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Abstract
Purpose of Review To describe the main components of modern treatment for colorectal cancer (CRC) metastatic to the liver.
Recent Findings Liver metastasis occurs in 50–60% of patients with CRC, and surgery is the only potentially curative treatment.
Surgery should be performed where a complete (R0) resection of all radiologically visible metastases is possible. The presence of
extra-hepatic disease no longer precludes liver metastectomy, and combined metastectomy in the liver and the extra-hepatic site
can result in acceptable long-term survival. Peri-operative chemotherapy significantly improves PFS and DFS, but not OS.
Modern cytotoxic regimens can convert a significant percentage of unresectable patients to resectable status, and the addition
of biologic agents can increase the rate of conversion. Several local treatment modalities serve as alternatives, or sometimes as
adjuncts, to resection of CRC liver metastasis and systemic chemotherapy.
Summary The modern approach to CRC with liver metastasis combines surgery, modern cytotoxic and biologic agents, and
modern technologies in the field of ablation, radiation, and endovascular access. The result is that long-term survival, and even
cure, is now possible.
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Introduction

Liver metastasis occurs in 50–60% of patients with colorectal
cancer (CRC) [1, 2]. Although 20–34% of CRC patients pre-
sented with synchronous liver metastasis [3], the majority of
metastatic CRC patients are presented with metachronous liv-
er disease, diagnosed months to years after surgical resection
of the primary cancer [4, 5].

Even with modern chemotherapy regimens, surgery is still
the only potentially curative treatment option for patients with
CRC metastatic to the liver, and long-term survival is rare
without an R0 resection [6, 7]. Following complete resection,
5- and 10-year survival rates are 40 and 20%, respectively, and
median survival exceeds 40 months [8–10], as compared to a

median survival of 5–10 months without any treatment [11].
Recent studies report even more encouraging results, with a 5-
year survival as high as 70%, when combining resection,
modern chemotherapy, and other loco-regional treatment mo-
dalities [12–15]. Of those who survive 5 years after resection,
one-third will still have a cancer-related death, while those
who survive 10 years rarely die of the disease and are virtually
cured [16].

It is this solid and abundant medical literature that explains
the rationale behind the surgical treatment of CRC with liver
metastasis and drives the continuous effort to improve out-
come of this disease. In this review, we will cover the main
components of modern treatment for CRC metastatic to the
liver, with emphasis on surgical resection and other loco-
regional treatment modalities.

Surgical Resection

Since a complete R0 resection of liver metastasis is the only
treatment option associated with prolonged survival and po-
tential cure, it is now considered the treatment of choice, when
feasible. The main principles of surgical resection are
discussed here.

This article is part of the Topical Collection on Surgery and Surgical
Innovations in Colorectal Cancer

* Forat Swaid
foratola@gmail.com

1 Department of Surgery, University of Pittsburgh, 3459 Fifth Avenue,
Pittsburgh, PA 15213-2582, USA

2 UPMC Liver Cancer Center, Kaufmann Medical Building, 3471
Fifth Avenue, Suite 300, Pittsburgh, PA 15213, USA

Current Colorectal Cancer Reports (2018) 14:12–21
https://doi.org/10.1007/s11888-018-0397-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s11888-018-0397-6&domain=pdf
mailto:foratola@gmail.com


Goal of Surgery

Surgery should be performed exclusively in patients where a
complete resection of all radiologically visible metastases
seems to be realistic and feasible. Resections associated with
macroscopically positive margins, or R2 resections, lack any
survival benefit [2, 17]. Achieving a microscopically positive
resection margin, i.e., R1 resection, is often the result of intra-
operative considerations, such as close proximity of the met-
astatic mass to vital structures. The significance of R1 resec-
tions is controversial. While several studies showed that it is
associated with worse survival as compared to R0 resections
[8, 18, 19], a study from 2008 by de Haas et al. suggested that
an R1 resection did not adversely affect 5-year survival, al-
though it was associated with a higher recurrence rate [20].
Nonetheless, as a general rule, an R0 resection should always
be sought.

Extent of Negative Margin

Traditionally, a 1-cm rim of normal liver tissue around the
metastatic mass was required [21]. More recently, it is be-
lieved that much smaller margins are acceptable, and that as
long as the cut margin is truly negative, a rim of normal liver
tissue of any width gives the same oncologic outcome [18,
22–25]. This is in concordance with a recent trend in several
other oncologic resections, such as in lumpectomy for breast
cancer.

Anatomic Versus Non-anatomic Resections

In the long-standing debate of whether anatomic resections
result in better outcomes compared to wedge resections, the
principle that should be kept in mind is that an R0 resection
should be the goal of surgery. Although some studies showed
better outcomes with anatomic resections [26], this is believed
to result indirectly from the lower rate of positive margins
associated with anatomic resections. In other words, as long
as a negative margin can confidently be achieved, either a
wedge resection or an anatomic resection is acceptable. The
size and location of the metastatic mass, as well as its prox-
imity and relations to vital structures, are factors that often
influence the extent and type of resection.

Presence of Extra-hepatic Disease

Traditionally, the presence of extra-hepatic disease, i.e., an
additional location of metastasis, had precluded surgery as a
curative option, and those patients were generally treated with
palliative chemotherapy [8, 30]. However, this paradigm has
been challenged in the last two decades. In highly selected
patients, combined or staged metastectomy in the liver and
the extra-hepatic site, particularly ovarian or low-volume lung

metastasis, has been shown to result in acceptable long-term
survival, with a reported 5-year survival rate as high as 30%
[28–30].

The presence of portal lymphadenopathy in association
with liver metastasis from CRC indicates poor prognosis,
and recurrence was reported in the majority of patients in
which positive portal lymphadenopathy was confirmed [31].
To date, there is no convincing evidence that performing por-
tal lymphadenectomy during metastectomy improves surviv-
al, and thus, it is not routinely performed [27].

It is reported that 17% of patients with metastatic CRC
have evidence of peritoneal carcinomatosis. In most cases, this
finding renders the disease unamenable to R0 resection, and
these patients are generally treated with palliative systemic
chemotherapy [32]. However, in highly selected cases with
limited peritoneal disease, when an R0 resection is deemed
possible, patients at experienced centers might benefit from
cytoreductive surgery with peri-operative hyperthermic intra-
peritoneal chemotherapy (HIPEC). In a landmark randomized
study by Verwaal et al., this strategy had resulted in a statisti-
cally significant prolonged overall survival in comparison to
palliative chemotherapy with 5FU alone [33••]. Nonetheless,
this study is criticized for not administering more efficient
chemotherapies in the control group, and for including cases
where the carcinomatosis was of appendiceal origin, such as
pseudomyxoma peritonei, which is classically associated with
better prognosis than classic CRC. Additionally, as shown in a
meta-analysis from 2006, morbidity and mortality rates asso-
ciated with this approach are high, reaching 23–44 and 0–
12%, respectively [34].

Determining Resectability

Defining patient selection criteria for metastectomy is a topic
of evolving debate, and limits are frequently being pushed
further, thus expanding the pool of patients that might ulti-
mately benefit from resection. However, there is a consensus
that several scenarios are considered absolute contra-
indications for liver metastectomy, e.g., the presence of
unresectable extra-hepatic disease, unfitness for surgery, and
insufficient remnant liver volume [35]. Main trunk or bilateral
involvement of the hepatic artery, portal vein, or major bile
ducts, as well as visible and gross aorto-caval lymphadenop-
athy, are also factors that usually preclude resection [36].

Several risk scoring systems have been proposed in an
attempt to determine who will benefit from metastectomy [8,
37, 38]. However, these have limited ability to predict disease-
free survival after resection, and their implementation in the
clinical setting is complicated [39••]. Recent trends favor clear
and simple definitions of resectability; in the modern era, re-
sectability of CRCwith metastasis to the liver is defined as the
ability to completely resect all visible disease, with acceptable
morbidity and mortality, and with an adequate liver remnant
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after resection [40]. Obviously, the primary CRC should be
resectable, and any extra-hepatic disease should be amenable
to complete resection [41].

When evaluating patients for resectability, PET scans can
play an important role in pre-operative planning, specifically
to rule out the presence of unresectable extra-hepatic disease, a
scenario that will define the case as unresectable. However,
PET scan results should be interpreted carefully, especially in
patients who have been treated with neoadjuvant chemother-
apy; tumor metabolic rates can decrease significantly follow-
ing chemotherapy, making them undetectable as hypermeta-
bolic lesions on PETscans, despite continuous viability within
the tumor mass [42–44]. These false negative results can mis-
lead surgical decision making if previous chemotherapy treat-
ments are not taken into consideration. Additionally, multiple
radiologic systems aim at assessing response to treatment, the
most commonly used being the European Organization for
Research and Treatment of Cancer (EORTC) criteria and
PET Response Criteria in Solid Tumors (PERCIST) systems.
Furthermore, there is lack of agreement regarding the ideal
timing of obtaining repeat PET scans for assessing response
following chemotherapy. Thus, further research is needed be-
fore the best strategy for following treatment response can be
determined.

Treating Recurrent Liver Metastasis After Resection

Several studies have shown that recurrent disease in the liver
following prior metastectomy can be safely resected in highly
selected patients [45–49], with 5-year survival as high as 42%
[45]. Importantly, 5-year survival rates decreased steadily with
each additional resection [46], and patient selection for re-
resection is critical. Patients will benefit most from re-
resection if they have long disease-free intervals, if the recur-
rence is solitary or unilobar, and when recurrence is confined
to the liver, without evidence of extra-hepatic disease [50].

Role of Peri-operative Chemotherapy in Initially
Resectable Disease

The role of peri-operative chemotherapy in the surgical man-
agement of CRC with initially resectable metastasis to the
liver is still a subject of active debate in the literature. In the
landmark EORTC intergroup trial 40,983, Nordlinger et al.
compared surgery alone to pre-operative and post-operative
systemic chemotherapy with FOLFOX [51]. Although the
combined modality group had a better 3-year PFS, they had
significantly more post-operative complications, and the OS
rates were similar among the two groups. Several recent large
meta-analyses uniformly reached a conclusion that peri-
operative chemotherapy for CRC with resectable metastasis
to the liver significantly improves PFS and DFS, but not OS
[52–55]. However, the timing of chemotherapy administration

in relation to resection is controversial, and chemotherapy can
be given in a neo-adjuvant, adjuvant, or combined peri-
operative setting; the total duration of administration should
not exceed 6 months [41].

Giving chemotherapy in a neo-adjuvant setting has the po-
tential advantage of early treatment of occult micrometastases.
Additionally, it can reveal a subset of patients in whom early
disease progression during active chemotherapy is demon-
strated; surgery is unlikely to benefit these patients, and they
are spared major futile resection. On the other hand, oppo-
nents of this strategy point to the risk of delaying surgery to
the point where the “window of opportunity” for a potentially
resectable disease is lost due to tumor progression during che-
motherapy, or due to major morbidity caused by chemothera-
py, to the point where the patient cannot tolerate resection any
more. An additional potential risk is that the metastatic masses
might respond “too-favorably” to the chemotherapy, to the
point that they disappear on imaging, and the ability of confi-
dently and accurately resecting them no longer exists, thus
risking leaving viable cancer cells unresected. In the last sce-
nario, complete “radiologic response” correlates poorly with
true complete “biologic response,” and several reports showed
that masses that disappeared radiologically still contained vi-
able cancer tissue upon resection in 25–83% of the cases
[56–58].

Modern peri-operative chemotherapy regimens are usually
based on a combination of agents, most commonly FOLFOX
(infusional 5-FU, LV, oxaliplatin), FOLFIRI (infusional 5-FU/
LV/irinotecan), or FOLFOXIRI (infusional 5-FU, LV,
oxaliplatin, irinotecan). In general, according to NCCN guide-
lines, oxaliplatin-containing combinations are considered first
line treatment in the peri-operative setting of resectable meta-
static CRC [41]. However, a detailed discussion of the differ-
ent chemotherapy regimens and options is beyond the scope
of this review. Biologic agents, such as epidermal growth
factor receptor (EGFR) inhibitors and monoclonal anti-
bodies to vascular endothelial growth factor (anti-VEGF),
are not recommended in the peri-operative metastatic setting,
except when attempting to convert an unresectable metatstatic
disease to a resectable state [41], as discussed below.

Converting Unresectable to Resectable Disease

Patients presenting with liver metastases that involve major
structures, e.g., main portal vein, but are otherwise good sur-
gical candidates, may benefit from a trial of neo-adjuvant che-
motherapy aiming at shrinking the metastatic mass off the
vital structures, thus potentially converting the disease to a
resectable status. However, modern chemotherapy regimens,
that mostly include oxaliplatin and/or irinotecan, can frequent-
ly result in liver toxicity. Oxaliplatin can cause severe hepatic
vascular changes, commonly described as “blue liver,” that
might increase the risk of operative bleeding. Irinotecan
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commonly causes liver steatosis and steatohepatitis, potential-
ly leading to impaired hepatic regeneration after resection, and
increasing the risk for post-operative liver failure. In any case,
no more than six cycles of pre-operative chemotherapy should
be administered, as exceeding that has been shown to increase
post-operative complications [59]. Therefore, the use of these
regimens should be limited in time, frequent re-assessment of
resectability should be performed, and resection should be
undertaken as soon as sufficient downsizing of the metastatic
mass has been achieved [41].

Several studies showed that irinotecan- or oxaliplatin-
based regimens resulted in converting significant percentage
of unresectable patients to resectable status, with conversion
rates ranging between 13 and 40% [60–62]. Combining
irinotecan with oxaliplatin, in the form of FOLFOXIRI, has
been shown to be superior to regimens using irinotecan alone,
i.e., FOLFIRI, and resulted in both better rate of conversion to
resectability (15 vs. 6%, respectively), and in longer median
overall survival (23.4 vs. 16.7 months, respectively) [63–65].

The addition of biologic agents to conventional chemother-
apy regimens in this regard was also extensively reported.
Several reports andmeta-analyses showed that in patients with
wild-type KRAS tumors, the addition of EGFR inhibitors,
e.g., cetuximab or panitumumab, resulted in almost doubling
the rate of conversion to resectability and of the R0 resection
rates, but did not change overall survival compared to patients
treated with resection following chemotherapy alone [26, 66,
67]. Interestingly, it has been reported that EGFR inhibitors
were only beneficial when the primary CRC is left sided, i.e.,
at or distal to the splenic flexure, while adding no benefit in the
setting of right-sided primary CRC [68••]. Anti-VEGF agents,
e.g., bevacizumab, have been shown to result in better re-
sponse and higher rates of conversion to resectability when
added to irinotecan-based regimens, but had no benefit when
added to oxaliplatin-based regimens [69, 70]. It is well
established that bevacizumab is associated with delayed
wound healing [71, 72]. Excessive wound healing complica-
tions were successfully avoided by spacing resection and
bevacizumab administration by 6 weeks, which corresponds
to two half-lives of bevacizumab [72]. Therefore, the National
Comprehensive Cancer Network (NCCN) guidelines recom-
mend an interval of at least 6 weeks between the last dose of
bevacizumab and any elective surgery [41].

Timing of Resection for Synchronous Liver Disease

Patients presenting with CRC and synchronous resectable liver
metastasis were traditionally treated according to the “colon
first” paradigm, where the primary CRC was resected first,
and liver metastectomy was done at a later stage through a
separate operation [73]. However, in the last decade, other treat-
ment paradigms were proposed, such as the “liver first” ap-
proach, or the “simultaneous” resection of the primary and

metastasic masses during the same operation [74, 75]. None of
the different approaches has shown any clear-cut significant ad-
vantages over the others [74], and the choice of strategy fre-
quently depends on the size, location, and number of the liver
metastases, as well as the characteristics of the primary CRC,
available expertise, and institution preference. Incorporating
neo-adjuvant, adjuvant, or combined peri-operative chemother-
apy into these strategies has also been extensively described in
the literature. The threemain strategies recommended byNCCN
[41] are (1) synchronous or staged colectomy with liver resec-
tion, followed by adjuvant chemotherapy; (2) neo-adjuvant che-
motherapy for 2 to 3months, followed by synchronous or staged
colectomy with liver resection; or (3) colectomy followed by
adjuvant chemotherapy and then resection of metastatic disease.
Overall, combined neo-adjuvant and adjuvant treatments should
not exceed 6 months.

Other Local Treatment Modalities

Several local treatment modalities serve as alternatives, or
sometimes as adjuncts, to resection of CRC liver metastasis
and systemic chemotherapy. The most commonly used mo-
dalities include regional tumor ablation, e.g., radiofrequency
ablation (RFA), direct chemotherapy administration via the
hepatic artery, internal radiation (e.g., using beta-emitting mi-
crospheres), and external beam radiation. These modalities are
needed in cases where complete R0 metastectomy is not fea-
sible due to the number, size, or location of some of these
metastases, patient un-fitness to complete surgical resection,
or due to insufficient liver remnant if a full metastectomy is to
be performed.

Tumor Ablation

The main tumor ablation techniques are RFA, microwave ab-
lation, and cryoablation.

RFA is the most commonly used ablative technique, and
the most frequently reported in medical literature. It can be
performed surgically, either open or laparoscopic, or percuta-
neously (with US or CT guidance). There is no clear evidence
of any of these approaches being superior to the others [76],
and the choice depends on patient surgical risk, tumor charac-
teristics, and available expertise. However, it is important to
keep in mind that RFA should not be utilized as an alternative
to resection when the latter is feasible and safe, since several
reports comparing RFA and resection showed that resection
was associated with better OS survival and lower recurrence
rates [77, 78].

In the setting of unresectable liver metastasis, there is no
evidence that adding RFA to systemic palliative chemothera-
py has any OS benefit, although it has been shown to improve
local control of the liver disease and DFS [79••]. However, in
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cases where the majority of liver disease can be cleared with
resection, adding RFA to the liver resection can be considered,
with the goal of treating minor residual disease that is not
amenable to resection, e.g., due to deep location, proximity
to major structures, or concerns of inadequate future liver
remnant. These decisions are often complex and are made
on a case by case basis.

Since the current available technology produces necrosis of
a diameter of 4–5 cm, best results are achieved when the
ablated lesions are 3 cm or smaller, which permits a 1–2 cm
of necrosed normal parenchyma around it, serving as a “safety
margin” [80–82].

The location within the liver of the metastatic mass is also an
important consideration. Close proximity of the mass to large
blood vessels decreases the efficiency of RFA, because the rapid
blood flow in these vessels causes the heat sink effect, where the
heat generated by the probe during ablation is cooled down
instantly by the blood flow, thus decreasing the chance of
achieving necrosis [82]. Furthermore, lesions located at the
dome or at the inferior edge of the liver are usually better ablated
surgically (than percutaneously), since better control and isola-
tion can be achieved to avoid potential diaphragmatic injury or
bowel perforation, respectively [83, 84]. RFA is generally safe,
with a reported complication rate of 6–9% and mortality rate of
0–2% [76]. Potential complications include liver abscess, sub-
capsular hematoma, diaphragmatic injury, bowel perforation,
pneumothorax, and pleural effusion.

Microwave ablation (MWA) in the setting of CRC liver
metastasis is gaining more popularity recently. Special probes
are inserted to the mass either percutaneously or surgically,
delivering microwave radiation between 900 MHz and
2.4 GHz and causing polarized water molecules within the
tissue to oscillate, generating friction that produces heat,
which in turn causes coagulative necrosis of the treated tissue
[85]. MWA has several advantages over RFA, the most prom-
inent of which is the ability to ablate lesions located in close
proximity to large blood vessels, being less affected by the
heat sink phenomenon [86]. Additionally, greater and faster
heat can be achieved with MWA as compared to RFA, thus
allowing more efficient tissue destruction and facilitating ab-
lation of larger lesions, up to 6 cm in diameter [85]. Although
data is still limited, a few reports have shown encouraging
results, with local recurrence rates as low as 3–6% [87–89].

Hepatic Intra-arterial Chemotherapy

In contrast to normal hepatocytes, that derive the majority of
their blood supply from the portal vein, CRC metastases re-
ceive over 80% of their blood supply from the hepatic artery.
Hence, the administration of chemotherapy directly to the he-
patic artery is hypothesized to preferentially reach tumor cells,
with relative sparing of normal hepatocytes [90]. Furthermore,
since the liver serves as a “filter” by metabolizing many of the

modern chemotherapy drugs, higher concentrations of these
medications can be administered directly into the hepatic ar-
tery, thus achieving augmented drug concentration and effect
in the liver, with minor systemic toxicity [90].

Hepatic intra-arterial (HIA) chemotherapy is administered
through a surgically implantable pump system; after laparoto-
my, exploration, and cholecystectomy, ligation of all branches
of the hepatic artery supplying the distal stomach and duode-
num is performed, in order to minimize the risk of
misperfusion, i.e., high concentration chemotherapy regimens
reaching these organs, which might result in inflammation and
ulceration [91]. Additionally, any accessory right or left hepatic
arteries must be ligated. After ligating the gastro-duodenal ar-
tery (GDA) as distally as possible, the catheter tip is inserted
and secured to the GDA’s proximal takeoff from the common
hepatic artery. The other end of the catheter, passing through
the abdominal wall, is connected to the pump, which is secured
in a subcutaneous pocket. Intra-operatively, fluorescein injec-
tion and examination with Woods lamp is performed to ensure
adequate liver perfusion and to rule-out misperfusion. Possible
complications include hepatic artery thrombosis, misperfusion
to the stomach and duodenum leading to ulceration, biliary
toxicity, and pump site-related complications, such as hemato-
ma and infection. Several randomized trials have shown HIA
chemotherapy alone (usually fluorodeoxyuridine) to be supe-
rior to systemic chemotherapy in terms of response rates, but
whether this increased OS was controversial [92, 93].
However, the largest meta-analysis to date, that included ten
randomized trials that compared HIA to systemic chemother-
apy, showed no survival benefit associated with HIA [94].

A landmark study fromMSKCC showed a survival advan-
tage for systemic 5-FU/LV plus HAI over systemic 5-FU/LV
when used in an adjuvant setting after resection [95].

Trans-arterial Chemo-Embolization

This is an interventional radiology modality in which hepatic
artery branches feeding the tumor are selectively catheterized
percutaneously, and drug-eluting beads (usually gelatin
sponge particles) are injected, thus achieving a combined ef-
fect of tumor ischemia and intra-arterial extended-release che-
motherapy administration. Data about the efficacy of trans-
arterial chemo-embolization (TACE) is still limited, and a
few studies on the effect of intra-arterial administration of
drug-eluting beads loaded with irinotecan (DEBIRI®;
Biocompatibles United Kingdom Ltd., Farnham, UK) showed
benefit in response rate, and even in OS [96, 97].

Radioembolization

An additional interventional radiology modality involves percu-
taneous hepatic artery catheterization and administration of ra-
dioactive isotopes (most commonly yttrium-90 [Y90]-tagged
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glass or resin microspheres) directly to branches feeding the
liver mass, thus delivering focal high-dose radiation to the de-
sired liver area. The radiation is very focused due to the low
tissue penetration of betta radiation emitted off the Y90 (about
1 cm), thus sparing normal liver parenchyma. Y90 was shown
to improve response rate and time to progression when added to
HIA chemotherapy in patients with unresectable CRC liver me-
tastases, without a clear added benefit in terms of survival [98].

In 2016, the widely cited randomized controlled SIRFLOX
trial compared the combination of Y90 and systemic chemo-
therapy (FOLFOX+/− bevacizumab) with systemic chemo-
therapy alone in patients with unresectable metastatic CRC.
Overall, PFS was not significantly different in both groups.
However, liver-specific PFS was significantly longer in the
Y90 arm [99••]. In other words, Y90 contributed to signifi-
cantly better disease control in the liver, but metastases in
other locations progressed more rapidly. One possible expla-
nation for that is the dose reductions in systemic chemothera-
py that the researchers had to perform in the Y90 arm in order
to reduce liver toxicity, which might have led to early progres-
sion of lung and other metastases. Nonetheless, these results
are encouraging, and applying Y90 treatment in cases with
exclusive liver metastasis might result in prolonged overall
PFS. This hypothesis is still to be tested by clinical trials.

External Radiation

Traditional external beam radiation therapy (EBRT) has lim-
ited use in the liver because the maximal dose of radiation that
normal liver parenchyma can tolerate is 35 Gy, which is about
half the dose required for treating adenocarcinomametastases.
Hence, stereotactic body radiation therapy (SBRT), which fo-
cuses external radiation beams very precisely to the tumor
mass with sparing of normal surrounding parenchyma, is a
more tolerable modality for treating liver metastases, and is
gaining popularity.

Tumor location is determined using four-dimensional im-
aging, which takes into consideration patient movements dur-
ing breathing, and gold fiducials are inserted percutaneously
and placed in the target mass, under image-guidance. Using
the pre-determined location and the fiducials, high-dose radi-
ation can be precisely directed to the target lesion over a short
duration, thus avoiding extensive exposure to radiation, and
sparing normal liver parenchyma. Although data is still limit-
ed, initial reports show encouraging results, with local control
rates of 55–91% at 2 years [100–102]. No data is available yet
regarding survival benefits.

Conclusions

The approach to CRC with liver metastasis has undergone a
revolutionary change in the last three decades. With the

advances in surgical techniques and the introduction of mod-
ern cytotoxic and biologic agents, long-term survival, and
even cure, is now possible. The addition of modern technolo-
gies in the field of ablation, radiation, and endovascular access
has widened the spectrum of treatment modalities available
for these patients, in both palliative and curative settings.
Active clinical and molecular research, combined with prom-
ising emerging technologies and medications, is expected to
further improve the management of this disease, once consid-
ered invariably lethal.
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