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Abstract: Prostate cancer liver metastasis (PCLM), seen in upwards of 25% of metastatic castration-
resistant PC (mCRPC) patients, is the most lethal site of mCRPC with a median overall survival of
10–14 months. Despite its ominous prognosis and anticipated rise in incidence due to longer survival
with contemporary therapy, PCLM is understudied. This review aims to summarize the existing
literature regarding the risk factors associated with the development of PCLM, and to identify areas
warranting further research. A literature search was conducted through Ovid MEDLINE from 2000 to
March 2023. Relevant subject headings and text words were used to capture the following concepts:
“Prostatic Neoplasms”, “Liver Neoplasms”, and “Neoplasm Metastasis”. Citation searching identified
additional manuscripts. Forty-one studies were retained for detailed analysis. The clinical risk factors
for visceral/liver metastasis included <70 years, ≥T3 tumor, N1 nodal stage, de novo metastasis, PSA
>20 ng/mL, and a Gleason score >8. Additional risk factors comprised elevated serum AST, LDH or
ALP, decreased Hb, genetic markers like RB1 and PTEN loss, PIK3CB and MYC amplification, as well
as numerous PC treatments either acting directly or indirectly through inducing liver injury. Further
research regarding predictive factors, early detection strategies, and targeted therapies for PCLM are
critical for improving patient outcomes.

Keywords: castration-resistant prostate cancer; liver metastasis; liver injury; risk factors

1. Introduction

Prostate cancer (PC) is the second leading cancer diagnosed among males world-
wide [1]. While localized PC is highly curable, around 5–10% of patients in developed coun-
tries present with metastases at diagnosis, and around 20–30% develop metastases despite
curative treatment attempts [2,3]. Metastatic PC, notably in its castration-resistant state (i.e.,
mCRPC), is an ultimately fatal condition, which accounted for more than 375,000 deaths
globally in 2020 [1,4–6].

The first site of PC metastasis tends to be the lymph nodes adjacent to the prostate,
followed by bone and distant lymph nodes [7]. Hence, most of the existing literature
focuses on bone (~90% of mCRPC patients) and nodal (~50%) metastasis, whereas research
on PC liver metastasis (PCLM) is limited [8–12]. This is highly problematic as the liver is
the most lethal metastatic site of mCRPC, being associated with a median overall survival
of 10 to 14 months [10,13–16]. In fact, the hazard ratio of death from PCLM is the highest
compared to LM from other tumor types [17]. In addition, PC patients are often not
routinely screened for visceral metastasis such as LM, and LM does not seem to respond as
well to conventional therapies, such as hormonal or chemotherapy, that are successfully
used to treat other metastatic sites of mCRPC [17–20]. While PC visceral metastasis in
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general renders an unfavourable prognosis, patients with LM have much worse outcomes
than those with lung metastases, regardless of treatment [20,21].

While it has been reported in clinical series that 3–12% of patients with mCRPC have
LM, the liver is a challenging metastatic site to study, as there is a great extent of initial
metastatic dormancy [14–16,22,23]. Moreover, unlike bone metastasis, which tends to
cause pain, early LM often does not present notable symptoms [12]. Thus, PCLM is often
detected at an advanced stage with widespread liver involvement, or in some patients,
may go undetected until death [10]. This is indicated in an autopsy study reporting 25% of
PC patients having LM, suggesting that the true incidence of PCLM may be higher than
reported in the clinical literature [24]. Furthermore, PCLM is often a later-stage event [13].
With the discovery of new survival-prolonging therapies, more PC patients are living longer
to reach these later disease stages [13]. Therefore, it is expected that more PC patients will
develop LM [13]. In fact, using the Surveillance, Epidemiology, and End Results (SEER)
database, Kadeerhan et al. found an annual incidence rate increase of 12.3% of visceral
metastasis (VM) in men with prostate cancer from 2010 to 2019 [25]. Moreover, Table 1
summarizes the rising rates of VM (including LM) reported in select phase III PC trials as a
function of an increasing number of previous lines of therapy.

Table 1. Percent of castration-resistant prostate cancer patients with visceral metastasis across phase
III clinical trials. Trials were grouped based on previous treatment exposure of the population.
Abbreviations: ADT, androgen deprivation therapy; AR, androgen receptor; CRPC, castration-
resistant prostate cancer; LM, liver metastases; NHA, novel hormonal agent; NR, not reported; VM,
visceral metastases.

1s
tl

in
e

tr
ea

tm
en

t CRPC (i.e., resistant to
ADT + 1st Generation

AR Inhibitors)

Study
PREVAIL/

Enzalutamide [26]
(Beer et al., 2014)

COU-AA-302/
Abiraterone [27]

(Ryan et al., 2013)

% VM
% LM

12%
4%

patients with VM
excluded

NR

2n
d

lin
e

tr
ea

tm
en

t

CRPC + Resistant to
NHA

Study

PSMAfore/
177Lu-PSMA-617 [28]
(Sartor et al., ESMO

2023)

PROfound/
Olaparib [29,30]

(de Bono et al. and
Hussain et al., 2020) *

% VM
% LM

NR
4%

32%
NR

2n
d

lin
e

tr
ea

tm
en

t CRPC +
Chemoresistant (but no

exposure to NHA)

Study
AFFIRM/

Enzalutamide [31]
(Scher et al., 2012)

COU-AA-301/
Abiraterone [32]

(de Bono et al., 2012)
% VM
% LM

23%
10%

17.5%
10%

3r
d

lin
e

tr
ea

tm
en

t CRPC +
Chemoresistant +
Resistant to NHA

Study
CARD/

Cabazitaxel [33]
(de Wit et al., 2019)

VISION/
177Lu-PSMA-617 [8]
(Sartor et al., 2021)

PROfound/
Olaparib [29,30]

(de Bono et al. and
Hussain et al., 2020) *

% VM
% LM

18%
12%

21%
NR

32%
NR

* Study involved patients both pre- and post-Docetaxel chemotherapy treatment.

The limited existing research on PCLM as a unique metastatic site, as well as its
poor prognosis, difficulties in early detection, and expected increasing incidence warrant
further research. The present manuscript aims to provide a narrative review of the exist-
ing literature surrounding the circumstances of PCLM development, including patient
demographics, clinical characteristics, the nature of the prior therapies received, and the
associated biomarkers. Furthermore, through this review, we aim to identify areas of unmet
need for further research.
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2. Materials and Methods
2.1. Literature Search

A literature search was conducted through the Ovid Medline database to identify
the literature regarding PCLM from 2000 until January 2024. Relevant subject headings
and text words were used to capture the following three concepts: “Prostatic Neoplasms”,
“Liver Neoplasms”, and “Neoplasm Metastasis”. The full search strategy is listed in
Supplementary Table S1 (S1). Furthermore, backward citation searching of included articles
was implemented to identify other studies of interest that were not identified in the initial
literature search. No predefined limits on the study design or publication type were
implemented. However, the present manuscript is focusing on LM in men with mCRPC
(as opposed to very rare de novo LM in men with castration-sensitive prostate cancer).

2.2. Article Screening and Selection

Article screening and selection were facilitated through the review manager Covidence,
and the process is outlined in Figure 1 [34]. Four hundred and sixty-four manuscripts were
identified through the database search. Of these, 379 articles did not relate specifically
to PCLM and were subsequently excluded following title/abstract screening. Following,
85 papers were thoroughly reviewed. Of these, 66 were excluded for the following reasons:
study outcomes were not specific to the onset of PCLM (n = 37), case studies (n = 20), and no
full paper version was publicly available (n = 9). After this, only 19 studies remained. An
additional 24 studies were identified through citation searching, with a total of 43 studies
forming the basis for the present analysis.
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Figure 1. Consort diagram for inclusion/exclusion criteria. Four hundred and sixty-four manuscripts
were identified through a search Query on Ovid Medline Database. Of these, 379 papers were not
found to be relevant to the topic and were excluded. Next, an additional 66 manuscripts were
removed for the following reasons: case reports (n = 20), topic was not within the review scope
(n = 37), and no full-text documents (n = 9). The remaining 19 articles were thoroughly reviewed for
eligibility, and an additional 24 manuscripts identified through citation searching were included to
form a total of 43 studies in this review.
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3. Results

Prostate cancer is classified as castration sensitive or resistant. Metastatic castration-
sensitive PC (mCSPC) can manifest at the initial time of diagnosis (de novo) or following
a primary curative treatment attempt (metachronous) [35]. Of the 5–10% of PC patients
in industrialized countries who present with de novo disease, 1.8% have been found to
have LM [2,3,36]. Moreover, only 1.3–5% of men with mCSPC exhibit metachronous
LM [37]. Thus, the majority of PCLM patients have mCRPC. While the mechanisms and
risk factors for the emergence of LM in mCRPC remain poorly understood, the following
have been described.

3.1. Clinicopathological Characteristics Associated with Liver Metastasis

Univariate analysis found that patients diagnosed with PC under the age of 70 years,
with a tumor stage of ≥T3, locoregional lymph node involvement (N1) or de novo distant
metastasis, a prostate specific antigen (PSA) greater than 20 ng/mL, or a Gleason score
>8 were at increased risk for developing visceral metastasis (VM) [38]. Furthermore, VM
has been found to be associated with concurrent nodal and bone metastases [13,39,40].
Alshalalfa et al. (2022) found no association between race (White vs. Black) and the site
of mCRPC (p = 0.52) [17]. Interestingly, however, Akinyemiju et al. described 83% higher
odds for developing de novo LM in non-hispanic (NH) Blacks with mCSPC (OR: 1.83, 95%
CI) compared to NH-Whites [41].

3.2. Treatment-Emergent Prostate Cancer Liver Metastasis
3.2.1. Androgen-Deprivation Therapy, including First Generation Anti-Androgens

The prostate is an androgen-dependent gland, requiring the binding of testosterone
and dihydrotestosterone (DHT) to activate the androgen receptor (AR), an essential tran-
scription factor for prostate morphogenesis and normal physiology [42]. PCs most com-
monly are AR-expressing adenocarcinomas whereby an altered AR-driven transcriptional
program results in malignant features [43,44]. Thus, once primary curative treatments
such as radiotherapy or radical prostatectomy have failed, the main line of PC treatment is
androgen deprivation therapy (ADT) [45]. Aside from surgical castration, a hypogonadal
state can be achieved by a class of drugs that act upon the luteinizing hormone-releasing
hormone (LHRH, also known as the gonadotropin-releasing hormone [GnRH]) receptors
to supress testosterone production by the testes through two distinct mechanisms [46]:
(i) LHRH antagonists (e.g., degarelix, relugolix) competitively bind to LHRH receptors,
inhibiting the downstream signaling of LH and thereby suppressing testosterone secre-
tion [45]; and (ii) LHRH agonists (e.g., goserelin, leuprolide, and triptorelin), the most
commonly used form of ADT, work by stimulating the LHRH receptors, creating an initial
temporary surge in LH and testosterone, followed by eventual LH downregulation [45].

In contrast to ADT, which works to reduce the serum levels of testosterone, anti-
androgens (AA), also referred to as AR antagonists, inhibit the binding of DHT and other
androgens to the AR. First-generation oral nonsteroidal AA (e.g., Bicalutamide, Flutamide,
and Nilutamide) may be prescribed in addition to ADT for testosterone surge protection,
for a complete androgen blockade (CAB) or as a monotherapy [45,47].

Under prolonged treatment with ADT, AA, or CAB, PC cells eventually undergo
a variety of mechanisms resulting in therapeutic resistance, i.e., CRPC; mCRPC is an
incurable state of disease [14,42]. The progression to castration resistance has been found to
significantly increase the rate of non-lung visceral metastasis, particularly to the liver [38].

3.2.2. Second-Generation Anti-Androgens

In contrast to prior beliefs that CRPC was no longer androgen dependent, within the
past two decades, AR signaling has been found to persist in CRPC through several mecha-
nisms, including intratumoral androgen synthesis that is not suppressed by ADT [6,42].
This discovery led to the development of increasingly efficacious and potent second-
generation AAs, which have largely replaced the first-generation AA and emerged as
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standard of care treatment options for CRPC patients [42]. Enzalutamide, Apalutamide,
and Darolutamide are nonsteroidal competitive inhibitors of the AR, whereas Abiraterone
is an androgen synthesis inhibitor [42]. Notably, Abiraterone and Enzalutamide are widely
used to treat mCRPC [48].

A recent study by Iwamoto et al. found that the prior use of Abiraterone or En-
zalutamide was associated with VM, particularly LM, in mCRPC patients [38]. While
these drugs initially have a profound effect in slowing AR-driven tumor progression in
most patients, the antitumor effects are often short-lived, and resistance eventually oc-
curs [49,50]. Around 15–20% of CPRC adenocarcinomas eventually lose all AR dependence
and undergo a transformation to AR-negative, poorly differentiated neuroendocrine PC
(NEPC) [17,43]. Neuroendocrine differentiation remains vaguely understood, although it
arises most commonly during the later stages of PC, driven by treatment-associated selec-
tive pressure [43,51]. Clinical evidence suggests that second-generation AAs can induce
neuroendocrine features [52]. NEPC encompasses PC cells that display neuronal, endocrine,
or a combination of both features; these cells can produce and secrete a variety of factors
commonly found in the nervous system that stimulate tumor growth and, therefore, possess
a very poor prognosis [22,43,53]. Many studies report that NEPC is closely associated with
and commonly found in PCLM [16,17,22,53,54]. Since the increased use of Abiraterone and
Enzalutamide is seen to increase the future incidence of LM as well, it is assumed that after
the prolonged use of these drugs, PC cells gain resistance, and subsequent neuroendocrine
transformation has occurred [38]. Of note, not all analyses discovered an independent
association between Abiraterone or Enzalutamide and PCLM [13,55].

3.2.3. Taxane Chemotherapy

Once the second-generation AA has failed, Docetaxel, a microtubule inhibitor of the
taxane family, is typically the next line of mCRPC therapy [56,57]. However, most patients
will become resistant over time, signifying further cancer progression and the activation
of PC cell pro-survival pathways [56,57]. In the past decade, the FDA has approved the
administration of Cabazitaxel, a second-generation taxane-based chemotherapy, to treat PC
resistant to Docetaxel [56,58]. The interference with AR nuclear translocation is a recently
discovered collateral consequence of the anti-microtubule properties of taxanes [59].

As with Abiraterone and Enzalutamide, the incidence of new VM, namely LM, has
been found to increase significantly with the number of prior taxane chemotherapy treat-
ments prescribed [22,38]. Taxane-resistant PC cells have also been associated with neuroen-
docrine differentiation, as well as the upregulation of the CCL2-CCR2 axis, which stimulates
cancer cell migration and favors cancer progression through recruiting immunosuppressive
cells to the tumor microenvironment [38,58].

3.3. Treatment-Induced Liver Injury

Liver injury is an adverse effect of PC therapeutics, reported in as many as 9% of PC
patients [54]. Its cause is thought to be related to the liver’s responsiveness to androgens as
liver cells express AR [54]. Liver AR expression has been implicated in several processes
such as cellular metabolism, notably glycolysis, the infiltration by cells of the immune
system, and the secretion of various cytokines and growth factors [54]. However, it remains
to be demonstrated in detail how these hepatic AR functions might support metastatic
growth in PC patients. Aside from interfering with AR signaling, most PC therapeutics
are metabolized in the liver, which may result in liver-damaging intermediates [54]. In
response to the onset of hepatic injury, the liver initiates an inflammatory and fibrotic
response, leading to a series of immune cell activities [54]. Liver damage in patients with
pancreatic and colorectal cancer has been seen to prepare a favorable pre-metastatic niche
for the seeding and growth of tumor cells [54,60–62]. While more research is necessary, it
is hypothesized that PC drug-induced liver injury may similarly promote the liver as a
favorable pre-metastatic niche [54].



J. Clin. Med. 2024, 13, 734 6 of 13

The use of AAs (first and second generation) has been associated with an increase in
serum liver enzymes, a sign of liver damage, such as Flutamide (62% of patients), and to
a lesser extent, Bicalutamide (6% of patients) [63,64]. Amongst second-generation AAs,
Abiraterone has been linked most closely to increases in serum liver enzymes [65,66]. While
the mechanism of hepatic injury is unknown, it is thought to arise from Abiraterone’s
inhibition of CYP17, or its metabolization in the liver by the cytochrome P450 system that
may produce a toxic intermediate, as a by-product of its breakdown [66]. In a recent study
of patients administered Abiraterone, 28% experienced adverse effects; of this group, 47.4%
suffered from liver dysfunction as determined by elevated levels of serum alanine amino-
transferase (ALT), aspartate aminotransferase (AST), and/or bilirubin [67]. Furthermore,
another study found that 13% of patients administered Abiraterone had elevations in serum
aminotransferase compared with 1–8% receiving a placebo or a comparator drug [66]. More
specifically, 6% of the patients receiving Abiraterone had ALT levels five times greater than
the upper limit of normal (ULN), compared to <1% in the placebo group [66]. Moreover,
in a retrospective analysis of 25 patients experiencing 46 episodes of Abiraterone-related
liver injury, the toxicity was of grade 1, 2, and 3 according to the National Cancer Institute
Common Terminology Criteria for Adverse Events (CTCAE) 4.03 in 7 (32%), 6 (27%), and 9
(41%) patients for ALT, and in 12 (50%), 6 (25%), and 6 (25%) for AST, respectively [65]. Only
one patient had a concurrent transient bilirubin increase [65]. Overall, the National Institute
of Diabetes and Digestive and Kidney Diseases (NIDDK) has rated Abiraterone a “C” on
the likelihood scale of developing a clinically apparent liver injury, corresponding with
a “probable rare cause of clinically apparent liver injury” [66]. Conversely, Apalutamide,
Enzalutamide, and Darolutamide have all been ranked an “E” on the likelihood scale,
pertaining to an “unlikely cause of clinically apparent liver injury”, and only rare cases of a
clinically apparent liver injury with jaundice have been reported [68–70].

Up to 50% of patients administered Docetaxel have been seen to have elevated amino-
transferase levels, although less than 2% had values greater than five times the upper limit
of normal (ULN), and a clinically apparent liver injury from Docetaxel is relatively rare [71].
Nonetheless, individual cases have experienced severe acute hepatic necrosis [71]. As such,
the NIDDK has rated Docetaxel a “C” on the likelihood scale of developing a clinically
apparent liver injury [71]. In contrast, Cabazitaxel has been less associated with major
increases in aminotransferase levels or reports of apparent liver injury, although few reports
of acute hypersensitivity reactions may have the potential to lead to acute hepatic necrosis,
resulting in an NIDDK rating of “E” [72].

Besides direct treatment-related liver injury, PC therapeutics may induce liver damage
also indirectly. A study by Gild et al. found that men who underwent ADT were more likely
to be diagnosed with nonalcoholic fatty liver disease (HR = 1.54, 95% CI), liver cirrhosis
(HR 1.35, 95% CI), liver necrosis (HR 1.41, 95% CI), and any liver disease (HR 1.47, 95%
CI) [73]. It remains to be investigated whether the rates of these liver conditions increase in
PC patients undergoing therapy with AAs or taxane chemotherapeutics.

3.4. Biomarkers
3.4.1. Serum Markers

A PSA doubling time (PSADT) of <12 months or ≤7.5 months is seen to be an indepen-
dent predictor for the risk of distant metastasis in PC [74]. Specifically, shorter PSADTs have
been found to be significantly associated with bone and visceral metastases [75]. However,
no research to date has investigated the relationship between PSADT and the appearance
of LM.

In fact, only few studies have reported biomarkers associated with the presence of
LM [76]. Cotogno et al. conducted a study including mCRPC patients from three clinical
trials. Through multivariable analysis, they found that an increase in AST and lactate
dehydrogenase (LDH) and decreased levels of hemoglobin (Hb) were significant predictors
of LM [76]. Specifically, regardless of Hb levels, patients with abnormally elevated AST
and LDH had a greater than 25% risk of having LM [76]. Moreover, patients with Hb
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levels less than 9.5 g/dL and either an elevated AST or LDH were also at 25% greater
risk [76]. Similarly, of all the mCRPC patients treated with Enzalutamide in the PREVAIL
trial, patients with LM had higher baseline levels of LDH, as well as alkaline phosphatase
(ALP) and PSA [21]. These findings were corroborated in a study by Ranasinghe et al.
that evaluated serum markers in 23 patients with PCLM, including PSA, alkaline phos-
phatase (ALP), AST, ALT, LDH, and albumin; through univariate analysis, all markers
were significantly associated with liver lesion volume [77]. There was a significant negative
correlation between Hb or albumin and liver lesion volume, whereas the other markers
were positively associated with the burden of LM. Multivariate analysis identified AST
and Hb as optimal predictors of increasing liver lesion volume [77]. In addition, a study by
Ghedini et al. found a statistically significant difference in the PSA levels between patients
with LM (9.4 ng/mL) versus those without (5.7 ng/mL) [39].

Carcinoembryonic antigen (CEA) is another serum marker previously described as a
molecular surrogate of aggressive variants of PC [78,79]. In a novel study by Bray et al.,
they investigated the effects of elevated CEA as an independent clinical and prognostic
marker in patients with CRPC [78]. The authors found a significant decrease in median
survival (p < 0.0001) and a significant increase in visceral metastasis (p = 0.03) in CRPC
patients with elevated CEA; the latter was solely attributed to the increase in LM (+18.4%,
p = 0.02), as there were no significant changes in the rates of metastases in other visceral
sites [78]. Furthermore, there was no significant difference in metastases to the bones or
lymph nodes in patients with or without elevated CEA [78].

While an increase in the chromogranin-A (CgA) protein in PC patients has been found
to suggest the progression and/or presence of NEPC, Ploussard et al. observed that CRPC
patients with elevated CgA levels had a significantly increased risk of LM [80].

3.4.2. Genetic Markers

Overall, cellular and molecular mechanisms underlying PCLM such as lineage plas-
ticity are greatly under-researched [12]. Lineage plasticity occurs when cancer cells lose
dependency on the therapeutic target they once required for their function [81,82]. This
phenomenon is common in PC cells that become resistant to ADT, when the cells lose
characteristic adenocarcinoma histology and adapt to express neuroendocrine features and
reduced AR activity [81–83]. Tumor suppressors such as the retinoblastoma protein (RB1),
tumor protein 53 (TP53), and phosphatase and tensin homolog deleted on chromosome
10 (PTEN) repress lineage plasticity, ADT resistance, and metastasis in PC; accordingly,
these genes are often mutated or lost in ADT-recurrent PCs [81–84]. Interestingly, PCLM
tissues have been found to be associated with a higher fraction of genomic alterations
compared to bone (p < 0.0001), lymph node (p < 0.0001), lung (p = 0.0008), and other
metastatic sites (p = 0.009) [17]. Building upon these findings, Liu et al. generated geneti-
cally modified mouse models (GEMMs) to visualize the resulting histological and lineage
features. Two GEMMs were formed: rb1∆/∆p53∆/∆ and pten∆/∆p53∆/∆ [12]. Unlike the
pten∆/∆p53∆/∆ GEMMs, the rb1∆/∆p53∆/∆ GEMMs were found to display prominent
LM [12]. Furthermore, the rb1∆/∆p53∆/∆ GEMMs contained a high percentage of CgA,
synaptophysin (SYPT), and/or neural cell adhesion molecule (N-CAM) positive cells, all
molecular markers associated with neuroendocrine features [12,85,86].

Nguyen et al. analyzed genomic and clinical data from a pan-cancer cohort of
25,000 patients with metastatic disease, including 2172 PC patients, corroborating the
preclinical findings by Liu et al. [11]. In fact, PCLM patients (15% of the entire PC sub-
cohort) had a higher frequency of RB1 loss compared to patients without LM (10% vs.
3%, q < 0.001). Moreover, they found an increase in PTEN loss (30% vs. 11%, q < 0.001)
and Adenomatous Polyposis Coli (APC) mutations (11% vs. 5%, q = 0.001), the latter
being another tumor suppressor gene implicated in prostate carcinogenesis [11,87]. In
another clinical analysis, Alshalalfa et al. (2022) found that compared to other sites of
PC metastasis, PCLM was significantly associated with PTEN deletion (42% vs. 20%), as
well as phosphatidylinositol-4,5-bisphosphate 3-kinase catalytic subunit beta (PIK3CB)
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amplification (8.2% vs. 0.9%) and myelocytomatosis oncogene (MYC) amplification (29.5%
vs. 9.8%) [17]. In corroboration, a study by Jin et al. reported MYC amplification to be more
common in the liver compared to all other mCRPC sites [88].

Furthermore, the re-expression of the E-cadherin tumor suppressor gene has also been
found in PCLM [9,89]. Normally, E-cadherin plays a key role in suppressing cell invasion
and dissemination in epithelial cells. However, in the process of metastasis, epithelial cells
undergo epithelial-mesenchymal transition and E-cadherin is lost [89,90]. Subsequently,
the cells can break away from the primary site and navigate through the bloodstream
to a remote location; at this point, they undergo a reverse process called epithelial mes-
enchymal reverting transition to colonize at the distant site [9,89,90]. Interestingly, it has
been found that the interaction between metastatic PC cells and hepatocytes leads to a
unique re-expression of E-cadherin in the liver [9,89]. This re-expression has been found to
activate pro-survival kinases, rendering the disseminated PC cells chemoresistant, another
explanation for the poor prognosis of PCLM [9].

4. Discussion

LM is the most lethal site of prostate cancer spread while at the same time, the most
understudied. In this narrative review, we have identified the scarce existing literature
regarding the risk factors for PCLM, grouping our findings into key areas, encompassing
patient demographics and clinicopathological characteristics, treatment of emergent PCLM,
liver injury and toxicity, as well as serum and genetic biomarkers.

Amongst others, we have identified chronic liver injury as a potential enabler of PCLM.
Beyond PC treatments, other mechanisms may induce liver toxicity or injury, including
pre-existing liver conditions, hepatotoxic medications administered for non-oncological
indications, or alcohol consumption. Since liver injury and damage may render the liver a
favourable metastatic site in PC patients, the specific associations between nonalcoholic
fatty liver disease, as well as hepatitis or cirrhosis, and PCLM warrant further research.
Furthermore, future studies should investigate the potential relationships between lifestyle
factors or patient comorbidities and PCLM.

Given the relative rarity of LM in all-comer PC patient populations and the distinct
molecular features of PCLM compared to other metastatic sites, future clinical studies
may consider focusing on PCLM patients as a distinct study population. Furthermore,
the combination of LM’s inherent metastatic dormancy, coupled with the liver being an
uncommon site for routine screening in PC patients, underscores the necessity for studies
on the early diagnosis of PCLM [18]. Identifying patients at an increased risk for LM is
expected to enable selective screening strategies in these patients, paving the way for early
detection methods, before there is widespread liver disease. However, we cannot discard
the notion that there might be a stochastic element involved in the development of PCLM.

To date, there are no standard treatments specifically for patients with PCLM, who
generally derive little benefit from systemic therapies that are otherwise effective in non-
LM mCRPC patients. For instance, a systematic review by Yanagisawa et al. highlights
the results of select mCRPC clinical trials, such as PREVAIL (Enzalutamide), PROfound
(Olaparib), and CARD (Cabazitaxel), which do not suggest an OS benefit for patients with
VM [21,29,33,91]. Consequently, there is a growing interest in locally ablative therapies,
notably in patients with limited LM. In one case study, a 77-year-old man with PCLM
treated with a combination of stereotactic image-guided percutaneous microwave ablation
and Olaparib sustained remission from LM [92]. Furthermore, in another case study, a
66-year-old man with PCLM treated with radiofrequency ablation to the liver had no LM
recurrence for 42 months [93]. Additionally, Yeo et al. showed the potential for microwave
needle ablation and SBRT to target LM [94]. While these case studies demonstrate promise,
they need validation in prospective randomized trials.

There are various limitations of this narrative review that must be acknowledged.
As PCLM is an under-researched topic, the number of studies analyzed and included in
this study were limited, potentially introducing bias into the findings. Furthermore, the
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combination of PC liver and lung metastases under the umbrella term “visceral metastases”
in several studies limits the specificity of the results to PCLM. Nonetheless, this review
serves as a valuable foundation for identifying gaps in knowledge while highlighting areas
for future research regarding PCLM.

As PC patients continue to live longer due to an increasing number of life-prolonging
therapies, it is anticipated that the incidence of patients with LM will increase. Hence,
further research on the predictive factors of PCLM, as well as early detection methods and
targeted therapies, is critical.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/jcm13030734/s1, Table S1. Literature Search Strategy through
Ovid Medline.

Author Contributions: Conceptualization, A.S. and U.E.; Methodology, A.S.; Formal Analysis, A.S.
and U.E.; Investigation, A.S.; Resources, U.E.; Writing—Original Draft Preparation, A.S. and U.E.;
Writing—Review and Editing, A.S., R.C.S., M.N., and U.E.; Supervision, U.E.; Project Administration,
U.E.; Funding Acquisition, U.E. All authors have read and agreed to the published version of
the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is
not applicable to this article.

Acknowledgments: The preparation of the present manuscript was made possible via financial
support by the Ernest R. Harricharrandas Cancer Fund, Toronto/ON, Canada.

Conflicts of Interest: The authors declare no conflicts of interest.

References
1. Sung, H.; Ferlay, J.; Siegel, R.L.; Laversanne, M.; Soerjomataram, I.; Jemal, A.; Bray, F. Global Cancer Statistics 2020: GLOBOCAN

Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J. Clin. 2021, 71, 209–249. [CrossRef]
2. Piombino, C.; Oltrecolli, M.; Tonni, E.; Pirola, M.; Matranga, R.; Baldessari, C.; Pipitone, S.; Dominici, M.; Sabbatini, R.; Vitale,

M.G. De Novo Metastatic Prostate Cancer: Are We Moving toward a Personalized Treatment? Cancers 2023, 15, 4945. [CrossRef]
3. Helgstrand, J.T.; Røder, M.A.; Klemann, N.; Toft, B.G.; Lichtensztajn, D.Y.; Brooks, J.D.; Brasso, K.; Vainer, B.; Iversen, P. Trends

in incidence and 5-year mortality in men with newly diagnosed, metastatic prostate cancer—A population-based analysis of 2
national cohorts. Cancer 2018, 124, 2931–2938. [CrossRef]

4. Vellky, J.E.; Ricke, W.A. Development and prevalence of castration-resistant prostate cancer subtypes. Neoplasia 2020, 22, 566–575.
[CrossRef]

5. Wallace, K.L.; Landsteiner, A.; Bunner, S.H.; Engel-Nitz, N.M.; Luckenbaugh, A.N. Increasing prevalence of metastatic castration-
resistant prostate cancer in a managed care population in the United States. Cancer Causes Control. 2021, 32, 1365–1374. [CrossRef]

6. Karantanos, T.; Corn, P.G.; Thompson, T.C. Prostate cancer progression after androgen deprivation therapy: Mechanisms of
castrate resistance and novel therapeutic approaches. Oncogene 2013, 32, 5501–5511. [CrossRef]

7. Wang, G.; Zhao, D.; Spring, D.J.; DePinho, R.A. Genetics and biology of prostate cancer. Genes Dev. 2018, 32, 1105–1140. [CrossRef]
[PubMed]

8. Sartor, O.; de Bono, J.; Chi, K.N.; Fizazi, K.; Herrmann, K.; Rahbar, K.; Tagawa, S.T.; Nordquist, L.T.; Vaishampayan, N.; El-Haddad,
G.; et al. Lutetium-177–PSMA-617 for Metastatic Castration-Resistant Prostate Cancer. N. Engl. J. Med. 2021, 385, 1091–1103.
[CrossRef] [PubMed]

9. Ma, B.; Wheeler, S.E.; Clark, A.M.; Whaley, D.L.; Yang, M.; Wells, A. Liver protects metastatic prostate cancer from induced death
by activating E-cadherin signaling. Hepatology 2016, 64, 1725–1742. [CrossRef] [PubMed]

10. Ma, B.; Wells, A.; Wei, L.; Zheng, J. Prostate cancer liver metastasis: Dormancy and resistance to therapy. Semin. Cancer Biol. 2020,
71, 2–9. [CrossRef] [PubMed]

11. Nguyen, B.; Fong, C.; Luthra, A.; Smith, S.A.; DiNatale, R.G.; Nandakumar, S.; Walch, H.; Chatila, W.K.; Madupuri, R.; Kundra,
R.; et al. Genomic characterization of metastatic patterns from prospective clinical sequencing of 25,000 patients. Cell 2022, 185,
563–575.e11. [CrossRef]

12. Liu, K.; Jing, N.; Wang, D.; Xu, P.; Wang, J.; Chen, X.; Cheng, C.; Xin, Z.; He, Y.; Zhao, H.; et al. A novel mouse model for liver
metastasis of prostate cancer reveals dynamic tumour-immune cell communication. Cell Prolif. 2021, 54, e13056. [CrossRef]

https://www.mdpi.com/article/10.3390/jcm13030734/s1
https://www.mdpi.com/article/10.3390/jcm13030734/s1
https://doi.org/10.3322/caac.21660
https://doi.org/10.3390/cancers15204945
https://doi.org/10.1002/cncr.31384
https://doi.org/10.1016/j.neo.2020.09.002
https://doi.org/10.1007/s10552-021-01484-4
https://doi.org/10.1038/onc.2013.206
https://doi.org/10.1101/gad.315739.118
https://www.ncbi.nlm.nih.gov/pubmed/30181359
https://doi.org/10.1056/NEJMoa2107322
https://www.ncbi.nlm.nih.gov/pubmed/34161051
https://doi.org/10.1002/hep.28755
https://www.ncbi.nlm.nih.gov/pubmed/27482645
https://doi.org/10.1016/j.semcancer.2020.07.004
https://www.ncbi.nlm.nih.gov/pubmed/32663571
https://doi.org/10.1016/j.cell.2022.01.003
https://doi.org/10.1111/cpr.13056


J. Clin. Med. 2024, 13, 734 10 of 13

13. Pezaro, C.J.; Omlin, A.; Lorente, D.; Rodrigues, D.N.; Ferraldeschi, R.; Bianchini, D.; Mukherji, D.; Riisnaes, R.; Altavilla, A.;
Crespo, M.; et al. Visceral disease in castration-resistant prostate cancer. Eur. Urol. 2013, 65, 270–273. [CrossRef] [PubMed]

14. Halabi, S.; Kelly, W.K.; Ma, H.; Zhou, H.; Solomon, N.C.; Fizazi, K.; Tangen, C.M.; Rosenthal, M.; Petrylak, D.P.; Hussain, M.; et al.
Meta-analysis evaluating the impact of site of metastasis on overall survival in men with castration-resistant prostate cancer. J.
Clin. Oncol. 2016, 34, 1652–1659. [CrossRef]

15. Shou, J.; Zhang, Q.; Wang, S.; Zhang, D. The prognosis of different distant metastases pattern in prostate cancer: A population
based retrospective study. Prostate 2018, 78, 491–497. [CrossRef] [PubMed]

16. Pouessel, D.; Gallet, B.; Bibeau, F.; Avancès, C.; Iborra, F.; Sénesse, P.; Culine, S. Liver metastases in prostate carcinoma: Clinical
characteristics and outcome. BJU Int. 2006, 99, 807–811. [CrossRef]

17. Alshalalfa, M.; Seldon, C.; Franco, I.; Vince, R.; Carmona, R.; Punnen, S.; Kaochar, S.; Dess, R.; Kishan, A.; Spratt, D.E.; et al.
Clinicogenomic characterization of prostate cancer liver metastases. Prostate Cancer Prostatic Dis. 2022, 25, 366–369. [CrossRef]

18. van den Bergh, G.P.; Kuppen, M.C.; Westgeest, H.M.; Mehra, N.; Gerritsen, W.R.; Aben, K.K.; van Oort, I.M.; van Moorselaar, R.J.;
Somford, D.M.; van den Eertwegh, A.J.; et al. Incidence and survival of castration-resistant prostate cancer patients with visceral
metastases: Results from the Dutch CAPRI-registry. Prostate Cancer Prostatic Dis. 2022, 26, 162–169. [CrossRef]

19. Singh, A.; Cheedella, N.K.S.; Shakil, S.A.; Gulmi, F.; Kim, D.-S.; Wang, J.C. Liver metastases in prostate carcinoma represent a
relatively aggressive subtype refractory to hormonal therapy and short-duration response to docetaxel monotherapy. World J.
Oncol. 2015, 6, 265–269. [CrossRef]

20. Goodman, O.B.; Flaig, T.W.; Molina, A.; A Mulders, P.F.; Fizazi, K.; Suttmann, H.; Li, J.; Kheoh, T.; de Bono, J.S.; I Scher, H.
Exploratory analysis of the visceral disease subgroup in a phase III study of abiraterone acetate in metastatic castration-resistant
prostate cancer. Prostate Cancer Prostatic Dis. 2013, 17, 34–39. [CrossRef]

21. Alumkal, J.J.; Chowdhury, S.; Loriot, Y.; Sternberg, C.N.; de Bono, J.S.; Tombal, B.; Carles, J.; Flaig, T.W.; Dorff, T.B.; Phung, D.;
et al. Effect of Visceral Disease Site on Outcomes in Patients with Metastatic Castration-resistant Prostate Cancer Treated With
Enzalutamide in the PREVAIL Trial. Clin. Genitourin. Cancer 2017, 15, 610–617.e3. [CrossRef] [PubMed]

22. Wang, H.; Li, B.; Zhang, P.; Yao, Y.; Chang, J. Clinical characteristics and prognostic factors of prostate cancer with liver metastases.
Tumor Biol. 2013, 35, 595–601. [CrossRef]

23. Gandaglia, G.; Abdollah, F.; Schiffmann, J.; Trudeau, V.; Shariat, S.F.; Kim, S.P.; Perrotte, P.; Montorsi, F.; Briganti, A.; Trinh, Q.;
et al. Distribution of metastatic sites in patients with prostate cancer: A population-based analysis. Prostate 2013, 74, 210–216.
[CrossRef]

24. Bubendorf, L.; Schöpfer, A.; Wagner, U.; Sauter, G.; Moch, H.; Willi, N.; Gasser, T.C.; Mihatsch, M.J. Metastatic patterns of prostate
cancer: An autopsy study of 1589 patients. Hum. Pathol. 2000, 31, 578–583. [CrossRef]

25. Kadeerhan, G.; Xue, B.; Wu, X.-L.; Chen, W.-N.; Wang, D.-W. Incidence trends and survival of metastatic prostate cancer with
bone and visceral involvement: 2010-2019 surveillance, epidemiology, and end results. Front. Oncol. 2023, 13, 1201753. [CrossRef]

26. Beer, T.M.; Armstrong, A.J.; Rathkopf, D.E.; Loriot, Y.; Sternberg, C.N.; Higano, C.S.; Iversen, P.; Bhattacharya, S.; Carles, J.;
Chowdhury, S.; et al. Enzalutamide in Metastatic Prostate Cancer before Chemotherapy. N. Engl. J. Med. 2014, 371, 424–433.
[CrossRef]

27. Ryan, C.J.; Smith, M.R.; De Bono, J.S.; Molina, A.; Logothetis, C.J.; De Souza, P.; Fizazi, K.; Mainwaring, P.; Piulats, J.M.; Ng, S.;
et al. Abiraterone in Metastatic Prostate Cancer without Previous Chemotherapy. N. Engl. J. Med. 2013, 368, 138–148. [CrossRef]

28. Sartor, O.; Gauna, D.C.; Herrmann, K.; de Bono, J.; Shore, N.; Chi, K.; Crosby, M.; Rodriguez, J.P.; Flechon, A.; Wei, X.; et al. Phase
3 trial of [177 Lu]Lu-PSMA-617 in taxane-naive patients with metastatic castration-resistant prostate cancer (PSMAfore). Madrid
2023, 34 (Suppl. 2), S1254–S1335.

29. De Bono, J.; Mateo, J.; Fizazi, K.; Saad, F.; Shore, N.; Sandhu, S.; Chi, K.N.; Sartor, O.; Agarwal, N.; Olmos, D.; et al. Olaparib for
Metastatic Castration-Resistant Prostate Cancer. N. Engl. J. Med. 2020, 382, 2091–2102. [CrossRef] [PubMed]

30. Hussain, M.; Mateo, J.; Fizazi, K.; Saad, F.; Shore, N.; Sandhu, S.; Chi, K.N.; Sartor, O.; Agarwal, N.; Olmos, D.; et al. Survival with
Olaparib in Metastatic Castration-Resistant Prostate Cancer. N. Engl. J. Med. 2020, 383, 2345–2357. [CrossRef] [PubMed]

31. Scher, H.I.; Fizazi, K.; Saad, F.; Taplin, M.-E.; Sternberg, C.N.; Miller, K.; De Wit, R.; Mulders, P.; Chi, K.N.; Shore, N.D.; et al.
Increased Survival with Enzalutamide in Prostate Cancer after Chemotherapy. N. Engl. J. Med. 2012, 367, 1187–1197. [CrossRef]
[PubMed]

32. De Bono, J.S.; Logothetis, C.J.; Molina, A.; Fizazi, K.; North, S.; Chu, L.; Chi, K.N.; Jones, R.J.; Goodman, O.B., Jr.; Saad, F.; et al.
Abiraterone and Increased Survival in Metastatic Prostate Cancer. N. Engl. J. Med. 2011, 364, 1995–2005. [CrossRef] [PubMed]

33. de Wit, R.; de Bono, J.; Sternberg, C.N.; Fizazi, K.; Tombal, B.; Wülfing, C.; Kramer, G.; Eymard, J.-C.; Bamias, A.; Carles, J.; et al.
Cabazitaxel versus Abiraterone or Enzalutamide in Metastatic Prostate Cancer. N. Engl. J. Med. 2019, 381, 2506–2518. [CrossRef]
[PubMed]

34. Veritas Health Innovation. Covidence Systematic Review Software. Melbourne, Australia. Available online: www.covidence.org
(accessed on 13 February 2023).

35. Sweeney, C.J.; Martin, A.J.; Stockler, M.R.; Begbie, S.; Chi, K.N.; Chowdhury, S.; Coskinas, X.; Frydenberg, M.; Hague, W.E.;
Horvath, L.G.; et al. Overall Survival of Men with Metachronous Metastatic Hormone-sensitive Prostate Cancer Treated with
Enzalutamide and Androgen Deprivation Therapy. Eur. Urol. 2021, 80, 275–279. [CrossRef] [PubMed]

https://doi.org/10.1016/j.eururo.2013.10.055
https://www.ncbi.nlm.nih.gov/pubmed/24295792
https://doi.org/10.1200/JCO.2015.65.7270
https://doi.org/10.1002/pros.23492
https://www.ncbi.nlm.nih.gov/pubmed/29436722
https://doi.org/10.1111/j.1464-410X.2006.06663.x
https://doi.org/10.1038/s41391-021-00486-2
https://doi.org/10.1038/s41391-022-00605-7
https://doi.org/10.14740/wjon903w
https://doi.org/10.1038/pcan.2013.41
https://doi.org/10.1016/j.clgc.2017.02.007
https://www.ncbi.nlm.nih.gov/pubmed/28344102
https://doi.org/10.1007/s13277-013-1083-6
https://doi.org/10.1002/pros.22742
https://doi.org/10.1053/hp.2000.6698
https://doi.org/10.3389/fonc.2023.1201753
https://doi.org/10.1056/NEJMoa1405095
https://doi.org/10.1056/NEJMoa1209096
https://doi.org/10.1056/NEJMoa1911440
https://www.ncbi.nlm.nih.gov/pubmed/32343890
https://doi.org/10.1056/NEJMoa2022485
https://www.ncbi.nlm.nih.gov/pubmed/32955174
https://doi.org/10.1056/NEJMoa1207506
https://www.ncbi.nlm.nih.gov/pubmed/22894553
https://doi.org/10.1056/NEJMoa1014618
https://www.ncbi.nlm.nih.gov/pubmed/21612468
https://doi.org/10.1056/NEJMoa1911206
https://www.ncbi.nlm.nih.gov/pubmed/31566937
www.covidence.org
https://doi.org/10.1016/j.eururo.2021.05.016
https://www.ncbi.nlm.nih.gov/pubmed/34030924


J. Clin. Med. 2024, 13, 734 11 of 13

36. Tan, Y.G.; Pang, L.; Khalid, F.; Poon, R.; Huang, H.H.; Chen, K.; Tay, K.J.; Lau, W.; Cheng, C.; Ho, H.; et al. Local and systemic
morbidities of de novo metastatic prostate cancer in Singapore: Insight from 685 consecutive patients from a large prospective
Uro-oncology registry. BMJ Open 2020, 10, e034331. [CrossRef] [PubMed]

37. Yekedüz, E.; McKay, R.R.; Gillessen, S.; Choueiri, T.K.; Ürün, Y. Visceral Metastasis Predicts Response to New Hormonal Agents
in Metastatic Castration-Sensitive Prostate Cancer. Oncologist 2023, 28, 596–603. [CrossRef] [PubMed]

38. Iwamoto, H.; Izumi, K.; Shimada, T.; Kano, H.; Kadomoto, S.; Makino, T.; Naito, R.; Yaegashi, H.; Shigehara, K.; Kadono, Y.;
et al. Androgen receptor signaling-targeted therapy and taxane chemotherapy induce visceral metastasis in castration-resistant
prostate cancer. Prostate 2020, 81, 72–80. [CrossRef]

39. Ghedini, P.; Bossert, I.; Zanoni, L.; Ceci, F.; Graziani, T.; Castellucci, P.; Ambrosini, V.; Massari, F.; Nobili, E.; Melotti, B.; et al.
Liver metastases from prostate cancer at 11C-Choline PET/CT: A multicenter, retrospective analysis. Eur. J. Nucl. Med. 2017, 45,
751–758. [CrossRef]

40. Alshalalfa, M.; Goglia, A.G.; Swami, N.; Nguyen, B.; Hougen, H.Y.; Khan, A.; Kishan, A.U.; Punnen, S.; Nguyen, P.L.; A Mahal, B.;
et al. Determinants of widespread metastases and of metastatic tropism in patients with prostate cancer: A genomic analysis of
primary and metastatic tumors. Urol. Oncol. Semin. Orig. Investig. 2023, 41, 253.e21–253.e26. [CrossRef]

41. Akinyemiju, T.; Sakhuja, S.; Waterbor, J.; Pisu, M.; Altekruse, S.F. Racial/ethnic disparities in de novo metastases sites and survival
outcomes for patients with primary breast, colorectal, and prostate cancer. Cancer Med. 2018, 7, 1183–1193. [CrossRef]

42. Rice, M.A.; Malhotra, S.V.; Stoyanova, T. Second-generation antiandrogens: From discovery to standard of care in castration
resistant prostate cancer. Front. Oncol. 2019, 9, 801. [CrossRef]

43. Yamada, Y.; Beltran, H. Clinical and Biological Features of Neuroendocrine Prostate Cancer. Curr. Oncol. Rep. 2021, 23, 1–10.
[CrossRef] [PubMed]

44. Qiu, X.; Boufaied, N.; Hallal, T.; Feit, A.; de Polo, A.; Luoma, A.M.; Alahmadi, W.; Larocque, J.; Zadra, G.; Xie, Y.; et al. MYC
drives aggressive prostate cancer by disrupting transcriptional pause release at androgen receptor targets. Nat. Commun. 2022, 13,
1–17. [CrossRef] [PubMed]

45. Choi, E.; Buie, J.D.; Camacho, J.; Sharma, P.; de Riese, W.T. Evolution of Androgen Deprivation Therapy (ADT) and Its New
Emerging Modalities in Prostate Cancer: An Update for Practicing Urologists, Clinicians and Medical Providers. Res. Rep. Urol.
2022, 14, 87–108. [CrossRef] [PubMed]

46. Clinton, T.N.; Woldu, S.L.; Raj, G.V. Degarelix versus luteinizing hormone-releasing hormone agonists for the treatment of
prostate cancer. Expert Opin. Pharmacother. 2017, 18, 825–832. [CrossRef] [PubMed]
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