy (EBRT) has not been used
historically on liver tumors given the small therapeutic
window between benefit and liver toxicity (38). Stereotactic
radiotherapy, originally developed in neurosurgical practice,
allows delivery of highly focused ionizing radiation with
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extreme precision. The technique is termed stereotactic
body radiotherapy (SBRT) (138). The local control rates
in the liver at 1 and 2 years for SBRT are 67-100% and
55-92% respectively (139-141). The median survival
ranges from 20.5-34 months (139,140). Chang et a/. also
showed that local control for colorectal metastases is
dose-dependent, with an 18-month local control of 84% for
total doses >42 Gy versus 43 % for total doses <42 Gy (141).
Based on this the authors recommend 3 fractions with a

total dose of 42 Gy.

Conclusions

Surgical resection remains the treatment of choice for
resectable CLM. There are a number of options for
extending resection to more advanced patients including
systemic chemotherapy, PVE, two stage hepatectomy,
ablation and HAIL There are few phase III trials comparing
these treatment modalities, and choosing the right
treatment is patient dependent. Treating hepatic metastases
requires a multidisciplinary approach and knowledge of
all treatment options as there continues to be advances in
management of CLM. If a patient can undergo a treatment
modality in order to increase their potential for future
resection this should be the primary goal. If the patient is
still deemed unresectable then treatments that lengthen
disease-free and overall-survival should be pursued.
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