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Summary

Colorectal cancer is the third most common cancer world-
wide. Half of CRC patients develop liver metastases dur-
ing the course of the disease, with a 5-year survival rate
close to zero in the absence of therapy. Surgical resection
remains the only possible curative option, and current
guidelines recommend adjuvant chemotherapy, resulting
in a 5-year survival rate exceeding 50%. Neoadjuvant sys-
temic therapy is not indicated in cases with simple re-
section but should be offered to all patients with exten-
sive bilobar disease. Personalised systemic treatment is
essential to convert upfront non-resectable lesions to re-
sectable ones. Anatomical resections, non-anatomical re-
sections and two-stage hepatectomies can be performed
though open or minimally invasive (laparoscopic or robot-
ic) surgery.

The extent of a hepatic resection is limited by the risk of
postoperative liver failure due to a too small liver remnant,
inflow or outflow obstruction or insufficient biliary drainage.
About 75% of patients are diagnosed with non-resectable
liver metastases not amenable to a standard upfront re-
section. In recent years, effective therapeutic approach-
es have revolutionised liver surgery and new strategies
have enabled the conversion of primarily non-resectable
metastatic disease for resection. These strategies include
oncological and surgical therapies, as well as combina-
tions of the two. From an oncological perspective, col-
orectal liver metastases may be treated by systemic
chemotherapy or immunotherapy, or selective intra-hepat-
ic arterial infusion chemotherapy, depending on the ex-
tent of the disease and the mutational status. In surgery,
we often apply two-stage strategies using portal vein oc-
clusion, such as portal vein embolisation or ligation, or
complex two-stage hepatectomy such as associating liver
partition and portal vein ligation for staged hepatectomy.
Other additive tools to reach curative resection are tumour
ablations (electroporation, microwave or radiofrequency).
The role of stereotactic radiation of liver metastases is
not yet well defined. Modern radiation techniques, includ-
ing image guidance, breath hold and gating, were only in-
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troduced for a larger patient population in recent years.
Therefore, prospective studies with larger patient cohorts
are still pending.

Over the last decade, liver transplantation has gained in-
creasing attention in selective cases of non-resectable col-
orectal liver metastases, with promising cohort studies, but
definitive recommendations must await the results of on-
going randomised controlled trials.

The optimal treatment of patients with colorectal liver
metastases requires the timely association of various
strategies, and all cases must be discussed at multidis-
ciplinary team conferences. While colorectal liver metas-
tases was a uniformly lethal condition a few decades ago,
it has become amenable to curative therapies, with excel-
lent quality of life in many scenarios. This review reports
on up-to-date treatment modalities and their combinations
in the treatment algorithm of colorectal liver metastases.

Keywords: colorectal liver metastases, CRLM, ALPPS,
associating liver partition and portal vein ligation for staged
hepatectomy, portal vein embolisation, PVE, portal vein
ligation, PVL

Introduction

In Switzerland, the age-standardised” incidence of new
cases of colon cancer between the years 2012-2016 was
45.8 for men and 29.7 for women. Compared to their age
group’, women with colon cancer are 9.7 times and men
15.9 times more likely to die, making it the third most com-
mon cause of cancer death in both sexes. (* The age-stan-
dardised incidence indicates the disease rate in a specif-
ic time period which would be expected in the considered
population if its age structure agreed with that of the stan-
dard population.  Standardised mortality rate per 100,000
inhabitants, European standard) [1].

Worldwide, an estimated 1.4 million new colorectal cancer
(CRC) cases are diagnosed every year, with 700,000 can-
cer deaths [2]. In 30-50% of patients with CRC the liver
is the predominant site for metastases, due to its immediate
drainage from the gastrointestinal tract [3—6]. Half of CRC
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patients are diagnosed with synchronous liver metastases
[4, 7]. Without treatment the prognosis is dismal, with a
S-year survival rate of close to zero in historical data [8,
9]. Surgical resection of the metastatic tumours is the on-
ly curative treatment with a 5-year survival rate currently
exceeding 50% in most series [10, 11]. Unfortunately, only
25% of patients with colorectal liver metastases (CRLM)
qualify for resection at initial presentation. An increasing
number of patients may benefit from down-staging strate-
gies and eventually from a curative resection, often fol-
lowed by encouraging long-term outcomes. Combinations
of systemic chemotherapy and immunotherapy lead to cur-
rent response rates of over 50% for down-staging [12].

The combination of multimodal surgical and non-surgical
therapies offers the best chance for cure in patients with
CRLM. In this review, we present up-to-date, personalised
treatment options for the management of CRLM as prac-
ticed in our hepato-pancreato-biliary (HPB) centre in
Zurich (fig. 1)

Diagnostic work-up of colorectal liver metas-
tases

— Thoraco-abdominal computed tomography (CT) is part
of the standard imaging work-up.

— Magnetic resonance imaging (MRI) of the liver with he-
patobiliary contrast media shows the highest sensitivity
for CRLM.

— Positron emission tomography (PET)-CT can change
surgical management by detecting extrahepatic metas-
tases.

Medical history with physical examination, laboratory
tests including carcinoembryonic antigen, and abdomen ul-

trasound or a CT scan are usually available at the time
of referral to the surgeon. In our hepato-pancreato-biliary
centre in Zurich, Switzerland, we favour MRI of the liver
with hepatobiliary contrast media (Primovist, Bayer
Healthcare) to better detect liver metastases and surgically
relevant liver structures [13]. MRI with hepatobiliary con-
trast media shows the highest sensitivity for liver metas-
tases compared to contrast-enhanced CT or PET-CT, es-
pecially for lesions <1 cm and in patients who have
undergone chemotherapy [13, 14].

If the lesions appear resectable, PET-CT is performed to
detect extrahepatic disease [15]. The CT scan is crucial for
detecting pulmonary metastases. Lymph node metastases
and malignant disease in other organs may also be iden-
tified more easily with PET-CT [15]. With the use of ad-
ditional PET-CT in patients with resectable CRLM based
on CT scans, surgical management is changed in 10% of
patients and the rate of futile laparotomies can be reduced
[15].

Assessment of liver function

— Testing liver function prior to extended liver surgery, in-
cluding with bilirubin, factor V, international nor-
malised ratio and albumin tests, is recommended.

— Assessment of global liver function includes indocya-
nine green and hepatobiliary iminodiacetic acid testing.

Postoperative outcomes mainly depend on the size and
quality of the future liver remnant (FLR).

A preoperative assessment of the liver for volume and
function is important in order to predict the risk of post-
hepatectomy liver failure. Assessing and quantifying liver
function before surgery is still controversial because no
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Figure 1: Flow chart of the treatment algorithm for colorectal metastases at the Swiss HPB Centre, Zurich, Switzerland.ALPPS = associating
liver partition and portal vein ligation for staged hepatectomy; TSH = classical two-stage hepatectomy; BSC = best supportive care; FLR = fu-
ture liver remnant; OLT = orthotopic liver transplantation; PVE = portal vein embolisation.
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single physiologic marker or score alone predicts postop-
erative liver failure.

There are three types of liver function tests: conventional
liver function tests, scoring systems and quantitative tests
[14]. The most widely used conventional liver function test
in clinical practice is assessment of the laboratory values,
including serum bilirubin, factor V and Quick test. The
Child-Pugh score, which was designed to assess the risk
of death in cirrhotic patients undergoing surgery for por-
tal hypertension, remains one of the most popular scoring
systems [16, 17]. This score applies only to patients with
cirrhosis. Patients with Child-Pugh score A usually have a
favourable course, while Child-Pugh score C represents a
contraindication for surgery. Surgery in Child-Pugh score
B cirrhotic patients must be discussed case by case.

Among the quantitative tests, the indocyanine green test is
correlated with liver function and the regenerative capaci-
ty of the liver [18-20]. This is a simple, non-invasive test
that can be performed at the bedside. Indocyanine green
test is a water-soluble dye that is injected via a peripher-
al venous access. It binds to proteins, and after being tak-
en up by hepatocytes, is excreted into the bile. The plasma
disappearance rate and the retention rate at 15 minutes are
measured by pulse spectrophotometry [21]. Plasma disap-
pearance rate values between 18% and 24% and a retention
rate at 15 minutes <15% may be indicators for normal liver
capacity and low-risk liver resection. Nevertheless, since
indocyanine green testing depends on the hepatocyte up-
take as well as excretion via the bile, chronic or acute liver
diseases may influence indocyanine green test results, lim-
iting their predictive value [21-26].

The LiMAX test is another method for investigating liver
function at the bedside. It is based on the assessment of
13C-methacetin metabolism by the liver-specific cy-
tochrome P450 1A2 system. '3C-methacetin is adminis-
tered intravenously and the ratio of '2CO, to the
metabolised '*CO, is measured by mask breathing. The
maximum liver function capacity is defined as the maxi-
mum value of the substrate conversion normalised to body
weight. A normal liver function is defined as >315 pg/kg/h.
Values between 140 and 315 pg/kg/h show limited hepatic
impairment, while 0-140 pg/kg/h means significant hepat-
ic injury. Preoperative performance in the LIMAX test can
help to determine the correct timing of hepatectomy after
previous chemotherapy, surgery or portal vein manipula-
tion, preventing post-hepatectomy liver failure [27]. How-
ever, both the indocyanine green and LiMAX tests assess
only global liver function, and not the function of the FLR
specifically.

Exact FLR function can, however, be assessed with a he-
patobiliary iminodiacetic acid scan. This is an imaging
modality used to investigate metabolic diseases of the liv-
er, as well as excretion dynamics of the gallbladder and
bile ducts. A radioactive tracer is injected, taken up by
the bile-producing cells and excreted into the biliary tree,
which drains into the duodenum. Imaging is obtained by a
y camera and shows liver function for the whole liver as
well as for regions or parts of interest, such as the FLR
[28].

Quantitative tests evaluate the metabolism and the clear-
ance of different substrates that are mostly or entirely
cleared by the liver. It is important to note that quantitative

Swiss Med WKkly. 2021;151:w20390

tests provide more reliable information on the preoperative
liver function than on the postoperative liver function be-
cause they address one of the liver’s true processes (i.c.,
galactose elimination or bile acid clearance). While in pa-
tients with normal liver function the suggested limits for
safe resection range from 20 to 30% FLR volume, most
guidelines indicate 30% [10, 29].

Perioperative systemic chemotherapy for col-
orectal liver metastases

— Down-staging of non-resectable CRLM can be
achieved with personalised systemic chemotherapy.

— Perioperative chemotherapy for resectable CRLM must
be restricted to situations with an unfavourable risk

profile.

Systemic chemotherapy is an integral part of the multi-
modal management of CRLM. Perioperative chemothera-
py targets micro-metastatic disease in order to reduce the
risk of recurrence following resection. In more advanced
situations, preoperative chemotherapy aims to convert up-
front non-resectable CRLM to resectable ones. Modern
personalised combination chemotherapy for metastatic
CRC has improved substantially, with current response
rates of over 50%, up from approximately 10% with a sin-
gle-agent treatment prior to 2000.

Upfront resectable CRLM with a favourable risk profile
must undergo upfront resection followed by adjuvant
chemotherapy, particularly when the patient has not re-
ceived any previous adjuvant treatment [12]. In less
favourable risk constellations, such as with synchronous
metastases or a short interval between primary tumour
resection and systemic tumour recurrence, perioperative
treatment with 6 months of FOLFOX (leucovorin, fluo-
rouracil, oxaliplatin) or CAPOX (capecitabine, oxaliplatin)
split evenly before and after surgery, based on the pivotal
EPOC trial, is a widely used option [30]. Median overall
survival improved from 47 months in the surgery only
group to 62 months when adjuvant chemotherapy followed
the surgery [31].

In patients with technically non-resectable CRLM,
chemotherapy aiming to render them resectable prior to
surgery is essential. Conversion treatment aims for max-
imum tumour shrinkage and typically involves combina-
tions of chemotherapy doublets or triplets with monoclonal
antibodies (anti-endothelial growth factor receptor [anti-
EGFR], anti-vascular endothelial growth factor [anti-
VEGF]). Treatment is personalised, based on molecular
profile and biological criteria, most prominently primary
tumour sidedness [10]. Reported success rates of conver-
sion treatment are as high as 30% [9, 10]. The optimal
duration of conversion therapy has not been established,;
maximum tumour shrinkage in metastatic CRC is typically
achieved after 12—-16 weeks of chemotherapy. In these sit-
uations, accumulation of toxicity in the liver due to pro-
longed application of intensified chemotherapy protocols
poses a significant risk. It is important to note that modern
perioperative treatment, as an essential part of multimodal-
ity treatment of CRLM, must be personalised: guided by
established principles but highly adaptable to individual
constellations.
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Molecular subtyping of metastatic CRC is evolving. At
least seven clinically relevant subgroups of metastatic
CRC exist in clinical routine and impact on perioperative
conversion treatment [10]. CRLM from left-sided wild-
type tumours (wild-type = absence of a common driver
oncogene alteration such as the KRAS, NRAS and BRAF
mutations or HER2/neu amplification) should always be
treated with chemotherapy plus anti-EGFR antibodies,
while CRLM from right-sided wild-type tumours do not
appear to benefit from anti-EGFR and are treated with
anti-VEGFR plus chemotherapy. Moreover, CRLM from
right-sided primaries are associated with inferior prognosis
and show inferior response to conversion treatment com-
pared to CRLM from left-sided primaries. BRAF-V600E
mutant metastatic CRC show aggressive biological behav-
iour and very poor prognosis following liver resection. The
highly immunogenic dMMR/MSI-H subgroup show ex-
cellent responses to immune checkpoint inhibitors, while
HER2-amplified metastatic CRCs show encouraging re-
sults with HER2 blocking agents. The largest molecular
subgroup of KRAS/NRAS mutant metastatic CRC are re-
sistant to anti-EGFR treatment and are commonly treated
with a chemotherapy doublet or triplet anti-VEGF-receptor
(bevacizumab) for conversion treatment.

In selected cases, locoregional chemotherapeutic treatment
can be combined with systemic treatment to maximise tu-
mour response. Hepatic artery infusion chemotherapy via
a pump, combining systemic and locoregional treatment in
the preoperative setting, was introduced in 1969. Continu-
ous hepatic artery infusion chemotherapy with floxuridine
in combination with systemic chemotherapy has been as-
sociated with satisfactory conversion rates in selected cas-
es of non-resectable CRLM [29].

Surgical strategies for synchronous colorectal
liver metastases

— Symptomatic primary tumours in the colon or rectum
should be treated first with high priority.

— In asymptomatic primary CRC, the liver first approach
is preferred.

Several surgical strategies may be considered to address
synchronous CRLM. (1) The classic approach is to treat
the primary colon or rectum tumour first followed by the
liver metastasis in a second step, in combination with vari-
able applications of perioperative chemotherapy. This
strategy remains the gold standard in patients with symp-
tomatic primary tumours. (2) Simultaneous resection com-
bining resection of the primary tumour and the liver metas-
tases. This one-step procedure is feasible and has been
reported with success in many articles, usually in cases
with minimal liver involvement (e.g., <3 segments) [32,
33]. This method can often be done with a minimal inva-
sive approach (laparoscopic, robotic) [33]. (3) The “liver
first approach” involves resecting the CRLM upfront and
is routinely associated with neoadjuvant chemotherapy
[10]. It is the preferred approach at our hepato-pancreato-
biliary centre in Zurich, where we often deal with major
spread of the liver tumour. We often start with systemic
chemotherapy over 3 months, followed by restaging and,
in the case of tumour response, eventually a two-stage he-
patectomy. A few weeks later, the excision of the primary
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colon tumour completes the complete removal of tumour
disease [10, 29, 34].

Convincing data on survival advantages between colon
first and liver first strategies are lacking [32]. In the context
of hepatic resections, anatomical resections are defined as
resections of one or more anatomic liver segments [35].
For example, a right hemi-hepatectomy involves the re-
section of segments V to VIII. Non-anatomical resections,
also named parenchymal-sparing hepatectomies, aim to
achieve oncological resections with a minimum sufficient
margin while preserving as much liver parenchyma as pos-
sible. It has been suggested that a 1-mm oncological mar-
gin is sufficient in CRLM [36]. In our centre, we accept on-
ly resection with a 0.5-cm tumour-free margin, which we
achieve, when necessary, with additional application of ra-
diofrequency on the margin (e.g., Aquamantys, Medtron-
ics) [37].

Strategies to increase the future liver remnant

— Two-stage hepatectomy is recommended if the FLR is
less than 25-30%.

— A larger FLR might be required in injured liver
parenchyma.

— Strategies to increase the FLR are based mainly on oc-
clusion of the portal vein.

A number of strategies have been developed to increase
the FLR. (fig. 2, fig. 3c-h). The first human application
of such a strategy, portal vein ligation of the tumour-bear-
ing lobe during surgery, was described in 1975 [38]. Portal
vein ligation was thought to induce tumour regression in
the affected lobe. But portal vein occlusion of one liver
lobe leads to compensatory hypertrophy of the contralat-
eral, non-occluded FLR, which may ultimately enable
surgery in cases where the FLR does not yet have the nec-
essary volume/function to allow resection of the diseased
part of the liver [38, 39].

In a classical two-stage procedure, the portal branch to the
diseased liver lobe is ligated intra-operatively and the re-
section can be performed at a later stage, when the FLR
has reached its necessary volume. Nevertheless, this might
take several weeks and the waiting time cannot be justified
for certain tumour growth patterns. Therefore, a concept
termed associating liver partition and portal vein ligation
for staged hepatectomy (ALPPS) was introduced by a
group from Regensburg, Germany in 2007. ALPPS is a
combination of portal vein ligation and in-situ liver
parenchyma transection performed during the first stage.
Initial experience suggested that ALPPS leads to faster liv-
er regeneration (7-10 days) compared to portal vein em-
bolisation or ligation (4—12 weeks) (fig. 2, fig. 3f-h) [38].
The mechanisms behind this enhanced stimulation and ac-
celerated regenerative response of the liver after parenchy-
mal liver transection combined with portal vein ligation are
currently being investigated extensively [40]. Advances in
patient selection and in modalities to assess liver function,
as well as modifications to the ALPPS technique, have led
to a significant decrease in morbidity and mortality in pa-
tients undergoing ALPPS [41-44]. Morbidity and mortali-
ty for ALPPS are currently comparable with conventional
major hepatectomy procedures [45].
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Laparoscopic and robotic liver surgery for col-
orectal liver metastases

— Laparoscopic liver resection for CRLM is associated
with significantly fewer postoperative complications
compared to open surgery.

— Laparoscopic liver resection is cost-effective and onco-
logically adequate.

— Robotic technology is currently used for minor as well
as major liver surgeries, including ALPPS, and may
rapidly become the standard approach.

Minimally invasive resection of CRLM with a laparoscop-
ic or robotic approach is gaining increasing acceptance,
supported by proven short-term postoperative benefits [46]
and reported equal oncologic outcomes compared to open
surgery. The first randomised controlled trial for open vs
laparoscopic liver surgery, from Norway (COMET trial),
showed that laparoscopic liver resection for CRLM is as-
sociated with significantly fewer postoperative complica-

Swiss Med Wkly. 2021;151:w20390

tions compared to open surgery [47]. Moreover, a sub-
group analysis of patients undergoing laparoscopic
resection of CRLM located in the postero-superior seg-
ments (difficult access by any approach) revealed a shorter
hospital stay and similar perioperative outcomes compared
to open resection [48]. Data accumulated into a large co-
hort of patients from expert centres showed that laparo-
scopic liver resection is cost-effective [46, 47, 49, 50]. The
ORANGE 1II PLUS trial, currently recruiting patients, will
be the first randomised, multicentre study to compare open
vs. laparoscopic hemi-hepatectomy. At our hepato-pancre-
ato-biliary centre, we currently favour robot-assisted liver
resection, particularly for tumours located in the difficult
right posterior liver segments. Robotic surgery offers a bet-
ter degree of freedom in moving the instruments, better vi-
sion and better precision [51]. Exponential growth of the
use of minimally invasive liver surgery in the past few
years mandates the continuous development of necessary
guidelines.

Figure 3: Strategies to increase the future liver remnant. (a) Parenchyma with bilobar CRLM before wedge resections (b) After wedge resec-
tions of small peripheral CRLM (c) One-stage liver surgery with portal vein embolisation on the lobe to be removed. (d) Hypertrophy of the
FLR. (e) Removal of the embolised right lobe. (f) Bilobar CRLM before surgery g) Open ligation on the right portal vein branch and cleaning of
the FLR. (h) Removal of the deportalised lobe. lllustration: Carol De Simio-Hilton.
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Local therapies for non-resectable liver metas-
tases

Ablative therapies

Radiofrequency and microwave ablation are the most fre-
quent ablative thermal modalities (fig. 4). These tech-
niques allow CT- or ultrasound-guided localisation and
precise open or percutaneous destruction of central liver
tumours close to main structures not accessible for surgery.
Microwave ablation induces more coagulation necrosis in
a shorter time than radiofrequency ablation. Microwave
ablation is nowadays used more frequently as it is more ef-
fective when treating a small number of tumours (<5) of
limited size (<3 cm), showing low rates of post-interven-
tional complications (1-3%) and excellent local tumour
control [52]. However, long-term oncological results for
microwave ablation fail to show superiority over surgical
resection for small tumours, and have clearly worse out-
comes (66% local recurrence rate) for CRLM larger than
3 cm [53]. An ongoing randomised controlled trial from
the COLLISION trial group may answer the question of
whether or not ablation is inferior to surgery for lesions
<3 cm. Ablation could be a promising alternative, with re-
duced morbidity and mortality, a shorter hospital stay and
economic benefits. Unfortunately, the applicability of ra-

Swiss Med WKkly. 2021;151:w20390

diofrequency and microwave ablation for tumours close to
large vessels is limited due to the “heat sink effect” (fig. 4).

Irreversible electroporation is a newer, non-thermal abla-
tive option to eliminate lesions involving important vascu-
lar or biliary structures. Irreversible electroporation does
not affect the extracellular matrix and the integrity of the
biliary and vascular structures is preserved, enabling cellu-
lar recolonisation. However, the high-voltage current puls-
es used generate excitation of skeletal and cardiac muscle.
General anaesthesia with neuromuscular blockade is there-
fore necessary during the procedure, and cardiac arrhyth-
mia is an absolute contraindication for irreversible electro-
poration. The exact placement of multiple “soft” probes is
challenging and consistently time-consuming [54].

Stereotactic external radiotherapy / stereotactic body
radiotherapy

Historically, external beam radiotherapy has played a mi-
nor role in the treatment of CRLM because of the low ra-
diation tolerance of the liver [55]. Technological advances
in the past few decades have enabled the conformal deliv-
ery of high radiation doses to a defined lesion whilst spar-
ing functional liver tissue. Stereotactic body radiotherapy,
a form of high-precision radiotherapy in which ablative ra-
diation doses are delivered non-invasively in 1 to 10 am-

De Simio-Hilton.

Thermal ablation
Radiofrequency (RFA)

« Electromagentic energy (375 - 500 KHz)

+ Heat coagulation by current induced ionic
friction in tissue (Joule heating)

+ Single or multiple tumors (fewer than 5 liver
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+ Ineffective in the vicinity of larger vessels
(“heat sink effect”)

* Thermal injury to bile ducts or adjacent extra
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Figure 4: Radiofrequency (RFA) and microwave ablation (MWA) are the most frequently used ablative thermal modalities. lllustration: Carol
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« Electormagnetic energy (915 MHz or 2.45 GHz)

* Heat coagulation by alignment of dipoles (i.e. water)
in the electromagnetic field and thereby elevating the
tissue temperature (dielectric hysteresis)

« Single or multiple tumors (fewer than 5 liver tumors
and up to each 3cm each)

+ Faster heating, larger ablation volume per application,
less sensitive to “heat sink effect” than RFA

« Thermal injury to bile-ducts or adjacent extra-
hepatic structures
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bulatory treatment sessions, was shown to be efficacious,
with 2-year local control rates ranging from 59% to 84%,
while having a favourable toxicity profile [56, 57]. No-
tably, most patients offered stereotactic body radiotherapy
had serious comorbidities and were considered medically
unfit for major liver surgery or had non-resectable metas-
tases. When evaluating the optimal treatment modality for
local therapy of non-resectable liver metastases, tumour
size is an important factor: subgroup results report high-
er local control for stereotactic body radiotherapy than for
radiofrequency ablation in metastases >2 cm, but not for
those <2 cm [58]. Accordingly, the European Society for
Medical Oncology consensus guidelines propose a “tool-
box” concept [12], where stereotactic body radiotherapy
should only be considered for patients with a contraindi-
cation for or who refuse an invasive procedure, as well as
for patients with large liver metastases or metastases lo-
cated at central biliary or vascular structures. The optimal
integration of stereotactic body radiotherapy into modern
multimodal treatment concepts remains to be defined. The

Figure 2: Treatment algorithm for an individual patient with bilobar
colorectal liver metastasis at the Swiss HPB Centre, Zurich,
Switzerland. (a) Start of chemotherapy. (b—d) MRI (Primovist) glob-
al reduction of all lesions. Lesion: 22.4 cm® FLR right liver: 58.69%
/742 cm®. (e) Intraoperative situs ALPPS Stage I. (f) MRI (Primo-
vist) one week after Stage I: clean FLR (right lobe) with 901 cm?®
and adequate compensatory overgrowth before Stage Il. g) Intra-
operative situs ALLPS Stage II. (h) Anatomical specimen after he-
patectomy. (i—k) 6 months after surgery, CRLM reappears. () hy-
pervascucularised CRLM poor in contrast with selective probing of
the right hepatic artery with a 2.7F catheter. Selective internal radi-
ation therapy (SIRT) for recurrent lesion after 7 months.
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recent introduction of MRI-guided radiotherapy into clini-
cal routine, allowing for direct visualisation of the tumour
and healthy tissues before each session and live-tracking of
the tumour during treatment, may foster better integration
of stereotactic body radiotherapy into management of liver
metastases [59].

Selective internal radiation therapy

Selective internal radiation therapy is an internal, localised
radiotherapy using Yttrium-90 (°°Y, B-particles), which has
a short radiation range (1 cm) and a half-life of <3 days
(see fig. 1 for illustration). The radioactive isotope is in-
fused into either resin or glass particles. Using an angiogra-
phy targeting the branch of the hepatic artery supplying the
tumour, selective administration of the radioactive isotope
is achieved by infusion of °*Y microspheres through the se-
lectively placed catheter. Complete response after selective
internal radiation therapy is rarely achieved for CRLM, but
stable disease is seen in many patients [60, 61]. High pre-
treatment tumour volume has been shown to be an inde-
pendent predictor of inferior overall survival after selec-
tive internal radiation therapy. A recently published joint
analysis [62] of three studies with 549 patients assigned
to FOLFOX alone and 554 patients assigned FOLFOX
plus selective internal radiation therapy [62] revealed that
local selective internal radiation therapy significantly re-
duced the incidence of radiological progression within the
liver, but that selective internal radiation therapy did not
have an influence on progression-free survival or median
overall survival (23 vs 23 months). Additionally, toxicity
was significantly increased in the selective internal radia-
tion therapy group. Therefore, routine integration of selec-
tive internal radiation therapy into FOLFOX-based first-
line chemotherapy cannot be recommended for metastatic
CRC at this time.

Liver transplantation for non-resectable col-
orectal liver metastases

— For non-resectable CRLM, orthotopic liver transplan-
tation provides better survival results compared to pal-
liative chemotherapy.

— Orthotopic liver transplantation for non-resectable
CRLM is only for carefully selected patients, such as
those with resection of the primary more than 18 m, to-
tal hepatic tumour diameter not more than 6 cm, carci-
noembryonic antigen <80 pg/l, a BRAF wild type and
stable disease under chemotherapy.

A possible therapy for end-stage liver diseases and selected
primary or metastatic liver tumours is an orthotopic liver
transplantation. However, strict criteria must be met to se-
cure a reasonable outcome after orthotopic liver transplan-
tation. Life-long immunosuppression may enhance the risk
of tumour recurrence, with poorer outcomes [63]. The first
seven human orthotopic liver transplants were performed
for liver malignancies in the years 1963 and 1964. How-
ever, only two of these were for CRLM [64]. From 1985
to 1994, the overall survival after orthotopic liver trans-
plantation reached 52—65%. Due to an increasing shortage
of organs, indications for orthotopic liver transplantation
because of liver malignancies had to be strongly justified,
leading to more restrictive indications in many guidelines
[63, 65, 66].
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Orthotopic liver transplantation was abandoned for many
types of tumours, including CRLM, in the 1990s due to
a very poor 5-year survival rate of only 12-18% [66—68].
Since then, the oncologic management of CRLM has
evolved dramatically, with the availability of new im-
munosuppressive agents such as mTOR (mammalian tar-
get of rapamycin) inhibitors conferring antineoplastic ef-
fects [67—69]. These advances encouraged a Norwegian
group to re-introduce orthotopic liver transplantation indi-
cation in selected cases of CRLM. Such a study was pos-
sible in Norway because the average waiting time for a
cadaveric graft is <1 month. The surfeit of donor livers
has stimulated a study investigating the potential role of
orthotopic liver transplantation in long-term survival for
non-resectable CRLM [68]. The 5-year survival rate was
surprisingly high, at 60% (21 patients). Nevertheless, re-
currence was seen in 19 out of 21 patients after a median
of 6 months. Recurrent tumours were treated with surgery
or local ablation. After a median of 27 months, 33% of pa-
tients were tumour free. In this study, first-line chemother-
apy for non-resectable CRLM demonstrated a 5-year sur-
vival rate of 9%, while patients undergoing orthotopic liver
transplantation had a 5-year survival rate of 56%. Disease-
free survival did not differ between these two groups. De-
spite these spectacular results in Norway, widespread use
of orthotopic liver transplantation in other countries is cur-
rently compromised due to donor shortages. At the Univer-
sity Hospital Zurich, we do offer orthotopic liver transplan-
tation for selected patients, mostly those with tumours that
have been well-controlled by chemotherapy for at least 6
months. Due to the lack of available cadaveric grafts, we
preferentially offer living donor liver transplantation.

Conclusion

In recent years, the management of CRLM has seen several
advances, including novel imaging and molecular modali-
ties which can be used to adjust treatment more precisely
and in a more personalised manner, and which are routine-
ly discussed at our weekly multidisciplinary team meet-
ings. Different strategies for the resection of CRLM, like
the classic, simultaneous and liver first approaches, are es-
tablished for different, well-defined scenarios [10]. In par-
ticular cases, we have opted for aggressive approaches,
sometimes combining two-stage procedures like ALPPS to
enable curative resection in patients with very small, in-
tra-arterial chemotherapy, and eventually orthotopic liver
transplantation.

In a rapidly evolving field, different regimens of systemic
and local chemotherapy, including different antibodies de-
pending on the mutational status, are used to convert non-
resectable hepatic metastatic disease into a resectable sit-
uation, providing a chance of cure. Additive tools such as
thermal and non-thermal ablative procedures are essential
for individually tailoring CRLM treatment options, espe-
cially when surgical interventions alone are limited due to
proximity of tumours to central vascular or biliary struc-
tures. The combination of ablation and surgery is often
chosen when aiming for a parenchyma-sparing procedure
with respect to the disease course and liver tissue quality.
Stereotactic radiation treatment of CRLM offers a non-in-
vasive treatment in tumours greater than 3 cm in size, even
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in high-risk situations or sick patients, with acceptable re-
sults and limited impact on quality of life.

Because many modern, individually tailored multimodal
concepts require a strong and demanding adherence of pa-
tients to long-term therapies, doctors must lead compre-
hensive, interdisciplinary conversations with patients and
their families in order to make adequate decisions in the
fight against CRLM.
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