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Abstract Liver cancer, one of the leading causes of all
cancer related deaths, belongs to the most malignant cancer
types. In fact, the secondary hepatic malignancies (liver
metastases) are more common than the primary ones.
Almost all solid malignancies can metastasise to the liver.
It is well justified that the “treat and wait” approach in the
overall management of the liver cancer is not up-to-date
and so creation of complex individual patient profiles is
needed. This review is specifically focused on the liver
metastases originating from the colorectum, breast and
prostate cancer. Innovative multilevel diagnostics may
procure specific panels of validated biomarkers for pre-
disposition, development and progression of metastatic
disease. Creation of the patient specific “molecular por-
trait” is an essential part of the diagnostic strategy. Con-
textually, analysis of molecular and cellular patterns in
blood samples as the minimally invasive diagnostic tool
and construction of diagnostic windows based on individ-
ual patient profiling is highly recommended for patient
cohorts predisposed to and affected by the liver metastatic
disease. Summarised information on risk assessment, pre-
dictive and prognostic panels for diagnosis and treatments
of the liver metastatic disease in colorectal, breast and
prostate cancer is provided.
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Introduction

Metastatic spread (metastatic disease (MD)) of primary
tumours is the most important issue in cancer related
mortality. MD is highly heterogeneous with respect to the
tumour origin, molecular mechanisms, preference of dis-
tanced organs for metastatic spread, disease aggressive-
ness, therapy prognosis and individual outcomes [1].
Consequently, an individual patient phenotype might be
decisive for more versus less pronounced predisposition to
MD in cancer patients, disease progression, and, conse-
quently chosen treatment approach. It is evident that
patients with the triple-negative subtype of breast cancer
(BC) have a higher predisposition to MD at a very early
stage of the tumour initiation compared to the oestrogen/
progesterone-receptor positive subtypes of BC who, if any,
develop MD years or even decades later after the clinical
BC onset [2]. Therefore, MD related mechanisms, diag-
nostics, effective prevention and therapy-targeting differ
dramatically between individual tumour subtypes and
patient phenotypes [3]. Further, MD frequently demon-
strates organ-specific patterns of spread [4] that demands a
development of MD-related predictive diagnostics and
analysis of stratified MD patterns.

Liver cancer, one of the leading causes of all cancer
related deaths, belongs to the most malignant cancer types.
In fact, the secondary hepatic malignancies (liver metas-
tases) are more common than the primary ones [5].
Numerous studies reveal that, after lymph nodes, the liver
is the most common site of metastases from cancers arising
in other (primary) sites [6]. Almost all solid malignancies,
essentially the gastrointestinal cancers, breast cancers, lung
cancers, genitourinary cancers, melanomas, sarcomas can
metastasise to the liver. Thus, it is well justified that the
“treat and wait” approach in the overall management of
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liver cancer is not up-to-date and so creation of complex
individual patient profiles is needed [7, 8].

The corresponding incidence of hepatic metastasis of
primary tumours is summarised in Fig. 1. Recently, a study
carried out with altogether 3827 autopsies has detected 41
different primary cancer types with corresponding prefer-
ential metastatic sites. It concluded that the local and
regional lymph nodes followed by the liver are the most
frequent metastatic sites in all primary malignancies anal-
ysed in the study [6].

This review is specifically focused on (1) liver metas-
tases originating from colorectal cancer (CRC) and BC—
both carcinomas which metastasise to the liver more fre-
quently than other primary tumours [6] and (2) liver
metastasis originating from both breast and prostate cancer
(PC), since both carcinomas are linked to and should be
stratified by corresponding hormonal status of the patient
[9]. Potential similarities in their metastatic spread to the
liver are analysed in the article which might be of great
interest for both diagnostic and treatment purposes. Con-
sequently, the primary objective of the article is to interpret
the currently existing data regarding the metastatic
colonisation of the liver and potential specificity of the
underlying mechanisms.

From primary tumours to circulating tumour cells
(CTCs), micrometastases colonising the “fertile”
environment and progressing metastatic disease

The cancer invasion-metastasis cascade includes multiple
molecular pathways regulating “down-stream” intra- and
extracellular events. The triggered cascade leads to the
tumour expansion, detachment and circulation of tumour

Fig. 1 Origin of the liver
metastasis
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cells [10]. Circulating tumour cells (CTCs), in turn,
preferably enter the “fertile” environment of distant organs
such as that found in a damaged liver [11], colonise the
“pre-metastatic niches” of the host with micrometastases
[4] and then progress into advanced stages of the MD.

Development of liver metastases from all three cancer
types (CRC, BC and PC) positively correlates with the
density of CTCs in blood—an important prognostic factor
[12]. Further investigations of this correlation may provide
valuable data for a better patient stratification.

In order to examine the biological process of the
metastatic progression to the liver, a xenograft metastasis
model has been created and analysed in detail [13]. This
model has shown that malignancies respond specifically to
the host tumour’s environment facilitating metastatic pro-
gression [13]. In particular, breast malignancies react
towards the “fertile” environment, thus expanding the
outgrowth of microscopic secondary tumours [13-16].
Dormant tumour cells may persist in the latent phase for
years before entering the active metastatic progression
phase. Thereby, primary tumour cells retain the ability to
influence the outgrowth of secondary tumours [13]. The
progression from micrometastasis to an active MD
(macrometastasis) depends on the biological characteristics
of the tumour itself as well as on the synergies between the
tumour and the host [17]. Consequently, only a minor
portion—about 1 % or even less—of all CTCs are capable
of developing a MD [18, 19].

A number of studies demonstrated a correlation between
standardised histopathological biomarkers of BC and
tumour cells disseminated in bone marrow (DTC), tumour
cells circulating in peripheral blood CTC [20, 21] as well
as circulating cell-free DNA [22]. Further, CTC level
measured prior to the therapy initiation as well as at follow-
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up stages is an important predictor for both the progres-
sion-free and overall survival (OS) [23]. In particular, CTC
levels of >5 cells per 7.5 ml blood in patients provide
robust estimates for disease progression and survival that
are more reliable than the conventional imaging approa-
ches. Accumulated clinical data confirms a strong corre-
lation between the pre-treatment CTC levels and the
magnitude of metastatic spread at the stage of disease
progression, especially for CTC levels >5/7.5 versus <5/
7.5 ml of blood. Further, recent results of a prospective
clinical trial confirmed the strong prognostic value of CTC
in breast cancer MD. It suggests that the pre-treatment
CTC levels may aid in stratifying breast cancer patients
who are at risk of developing widespread visceral MD.
Those patients, if identified early enough, may strongly
benefit from preventive administration of aggressive anti-
metastatic treatments [17, 24]. Investigations dedicated to
predictive and prognostic value of individual CTC patterns
with respect to a specific metastatic site may, further, lead
to improved patient stratification and better adapted treat-
ment strategies.

Castration resistant prostate cancer (PC) patients with
greater than five CTC per 7.5 mL blood are known to
suffer from a significantly shorter OS compared to the
patients with <5 CTC [25]. Post-treatment CTC level is an
independent predictor of the survival rates as CTC count
was demonstrated to be superior to prostate specific antigen
(PSA) in predicting survival [26]. Consequently, the role of
CTC levels in prediction and prognosis of PC outcomes is
increasing. In metastatic PC, CTC detection is an accurate
minimally invasive approach for monitoring the disease
progression. CTC patterns, as a specific biomarker, hold
the potential to predict early metastasis [26]. CTC patterns
in blood provide a platform for non-invasive inquiries into
a tumour’s molecular behaviour enabling individualised,
adaptive and more effective overall management of PC
[26].

In case of colorectal liver metastasis, CTC levels are
significantly higher in non-resectable (46 %) than in
resectable cases (11.7 %) [27]. Patients with two or more
CTC in the pattern, experience reduced time of relapse and
disease progression; those CTC patterns are considered to
be a strong predictor of the disease progression and mor-
tality in patients with both resectable and non-re-
sectable colorectal liver metastasis. Similarly to the
prostate and breast cancer, CTC patterns in patients with
colorectal liver metastasis are useful for more precise
patient stratification and treatment prognosis [12].

In recent years, cell free nucleic acids (cfNAs, also
known as CNAPS—circulating nucleic acids in plasma and
serum) have been studied extensively, due to its evident
association with cancer development and progression [28].
Yet, several mechanisms leading to the release of nucleic

acids into the extracellular environment are not well
understood. However, a biological function of cfNAs in
tumour progression is evidence-based. Currently, there is
no consensus on a gold standard for cfNAs analytical
procedure. Future approaches targeting cfNAs in combi-
nation with characterisation of the disease/stage specific
CTC patterns may lead to improved strategy for more
optimal screening, diagnostics and treatment approaches in
breast, prostate and colorectal cancer patients predisposed
to MD [28].

Liver specific architecture and key players
in creating “fertile” pre/metastatic
microenvironment

The quality of interaction between CTC and microenvi-
ronment of the homing organ is a factor considered to be
decisive for a metastatic spread in distanced organs [13].
From this perspective, the liver demonstrates some organ-
specific properties predisposing it to CTC nesting and
effective promotion of MD [4]. In the gastrointestinal
cancers like CRC, which are drained by the enterohepatic
circulation, the tumour cells reach the liver first. The liver
provides opportunity to a number of tumour cells to arrest,
extravasate and colonise the hepatic parenchyma [29].
Moreover, recent studies suggest that a significant per-
centage of CRC tumour cells are trapped in the liver [30].
Frequent metastatic spread of more distanced tumours such
as breast and prostate cancer to the liver indicates that,
indeed, circulation patterns (CTC, cfNAs) play an impor-
tant role as discussed above. Further, multifaceted com-
patibilities of metastatic cells with the host stroma, organ-
specific vascular architecture, cellular repertoire, typical
set-up of angiogenic and growth factors, cytokines and
metabolites play a crucial role, specifically in the liver
metastasis [31]. The hepatic vascular endothelium is fen-
estrated and lacks an organised basement membrane that
may particularly facilitate an effective nesting of invasive
tumour cells [1]. Thereby, an elevated SRC proto-onco-
gene tyrosine kinase signalling protects the tumour cells
from undergoing apoptosis within the new environment
[4]. Additionally cancer cells release macrophage-migra-
tion inhibitory factor (MIF) which in turn triggers the
TGFp production that synergistically activates the stellate
cells and recruitment of bone marrow derived cells [32].
These mechanisms collectively contribute to the invasive-
ness of secondary tumours and aggressive MD. Specific
signalling on molecular level is typical for primary tumour
cells leading to metastatic initiation and progression.
Hence, the colon cancer cells secrete periostin which
stimulates PI3 K/AKT signalling pathway in the colonised
liver [4, 33]. Cancer cells interact with hepatocytes via
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claudin-2 stimulating metastatic activity [4]. The secretion
of creatine kinase brain-type (CKB) by cancer cells con-
tributes to metastatic outgrowth by generating phospho-
creatine as a metabolite to regenerate ATP in cancer cells
[34].

Major phases of the liver metastasis nesting
and progression

The major phases of the liver metastasis nesting and
progression include (i) the microvascular phase, that
involves tumour cell arrest in the sinusoidal vessels and
may lead to tumour cell death or extravasation, (ii) the
extravascular phase/preangiogenic phase, during which
the host stromal cells are recruited into avascular
micrometastasis, (iii) the angiogenic phase, during which
endothelial cells are recruited and the tumours become
vascularised through interactions with microenvironment,
and (iv) tumour growth phase which leads to clinically
manifested metastases [35]. The unique vascular archi-
tecture of the liver allows primary and secondary tumours
to acquire adequate nutrients and oxygen through various
mechanisms linked to angiogenesis. Well known angio-
genic/pro-angiogenic factors associated with the promo-
tion and also inhibition of the liver metastases are as
follows:

— VEGF is associated with tumour progression and MD;

— IL-8 has shown to contribute to human cancer
progression through mitogenic, angiogenic and moto-
genic factors;

— Integrins are transducers of extracellular matrix signals
that influences endothelial cell survival;

— PD-ECGEF is involved in angiogenic and chemotactic
activities;

— TSP-1 and TSP-2 are known to inhibit angiogenesis.

These factors collectively may create the specific bio-
marker panel that is clinically useful for diagnostic and
therapeutic purposes [36].

Metastatic spread from distant organs
into the liver: heterogeneity and similarities

Currently, liver resection is the only potentially curative
treatment for the liver MD [37]. For patients with the
liver as the only metastatic site, surgical resection could
provide survival rates of 27-39 % or higher, wherefrom,
however, not more than 20 % patients may achieve long-
term cure [38—41]. The major criteria for patients to
undergo resection is the anticipation of attaining a
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negative margin (RO), whilst maintaining an adequate
future liver remnant (FLR) with adequate vascular inflow,
outflow and biliary drainage [42]. The factors specifically
influencing the treatment approach are: safe resectability
of metastatic lesions, FLR and concurrent liver patholo-
gies diagnosed in the patient [43]. Despite careful con-
sideration, about 58-78 % of the operated patients
demonstrate recurrence after initial resection of liver
metastases [44—47], and the follow-up complications such
as liver and pelvic recurrence, are still frequent for the
liver resection; the latter may develop hepatic recurrence
as well. Patients with hepatic recurrence may undergo a
repeated resection resulting in increased 3-5-year sur-
vival rates [42]. Although highly individual, an overall
survival (OS) in patients with hepatic recurrence is
associated with the number of metastatic sites rather than
with the site of recurrence [43].

Inadequate FLR is a major contributor to liver failure;
appearing as an early complication of post-hepatectomy
[48]. An otherwise healthy liver tissue can tolerate
reducing its volume all the way down to 20 % [43].
However, post-chemotherapeutic liver injury or cirrhosis
requires sufficiently higher FLR of 30—40 % being par-
ticularly sensitive to the grade of the overall liver injury
[49-51]. Comorbidities such as non-alcoholic steatohep-
atitis worsen the individual post-operative outcomes and
increase morbidity rates [52-55], frequently related to
hepatocellular insufficiency, especially in patients with
BMI of more than 35 kg/m? [56].

Gold standard of resectable liver metastasis from CRC is
liver resection. There is no evidence of survival benefit of
adjuvant chemotherapy after the liver resection.

Inoperability is usually due to large solitary tumours
with insufficient liver remnants or due to an extensive
bilobar disease [57]. For an inoperable liver MD,
chemotherapeutic treatment is considered to be the first
choice option [58]. While the general goal of chemother-
apy is confined to prolong the OS, those patients who
demonstrate a particularly good therapy-response may later
be reconsidered to undergo a successful liver resection
[59]. Additionally neo-adjuvant chemotherapy is applied
prior to resection of the liver metastases, in order to
improve post-operative individual outcomes and suppress
metastatic recurrence [60]. In contrast, patients with
inoperable  liver  metastases receiving  systemic
chemotherapy demonstrate 1-year, 3-year and 5-year OS
rates by 83, 41 and 22 %, respectively [61]. The strategy of
down staging the disease by chemotherapy [62-64] is
referred to as conversion chemotherapy resulting in a
5-year survival in about 30 % of patients who undergo
subsequent surgical resection [65]. New treatment modal-
ities and innovative technologies are currently under
development considering individualised patient profiles
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and treatments targeted to the affected molecular pathways
of individual patients [66].

Liver metastatic spread specifically by colorectal
cancer

Incidence and particularities

CRC is the third most common type of cancer but one of
the leading causes of cancer-related deaths [67]. CRC
occurs in both males and females, although it is more
prevalent in males [68]. The reasons for this pattern are not
completely understood yet. However, the cumulative
effects of better awareness of CRC-screening in women
and sex-specific exposure to endogenous and exogenous
risk factors are suspected to play a role in this pattern. In
contrast to CRC, prostate and breast cancer are two most
common hormone-dependent cancers [69] as described
later. Corresponding age of onset of all three primary
tumours varies a lot. Therefore, CRC can occur both in
young adult and aging populations, although more than
90 % of affected individuals are older than 50 years of age.
The genetic predisposition is an important parameter to be
considered for predictive diagnostics [67].

Liver resection is the only curative treatment for patients
with colorectal metastases [43]. The liver is the most
common site of metastases from CRC, which can be
attributed to the following facts: (i) a short distance to the
liver for outgrowing CRC invasive cells; (ii) the liver filters
the venous drainage from the intra-abdominal viscera that
is relevant for circulating tumour cells and cell-fee nucleic
acids which, therefore, may enter the liver; (iii) due to its
specific architecture, liver tissue consists of several types of
cells providing a particularly “fertile” microenvironment
for nesting of tumour cells [4]. As such, (i) is more specific
for CRC liver metastasis, while (ii) and (iii) are common
also for more distanced primary tumours such as breast and
prostate cancer.

The incidence of CRC can be attributed to both familial
and non-familial causes. About 30 % of CRC are familial
(or hereditary) [67]. Sporadic CRC is much more frequent
accounting for about 70 % of all cases [67]. It is note-
worthy that a large patient cohort study, performed
recently, demonstrated higher prevalence of synchronous
liver MD in male compared to that of female: corre-
sponding sex ratio is 2:1 by the age standardised incident
rates. Further, the risk of developing synchronous MD
decreases with progressing age [68]. Similarly, the fre-
quency of metachronous MD is lower in females and
patients aged over 75, decreasing with progressing age.
Liver metastases are more frequent in primary colorectal
tumours bigger than 3 cm in diameter compared to smaller
ones [68]. The tumour progression stage at the time of

diagnosis has been demonstrated to be the most important
prognostic factor [68].

CRC specific biomarker panels with predictive
and prognostic power for metastatic spread into the liver

Tumour metastasis to the liver involves an extensive tissue
remodelling process which creates a “fertile” hepatic
microenvironment for successful nesting of metastases
enabling adhesion and extravasation of penetrating CRC
cells [70-72]. The influx of metastatic tumour cells into the
liver leads to a proinflammatory cytokine cascade rapidly
activated by the host. Thereby, an induced Kupffer cell-
mediated TNF-o production is followed by an increased
expression of the vascular adhesion receptors E-selectin
P-selectin, vascular cell adhesion molecule-1, and inter-
cellular adhesion molecule-1 on sinusoidal endothelial
cells. This highly selective inflammatory response to liver-
invading tumour cells may influence the course of MD
[71].

Microsatellite instability and epidermal growth factor
(EGF) signalling pathway have been found to have prog-
nostic and/or therapeutic value in MD of CRC [73]. Hence,
the EGF signalling pathway targeting drugs are now
available commercially for the treatment of stage IV
metastatic CRC.

Recent studies reveal Musashi2 (MSI-2) to be highly
expressed in CRC [74]. The Musashi (MSI), (with homo-
logs MSI-1 and MSI-2, RNA-binding proteins family), acts
as a post-translational repressor of target mRNA [75].
Overexpression of MSI-2 is associated with higher
aggressiveness of invasion and spread of metastases
including distant metastases to the liver [74]. The combi-
nation of both parameters, namely the over-expressed
intratumoural MSI-2 and clinical TNM-staging (histologi-
cal tumour grade (T), affected lymph nodes (N), metas-
tases spread (M)) sufficiently increases the predictive
power compared to this of individual parameters consid-
ered alone. Nanog, a transcription factor critical for the
regulation of cell fate in the inner cell mass during
embryonic development and pluripotency of embryonic
stem cells, was found to be overexpressed in CRC and are
related to histological tumour grade, lymph node metasta-
sis, TNM-staging and liver metastasis [76]. Thus, the
Nanog protein may be a potential biomarker for postop-
erative liver metastasis of CRC [77].

Clinical proteomics utilising urine samples has been
developed as a highly sensitive diagnostic tool specifically
for CRC metastasising to the liver [78]. To this end, two
collagen-1-related peptides have been demonstrated
as highly pathology-specific biomarker-candidates associ-
ated with tissue remodelling during metastatic invasion.
Specific patterns of the epidermal growth factor receptor
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(EGFR) and prostaglandin-endoperoxide synthase 2
(PTGS2) with increased expression rates have been
demonstrated as independent prognostic factors for poor
prognosis in CRC patients with liver metastases after
resection [79-81].

The miR-200 family of microRNA (miR-200a, miR-
200b, miR-200c, miR-141, and miR-429) inhibits E-cad-
herin-suppressor targets (zinc finger E-box binding home-
obox-1 and -2) which are important initiators of epithelial-
mesenchymal transition (EMT) in CRC [82, 83]. Altered
patterns of miR-200b, -200c, -141 and -429 are responsible
for EMT-MET (mesenchymal-epithelial transition) switch
in CRC metastasis [84]. The miR-200c/429 cluster is sig-
nificantly overexpressed in patients with CRC liver
metastasis compared to primary CRC that is regulated at
the epigenetic level [85]. High serum concentrations of
miR-200c are associated with poor prognosis, shorter
overall survival being, therefore, an independent prognos-
tic marker differentiating between CRC patients with and
without liver MD [84]. Consequently, analysis of preop-
erative level of miR-200c in serum may be of clinical
utility to identify CRC patients particularly predisposed to
the tumour recurrence and active MD.

Liver metastatic spread specifically by breast cancer
Incidence and particularities

Breast cancer (BC) is recognised as a potential epidemic in
the early twenty-first century [3] with around half-a-million
deaths and about 1.7 million new cases annually [86].
Although BC mortality rates have slightly decreased over
the last decades, the incidence rates continue to grow [87].
BC is highly heterogeneous in nature. About 10-15 % of
patients develop an aggressive disease with distant metas-
tases within 3 years of initial detection of the primary
tumour—especially patients with triple-negative BC sub-
type [3]. Other BC subtypes (such as oestrogen/proges-
terone receptor positive BC) tend to develop distanced
metastases several years or even some decades after BC
treatment [2]. The long latency period between the tumour
initiation and active MD denotes that BC is a systemic
disease [13]. Consequently, BC patients are at risk of
developing MD for their entire lifetime [3]. As recently
documented, patients with hepatic BC metastases demon-
strate highly specific profiles of matrix metalloproteinases
as compared to other primary and secondary liver tumours
[88]. Therefore, a more precise patient stratification and
multilevel diagnostics is recommended for an advanced
management of BC and MD in this patient cohort [3, 88].

Liver metastasis is found in about 25 % of patients with
metastatic BC [89]. The most precise BC categorisation is
based on corresponding molecular patterns as illustrated in
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Table 1 [90, 91]. Obese women were found to have 34 %
higher risk of death from metastatic BC compared to
patients with body mass index (BMI) within the standard
range [92]. Further, clear indication has been recently
provided demonstrating that underweight women
(BMI < 20) are at sufficiently higher risk for BC mortality
compared to the standard range BMI = 20-25 [93].

Poor prognosis in BC is linked to the visceral metastases
development especially to the liver and lung. Liver resec-
tion in BC MD is shown to be beneficial for patients
demonstrating a median survival of 38 months compared
to 18 months in patients undergoing chemotherapy only
[94]. An accurate grading of primary BC is a strong
prognostic factor for metastases spread into the liver.
Beneficial effects of chemo-adjuvant therapy specifically
against liver metastases in BC are not well investigated yet.

BC specific biomarker panels with predictive
and prognostic power for metastatic spread into the liver

Specific molecular biological characteristics of corre-
sponding BC subtypes (hormone receptor status, morphol-
ogy, etc.) are relevant for metastases latency i.e. early
versus late occurrence of eventual MD. The typical example
is oestrogen/progesterone receptor positive BC with 5 years
and much longer metastatic latency compared to triple-
negative BC with an early onset of more aggressive MD
[95]. This subtype-specificity of BC MD consequently
indicates substantial differences in corresponding bio-
marker-panels characteristic for individual subtypes.

Innovative multilevel diagnostics procuring specific
panels of validated biomarkers for BC predisposition,
development and progression into MD has been proposed
[96]. Thereby, creation of a patient specific “molecular
portrait” is an essential part of the overall diagnostic
strategy. Contextually, analysis of the disease/stage speci-
fic molecular patterns in circulating leukocytes as the
minimally invasive diagnostic tool followed by a con-
struction of diagnostic windows based on individual patient
profiling is highly recommended for BC patient cohort. To
this end, the panel of functional groups of proteins involved
in BC related molecular mechanisms has been published
[96]. This approach has been, further, demonstrated as
clinically useful [97].

Claudin-2 is overexpressed by BC cells preferentially
in the liver metastatic spread as compared to all other sites
[98] that indicates its high organ specificity. Claudin-2 is
involved in cell adhesion and matrix remodelling in the
liver metastases; it mediates cell—cell interactions between
BC cells and hepatocytes leading to induction of c-Met
(specific receptor of the tyrosine kinase) and stimulates
metastatic progress in the liver [4].
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Table 1 Breast cancer classification and relevance for the metastatic disease

Type Prevalence Subtype stratified by Associated histological characteristics Clinical relevance for
corresponding molecular metastatic disease
signature

Luminal A About QOestrogen-receptor positive Tubular carcinoma, cribriform carcinoma, Relatively good prognosis;

50 % and./(?r progesteron-receptor low—‘grade IDC NST, invasive lobular Responsive to endocrine
positive (Oe/P-R); HER2 carcinoma and chemotherapy;
negative; L .
If any, metastatic disease is
Below 15 % have p53 gene delayed for a couple of
mutations years or even some
decades
Luminal B 10-20 % Oestrogen-receptor positive Most of grade 2 IDC NST and micropapillary =~ Prognosis is worse
and/or progesteron-receptor carcinoma compared to “Luminal
positive; A” type;
HER2/neu variable (positive or Metastatic disease is more
negative but with high Ki-67); frequent;
About 30 % have p53 gene Variable response to
mutations endocrine and/or
chemotherapy
Her2 5-15 % Oe/P-R negative, HER2/neu High grade tumour; Poor prognosis;
overexpression strongly positive; frequent lymph node metastasis at the time of Metastatic disease is
Ki-67 overexpression; About diagnosis frequent and aggressive;
75 % have p33 gene Highest sensitivity to
mutations; trastuzumab (herceptin)
therapy
Triple negative  15-20 % Oe/P-R negative, HER2/neu Most high-grade invasive cancers, distinct More frequent in younger

negative, CK5/6 and/or EGFR
positive;

Most BRCAI-related breast
cancers are both triple
negative and basal-like;

(basal like)

Ki-67 overexpression; Most
basal-like tumours contain
p53 gene mutations

low-grade special subtypes of IDC such as
medullary, adenoid cystic, secretory
carcinoma

women;

Poor prognosis within the
first 5 years after
diagnosis;

High predisposition to
aggressive metastatic
disease;

Non-responsive to
endocrine and/or
trastuzumab therapy;

Potentially sensitive to
platinum based
chemotherapy and
polymerase-inhibitors

WNT pathways regulate major events in cancer such as
tumour initiation, cell migration/invasion, epithelial mes-
enchymal transition, angiogenesis, lymphangiogenesis, and
impaired wound healing [99-101]. The effects on sig-
nalling and invasion of B-catenin-independent WNT sig-
nalling via the alternative WNT receptor ROR (ROR1/
ROR2) have been contextually analysed. ROR1/ROR2
belongs to the receptor tyrosine kinases and is activated by
the binding of WNT5a [102, 103]. WNTS5a/b and ROR1/
ROR2 are overexpressed while WNT/c-Jun is activated
[104]. An activation of the kinase domain leads to Jun-N-
terminal kinase (JNK) and subsequent c-Jun activation that
might be prognostic for breast cancer MD. In contrast,
expression patterns of PGR and ER analysed by taking
biopsy lose any prognostic power for the liver metastasis

after the resection. The proliferation index Ki67 is prog-
nostic in both the primary tumour and liver metastasis. -
catenin-independent WNT score gains prognostic impact in
the metastatic tissue of the liver, which may imply adap-
tation mechanisms triggered by tumour cells during meta-
static progression and effective nesting within the host
microenvironment [104].

Liver metastases spread specifically by prostate
cancer

Incidence and particularities

A number of studies reveal the occurrence of prostate
cancer (PC) in 30 % of the men above 50 years of age
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Table 2 Risk assessment, predictive and prognostic biomarker panels specific for the liver metastatic disease in colorectal, breast and prostate

cancer

Type of Colorectal cancer

cancer

Breast cancer Prostate cancer

Risk assessment
Risk factors Physiological risk factors
Environmental risk factors

Dietary habits
Genetic predisposition

Syndromes and behavioural symptoms
Metabolic factors and disorders
Impaired wound healing

Primary tumour size

Comorbidities

Inflammation

Biomarker
panels

Microsatellite instability

Epidermal growth factor receptor (EGFR) increased
expression

Musashi-2 (MSI-2) overexpression

Nanog overexpression

Collagen-1 related peptides in urine

Prostaglandin-endoperoxide Synthase 2 (PTGS2)
increased expression

MicroRNA miR-200c/429 cluster overexpression

CTC level in blood

Physiological risk factors Physiological risk factors

Genetic predisposition Genetic predisposition

Internal and external stress factors Syndromes and
behavioural symptoms

Metabolic factors and

disorders

Syndromes and behavioural symptoms

Metabolic factors and disorders Impaired wound healing

Impaired wound healing Primary tumour size

Obesity Smoking

Underweight Comorbidities
Comorbidities Diet with high animal fat
Inflammation Inflammation

Claudin-2 overexpression
Alternative WNT signalling ROR

PSA level >4 ng/ml
Serum cytokines (IL-6,
TNFA, IL-8)

Proliferation index Ki67 Survivin expression

miR-210, miR-155, miR-10b, miR-181a Angiopoietin-2
overexpression

Specific protein patterns in circulating
leukocytes

C-reactive protein

Hypoxic zones/ pre-metastatic niches CTC level in blood

Extensive tissue remodelling (MMP9
activity in blood plasma)

CTC level in blood

[105]. Although only 9 % of them develop clinical disease,
PC remains the second leading cause of cancer deaths in
men in Europe and USA [105, 106], due to PC MD. In
particular, PC stage IV is characterised by metastases
beyond the seminal vesicles and spread to distant organs
[107]. Although bones are the most frequent metastatic site
for PC, an autopsy study of 1589 patients reported 25 % of
all cases demonstrating the liver metastases, seen most
frequently for primary tumours over 8 cm in diameter
[105]. PC is more common in males with a strong family
history of the disease indicating the role of a genetic
component. Further, smokers, black males, and patients
consuming a diet high in animal fat or in chromium are at
increased risk for PC. Additionally, PC is more aggressive
in black males as they are found with a higher tumour
grade at the time of diagnosis [108, 109].

PC specific biomarker panels with predictive
and prognostic power for metastatic spread into the liver

Serum cytokines have been shown to mediate systemic
immunosuppression in men with PC and visceral

@ Springer

metastases [110]. IL-6 is the most extensively investigated
player directly secreted from prostate tumour cells as well
as from macrophages and other cells within the tumour
microenvironment [111]. One of the major functions of IL-
6 is to steer the adaptive immune response away from a
tumouricidal T-helper response and towards an immune
response associated with chronic inflammation and tumour
growth promotion [111, 112]. Tumour necrosis factor alpha
(TNFA) is another systemic pro-inflammatory cytokine
associated with a kind of chronic inflammation that pro-
motes tumour growth [113]. The third cytokine potentially
involved in the association between visceral metastases and
poor responsiveness of PC patients to immunotherapy is
IL-8 (a pleotropic cytokine produced by several cell types),
which has a well-documented role in neutrophil recruit-
ment. Moreover, binding of IL-8 to specific receptors of
endothelial cells has been associated with angiogenesis
[114, 115].

Androgen-Deprivation Therapy (ADT) is generally
recommended as the initial treatment for metastatic PC.
For advanced PC (with a higher volume), ADT is com-
bined with chemotherapy [107]. In the PC group with
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visceral metastases receiving prednisone alone, the overall
survival (OS) is reported to be 8.3 months. Thereby, the
liver metastases were associated with particularly poor
outcomes and OS recorded by 6.7 months in patients who
received abiraterone acetate (AA) over prednisone [116].
Analyses show that second-line hormonal therapy is a
reasonable option for men with Castration Resistant Pros-
tate Cancer (CRPC) and visceral metastases. In addition,
PC metastasising to the liver is reported as being more
lethal than PC metastasising to the bone [110]. Further,
docetaxel treatment of PC appears to provide clinical
benefits to the patients both with and without visceral MD
increasing the OS by 2-3 months.

Immunohistochemical studies analysing the role of
antiapoptotic pathways in the pathophysiology of PC show
that soft tissue metastases are more likely to express nuclear
survivin than the bone metastases [110]. Soft-tissue lesions
derived from the liver and lymph nodes express an angio-
genic patterns different from that of bone metastases, with a
significant relative overexpression of the proangiogenic
factor angiopoietin-2. On a systemic level, serum cytokine
panels are found to possess a prognostic power being evi-
dently associated with the liver MD progression [110].

If given enough time, most patients with MD may
become resistant to androgen ablation. The median survival
in patients with PSA level >4 ng/mL was found to be
13 months [117]. In a study on higher serum concentra-
tions of C-reactive protein, it has been found that inflam-
mation may have a crucial role in advancing the PC [118].
Thereby, C-reactive protein is a readily measurable bio-
marker with a potential to enhance the power of corre-
sponding prognostic models that should be, further,
validated in a prospective clinical trial [118].

Conclusions

Multilevel diagnostics may procure specific panels of val-
idated biomarkers for predisposition, development and
progression of MD. Highly innovative approaches consider
a variety of suboptimal health conditions creating “fertile”
microenvironment and pre-metastatic niches which may
effectively support MD systemically [3, 119, 120]. Crea-
tion of the patient specific “molecular portrait” is an
essential part of the improved diagnostic strategy. Con-
textually, analysis of molecular and cellular pathology/
stage specific patterns in blood samples as the minimally
invasive diagnostic tool and construction of diagnostic
windows based on individual patient profiling is highly
recommended for patient cohorts predisposed to and
affected by the liver MD. Summarised information rele-
vant for risk assessment, predictive and prognostic

biomarker panels specific for the liver MD in colorectal,
breast and prostate cancers is provided in Table 2.
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