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Summary This short review illustrates the benefits of
a multidisciplinary team approach, especially when
it comes to the treatment of patients with colorectal
cancer liver metastasis. Therefore, the classification
to resectable and primarily unresectable disease has
to be determined prior to the first treatment decision.
Particularly the use of conversion chemotherapy has
the potential of altering initially unresectable liver
metastasis to a potentially resectable disease. The
three possible therapy choices for synchronously
metastasized colorectal cancer will be reflected in
this review, as well as local therapeutic alternatives or
combinations.
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Colorectal cancer is one of the most common cancers
worldwide. Fifty percent of patients with colorectal
cancer (CRC) will develop liver metastasis, of which
about 10% are synchronously metastasized [1]. Syn-
chronous liver metastasis, which are already present
at the time of diagnosis, are considered prognostically
less favorable than metachronous metastases [2, 3].

Until a few decades ago, the treatment of metastatic
CRC was primarily of palliative intent. With improved
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chemotherapeutic agents and various local thera-
pies, including resection of metastatic sites, this has
changed considerably [4].

Nowadays, a multidisciplinary team (MDT) ap-
proach from diagnosis onwards is essential for the
best possible treatment of these patients, which is
specifically essential in patients with liver metasta-
sis, where a wide variety of treatment options exists
[5]. These range from chemotherapy (neoadjuvant,
conversion, adjuvant [so-called perioperative]; given
intravenously or intra-arterially) with various com-
binations and the addition of antibodies dependent
upon molecular markers, to surgical resection (mostly
in a parenchymal-sparing fashion; performed open,
laparoscopic or robotic) and local thermal therapies
(e.g., radiofrequency or microwave ablation or stereo-
tactic radiotherapy) (Fig. 1; [3, 6].

Surgical resection of liver metastasis remains the
primary treatment intention if the tumors are re-
garded as resectable in a MDT discussion that in-
cludes a hepatobiliary surgical specialist [1].

Important points for the therapy decision and
therefore for the MDT discussion is the extent of the
disease including the number of metastatic sites and
the presence of the primary tumor (including its po-
tential symptomatology), the general health of the
patient (ECOG) as well as the molecular biology of
the tumor.

Staging is best performed using MRI of the liver in-
cluding liver-specific contrast in addition to the rou-
tine computed tomography (CT) to assess the extent
of the liver metastasis [3]. As part of the initial evalua-
tion, FDG-PET can be used, especially if extrahepatic
disease has to be excluded [7].

Nowadays synchronous disease detection has be-
come increasingly common and therefore primary in-
tention and sequence of therapies is essential in the
MDT decision. If the disease is primarily resectable,
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Fig. 1 Treatment flow for patients with liver metastasis from colorectal cancer

the decision has to be made whether a neoadjuvant
approach should succeed resection or initial resection
should be followed by additional chemotherapy or the
resectable disease should simply be resected without
chemotherapy.

A decision for neoadjuvant chemotherapy, with
a suggested duration of 2 months, should be made
depending on prognostic factors: disease-free inter-
val after primary tumor removal, sidedness of the
primary lesion, synchronous disease, bilobar hepatic
disease, molecular marker [8, 9].

Treatment options for the sum of predictive factors
are depicted in several guidelines (NCCN, ESMO) [3,
10, 11].

Thus, prior to the first treatment decision, re-
sectability has to be determined as discussed in the
following sections.

Resectable vs. unresectable CRC liver
metastasis

Classification into resectable and primarily nonre-
sectable liver metastasis is essential, provided that
there are no extrahepatic nonresectable metastases.
However, despite multiple recommendations, there is
still no standardized classification into these groups.

The best current unresectability criteria are de-
picted in the multi-institutional CAIRO5 study per-
formed in the Netherlands: expected failure of achiev-
ing a complete (R0) resection of all lesions in one
single surgical procedure (excluding preOP hyper-
trophy procedures of the future liver remnant) by
surgical resection alone (excluding additional thermal
destruction of metastasis: radiofrequency ablation
[RFA]/microwave ablation [MWA]), leaving a mini-
mum remnant liver volume of 30% in normal livers,
or 40% in compromised livers (chemotherapy pre-

treated, cirrhotic) [12]. Therefore, number and size
or location of metastasis does not define resectability
anymore and the future liver remnant (FLR), adequate
liver function, and comorbidities are crucial parame-
ters which have to be taken into consideration when
discussing therapeutic options within a MDT board
[2, 3].

Barely around 20% of the synchronous colorec-
tal liver metastasis patients have initially resectable
metastasis. Hence, the larger cohort of newly diag-
nosed patients have initially unresectable metastasis
[13]. These patients may benefit from conversion
chemotherapy with the option of altering their ini-
tial unresectable liver metastasis to a potentially re-
sectable disease.

Systemic therapy to induce resectability

The optimal combination of available therapies is de-
pendent upon molecular markers and sidedness of
the primary. Promising results have been achieved
with the combination of triplets together with either
EGFR or VEGF antibodies if response of the metastasis
is the primary aim [14, 15]. To mention some combi-
nations in detail, according to the ESMO Guidelines,
oxaliplatin is recommended for unclear prognostic sit-
uations or unfavorable prognostic criteria. Depending
on the side of the primary anti-EGFR antibodies are
used in left-sided RAS wildtype tumors, whereas fol-
foxiri/bevacizumab in right-sided and/or RAS mutant
tumors [8].

Rediscussion of these patients in a follow-up MDT
meeting is, however, key as achieving resectability
should be captured as soon as possible because best
response always happens within the first months of
therapy and the function of the remnant liver dete-

32 Surgical management of liver metastasis from colorectal cancer K



short review

riorates with every unnecessary additional cycle of
chemotherapy [16].

The two main chemotherapeutic agents have spe-
cific side effects which interfere with perioperative
liver function: therapy including irinotecan induces
a steatotic and inflamed liver, the so-called “yellow
liver,” also summarized as CASH (chemotherapy-asso-
ciated steatohepatitis). Conversely the sinusoidal ob-
struction syndrome (SOS) or the so-called “blue liver”
is induced by oxaliplatin, which additionally leads to
thrombocytopenia, abnormal liver function, and por-
tal hypertension [17, 18].

The duration of preoperative chemotherapy and
its damage to the liver potentially increases the
postoperative morbidity and mortality after liver
surgery. Therefore, it is important to keep preop-
erative chemotherapy as short as possible and leave
additional treatment for the postoperative phase [4,
17].

The molecular pathological characterization of the
tumor has to be known prior to starting first-line ther-
apy. The two important biological markers, RAS and
BRAF, determine the treatment combination known
to achieve response. In addition, the MSI status needs
to be known prior to treatment start, due the fact that
immunotherapy leads to favorable response [2, 9].

Evidence for adjuvant chemotherapy especially in
resectable disease is low, with recently published neg-
ative data from a phase III trial [19].

Liver resection

Liver resection can be performed in various ways and
can remove up to 80% of the whole liver volume in
a healthy liver without risking postoperative liver in-
sufficiency. When treating liver metastasis, it is how-
ever a main goal to preserve as much liver volume
as possible, because a necessity of performing a sec-
ond or third liver resection arises frequently and can
only be performed if enough liver volume with ade-
quate in- and outflow is preserved. Techniques of liver
resection have evolved considerably over the past few
decades and in a specialized hepato-pancreato-biliary
unit morbidity and mortality of liver resection for col-
orectal liver metastasis can be kept very low.

Techniques involve both strategic management in,
for example, synchronous disease as well as a com-
bination of interventional procedures and surgery
in high volume disease (portal vein embolization/
hepatic vein occlusion to induce hypertrophy of a too
small future liver remnant or the combination of in-
terventional tumor destruction [RFA, MWA] and liver
resection) [3, 20].

Prognostic variable which are associated with poor
outcome are synchronous disease, a large primary tu-
mor with positive lymph nodes, short disease-free in-
terval, multiple/bilateral tumors, and a high preoper-
ative carcinoembryonic antigen [21].

Two-stage operation (liver first vs. primary first) vs.
simultaneous resection in synchronous mCRC

Irrespective of primarily resectable metastasis or after
conversion chemotherapy, there are three possible op-
tions resecting synchronously metastasized CRC: liver
first, primary first or simultaneous surgery [22, 23].
If conversion chemotherapy including antibody ther-
apy was used a waiting period of 3–5 weeks (3 after
chemotherapy alone, 3–4 after chemotherapy+ EGFR-
AB, 5 after chemotherapy+ bevacizumab) [8] after last
administration should be kept in mind to help the
liver to fully recover and avoid postoperative liver dys-
function [3, 22].

In an analysis of over 7000 synchronouslymetastatic
CRC patients from the LivermetSurvey Registry, the
liver-first approach demonstrated prolonged survival
for patients with major liver involvement. When using
liver first surgery, the patient should be asymptomatic
from his primary, severe tumor bleeding or subileus
symptomatology should be ruled out. After the pa-
tient has recovered from his liver surgery, usually
after about 4 weeks, the primary resection can be
performed [22].

Simultaneous resection is a one-stage operation of
the liver metastasis and the primary tumor in a sin-
gle operation. For this resection, there are some lim-
itations in terms of anticipated higher complication
rates. Therefore, patients should be selected care-
fully, regarding certain comorbidities as advanced age,
the location and the difficulty of resecting the pri-
mary (rectal, left or right hemicolon), and most im-
portantly, the extent of the liver resection required;
major liver resection (resection of more than three
segments) and primary resection should be avoided,
due to a high risk of anastomotic leakage especially if
the bowel microbiome has been altered due to pro-
longed chemotherapy [2, 24].

In a meta-analysis of nearly 11,000 patients treated
with one of the three surgical options, liver-first
showed equal survival, despite higher metastatic
burden, as the primary-first approach. However,
simultaneous surgery showed a higher morbidity and
30-day mortality. Accordingly, the indication has to
be made individually for each patient [25].

Local therapeutic alternatives or combinations with
surgical resection

Whenmetastasis are deeply located within the liver re-
quiring a major resection or one has already been per-
formed and additional removal of metastasis would
risk a remnant liver volume that is too small, thermal
ablative methods have become alternatives: radiofre-
quency ablation (RFA) or nowadays more often used
microwave ablation (MWA) enable good local control
when performed by interventional experts [26, 27].
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Recurrence of liver metastasis

After completion of initial treatment and radiological
tumor clearance, follow-up begins and should include
computer tomography and tumor marker control ev-
ery 3 months for the first 2 years as recurrence is seen
frequently within this period; follow-up can be ex-
tended to every 6 months after 2 years and to yearly
after 5 years [7].

If recurrence is detected MDT decision has to be
made similar to initial diagnosis answering essentially
whether another potential curative approach is pos-
sible. As mentioned above, repeat liver resection is
possible if sufficient liver volume is present and can
be offered several times [28–30].

Take home message

Liver metastasis from colorectal cancer has a variety
of potential curative surgical treatment options, which
should always be attempted involving a hepatobiliary
surgical specialist. When initially deemed unresectable,
rediscussion of such patients is key after 2 months of
systemic conversion therapy. Multidisciplinary teams
lead to the best therapeutic management.
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