Hao etal.
European Journal of Medical Research (2022) 27:130
https://doi.org/10.1186/540001-022-00759-z

European Journal
of Medical Research

REVIEW Open Access

Which patients are prone to suffer

®

Check for
updates

liver metastasis? A review of risk factors
of metachronous liver metastasis of colorectal

cancer

Mengdi Hao'?, Kun Wang'?, Yuhan Ding"?, Huimin Li'? Yin Liu"? and Lei Ding'*"

Abstract

bowel resection to experience multiple tortures.

signaling pathways associated with CRC.

Background: In recent years, with the increasing incidence of colorectal cancer (CRC) and its high fatality rate, CRC
has seized the attention of the world. And liver metastasis, as the main cause of death of CRC, has become the leading
cause of treatment failure in CRC, especially metachronous liver metastasis, have caused patients who underwent

Main body: Metachronous liver metastasis has severely affected the quality of life and prognosis of patients. There-
fore, in this review, we discuss risk factors for metachronous liver metastasis of CRC, which is the premise for effec-
tive intervention for CRC patients who suffer metachronous liver metastasis after undergoing surgery, as well as the

Conclusion: The occurrence of metachronous liver metastasis is closely related to histology-based prognostic
biomarkers, serum-based biomarkers, tumor microenvironment, pre-metastatic niche, liquid biopsy and tissue-based
biomarkers. Further research is required to explore the risk factors associated with liver metastasis of CRC.
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Introduction

Due to globally increasing morbidity and mortality, more
and more attention has been paid to colorectal cancer
(CRC). According to GLOBOCAN 2020 statistics, CRC
ranks the third most common malignancy in incidence,
with more than 1.9 million new cases, whereas the sec-
ond in cancer-related deaths [1], attributed to metastatic
lesions. In general, the liver is the most site for CRC
metastasis. Even during the disease course, more than
half of CRC cases inevitably develop liver metastasis,
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of which synchronous liver metastasis may account for
25%. Among 20% of cases without initial metastasis, 1%
would develop liver metastasis during one-year follow-
up, whereas 15% during 5-year follow-up [2-7]. The
median survival time (MST) of liver metastasis is gener-
ally no more than 12 months, even with aggressive treat-
ment, MST would not exceed 13-18 months [3, 8—10].
With the application of targeted therapy using antibod-
ies, MST of liver metastasis is expected to be gradually
prolonged. Meanwhile, indicators such as tumor stage,
genetic mutations, and lymph node involvement have
been proposed to predict prognosis of CRC. However,
liver metastasis remains challenging for CRC therapy.
There is no consensus as to risk factors for liver metas-
tasis of CRC. For newly diagnosed CRC patients with-
out metastasis, clarifying potential risk factors for liver
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metastasis is paramount as it could have important clini-
cal implications. In this review, we discuss the risk factors
for metachronous liver metastasis in colorectal cancer.
The reader is advised to refer to tables for the biomark-
ers and representative studies discussed in this review
(Tables 1 and 2).

Histology-based prognostic biomarkers

A large number of studies have demonstrated that
patients with liver metastasis at the initial diagnosis
have a poorer prognosis than those with metachronous
liver metastasis [11, 12]. Even among patients undergo-
ing repeated hepatectomies [13], MST of metachronous
metastasis remains superior to synchronous metastasis.
In contrast, a recent retrospective study [14] observed no
difference in overall survival (OS) between synchronous
and metachronous liver metastasis. However, since only
patients with primary tumor resection were included
in this clinical trial, liver metastasis might have already
occurred at the time of initial diagnosis. This indicates
that the prognosis of synchronous vs. metachronous liver
metastasis might be modulated by liver resection, which
remains to be explored and verified.

Lymph node status has been recognized as a prognos-
tic factor for CRC. It is generally believed that primary
tumors metastasize to local lymph nodes first, and then
metachronous distant metastasis occurs through lym-
phatic system [15]. Unexpectedly, distant metastasis can
also occur in patients with negative lymph nodes [16, 17].
Thus, molecular mechanisms of distant metastasis vary
greatly, especially for liver metastasis. When compared
clinicopathological features, synchronous liver metastasis
had a higher N grade than metachronous liver metastasis
[14]. Even though no sign of liver metastasis was identi-
fied at the initial diagnosis, if the intestinal tumor had a
higher TN grade, postoperative liver metastasis would
probably occur [18]. Some patients may develop symp-
toms later related to increased size and specific location
of the primary tumor, which can delay timely diagnosis,
leading to local and/or distant metastasis at the time of
initial diagnosis. There was no statistical difference in
lymph node involvement between patients with syn-
chronous and metachronous liver metastasis [19]. Inter-
estingly, T staging was earlier in metachronous than in
synchronous liver metastasis [14]. Moreover, lymph node
involvement and vascular invasion have been identified
as risk factors for recurrent liver metastasis in patients
who had undergone curative resection [20, 21].

In addition, most previous studies have suggested that
the difference between metachronous and synchronous
liver metastasis relied on location, size and differentiation
of the primary tumor [14, 22]. Nevertheless, some studies
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identified no difference in clinicopathology, except rela-
tionship of primary tumor size with CEA [19, 23].

In 2001, Vermeulen et al. [24] proposed liver metas-
tasis as a heterogeneous tumor and classified CRC liver
metastasis into 3 growth patterns, i.e., pushing, desmo-
plastic and replacement, based on histological differ-
ences. Subsequently, international consensus guidelines
of liver metastasis applied this new classification on
histopathological growth patterns (HGPs) which differ-
entiate cancerous from normal liver cells [25]. Impor-
tantly, in subsequent retrospective studies, HGPs of
liver metastasis were closely related to original features
of primary tumors. Expanding CRC was more likely to
develop into desmoplastic liver metastasis; replacement
liver metastasis was more likely to be caused by infiltra-
tion CRC. Compared with desmoplastic growth pattern,
the prognosis of replacement growth pattern was much
worse [26]. In addition, HGPs might correlate with gene
expression of primary tumors [27]. For example, HGPs,
low tumor budding score (TBS), and Crohn’s disease-like
response (CDR) in combination with primary CRC could
predict growth patterns of liver metastasis, and PIK13CA
expression was upregulated in primary CRC with desmo-
plastic liver metastasis. More specific molecular biologi-
cal principles remain to be explored.

Serum-based biomarkers

Carcinoembryonic antigen (CEA)

CEA, a tumor-associated antigen expressed on the sur-
face of cancer cells originated from endoderm, is a struc-
tural protein of cell membrane. In CRC, CEA-positive
rate is no less than 90% [28]. CEA has been recognized
as an independent prognostic factor for CRC, associated
with recurrence [23, 29-33]. Several studies identified no
relationship of CEA with tumor stage and liver metas-
tasis, due to limitations in sample size and statistical
method [23, 34].

Regardless of different sites of recurrence or metasta-
sis, CEA was closely related to the liver [33, 35, 36]. At
present, CEA detection has become a routine procedure
both before and after surgery, as an indispensable indica-
tor to predict prognosis of CRC patients. There are many
speculations about CEA-mediated tumor liver metasta-
sis, and whether CEA is released into the blood by the
primary tumor or the metastatic lesion is unclear. Prim-
rose et al. [37] and Wang et al. [38] proposed that preop-
erative CEA level was an independent prognostic factor
for CRC, however, if liver metastasis was the only predic-
tor for adverse prognosis was unclear. In addition, preop-
erative serum CEA level was statistically significant with
occurrence of metachronous liver metastasis [20]. Con-
versely, a retrospective cohort study enrolled 434 patients
suffered from rectal cancer, and only postoperative serum
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Table 2 Overview of risk factors associated with liver metastasis of CRC

Factors associated with metachronous liver metastasis References

Sex
Age

Primary tumor location
T stage
N stage

Positive vascular invasion

Serum CEA levels

KRAS and/or BRAF genotype

Chemokine (receptors) and CTC

Primary tumor growth pattern
Serum mir-200c

COX-2

Chromosome abnormality
HER2

HER3

Fengetal.[121]
Tsaietal. [19]
Chuang et al. [20]
Zheng et al. [22]
Fengetal.[121]
Khan et al. [39]
Khan et al. [39]
Chuang et al. [20]
Yamauchi et al. [59]
Fengetal.[121]
Chuang et al. [20]
Khan et al. [39]
Chuang et al. [20]
Laubert et al. [52]
Fengetal.[121]
Margonis et al. [123]
Carmen et al. [106]
Huang et al.[110]
Pantal et al. [109]
Amara et al. [76]
Scheler et al. [34]
Wu et al. [27]

Yuji et al. [87]
Yamauchi et al. [59]
Laubert et al. [52]
Styczen et al. [141]
Styczen et al. [141]

Factors associated with synchronous liver metastasis

References

Age
Primary tumor location

Primary tumor size

Tumor grading
T stage
N stage

Serum CEA levels
Primary tumor growth pattern
COX-2

Colloca et al. [48]
Colloca et al. [48]
Mekenkamp et al. [14]
Zheng et al. [22]
Zheng et al. [22]
Mekenkamp et al. [14]
Mekenkamp et al. [14]
Zheng et al. [22]
Colloca et al. [48]
Mekenkamp et al. [14]
Pantal et al. [109]

HER2 Pan et al. [140]
No correlation References
Primary tumor location Tsaietal. [19]
Tumor size Tsaietal. [19]
Tumor staging Tsaietal. [19]
Tumor grading Tsaietal. [19]
[
[

Cheng et al. [126]
Huang et al.[110]
Choetal. [117]

CRC colorectal cancer; CEA carcinoembryonic antigen; COX-2 cyclooxygenase-2; mir-200c micrornas-200c; CTC circulating tumor cell; BRAF B-type RAF kinase
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CEA level was considered to be a risk factor for postoper-
ative metachronous liver metastasis [39]. However, many
previous studies proposed that both the preoperative and
postoperative CEA levels indicated the tendency of CRC
patients to develop systemic distant metastasis. Thus,
preoperative increase in CEA might affect the spread of
postoperative tumor. Significant increase in CEA after
operation might affect the recurrence and survival of
CRC [40-42].

As far as we know, CEA is eliminated in the liver, so as
long as the metabolic function of the liver is impaired,
a high level of serum CEA may present even in benign
diseases [43, 44]. For example, in a mouse model of
alcoholic liver disease, alcohol-damaged liver provides
microenvironment for CRC liver metastasis through
CEA-mediated inflammatory pathways [45]. For patients
with pathologically confirmed CRC, CEA is produced by
the primary tumor and released into the bloodstream,
which then induces the production of proangiogenic fac-
tors in the liver tissue, affects the biological behaviors of
proangiogenic endothelial cells, and participates in signal
transduction in endothelial cells. CEA-mediated signal-
ing pathways are conducive to microvascular invasion
and distant metastasis [46, 47].

A retrospective analysis including 425 patients who
diagnosed with relapsed or metastatic CRC reported
that elevated CEA serum level was related to synchro-
nous (but not metachronous) metastasis of metastatic
colorectal cancer (mCRC) with poor prognosis [48].
However, undeniable association between metachronous
liver metastasis and increased CEA has been widely rec-
ognized. Inevitable false negatives and false positives will
cause confusion to accurate diagnosis of metachronous
liver metastasis [49].

In recent years, combination of CEA with hydroxylated
collagen peptide in urine has improved the sensitivity
of detecting liver metastasis [50, 51]. The combination
of CEA with aneuploidy (leading to changes in nuclear
DNA content by rearrangement) may become a predic-
tor of metachronous liver metastasis [52]. These new bio-
markers are expected to be applied in clinical practice.

Tumor microenvironment and pre-metastatic niche

Inflammatory bowel disease (IBD), a chronic non-spe-
cific intestinal inflammatory disease, is a common pre-
cancerous lesion with 10-18% chance of developing CRC
[53-55]. In the context of IBD, excessive inflammatory
cells infiltrate the intestinal wall. Inflammatory path-
ways are overactivated and inflammatory factors trigger a
series of immune reaction. With the development of dis-
ease, tissue homeostasis unbalance occurs. Inflammatory
factors provide a suitable environment for tumor growth,
which greatly increases the possibility of dysplasia and
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malignant transformation of intestinal epithelial cells
[54, 56, 57]. The development of serrated epithelial polyp
from normal intestinal epithelium in response to pro-
longed inflammation subsequently enhances abnormal
proliferation of intestinal tract [58]. In addition, inflam-
matory factors are involved in distant metastasis. A ret-
rospective study performed immunohistochemistry
on surgically resected CRC specimens and identified
cyclooxygenase-2 (COX2), expressed only in tumor but
not normal epithelial tissue, as a risk factor for metachro-
nous liver metastasis [59].

Moreover, circulating inflammatory markers are asso-
ciated with aggressiveness of CRC and may serve as pre-
dictors of metachronous liver metastasis [57, 60—62].
During tumor invasion, metastatic cascade is character-
ized by local invasion to adjacent tissues and consequent
spreading to secondary organs [57, 63, 64]. Tumor cells
are supported by microenvironment in order to prolifer-
ate and metastasize. Tumor cells, in turn, affect microen-
vironment of target organs before reaching the metastatic
site. Specific microenvironment created in advance for
subsequent metastasis is called pre-metastatic niche [65].
The specific mechanism of pre-metastatic niche is not yet
clear. Before metastatic niche is formed in the liver, tumor
cells need to break through the liver’s self-protection sys-
tem, and prioritize inflammatory microenvironment,
making tumor cells more prone to spread and invade.
Therefore, increased inflammatory cytokines indicate a
higher risk of liver metastasis. The liver host microenvi-
ronment plays an important role in tumor invasion and
progression [45]. Furthermore, miRNAs transported by
tumor-delivered exosomes (miRNAs-TEXs) are involved
in establishing metastatic niches in the liver. Importantly,
TEXSs can predict metachronous metastasis [66].

Chemokines are chemotactic cytokines specifically
bound to G-protein-coupled receptors, which can pro-
mote migration and colonization of inflammatory cells
(such as white blood cells) towards tumor sites [67]. In
CRC, macrophages stimulate the primary tumor to pro-
duce CXCL1, a member of CXC chemokines, binding
to CXCR2 together with CXCL2, CXCL5, and CXCLS.
CXCL1 promotes formation of tumor micro-vessels, as
well as pre-metastatic niche upon positive feedback of
CXCL1-CXCR?2 axis, resulting in liver metastasis [68,
69]. CXCR4 is the most widely expressed chemokine
receptor, activated after specific binding to CXCL12
(also known as SDF-1). CXCL12—-CXCR4 participates in
a variety of cellular activities, including tumor prolifera-
tion, survival, vascularization and metastasis, which plays
a promoting role in developing liver metastasis in CRC
[70-75]. No expression of SDF-1 was detected in normal
liver tissue, while SDF-1 was expressed in primary tumor
and liver metastasis in CRC [76]. Furthermore, CXCL16
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is a risk factor for metachronous liver metastasis.
CXCL8, CCL2 and CCL15 also correlate with occurrence
and prognosis of distant metastasis of CRC [77-80].

As for tumor microenvironment in the liver, the density
of mononuclear inflammatory cells infiltrating in primary
tumor can be in proportion to that in metastatic lesion
[81]. Although clinically common inflammatory indica-
tors (CRP, lymphocytes, and CRP/lymphocytes) had no
significant association with postoperative liver metasta-
sis, they carried significance for prognosis [82, 83]. CRP
was higher in CRC than that in control, however, IL-6 and
CRP levels were not associated with liver metastasis [84].
Conversely, Lee et al. [85] and Calon et al. [86] supported
relationship of IL-6 or IL-11 with CRC liver metastasis.
In addition, during the formation of pre-metastatic niche
in the liver, serum microRNAs-200c (miR-200c), prosta-
glandin E2 (PGE2), macrophage-colony stimulating fac-
tor (M-CSF) were upregulated [87-90]. Theoretically,
pre-metastatic niche has already been established before
tumor cells arrive at a specific metastasis site. However,
it is difficult to detect pre-metastatic niche by conven-
tional imaging in clinical practice. Therefore, to identify
biomarkers involved in pre-metastasis niche and to dis-
cover tumor invasion as early as possible are guaranteed
for timely treatment.

Liquid biopsy

In recent years, liquid biopsy has gradually become a
new alternative strategy to traditional biopsy, through
real-time dynamic analysis of tumor composition. To
minimize tumor heterogeneity in terms of space and
time, liquid biopsy may overcome limitations of tradi-
tional biopsy. The most common liquid biopsy relies on
circulating tumor cell (CTC) and circulating tumor DNA
(ctDNA) [91-93]. ctDNA is a DNA fragment released
from tumor into blood, carrying information on tumor
genome. ctDNA is used for gene mutation analysis and
tumor burden assessment [91, 94, 95]. Whether ctDNA
is related to metachronous tumor metastasis [96—-98] is
debated [94].

Dispersal of a small number of tumor cells differs from
metastasis. Metastasis can occur when highly heteroge-
neous mutation is initiated and a large number of tumor
cells are disseminated. The number of metastatic tumor
cells is actually very small and clusters of tumor cells are
more likely to metastasize than individual one [95, 99].
CTC is continuously released during tumor development
and progression. Similar to ctDNA, CTC may predict
prognosis of colorectal cancer liver metastasis (CRLM).
At present, CTC is applied to evaluate therapeutic effi-
cacy of metastatic CRC, and to predict postoperative
recurrence and survival [100, 101]. CTC is associated
with CEA, and considered to be an important marker of
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CRLM [102, 103]. However, due to unknown cause-and-
effect relationship, whether CTC can predict metachro-
nous liver metastasis remains unclear.

Tissue-based biomarkers

At present, selection of targeted therapy and evaluation
of drug sensitivity vs. resistance can be achieved accord-
ing to gene mutation landscape in combination with
signaling pathways. Different gene mutational blueprints
present in primary tumor and metastasis during tumor
development and progression [104]. Furthermore, for
synchronous and metachronous primary tumors, geno-
types can vary substantially [105]. For CRC patients
without initial metastasis at diagnosis or 6 months
after surgery, genetic mutation signature may predict
metachronous liver metastasis. Epidermal growth fac-
tor receptor (EGFR) is a receptor of epidermal growth
factor (EGF), involved in cell proliferation and signal
transduction. As a member of HER family, EGFR plays
an important regulatory role in physiological processes.
As a mitogen-activated protein kinase (MAPK) signaling
pathway receptor, EGFR is overexpressed in CRC (Fig. 1).
Upregulation of EGER is observed in liver metastasis of
CRC [106-108]. Furthermore, based on gene expression
profile of liver metastasis, EGFR was overexpressed in
metachronous liver metastasis of CRC [109], but not in
synchronous liver metastasis [110].

RAS

RAS gene family (Fig. 1), including KRAS, HRAS and
NRAS, is an indicator of prognosis and therapeutic effi-
cacy, with mutation rate of 35-45% in CRC [111, 112].
KRAS, in particular, is frequently mutated (25-52%) in
CRC [5]. Mutations in RAS gene had no effect on CRC
metastasis [113]. RAS gene expression was consistent
between CRC and metastatic lesion. Probably, occur-
rence of metachronous liver metastasis may be predicted
by postoperative genetic mutations [114]. Nevertheless,
specific location and pattern of tumor metastasis related
to KRAS are always disputed. For example, impact of
KRAS mutation was detected in CRC distant metastasis,
including liver metastasis [115]. KRAS mutation might
more likely predict metastasis to the lung [116], rather
than liver [117]. However, KRAS codon 13 mutation
might play a role in CRC recurrence [118]. Furthermore,
compared with KRAS codon 12, codon 13 mutation
had poor prognosis, without distinguishing between
metachronous and synchronous [119, 120]. KRAS codon
13 mutation is a risk factor for poor prognosis independ-
ent of metachronous distant metastasis [121]. KRAS
codon 12 mutation was associated with synchronous
metastasis.
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Fig. 1 Overview of EGFR-RAS-RAF-MEK-MAPK pathway, a cellular signaling pathway involved in progression and proliferation of colorectal cancer

B-type RAF kinase (BRAF) which more than 90% was derived from V600E [4, 5, 111,
BRAF (Fig. 1), a component of MAPK signaling path-  122]. BRAF is recognized clinically as a symbol of poor
way, has a mutation rate of 8-12% in CRC metastasis, of  prognosis, with inferior survival rate. Only a few patients
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with BRAF mutations can undergo surgery. The MST
of mutBRAF/wtKRAS genotype was 26 months [123].
In another clinical study, MST of BRAF-mutated CRC
metastasis was only 10.4 months [124]. BRAF-related
poor prognosis of CRC at different stages remains con-
troversial. Price et al. [125], Tran et al. [124]. and Cheng
et al. [126] reported that BRAF mutation affects prog-
nosis of stage IV CRC. However, BRAF mutation was
also associated with poor prognosis of stages II and III
CRC [127]. Whether mutated BRAF can be a predic-
tor of metachronous distant metastasis in CRC patients
remains mysterious.

Margonis et al. [123] claimed that advanced T stage,
metachronous liver metastasis and right-sided primary
tumor were more likely caused by mutated BRAF/wild
RAS. Non-V600E mutations might correlate with syn-
chronous liver metastasis. Thus, BRAF mutations may be
a risk factor for metachronous liver metastasis of CRC.
Meanwhile, BRAF V600E mutation in CRC was more
likely to occur on the right side [124, 126, 128, 129]. How-
ever, as far as we know, the right-sided primary tumor is
more commonly to develop lymphatic spread and perito-
neal metastasis, while the left-sided CRC is more prone
to develop liver and lung metastasis. Similarly, Gold-
stein et al. [130] and Tran et al. [124] reported that BRAF
mutation would increase the risk of lymph node and peri-
toneal metastasis. Due to relatively low mutation rate and
insufficient sample size, patients with V600OE mutations
often have unresectable CRC tumors. Indeed, BRAF has
limitations in predicting metachronous liver metastasis.

Microsatellite instability (MSI)/microsatellite stable (MSS)
BRAF V600E mutation positively correlates with MSI,
which is caused by loss of DNA mismatch repair ({(MMR)
expression [106, 111, 126, 131, 132]. Similar to BARF
mutation, MSI is not very common in metastatic CRC.
By contrast, dAMMR was associated with favorable prog-
nosis [111]. In pathologically diagnosed CRC, MSI had
lower risk of liver metastasis compared with MSH [106]
(caused by activation of Wnt/B-catenin signaling path-
way) [133]. MSI is closely related to BRAF, so it is difficult
to analyze the effect of MSI on liver metastasis of CRC
separately from BRAF. Thus, cross-talk between BRAF
and MSI requires further investigation.

PIK3CA and TP53

PIK3CA (Pho-sphoinositide-3-kinase, catalytic, alpha
polypeptide) is an important signal transduction fac-
tor downstream of EGFR (Fig. 1), with mutation rate of
20%-30% in CRC liver metastasis [27, 105, 134]. PIK3CA
may complement and replace BRAF during tumori-
genesis. Aggressiveness of CRC is positively associated
with co-occurrence of PIK3CA over-activation and APC
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inhibition [111, 135]. TP53 is a tumor suppressor gene
that regulates DNA damage repair and closely related to
CRC development. At present, promoting role of TP53
alone in liver metastasis of CRC has not yet been con-
firmed, however, TP53 and RAS have a synergistic effect
and jointly promote liver metastasis [111]. In all, the syn-
ergistic effects of signaling pathways in colorectal cancer
jointly promote the occurrence of liver metastasis.

HER2 and HER3

Among HER family members, besides EGFR, HER2,
HER3 and HER4 also play an important regulatory role
in the physiological functions of cells and the pathogen-
esis of solid tumors. HER?2, in particular, is currently rec-
ognized as an oncogenic driver and has been proven to
be one of the causative genes of breast cancer. The poor
prognosis of breast cancer is associated with HER2/neu
protein overexpression due to HER2/neu gene amplifica-
tion, which is similar to colon cancer, and HER2 ampli-
fication is used in the treatment of CRC as one of the
mechanisms of cetuximab resistance [136, 137]. Sawada
et al. [138] analyzed the effect of HER?2 status with BRAF
and RAS status on the prognosis of mCRC and found
that in terms of positivity rate, HER2 amplification
was detected in a smaller proportion in RAS wild-type
patients than in BRAF wild-type patients. In terms of
OS, the ranking from highest to lowest was RAS muta-
tion>HER2 amplification>RAS mutation and HER2
amplification synchronously>BRAF mutation. RAS/
BRAF wild type has a better prognosis than HER2 ampli-
fication, and the latter has a greater correlation with the
prognosis of metastatic CRC. In liver metastatic CRC,
HER2 amplification is thought to be associated with
younger age and left-sided RAS/RAF wild type [139].
In order to explore the molecules that may be involved
in the mechanism of liver metastasis of CRC, Pan et al.
[140] analyzed the serological levels of 24 molecules in
peripheral veins and draining veins. Multivariate analysis
showed that high peripheral blood HER2 level is an inde-
pendent risk factor for synchronous liver metastasis, and
may be a risk factor for metachronous liver metastasis.
Although there is no uniform conclusion about the effect
of HER2 expression on synchronous and metachronous
liver metastasis, does this mean that HER2 expression in
primary tumor state can be a key factor in predicting liver
metastasis in CRC? It may provide us with new ideas.

In recent years, the expression of not only HER2, but
also HER3 in CRC has gradually attracted attention.
One study examined the expression status of HER3 in
mCRC patients and concluded that there was a moder-
ate correlation between HER3 expression in primary
tumors and liver metastasis in CRC, and there was no
difference in the expression of HER3 in synchronous and
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metachronous liver metastasis. Controversially, Styc-
zen et al. [141] enrolled 208 patients with liver metasta-
sis of CRC and analyzed the expression status of HER2
and HER3, suggesting that the expression status of HER2
and HER3 in primary tumors (especially HER3) is closely
related to metachronous liver metastasis. HER2 lacks
endogenous ligands, it relies on other EGFR family recep-
tors to form heterodimers for activation, of which HER2/
HER3 dimer is the most active and plays a core role in
activating MAPK pathway and PI3K/AKT/mTOR path-
way in cancer, HER3 overexpression is closely related to
HER2, not only that, HER3 steadily plays a role in the
progression of CRC [142-144].

At present, whether HER3 can be used as a predictor of
metachronous liver metastasis is still in the initial stage
of research. The high consistency of HER3 in primary
tumors and liver metastasis provides a greater possibility
for it to be a high-quality predictor.

Conclusion and discussion

Clinically, the depth of primary tumor (T) invasion and
lymph node (N) involvement have become indispensable
indicators for predicting prognosis of CRC. In addition,
tumor differentiation, site, venous or lymphatic inva-
sion, as well as molecular biomarkers are associated with
recurrence and prognosis of CRC [145-147]. The risk fac-
tors associated with metachronous liver metastasis, the
most critical factors for postoperative prognosis of CRC,
are a topic of ongoing attention by researchers. TN stage,
lymph node involvement, vascular invasion, location,
size, differentiation of the primary tumor, preoperative
serum CEA level and postoperative genetics mutations
are widely recognized as risk factors for metachronous
liver metastasis, among which KRAS Codon 13 mutation
and BRAF mutation are the most closely related indica-
tors of metachronous liver metastasis. In addition to that,
postoperative serum CEA level, the combination of CEA
with aneuploidy, COX2, miRNAs-TEXs, CXCL1, SDF-1
and CXCL16 are also being considered as risk factors for
metachronous liver metastasis. These biomarkers are still
in clinical trials, but their similarity to CEA in the occur-
rence of liver metastasis is gradually being recognized.
The application of circulating inflammatory markers and
liquid biopsy to predict postoperative metachronous liver
metastasis in CRC patients is imminent.

Although liver metastasis has been emphasized in
CRC therapy, due to technical limitations, individual dif-
ferences, and tumor heterogeneity, micro-metastasis is
difficult to detect at the time of initial diagnosis. With
the development of individualized treatment/precision
medicine, adjuvant therapy may enable early diagno-
sis of liver metastasis. Currently, there is no consensus
on defining synchronous or metachronous metastasis.
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Engstrand et al. [148] included a cohort of 1026 patients,
respectively, defined 3-, 6- and 12-month post-diagnosis/
surgery as cut-off points, and identified no significant
difference in OS. Ueno et al. [149] defined metachro-
nous liver metastasis as 12 months after primary surgery.
Quireze et al. [12] and Mekenkamp el at. [14] proposed
6 months after the initial diagnosis of primary CRC as
the time of diagnosis with metachronous liver metastasis.
In this review, we advocate 6 months postoperatively as
the time cutoff for metachronous liver metastasis.

Tumors are of polyclonal origin, which harbor spa-
tial heterogeneity (uneven distribution of key molecular
alterations across different regions) and temporal hetero-
geneity (variation in kind or arrangement of components
across time) [150—152]. Genotypes should be determined
from treatment [105]. For liver metastasis of CRC, diver-
sity of primary tumor caused different biological behav-
iors, so primary and metastatic lesions are not identical
[104, 105, 153]. Gene expression and molecular patterns
of synchronous metastasis and metachronous metastasis
are different. Synchronous liver metastasis is similar to
local invasion, and is more inclined to become a dissemi-
nated disease [48]. Metastasis is a different disease state
of advanced CRC, which is not the same as simple dis-
semination of molecules [19]. Moreover, some drugs are
only effective for stage IV CRC, demonstrating heteroge-
neity of tumor biology at different stages [154].

At present, MAPK pathway is the major target for CRC
liver metastasis treatment. Patients with metachronous
liver metastasis usually receive chemotherapy or tar-
geted therapy. Therefore, for patients who suffer from
metachronous liver metastasis as demonstrated by imag-
ing or symptoms, genetic mutation landscape, derived
from various primary tumors or driven by secondary
targeted therapy-induced mutations, is impossible to
verify. Especially after receiving systemic chemotherapy
for patients with no distant metastasis after operation,
occurrence of metachronous metastasis and timing of
metachronous metastasis will influence prognosis. In
addition, targeted therapy may modify primary tumor tis-
sue and serological indicators, and cause artificial inter-
ference to liver metastasis, and such error is unavoidable.

In conclusion, biomarkers and gene expression associ-
ated with metachronous distant metastasis of CRC can
be reflected by primary tumor. To monitor patients after
primary tumor resection can help early detect distant
metastasis, especially liver metastasis. These biomarkers
predict metachronous liver metastasis, so that patients’
survival rate and quality of life may be improved. Further-
more, more mechanistic research is required to explore
the progression of CRC and what factors accelerate the
occurrence of metachronous distant metastasis.
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