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Summary
Background Despite the remarkable advances that
have beenmade in the management of colorectal can-
cer over recent years, the optimal treatment for col-
orectal liver metastases (CRLM) remains a controver-
sial matter. Undoubtedly, such a complex disease re-
quires a multidisciplinary approach, in which close
collaboration between all specialists involved in its
management is of utmost importance.
Methods A literature search was conducted in PubMed.
There was no limit set to the date of publication. The
main focus of the literature review is to provide a com-
prehensive summary of the current multidisciplinary
management of CRLM while highlighting the surgical
approach.
Results Assessment of resectability, evaluation of the
patient’s fitness, and discussion of clinicopathological
features all play a vital role in finding the most suitable
treatment strategy for CRLM patients, who should all
be timely discussed in the multidisciplinary tumor
board, in order to decide upon the optimal therapy
sequence, operative time window, and postoperative
treatment.
Conclusion Although hepatic resection remains the
only potentially curative treatment strategy for pa-
tients with CRLM, a multidisciplinary approach is es-
sential for optimal treatment. A clear definition of
treatment goal (curative vs. palliative) at the time of
disease diagnosis determines the further therapeutic
course. Preoperative estimation of liver functional re-
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serve is a key factor in the decision-making process
for CRLM resectability.
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Introduction

In recent years, considerable progress has been
achieved in the management of colorectal cancer.
However, metastatic disease remains a challenge and
is often considered incurable. For patients with col-
orectal liver metastases (CRLM), current treatment
approaches include various systemic therapeutic op-
tions (chemotherapy and targeted therapy) in com-
bination with surgical resection. Constant improve-
ments in the field of liver surgery as well as the
development of more effective systemic therapies
have made a wider application of surgery in the treat-
ment of CRLM possible. Therefore, this multimodal
approach has been established as the gold standard
for CRLM treatment, as it can improve clinical out-
comes of patients with metastatic colorectal cancer
and poses the only option for cure. Nevertheless, the
real issue at hand remains the fact that oftentimes, the
evaluation of factors that determine whether the liver
metastases are resectable or not can be very com-
plex. Each CRLM patient should be discussed within
a multidisciplinary tumor board, in order to decide
upon the optimal treatment sequence, operative time
window, and postoperative treatment. The objective
of this review is to provide an outline of current sur-
gical strategies for CRLM with the focus on patient
selection, disease resectability, and the integration
of surgery and systemic therapy in the treatment of
CRLM patients.
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Fig. 1 Meticulous patient
selection as a key compo-
nent in facilitating the best
perioperative and long-term
oncologic outcomes

Methods

A literature search was performed in the PubMed
database up until September 2022. There was no
limitation set on the date of publication. As the
main purpose for the literature review was to sum-
marize the multidisciplinary management of CRLM,
keywords used for the PubMed search included col-
orectal metastases, resectability criteria, surgical man-
agement, systemic therapy, treatment sequence, and
future liver remnant. No statistical analysis was ap-
plied due to the narrative nature of the present review.

Results

Patient selection

Although surgery poses the only potential treatment
strategy for long-term survival and cure in patients
with CRLM, not every patient is amenable for surgical
resection [1]. Thorough patient selection within the
multidisciplinary conference as early as at the time of
disease diagnosis is crucial (Fig. 1). The following key
components should be taken into account during the
evaluation process:

� Patient-related factors: patients undergoing liver re-
section should be carefully assessed preoperatively
for their underlying medical comorbidities, espe-

cially with regards to preexisting liver disease, severe
cardiopulmonary conditions, and other chronic ill-
nesses. Consequently, a poor general performance
status can prohibit a patient with resectable CRLM
from receiving liver surgery, as the perioperative risk
may be too high.

� Tumor-related factors: most patients with liver
metastases should receive a short course of induc-
tion chemotherapy combined with an anti-EGFR
antibody (if initially unresectable) or anti-VEGF
antibody, partly with the intention to determine,
whether the tumor is responsive to systemic ther-
apy. This in turn allows clinicians to allocate the
tumor into a group with a “more favorable” or “less
favorable” tumor biology. Based on clinicopatho-
logical features such as mutational status (RAS and
BRAF, MSS/MSI) and sidedness of the primary tu-
mor, several clinical prognostic scores have been
established so far, which should guide clinicians
through the question of whether the patient might
benefit from perioperative chemotherapy or if he is
more prone to developing recurrent disease [2, 3].

� Anatomy-related factors: previous guidelines were
more restrictive regarding the definition of “re-
sectable disease” and placed limits on the number,
size, and distribution of the tumor lesions. Con-
versely, nowadays patients with CRLM are deemed
resectable if a complete resection/ablation of all
hepatic metastases can be accomplished while
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Table 1 Classifications of conventional colorectal liver metastases resectability criteria
Upfront resectable (10%) Borderline resectable (20%) Unresectable (70%)

Sufficient future remnant liver (at least 20% of
healthy liver volume)

CRLM can potentially be completely resected but there may
be technical challenges

Multiple disease sites (intra- and extrahep-
atic disease)

Possibility of upfront R0 resection Requirement of tumor downsizing to achieve resectability All liver segments infiltrated by metastases

Adequate vascular inflow/outflow and biliary drainage
can be preserved

Invasion or contact of metastases with preservable vascular
structures

Poor patient performance status

± Neoadjuvant therapy Conversion therapy Palliative therapy

CRLM colorectal liver metastases

maintaining a sufficient functional residual liver
volume [4]. Furthermore, the presence of extrahep-
atic metastases is no longer considered to be an
absolute contraindication to hepatic resection, only
under the premise that a margin-negative resection
of both intra- and extrahepatic disease is feasible
[5].

Resectability criteria for CRLM

In general, colorectal liver metastases can be divided
into three subgroups: resectable, borderline or poten-
tially resectable (after downsizing), and unresectable.
Of note, a patient’s resectability should always be
defined by the purposes of treatment planning, as
surgery for CRLM is always performed with curative
intent. As already mentioned earlier, the surgical
strategizing eventually revolves around the question
of whether complete removal of the metastatic lesions
is achievable while preserving a functional future liver
remnant (FLR). In case the FLR is not sufficient, the
patient might develop post-hepatectomy liver fail-
ure (PHLF), a serious postoperative complication
associated with high morbidity and mortality [6]. In
addition, the following aspects should also be kept
in mind when assessing resectability: disease burden
(size, number, location of CRLM) [7, 8], disease biol-
ogy (progression during systemic therapy, suspected
extrahepatic metastases, primary tumor sidedness,
metachronous vs. synchronous CRLM development,
mutational status, presence of microsatellite insta-
bility) [9, 10], and technical considerations such as
relationship to the vascular inflow/outflow and bil-
iary system [11].

Importantly, several factors such as liver cirrhosis,
steatosis hepatis, and chemotherapy-associated liver
injuries (CALI) might diminish the liver’s regenera-
tive capacity. Therefore, the target FLR is directly
dependent on the quality of the non-metastatic liver
parenchyma. Current guidelines propose an FLR of
minimum 20–25% in healthy hepatic tissue, 30% in
patients with chemotherapy-associated liver injury,
and 40% in cirrhotic liver [12].

Only 10% of CRLM cases are deemed resectable up-
front, where sufficient remnant liver can be left be-
hind after complete removal of all liver metastases
(Table 1). 20% of CRLM patients have borderline re-
sectable disease, in which a conversion therapy (5-

fluorouracil-based triplet or doublet chemotherapy in
combination with a targeted agent) is indicated due
to metastatic invasion into preservable vascular struc-
tures, thus making tumor downsizing necessary first,
in order to achieve negativemargins following surgery.
The remaining 70% of CRLM patients suffer from un-
resectable disease, where factors such as multiple dis-
ease sites, infiltration of metastases into all liver seg-
ments, or a poor patient performance status render
resection unfeasible. As a result, the patient will ini-
tially undergo so-called palliative systemic therapy but
should be reevaluated for potential resectability after
2–3 months [13].

Timing and treatment sequencing for CRLM

The optimal timing and treatment sequencing when
treating patients with synchronous colorectal liver
metastases must be discussed in a multidisciplinary
setting involving chemotherapy/chemoradiotherapy
(for patients with primary rectal cancer), surgery,
and maybe other forms of locoregional treatment.
Depending on the acuity of symptoms and disease
burden, the sequence of surgical resection of the pri-
mary tumor and liver metastases can vary [14]. For
instance, patients who present with symptoms from
the primary colorectal cancer (i.e., bowel obstruction,
bleeding, and perforation) will require resection of
the primary tumor first. In contrast, if the patient
is asymptomatic from his primary tumor and suffers
from multiple bilobar metastases, then the liver-first
approach is the gold standard, as it is associated with
a more favorable prognosis [15]. Finally, the simul-
taneous approach, which involves resection of the
primary tumor and liver metastases during one sur-
gical procedure, should be reserved for patients with
a good performance status and limited hepatic dis-
ease. Major hepatic surgery combined with removal
of the primary tumor may be prone to postoperative
complications such as anastomotic leakage [15, 16].
Figure 2 provides an outline of a possible treatment
algorithm for synchronous CRLM.

Surgical strategies of CRLM resection

With the development of various novel operative tech-
niques, several surgical strategies can currently be fol-
lowed for treatment of CRLM. The main goal of resec-
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Fig. 2 Exemplary treat-
ment algorithm for syn-
chronous colorectal liver
metastases (CRLM).MDTmul-
tidisciplinary tumor board,
CRC colorectal cancer

tion remains the complete removal of all macroscopic
hepatic metastases, while leaving a sufficient FLR be-
hind. In this regard, the following surgical interven-
tions should be mentioned:

1. parenchymal-sparing hepatectomy (i.e., non-ana-
tomic liver resection),

2. portal vein and hepatic vein embolization,

3. two-stage hepatectomy, and
4. associating liver partition and portal vein ligation

for staged hepatectomy (ALPPS) [17].

While parenchymal-sparing hepatectomy follows the
idea of preserving as much non-tumorous liver tissue
as possible, it is still considered to be oncologically
equivalent to anatomic liver resections [18]. The con-
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cept of preoperative double-vein embolization (por-
tal vein and hepatic vein embolization) is based on
the induction of hypertrophy in the future liver rem-
nant (FLR). Especially in patients with a small FLR,
double-vein embolization of the diseased lobe can re-
sult in augmentation of the FLR, thus facilitating cura-
tive resection at a later timepoint (usually 2–6 weeks)
[19]. In addition, the principle of two-stage hepatec-
tomy consists of two liver resections, where during the
first surgery a tumor clearance from the planned FLR
is performed. Subsequently, the contralateral portal
vein is ligated or embolized, in order to induce hyper-
trophy of the FLR. Once this has been achieved, the
remaining tumor burden will be resected during the
second surgery [20]. Lastly, the so-called ALPPS pro-
cedure is a variant of two-stage hepatectomy. Similar
to the conventional strategy, the first operation aims at
clearing all tumor mass from the FLR. Following this,
the contralateral portal vein is ligated and the liver is
divided along the intended transection line without
destroying the remaining vascular and biliary pedi-
cles of the FLR. After sufficient FLR augmentation has
been accomplished, the remaining hepatic metastases
are removed during the second stage, mostly extended
liver resection [21].

Conclusion

In summary, patients with CRLM should be dis-
cussed in detail in a multidisciplinary conference and
evaluated for an operative approach at the first op-
portunity, as surgery poses the only potential option
for cure. Previously, resectability revolved around the
size, number, and distribution of the liver metastases,
whereas nowadays the most important technical con-
sideration is the feasibility of complete resection of all
hepatic metastases while preserving a sufficient and
functional liver volume.

Main novel aspects

� Hepatic resection is the only potentially curative ther-
apeutic approach for patients with CRLM. However,
a multidisciplinary approach is crucial in the treat-
ment of CRLM.

� Preoperative estimation of liver functional reserve
plays an essential role in the decision-making pro-
cess of CRLM resectability.

� Clear definition of treatment goal (curative vs. pal-
liative) at the time of disease diagnosis determines
further therapy course.

� Restaging examination and rediscussion within the
tumor board should be performed on a regular basis
to assess a potential change of treatment strategy.
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