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Abstract
Purpose of Review Colorectal cancer liver metastases (CRCLM) are a significant clinical problem, with different treatment
options, depending on the patient’s health status and the extent of the disease. With the ideal treatment sequence between
resection of the primary cancer, the hepatic metastases and chemotherapy being a matter of debate, the goal of this paper is to
evaluate and analyze the current trends regarding the treatment sequence of metastatic colorectal cancer (CRC).
Recent Findings The standard sequence of resecting the primary first, followed by chemotherapy, and then dealing with the
metastatic disease has evolved over time, owing to better chemotherapy regimens and improved surgical technique. As a result,
there are now the options of simultaneous resection or that of the “liver first technique” where the patient first undergoes
chemotherapy, followed by hepatectomy for the metastatic lesions, and finally colectomy for the primary lesion. Advances in
the locoregional management of hepatic metastases, such as radiofrequency ablation (RFA), transarterial chemoembolization
(TACE), and microwave ablation, have also added significantly to the surgical armamentarium.
Summary The key observation is that no method is ideal for every patient. It is necessary to identify the advantages and
disadvantages of the different strategies, so as to find the “right” therapeutic strategy for the “right” patient.

Keywords Colorectal cancer liver metastasis (CRCLM) . Synchronous colorectal cancer . Colorectal cancer (CRC) . Liver-first
approach . Radiofrequency ablation . Transarterial chemoembolization (TACE)

Introduction

Colorectal cancer (CRC) is the second leading cause of
cancer-related deaths in men and women in the USA, account-
ing for over 9% of all cancer incidence [1••]. On the other
hand, liver is the most common metastatic site of gastrointes-
tinal tumors, including CRC. Contrast-enhancing magnetic

resonance imaging (MRI) is the gold standard for the diagno-
sis of colorectal cancer liver metastases (CRCLM), with better
identification of metastatic hepatic lesions compared to com-
puted tomography (CT) imaging [2]. PET scan can play a role
in cases where the diagnosis is uncertain. Laparoscopic diag-
nosis is an alternative, yet more invasive, and thus could play a
role in cases where the resectability may be uncertain [3].
Hepatic metastatic disease is a clinical problem with a number
of different clinical therapeutic approaches, depending on the
tumor load and the overall health status of the patient.
Additionally, there is a variety of locoregional therapies, such
as percutaneous alcohol injection (PEI), radiofrequency abla-
tion (RFA), microwave ablation (MWA), transarterial
chemoembolization (TACE), and radiation therapy (RT), just
to name a few. With a patient presenting with a primary CRC
and hepatic metastases, the team is faced with the following
three strategies: (a) the traditional one of resecting the primary,
followed by chemotherapy and the re-evaluation of the hepat-
ic metastatic disease, (b) simultaneous resection of both the
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primary and the metastatic disease, and (c) chemotherapy,
followed by resection of the hepatic metastatic disease,
followed by chemotherapy for those patients with rectal le-
sions and finally resection of the primary. The challenge is in
deciding which strategy should be applied in which case,
which is an area of active debate [1••, 2, 3].

In order to evaluate the current trends on the treatment
strategies for colorectal cancer liver metastases (CRCLM), a
bibliographic research was conducted using PubMed, Scopus,
and Embase. The search terms employed were “colorectal
cancer” AND “synchronous” OR “simultaneous” AND “liv-
er” OR “hepatic” AND “metastases” or “metastasis.”We col-
lected the latest articles (published in the last decade), includ-
ing reviews, clinical trials, meta-analysis, and systematic re-
views and excluding case reports. In total, 44 articles were
considered eligible for our review.

Review

Resectability Criteria

Even though a plethora of articles have been published in
the international literature reporting or reviewing several
retrospective studies concerning the treatment of synchro-
nous colorectal liver metastases, the sequence of their sur-
gical management is still controversial. Many aspects
should be taken into consideration when patients are se-
lected for a certain treatment sequence. The European
Society of Medical Oncology consensus guidelines for
the treatment of metastatic colorectal cancer suggest the
categorization of patients according to technical and on-
cological criteria to assess their eligibility for liver metas-
tases resection. These criteria include the type of resection
that can be achieved (R0 or R1 resection), the size of the
healthy liver remnant, the extrahepatic disease, the tumor
progression, and the number of lesions in the liver [1••].
According to the French criteria, the resectability of liver
metastases could be defined by < 4 liver segments, < 1
hepatic vein, vena cava free of disease, > 40% healthy
liver remnant, and contra-lateral portal pedicle, while a
more risky procedure could be done when > 5 segments
are involved with major vascular structures [4]. However,
the overall thinking has changed significantly over time
concerning resectability of hepatic metastatic disease; cur-
rently, the key question is not the number or location of
lesions, but rather the hepatic remnant after the resection
and if it will have sufficient liver function to support the
patient’s life. The majority of manuscripts provided a
comparison of the morbidity and mortality rates between
simultaneous and staged management with interesting
results.

Comparing the Different Strategies

Ameta-analysis in 2015 by Kelly et al. showed no difference in
the 5-year overall survival rate and 30-day mortality rate be-
tween the three approaches (simultaneous, colon first, liver first),
but noted the need formore randomized controlled trials to better
evaluate these methods [5••]. When the simultaneous curative
resection of CRCwith livermetastases is selected, a shorter post-
operative hospitalization is achieved, but the percentage of com-
plications is still high (25–76%), also including major compli-
cations such as anastomotic leakage, liver failure, bile leak, bow-
el obstruction, or surgical site infection [6, 7]. Nevertheless, four
meta-analyses describe a decrease in complication rates after
simultaneous resection, possibly owing to a better understanding
and management of the hepatic disease [6, 8–12]. Lower mor-
tality, morbidity, and complication rates after a simultaneous
approach have been reported by Ito et al., when the liver is
resected first and the colon excision follows in the same opera-
tion [13]. The simultaneous approach has been characterized as
safe as the staged approach, in addition to benefiting the health
care systemwith the decreased length of hospital stay [7]. On the
other hand, Inoue et al. reported that the simultaneous approach
is an independent factor for anastomotic leakage [14••].
Muangkaew et al. reported no difference in major complications
between simultaneous and staged operations, but an increase in
colon complications such as anastomotic leakage has been ob-
served and was attributed to hepatic pedicle clamping.

Furthermore, in the case of the simultaneous approach, po-
tential risk factors include concurrent pulmonary disease, local-
ly advanced primary disease, prolonged pre-operative chemo-
therapy, and patient’s age > 70 years old [15]. The anastomotic
leakage has been also attributed to prolonged operation time (>
8 h) or high blood loss, thus making a staged approach less
appealing for high-risk patients [16]. A new study published
in 2017 that analyzed the short-term outcomes after the simul-
taneous approach resulted in a higher rectal and hepatic com-
plication rate and advocated for a staged approach [17••]. On
the other hand, there seems to be no difference regarding the
long-term oncological outcomes between the two approaches,
while the extent of liver resection may be a significant risk
factor for decreased survival [6, 18•]. Moreover, the extent of
the hepatectomy has a direct correlation with morbidity and
mortality, which is even more pronounced in high-risk catego-
ries of patients. When a synchronous minor hepatectomy and a
high- or low-risk colorectal cancer resection is performed, there
is a statistical significant decrease in mortality in comparison to
the staged procedure. With regard to morbidity, there is no
difference between the two surgical approaches [19, 20••].
The overall mortality rate for a synchronous approach is 1.7%
and themorbidity rate is 29% [20••]. The same study concluded
that there is a statistically significant decrease in mortality after
high- or low-risk colorectal cancer excision and minor hepatec-
tomy, compared to colorectal cancer excision combined with
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major hepatectomy [20••]. Mayo et al. reported that major or
minor hepatectomy could be safely combined with a simulta-
neous approach, but cautiously due to higher post-operative
mortality rates [19]. A meta-analysis that included seven case-
control studies reported a lower mortality rate for the staged
approach (1.1 vs. 2.4% for the simultaneous approach) and no
statistically significant difference for the morbidity between
these two approaches [21]. According to Veereman et al., a
lower complication rate has been observed in the simultaneous
approach [22]. As far as the survival is concerned, no difference
has been observed between simultaneous and staged ap-
proaches [6, 19, 22, 23]. A 5-year overall survival of 46%
and disease-free survival of 35% has been reported by Wei
et al., while positive lymph nodes, the number of metastasis,
bilobar liver lesions, and no R0 resection have been considered
as risk factors of poor prognosis [24]. Pre-operative
carcinoembryonic antigen and metastases to other organs have
been described as independent prognostic factors [23].

The Role of Chemotherapy and the Challenging
Hepatic Remnant

Moreover, pre-operative chemotherapy before liver metasta-
ses resection proved to have better disease-free survival out-
comes than primary resection of hepatic metastases [25].
Second-line pre-operative chemotherapy for previous
unresectable liver metastases could help downsize the lesions
and enable their surgical resection in approximately 20% of
cases, but overall and disease-free survival seem to be de-
creased after second-line compared to first-line chemotherapy
in terms of outcomes [26•]. Gustavsson et al. reported a dif-
ferent approach on the topic, concerning the liver toxicity after
neoadjuvant chemotherapy and suggests that a larger remnant
of healthy liver is required when liver resection after chemo-
therapy is selected. Hepatic complications after chemotherapy
include steatohepatitis and sinusoidal injuries [4]. When the
remaining liver segments are < 3 or in emergent cases, a two-
staged approach is suggested [6, 27, 28]. Hepatectomy should
be considered when the tumor is not microscopically detected
after neoadjuvant chemotherapy for 3–6 months and a simul-
taneous excision can be performed [28, 29].

The associating liver partition and portal vein ligation for
staged hepatectomy (ALPPS) is a relatively novel surgical meth-
od with the goal of increasing the hepatic remnant in a shorter
time period, although unfortunately there have been higher re-
currence rates observed [30••]. The novelty factor has been crit-
ical in promoting the spread of the ALPPS procedure, which is a
surgically challenging procedure. As it is being increasingly
used, the learning curve effect will lead to wider dissemination
over time; however, at this point, portal vein embolization still
remains the “golden rule” in terms of dealing with the small
hepatic remnant. However, it should be noted that proper portal
vein embolization is by itself an intricate procedure as its

complete success (which is the only way to ensure the hypertro-
phy of the remnant) has to do with the completeness of the
embolization, the material used, and other factors which require
an interventional radiology team with significant expertise.

When the “liver-first” approach is selected, if the primary
tumor becomes symptomatic (bleeding or obstruction) during
the time interval between the two procedures, this may lead to
an emergent operation and inferior patient outcomes [28]. On
the other hand, Waisberg et al. have advocated in favor of the
“liver-first” approach, as the hepatic metastatic disease can be
controlled in a timely manner, while the primary tumor is stable
[31]. The combination of adjuvant chemotherapy and radio-
therapy makes the liver-first approach feasible, although the
appropriate time of primary tumor resection has yet to be de-
cided upon [32]. The median time between neoadjuvant thera-
py and hepatectomy was 22 days, while the median time until
the recurrence was 4.2 months [33]. Neoadjuvant chemothera-
py is pivotal in the case of unresectable hepatic metastatic dis-
ease. However, its role in resectable hepatic metastasis is ques-
tionable as it might delay a potentially curative procedure [34].

Eveno et al. interrogated the genetic pathway affecting met-
astatic development. As the VEGF pathway is involved in the
initiation of the metastatic process and it is overexpressed dur-
ing operations, antiangiogenic factors have been proposed as
supplemental chemotherapeutic agents after primary tumor
resection and before the resection of the liver metastatic dis-
ease in the case of the staged approach, so as to control met-
astatic disease [35]. Adjuvant chemotherapy seems to improve
overall survival rate, especially in cases of poorly differentiat-
ed tumor, > 3 metastases, > 3-cm size of metastasis, and short
duration of pre-operative chemotherapy [36]. Pre-operative
risk factors for early recurrence after complete liver resection
include the size of liver metastases (> 5 cm),> 3 liver segments
with metastatic lesions, T3–T4 stage of primary tumors, poor-
ly differentiated colorectal cancer, positive liver margins, ra-
diofrequency ablation during the procedure, and the high-risk
surgery alone [37, 38]. In the case of liver recurrence, they
could be re-resected, improving patients’ survival [29, 38].
Prognostic risk factors for liver recurrence are synchronous
disease, resection margins, and the number of metastases [39].

The Future?

Technological advances have led to the increased use of mini-
mally invasive surgery for the simultaneous excision of primary
and metastatic tumors with satisfying results, concerning mor-
bidity (18%) and mortality (1.3%) [40]. A systematic review on
laparoscopic simultaneous colorectal cancer and hepatic meta-
static lesion excision reported encouraging initial results.
Although more studies should be conducted to determine more
accurately the recurrence and survival rates of the laparoscopic
approach [41]. After a laparoscopic approach, the main compli-
cation observed was anastomotic leak, whereas conversion to
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an open procedure has not been reported [41]. Wei et al. pro-
posed the use of the laparoscopic approach for the hepatectomy
with or without simultaneous colectomy only in carefully se-
lected patients [24]. Furthermore, a recently described tech-
nique combines laparoscopic excision of the primary tumor
with the radiofrequency ablation of liver metastases [42].
Liver resection and intraoperative radiofrequency ablation of
liver metastases have satisfactory results regarding mortality
and morbidity rates and seem to be a safe combined approach
[43]. Although RFA has been shown to have increased recur-
rence when used as the first approach for the management of
the hepatic metastatic disease, when compared to resection, the
overall survival did not differ between the two methods [44].
Siriwardena described the protocol of a new study which aims
to compare the long-term outcomes of newly diagnosed pa-
tients with colorectal cancer and synchronous liver metastases
concerning quality of life, morbidity, and mortality rates [45].

Conclusion

When dealing with synchronous colorectal cancer with hepat-
ic metastases, choosing between the three management strat-
egies can sometimes be more art than science. However, as
there is increasing experience and outcomes, some conclu-
sions are being drawn. Specifically, the simultaneous manage-
ment has significant benefits if the hepatectomy is a limited
one (not more than 3 segments), thus not substantially increas-
ing the risk of the procedure. Additionally, the “liver-first”
technique is an indication of our improved understanding of
the increased risk to the patient from the metastatic disease
load. It also offers the ability to evaluate the biological behav-
ior of the disease with the use of the neoadjuvant chemother-
apy, so as to determine which patients will actually be respon-
sive to the treatment plan. The variety of locoregional thera-
pies (RFA, MWA, TACE, PEI, among others) that can be used
either in the case of patients with poor performance status, or
alone, or in combination with resection for a more complete
outcome need to be taken into account in the overall treatment.
The management of synchronous colorectal cancer with he-
patic metastatic disease has been further aided significantly by
the use of portal vein embolization and also ALPPS, as ways
to increase the hepatic remnant. Finally, the use of minimally
invasive procedures is bound to increase, thus opening new
frontiers for the management of these patients.
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