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SUMMARY: Breast cancer liver metastasis (BCLM) presents a critical challenge in breast cancer treatment and
has substantial epidemiological and clinical significance. Receptor status is pivotal in managing both primary breast
cancer and its liver metastases. Moreover, shifts in these statuses can have a profound impact on patient treatment
strategies and prognoses. Research has indicated that there is significant heterogeneity in receptor status between
primary breast cancer and liver metastases. This variation may be influenced by a multitude of factors, such as
therapeutic pressure, inherent tumor heterogeneity, clonal evolution, and the unique microenvironment of the liver.
Changes in the receptor status of BCLM are crucial for adjusting treatment strategies, and liver biopsy plays an
important role in the treatment process. Directions for future research targeting changes in receptor status include
in-depth study of molecular mechanisms, combined treatment strategies for receptor status reversal, development
of artificial intelligence deep learning models to predict receptor status in liver metastases, and clinical research on
new drug development and combination therapies. That research will provide more precise treatment strategies for
patients with BCLM and improve their prognosis.
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1. Introduction

According to the latest data from the International
Agency for Research on Cancer (/), breast cancer has
become the most commonly diagnosed cancer type in
women worldwide, surpassing lung cancer. The latest
statistics from the American Cancer Society show that
the incidence of breast cancer has been continuously
rising and those affected have become younger over the
past decade (2). The survival rate of breast cancer varies
depending on the stage at diagnosis, molecular subtypes,
and other clinical pathological characteristics, with a
S-year relative survival rate of 99% for localized discase
and only 32% for distant metastatic disease (2). Distant
metastasis of breast cancer is the leading cause of death
in patients with breast cancer. The liver ranks among the
primary targets of breast cancer metastasis. In patients
with advanced breast cancer, liver metastasis occurs in
20-30% of cases. This makes the liver the third most
common site of distant metastasis, following bone and

the lungs (3,4). Notably, breast cancer liver metastasis
(BCLM) also tends to develop at a younger age, with
a higher incidence of liver metastatic breast cancer in
young women compared to older women (3,6). Thus,
focusing on the prognosis for patients with BCLM is
crucial.

Based on molecular biological characteristics,
breast cancer can be classified into Luminal A, Luminal
B, Triple-negative, HER2-positive, and HER2-
negative types. The status of estrogen receptor (ER),
progesterone receptor (PR), and human epidermal
growth factor receptor 2 (HER2) is crucial in guiding
clinical treatment decisions (7). The American Society
of Clinical Oncology (ASCO) and the European Society
for Medical Oncology (ESMO) have recently updated
their clinical practice guidelines for metastatic breast
cancer. These updates emphasize receptor-dependent
treatment strategies, similar to those used for in situ
breast cancer. Specifically, they recommend formulating
personalized treatment plans based on the receptor status
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of liver metastases. This approach ensures that treatment
is tailored to the specific characteristics of the metastatic
disease, potentially improving outcomes for patients with
BCLM (8,9).

Clinical research has demonstrated that there is a
certain degree of expression discrepancy in ER, PR,
and HER2 between primary breast cancer and liver
metastases (/0-12). Therefore, re-evaluating the receptor
status of BCLM is crucial to formulating precise
personalized treatment plans. The molecular mechanisms
of and new drug targets associated with changes in the
receptor status of BCLM need to be urgently examined.
The current review meticulously synthesizes recent
research findings to provide a summary of the situation
and potential factors influencing receptor heterogeneity
in BCLM. It also delves into the impact of these
factors on the development of diagnostic and treatment
strategies. Additionally, it explores and discusses
promising directions for future research in this critical
field in order to shed light on new avenues for advancing
our understanding and management of this complex
condition.

2. Heterogeneity of receptor status in BCLM

Clinical studies have shown that there is a significant
degree of temporal and spatial heterogeneity in the
expression of ER, PR, and HER2 during the process
of breast cancer metastasis (/3-20) (Tables 1 and 2). A
study by Sundén et al. (10) on a cohort of 132 BCLM
patients registered in two Swedish national cancer
registries indicated that the discordance rates for ER,
PR, and HER?2 status between the primary tumor and
liver metastasis were 17%, 33%, and 10%, respectively;
among the cases with changes in receptor status, the
proportion in which ER changed from positive to
negative was 72.7%, and for PR it was 86.5%. Chen et al.
(21) assessed a cohort of 390 paired primary and distant
metastasis cases and found that the discordance rates for
ER, PR, and HER2 between the primary and metastatic
sites were 20%, 41.4%, and 14.1%, respectively; among
all cases with receptor changes in breast cancer distant

metastasis, the proportion in which ER changed from
positive to negative was 85.9%, the proportion in which
PR changed from positive to negative was 77.0%, and
the proportion in which HER2 changed from positive
to negative was 56.8%, but this study did not specify
the individual cases in which each receptor changed
from positive to negative. A meta-analysis performed
by Schrijver et al. (11), which encompassed 39 studies,
revealed notable discordance rates for ER, PR, and
HER?2 of 14.3%, 47.0%, and 12.1%, respectively, in
BCLM. The researchers further observed that the random
effect percentages for ER, PR, and HER2 changing from
positive to negative were 22.5%, 49.4%, and 21.3%,
respectively. Conversely, the percentages for these
receptors changing from negative to positive were found
to be 21.5%, 15.9%, and 9.5%, respectively. Together,
the aforementioned studies demonstrate that among the
receptors in BCLM, the discordance rate for PR is the
highest, while that for HER2 is the lowest. Notably, a
greater proportion of patients experience a change in
ER and PR expression from positive to negative, as
compared to those who undergo a change from negative
to positive. In contrast, the proportion of patients whose
HER?2 status changes from positive to negative is
relatively similar to those whose status changes from
negative to positive.

Interestingly, almost all studies on changes in
receptor status in BCLM have indicated that the
discordance rate for HER2 is the lowest between the
primary breast cancer and liver metastasis, but nearly
one-third of patients with BCLM have their HER2 status
change from no HER2 expression in the primary tumor
to low HER2 expression in the liver metastasis (22,23).
For example, a study by Almstedt et al. (24) showed that
during the process of BCLM, the discordance rate for
HER?2 status was 40.9%, with 72.2% changing from no
HER?2 expression to low HER2 expression.

In addition, certain studies have indicated that
alterations in HER2 status are intimately linked to the
patient's ER status. Specifically, a HER2 status of 0 is
predominantly associated with ER negativity, whereas
low expression of HER2 tends to occur more frequently

Table 1. Breast cancer liver metastasis receptor status conversion

Rate of discrepancy (%)(Event/Sample size)

ER

Curigliano et al., 2011
Hoefnagel et al., 2012
Botteri et al., 2012

Nakamura et al., 2013

14.5 (37/255)
12.7 (8/63)
15.2 (15/99)

16.7 (4/24)

Woo et al., 2019

Chen et al., 2020 20.0 (16/80)
Sundén et al., 2023 16.9 (22/130)
Prochazkova et al., 2024 20.0 (2/10)

PR HER2
48.6 (124/255) 14.0 (24/172)
41.3 (26/63) 9.5 (6/63)

- 13.3 (8/60)

. 10.0 (2/20)
33.3(8/24) 16.7 (4/24)
41.4 (29/70) 14.1 (10/71)
32.5(37/114) 9.9 (10/101)
40.0 (4/10) 0 (0/10)

Abbreviations: ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor receptor.
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which may arise through complex genetic, epigenetic,
and protein modifications. Genetic heterogeneity within
tumors has been extensively documented, serving as
a reflection of potential clonal evolution occurring
within the tumor (37-44). A clinical study has shown
that patients with high tumor heterogeneity are more
likely to have adverse prognostic outcomes (45). In
the progression of BCLM, the diversity in receptor
expression status is indicative of the high degree of
tumor heterogeneity present in the metastatic lesions. A
study has indicated that there may be subclones in the
primary breast tumor that cannot be detected by current
technical means and that changes in receptor status occur
during the spread to the liver due to various factors (46).
Moreover, successful BCLM requires multiple steps (47-
50), each of which can produce a population bottleneck,
leading to differences in receptor status between the
metastatic and primary lesions.

3.3. Influence of the metastatic microenvironment

Changes in the liver microenvironment may also affect
receptor heterogeneity in BCLM. These changes, such
as the presence of inflammatory responses and cytokines
in BCLM, may influence the phenotype of breast cancer
tumor cells, including receptor status. For example,
studies have shown that inflammatory factors such as
IL-6 may affect cell adhesion and the expression of
E-cadherin, thereby influencing tumor metastasis and
receptor status (57,52).

4. Impact of receptor heterogeneity in BCLM on
treatment strategies

Zhao et al. (30) found that patients experiencing a
change in hormone receptor status from negative to
positive tend to have longer survival times than those
with a persistently hormone receptor-negative status.
Moreover, multivariate survival analysis has revealed
that patients whose ER status changes from positive
to negative face a significantly elevated risk of death
compared to those with a stable ER-positive status. A
large cohort study (53) indicated that patients with low
HER?2 expression have improved survival rates compared
to those with no HER2 expression, regardless of ER
status. This phenomenon is also reflected in other studies
(54,55). Clearly, changes in receptor status during the
progression of breast tumors have a significant impact on
survival rates. Both the ASCO (56) and the ESMO (57)
underscore the importance of basing treatment strategies
for initially diagnosed BCLM on the ER, PR, and HER2
status of liver metastatic lesions. They also highlight
the necessity of evaluating other treatment-related
biomarkers in order to optimize therapeutic approaches.
Therefore, evaluating the receptor status of BCLM is of
great clinical significance to guiding the formulation of
personalized treatment strategies.

The liver is one of the primary targets of distant
metastasis in breast cancer cases. Unfortunately, patients
with BCLM generally face a rather grim prognosis (58).
Research by Botteri et al. (15) has shown that early
BCLM patients (within 3 years) who undergo a liver
biopsy have higher survival rates than those who do not.
Compared to other target organs for distant metastasis
of breast cancer, the liver is relatively accessible for
biopsy. Thus, a comprehensive and timely assessment
of the receptor status and related biomarkers of BCLM
according to the latest clinical practice guidelines is
crucial to guiding treatment decisions.

In response to changes in the receptor status of
BCLM, the latest clinical practice guidelines state that
classifying treatment based on molecular subtypes
remains the general principle. A point worth highlighting
is that nearly one-third of patients with BCLM exhibit
a change in HER2 status, changing from no HER2
expression in the primary lesion to low HER2 expression
in the liver metastasis. As low HER2-expressing breast
cancer targets is researched further, this group of patients
will become a potentially targetable population (59).
Patients with low HER2-expressing BCLM also have
new treatment options such as anti-HER2 antibody-drug
conjugates (ADCs), and studies on the treatment of low
HER2-expressing advanced breast cancer with the HER2
ADC drug T-DXd have become a focus of recent clinical
research (60).

5. Future prospects

5.1. Molecular mechanisms of receptor heterogeneity in
BCLM

In research on the molecular mechanisms of receptor
heterogeneity in BCLM, the bidirectional crosstalk
between ER and HER2 receptors has been widely
reported in the context of endocrine or anti-HER2
treatment resistance in hormone receptor-positive and
HER2-positive breast cancer (6/). Studies have found
that ER expression can modulate the activity of the PI3K
pathway, thereby influencing the activation of the HER2
pathway. Conversely, HER2 overexpression, often driven
by copy number amplification, can lead to the loss of
ER gene expression. Moreover, multi-omics analysis of
metastatic luminal-type primary breast tumors has shown
that the transition from the luminal subtype to the HER2-
enriched subtype is associated with the expression of
ESRI1, basal-like molecules, and the activation of related
signaling pathways (62-64).

Nevertheless, the precise mechanisms driving the
changes in receptor status between primary breast cancer
and liver metastasis have yet to be fully understood. The
precise molecular mechanisms involved in the process
of breast cancer liver metastasis need to be explored
further, and that effort will lay the foundation for the
development of new treatment strategies.
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5.2. Research on the reversal of receptor status in BCLM

Schade ef al. (65) examined combined EZH2/AKT
inhibitor therapy for triple-negative breast cancer
and found that EZH2 and AKT inhibitors induce the
expression of GATA3, promoting the transformation
of triple-negative breast cancer from a basal-like state
to a luminal-like state. Their findings indicate that the
receptor status of breast cancer can be reversed under
certain conditions, but whether the receptor status of
liver metastases can be reversed and whether the specific
mechanisms are consistent with those in the primary
tumor require further research.

5.3. Artificial intelligence deep learning prediction
models for receptor heterogeneity in BCLM

The advent of deep learning has driven the artificial
intelligence (AI) revolution, increasing the use of Al in
predictive modeling. Today, in relation to breast cancer,
many Al models have been developed. For example,
Bitencourt ef al. used magnetic resonance imaging to
assess HER?2 gene amplification and predict pathological
response after neoadjuvant chemotherapy in HER2-
positive breast cancer cases (66). Additionally, Al-driven
digital pathology has demonstrated effectiveness in
tumor diagnosis and treatment.

However, there is still a scarcity of Al models
specifically tailored to BCLM. Current guidelines

for BCLM typically recommend re-biopsy of liver
metastases to re-evaluate their pathological status.
Nevertheless, some patients with BCLM cannot tolerate
punctures or surgical procedures. This hampers the
accurate determination of the receptor status of liver
metastases in those patients. Therefore, non-invasive
methods of determining the receptor status of BCLM
need to be urgently explored. The latest breakthroughs
in deep learning technology allow algorithms to learn
from clinical data to predict the receptor status of BCLM
(67,68). On this basis, researchers can train AI models
by collecting information on the primary lesion and liver
metastasis of patients with BCLM to predict the receptor
status of liver metastases and formulate personalized
treatment plans based on the predicted receptor status
(Figure 1).

5.4. New drug development and clinical evaluation

Considering the liver's pivotal role in detoxification and
drug metabolism, a growing number of conventional
therapeutics may rapidly lose their efficacy within
the liver. Future research should therefore focus on
developing new drugs that target molecular markers
specific to BCLM, as well as optimizing drug delivery
routes to the liver (69,70). Additionally, a study has
found that a high proportion of ER and PR change from
positive to negative in BCLM (171), that is, there is a high
proportion of conversion from the luminal subtype to the

= 3 A
ER(+/-) Breast cancer liver metastasis ER(?)
7] PR(+/-) > PR(?)
HER2(+/-) Hormone receptor state conversion HER2(?)
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Figure 1. Al-assisted Framework for Predicting Hormone Receptor Status Conversion in Breast Cancer Liver Metastases. This figure
illustrates the invasive and noninvasive methods for assessing hormone receptor (HR) status in breast cancer liver metastases. The invasive
approach involves biopsy or surgical procedures to obtain pathological diagnoses of estrogen receptor (ER), progesterone receptor (PR), and
HER?2 status, capturing potential receptor conversions. In contrast, the noninvasive approach uses artificial intelligence to predict HR status
changes using data from primary breast cancer and imaging of liver metastases, offering a less invasive alternative for clinical decision-making.
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triple-negative subtype, and this has a negative impact
on patient prognosis. Therefore, new drugs to reverse the
triple-negative subtype of liver metastases to the luminal
subtype could be explored and then used to treat those
metastases based on ER and PR receptors. This approach
has already yielded promising results in the treatment
of primary breast cancer (59). However, whether it is
equally applicable to the treatment of BCLM remains to
be determined through large-scale clinical studies.

6. Conclusion

In summary, the changes in receptor status of BCLM
represent a complex and pivotal clinical challenge. These
changes not only influence the range of treatment options
available to patients but also have a direct bearing
on prognosis and survival rates. As we gain a better
understanding of the molecular mechanisms underlying
changes in receptor status and as Al technology is
increasingly used in predictive modeling, we can
anticipate the development of more precise and targeted
treatment strategies.

Future research must concentrate on combination
therapies aimed at reversing receptor status, the
development of novel drugs, and large-scale clinical
studies to assess the tangible impact of treatment
modifications on patient survival. These efforts will pave
the way for more personalized and effective treatment
plans for individuals suffering from BCLM. Ultimately,
this will lead to enhanced quality of life and improved
survival rates for those patients. With ongoing advances
in research, we eagerly anticipate further breakthroughs
in the treatment of BCLM. Such progress holds the
promise of bringing new hope and better outcomes to
patients affected by this condition.

Funding: This work was jointly supported by the Public
Health Bureau Foundation of Shanghai (202240240,
201940043), the National Natural Science Foundation
of China (81874056, 81874182), the National Key
Research and Development Plan of the Ministry of
Science and Technology (2022YFE0125300), and
the Shanghai Natural Science Foundation Project
(22ZR1413300).

Conflict of Interest: The authors have no conflicts of
interest to disclose.

References

1. Bray F, Laversanne M, Sung H, Ferlay J, Siegel RL,
Soerjomataram I, Jemal A. Global cancer statistics 2022:
GLOBOCAN estimates of incidence and mortality
worldwide for 36 cancers in 185 countries. CA Cancer J
Clin. 2024; 74:229-263.

2. Giaquinto AN, Sung H, Newman LA, Freedman RA,
Smith RA, Star J, Jemal A, Siegel RL. Breast cancer
statistics 2024. CA Cancer J Clin. 2024; 74:477-495.

10.

12.

13.

14.

15.

16.

17.

(170)

Wang R, Zhu Y, Liu X, Liao X, He J, Niu L. The
clinicopathological features and survival outcomes of
patients with different metastatic sites in stage IV breast
cancer. BMC Cancer. 2019; 19:1091.

Falck AK, Fern6 M, Bendahl PO, Ryden L. St Gallen
molecular subtypes in primary breast cancer and matched
lymph node metastases - Aspects on distribution and
prognosis for patients with luminal A tumours: Results
from a prospective randomised trial. BMC Cancer. 2013;
13:558.

De Ridder J, De Wilt JHW, Simmer F, Overbeek L,
Lemmens V, Nagtegaal I. Incidence and origin of
histologically confirmed liver metastases: An explorative
case-study of 23,154 patients. Oncotarget. 2016; 7:55368-
55376.

Cummings MC, Simpson PT, Reid LE, Jayanthan J,
Skerman J, Song S, McCart Reed AE, Kutasovic JR,
Morey AL, Marquart L, O'Rourke P, Lakhani SR.
Metastatic progression of breast cancer: insights from 50
years of autopsies. J Pathol. 2014; 232:23-31.

Van Poznak C, Harris LN, Somerfield MR. Use of
biomarkers to guide decisions on systemic therapy for
women with metastatic breast cancer: American Society
of Clinical Oncology Clinical Practice Guideline. J Oncol
Pract. 2015; 11:514-516.

Rugo HS, Rumble RB, Macrae E, et al. Endocrine therapy
for hormone receptor-positive metastatic breast cancer:
American Society of Clinical Oncology Guideline. J Clin
Oncol. 2016; 34:3069-3103.

Cardoso F, Paluch-Shimon S, Senkus E, ef al. 5th ESO-
ESMO international consensus guidelines for advanced
breast cancer (ABC 5). Ann Oncol. 2020; 31:1623-1649.
Sundén M, Norgren S, Lundqvist R, Andersson A, Sund
M, Hemmingsson O. Receptor conversion and survival in
breast cancer liver metastases. Breast Cancer Res. 2023;
25(1):105.

Schrijver WAME, Suijkerbuijk KPM, van Gils CH, van der
Wall E, Moelans CB, van Diest PJ. Receptor conversion in
distant breast cancer metastases: A systematic review and
meta-analysis. J Natl Cancer Inst. 2018; 110:568-580.

Qi G, Zhang X, Gai X, Yan X. Retrospective analysis of
estrogen receptor (ER), progesterone receptor (PR), human
epidermal growth factor receptor-2 (HER2), Ki67 changes
and their clinical significance between primary breast
cancer and metastatic tumors. PeerJ. 2024; 12:¢17377.
Wolff AC, Somerfield MR, Dowsett M, Hammond MEH,
Hayes DF, McShane LM, Saphner TJ, Spears PA, Allison
KH. Human epidermal growth factor receptor 2 testing in
breast cancer: ASCO-College of American Pathologists
Guideline Update. J Clin Oncol. 2023; 41:3867-3872.
Allison KH, Hammond MEH, Dowsett M, et al. Estrogen
and progesterone receptor testing in breast cancer: ASCO/
CAP Guideline Update. J Clin Oncol. 2020; 38:1346-1366.
Botteri E, Disalvatore D, Curigliano G, Brollo J, Bagnardi
V, Viale G, Orsi F, Goldhirsch A, Rotmensz N. Biopsy of
liver metastasis for women with breast cancer: Impact on
survival. Breast. 2012; 21:284-288.

Curigliano G, Bagnardi V, Viale G, Fumagalli L,
Rotmensz N, Aurilio G, Locatelli M, Pruneri G, Giudici
S, Bellomi M, Della Vigna P, Monfardini L, Orsi F, Nole
F, Munzone E, Goldhirsch A. Should liver metastases of
breast cancer be biopsied to improve treatment choice?
Ann Oncol. 2011; 22:2227-2233.

Woo JW, Chung YR, Ahn S, Kang E, Kim EK, Kim SH,
Kim JH, Kim IA, Park SY. Changes in biomarker status



BioScience Trends. 2025, 19(2):165-172.

www.biosciencetrends.com

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

in metastatic breast cancer and their prognostic value. J
Breast Cancer. 2019; 22:439-452.

Hoefnagel LD, Moelans CB, Meijer SL, van Slooten HJ,
Wesseling P, Wesseling J, Westenend PJ, Bart J, Seldenrijk
CA, Nagtegaal 1D, Oudejans J, van der Valk P, van Gils
CH, van der Wall E, van Diest PJ. Prognostic value of
estrogen receptor a and progesterone receptor conversion
in distant breast cancer metastases. Cancer. 2012;
118:4929-4935.

Nakamura R, Yamamoto N, Onai Y, Watanabe Y, Kawana
H, Miyazaki M. Importance of confirming HER2
overexpression of recurrence lesion in breast cancer
patients. Breast Cancer. 2013; 20(4):336-341.
Prochazkova K, Vojtisek R, Vodi¢ka J, Horova J, Hosek
P, Skala M, Sebek J, Dostal J, Piibaii V, Pivovaréikova
K, Hes O, Tieska V, Molacek J. Hormone receptor
conversion in metastatic breast cancer. Rep Pract Oncol
Radiother. 202; 28:746-755.

Chen R, Qarmali M, Siegal GP, Wei S. Receptor
conversion in metastatic breast cancer: Analysis of
390 cases from a single institution. Mod Pathol. 2020;
33:2499-2506.

Almstedt K, Krauthauser L, Kappenberg F, ef al.
Discordance of HER2-low between primary tumors and
matched distant metastases in breast cancer. Cancers
(Basel). 2023; 15:1413.

Boman C, Liu X, Eriksson Bergman L, Sun W, Tranchell
C, Toli MA, Acs B, Bergh J, Foukakis T, Matikas A. A
population-based study on trajectories of HER2 status
during neoadjuvant chemotherapy for early breast cancer
and metastatic progression. Br J Cancer. 2024; 131:718-
728.

Modi S, Jacot W, Yamashita T, et al. Trastuzumab
deruxtecan in previously treated HER2-low advanced
breast cancer. N Engl J Med. 2022; 387:9-20.

Hu Z, Li Z, Ma Z, Curtis C. Multi-cancer analysis of
clonality and the timing of systemic spread in paired
primary tumors and metastases. Nat Genet. 2020; 52:701-
708.

Curtit E, Nerich V, Mansi L, Chaigneau L, Cals L,
Villanueva C, Bazan F, Montcuquet P, Meneveau N,
Perrin S, Algros MP, Pivot X. Discordances in estrogen
receptor status, progesterone receptor status, and HER2
status between primary breast cancer and metastasis.
Oncologist. 2013; 18:667-674.

Ongaro E, Gerratana L, Cinausero M, Pelizzari G, Poletto
E, Giangreco M, Andreetta C, Pizzolitto S, Di Loreto C,
Minisini AM, Mansutti M, Russo S, Fasola G, Puglisi
F. Comparison of primary breast cancer and paired
metastases: Biomarkers discordance influence on outcome
and therapy. Future Oncol. 2018; 14:849-859.

Yi ZB, Yu P, Zhang S, et al. Profile and outcome of
receptor conversion in breast cancer metastases: A nation-
wide multicenter epidemiological study. Int J Cancer.
2021; 148:692-701.

Okamura T, Kumaki N, Tsuda B, Niikura N. Stability of
HER? status by dual-color in situ hybridization before and
after neoadjuvant chemotherapy in breast cancer. Tokai J
Exp Clin Med. 2020; 45:176-18]1.

Zhao W, Sun L, Dong G, Wang X, Jia Y, Tong Z. Receptor
conversion impacts outcomes of different molecular
subtypes of primary breast cancer. Ther Adv Med Oncol.
2021; 13:17588359211012982.

Yang Z, Li N, Li X, Lei L, Wang X. The prognostic impact
of hormonal receptor and HER-2 expression discordance

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

(171)

in metastatic breast cancer patients. Onco Targets Ther.
2020; 13:853-863.

Lindstrom LS, Karlsson E, Wilking UM, Johansson U,
Hartman J, Lidbrink EK, Hatschek T, Skoog L, Bergh J.
Clinically used breast cancer markers such as estrogen
receptor, progesterone receptor, and human epidermal
growth factor receptor 2 are unstable throughout tumor
progression. J Clin Oncol. 2012; 30:2601-2608.

Ongaro E, Gerratana L, Cinausero M, Pelizzari G, Poletto
E, Giangreco M, Andreetta C, Pizzolitto S, Di Loreto C,
Minisini AM, Mansutti M, Russo S, Fasola G, Puglisi
F. Comparison of primary breast cancer and paired
metastases: biomarkers discordance influence on outcome
and therapy. Future Oncol. 2018; 14:849-859.

Sprouffske K, Kerr G, Li C, Prahallad A, Rebmann R,
Waehle V, Naumann U, Bitter H, Jensen MR, Hofmann
F, Brachmann SM, Ferretti S, Kauffmann A. Genetic
heterogeneity and clonal evolution during metastasis in
breast cancer patient-derived tumor xenograft models.
Comput Struct Biotechnol J. 2020; 18:323-331.

Fidler 1J. The pathogenesis of cancer metastasis: The
'seed and soil" hypothesis revisited. Nat Rev Cancer. 2003;
3:453-458.

Alzubi MA, Turner TH, Olex AL, Sohal SS, Tobin NP,
Recio SG, Bergh J, Hatschek T, Parker JS, Sartorius CA,
Perou CM, Dozmorov MG, Harrell JC. Separation of
breast cancer and organ microenvironment transcriptomes
in metastases. Breast Cancer Res. 2019; 21:36.

Navin N, Krasnitz A, Rodgers L, et al. Inferring tumor
progression from genomic heterogeneity. Genome Res.
2010; 20:68-80.

Andor N, Graham TA, Jansen M, Xia LC, Aktipis CA,
Petritsch C, Ji HP, Maley CC. Pan-cancer analysis of the
extent and consequences of intratumor heterogeneity. Nat
Med. 2016; 22:105-113.

Mroz EA, Tward AD, Hammon RJ, Ren Y, Rocco JW.
Intra-tumor genetic heterogeneity and mortality in head
and neck cancer: Analysis of data from the Cancer Genome
Atlas. PLoS Med. 2015; 12:¢1001786.

Jamal-Hanjani M, Wilson GA, McGranahan N, et al.
Tracking the evolution of non-small-cell lung cancer. N
Engl J Med. 2017; 376:2109-2121.

Greaves M, Maley CC. Clonal evolution in cancer. Nature.
2012; 481:306-313.

Sprouffske K, Merlo LM, Gerrish PJ, Maley CC,
Sniegowski PD. Cancer in light of experimental evolution.
Curr Biol. 2012; 22:R762-R771.

Aparicio S, Caldas C. The implications of clonal genome
evolution for cancer medicine. N Engl J Med. 2013;
368:842-851.

McGranahan N, Swanton C. Clonal heterogeneity and
tumor evolution: Past, present, and the future. Cell. 2017,
168:613-628.

Ramén Y Cajal S, Ses¢é M, Capdevila C, Aasen T,
De Mattos-Arruda L, Diaz-Cano SJ, Hernandez-
Losa J, Castellvi J. Clinical implications of intratumor
heterogeneity: Challenges and opportunities. J] Mol Med
(Berl). 2020; 98:161-177.

Aurilio G, Disalvatore D, Pruneri G, Bagnardi V, Viale G,
Curigliano G, Adamoli L, Munzone E, Sciandivasci A, De
Vita F, Goldhirsch A, Nolé F. A meta-analysis of oestrogen
receptor, progesterone receptor and human epidermal
growth factor receptor 2 discordance between primary
breast cancer and metastases. Eur J Cancer. 2014; 50:277-
289.



BioScience Trends. 2025, 19(2):165-172.

www.biosciencetrends.com

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Nguyen DX, Bos PD, Massagué J. Metastasis: From
dissemination to organ-specific colonization. Nat Rev
Cancer. 2009; 9:274-284.

Chaffer CL, Weinberg RA. A perspective on cancer cell
metastasis. Science. 2011; 331:1559-1564.

Massagué J, Obenauf AC. Metastatic colonization by
circulating tumour cells. Nature. 2016; 529:298-306.
Welch DR, Hurst DR. Defining the hallmarks of
metastasis. Cancer Res. 2019; 79:3011-3027.

Peiffer DS, Zhao F, Chen N, Hahn OM, Nanda R, Olopade
Ol Huo D, Howard FM. Clinicopathologic characteristics
and prognosis of ERBB2-low breast cancer among
patients in the National Cancer Database. JAMA Oncol.
2023; 9:500-510.

Ma R, Feng Y, Lin S, Chen J, Lin H, Liang X, Zheng
H, Cai X. Mechanisms involved in breast cancer liver
metastasis. J Transl Med. 2015; 13:64.

Liu H, Li X, Li H, Feng L, Sun G, Sun G, Wu L, Hu Y,
Liu L, Wang H. Potential molecular mechanisms and
clinical progress in liver metastasis of breast cancer.
Biomed Pharmacother. 2022; 149:112824.

Denkert C, Seither F, Schneeweiss A, et al. Clinical and
molecular characteristics of HER2-low-positive breast
cancer: Pooled analysis of individual patient data from
four prospective, neoadjuvant clinical trials. Lancet Oncol.
2021; 22:1151-1161.

Molinelli C, Jacobs F, Agostinetto E, Nader-Marta G,
Ceppi M, Bruzzone M, Blondeaux E, Schettini F, Prat A,
Viale G, Del Mastro L, Lambertini M, de Azambuja E.
Prognostic value of HER2-low status in breast cancer: A
systematic review and meta-analysis. ESMO Open. 2023;
8:101592.

Van Poznak C, Somerfield MR, Bast RC, Cristofanilli M,
Goetz MP, Gonzalez-Angulo AM, Hicks DG, Hill EG,
Liu MC, Lucas W, Mayer 1A, Mennel RG, Symmans
WEF, Hayes DF, Harris LN. Use of biomarkers to guide
decisions on systemic therapy for women with metastatic
breast cancer: American Society of Clinical Oncology
Clinical Practice Guideline. J Clin Oncol. 2015; 33:2695-
2704.

Gennari A, André F, Barrios CH, et al. ESMO Clinical
Practice Guideline for the diagnosis, staging and treatment
of patients with metastatic breast cancer. Ann Oncol.
2021; 32:1475-1495.

Ji L, Cheng L, Zhu X, Gao Y, Fan L, Wang Z. Risk and
prognostic factors of breast cancer with liver metastases.
BMC Cancer. 2021; 21:238.

Tarantino P, Viale G, Press MF, ef al. ESMO expert
consensus statements (ECS) on the definition, diagnosis,
and management of HER2-low breast cancer. Ann Oncol.
2023; 34:645-659.

Bevers TB, Anderson BO, Bonaccio E, et al. NCCN
clinical practice guidelines in oncology: Breast cancer
screening and diagnosis. J Natl Compr Canc Netw. 2009;
7:1060-1096.

Giuliano M, Trivedi MV, Schiff R. Bidirectional crosstalk
between the estrogen receptor and human epidermal
growth factor receptor 2 signaling pathways in breast
cancer: Molecular basis and clinical implications. Breast
Care (Basel). 2013; 8:256-262.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Vareslija D, Priedigkeit N, Fagan A, ef al. Transcriptome
characterization of matched primary breast and brain
metastatic tumors to detect novel actionable targets. J Natl
Cancer Inst. 2019; 111:388-398.

Aftimos P, Oliveira M, Irrthum A, et al. Genomic and
transcriptomic analyses of breast cancer primaries and
matched metastases in AURORA, the Breast International
Group (BIG) Molecular Screening Initiative. Cancer
Discov. 2021; 11:2796-2811.

Garcia-Recio S, Thennavan A, East MP, et al. FGFR4
regulates tumor subtype differentiation in luminal breast
cancer and metastatic disease. J Clin Invest. 2020;
130:4871-4887.

Schade AE, Perurena N, Yang Y, ef al. AKT and EZH2
inhibitors kill TNBCs by hijacking mechanisms of
involution. Nature. 2024; 635:755-763.

Bitencourt AGV, Gibbs P, Rossi Saccarelli C, Daimiel
I, Lo Gullo R, Fox MJ, Thakur S, Pinker K, Morris
EA, Morrow M, Jochelson MS. MRI-based machine
learning radiomics can predict HER2 expression level
and pathologic response after neoadjuvant therapy in
HER?2 overexpressing breast cancer. EBioMedicine. 2020;
61:103042.

Tan Y, Zhang WH, Huang Z, Tan QX, Zhang YM, Wei
CY, Feng ZB. Al models predicting breast cancer distant
metastasis using LightGBM with clinical blood markers
and ultrasound maximum diameter. Sci Rep. 2024;
14:15561.

Goodin DA, Chau E, Zheng J, O'Connell C, Tiwari A,
Xu Y, Niravath P, Chen SH, Godin B, Frieboes HB.
Characterization of the breast cancer liver metastasis
microenvironment via machine learning analysis of the
primary tumor microenvironment. Cancer Res Commun.
2024; 4:2846-2857.

Rashid NS, Grible JM, Clevenger CV, Harrell JC. Breast
cancer liver metastasis: Current and future treatment
approaches. Clin Exp Metastasis. 2021; 38:263-277.

Dong M, Li C, Jiapaer P, Li X, Xue X, Jiang K, Sheng
J. KIF15 expression characteristics: Relevance to neo-
adjuvant chemotherapy efficacy in breast cancer. Oncol
Transl Med. 2021; 7:69-75.

Received February 11, 2025; Revised March 31, 2025;
Accepted April 12, 2025.

$These authors contributed equally to this work.

*Address correspondence to:

Kenji Karako, Hepato-Biliary-Pancreatic Surgery Division,
Department of Surgery, Graduate School of Medicine, The
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo 113-
8655, Japan.

E-mail: tri.leafs@gmail.com

Weiping Zhu, Department of Hepatic Surgery, Fudan
University Shanghai Cancer Center, Shanghai Medical College,
Fudan University, Shanghai 200032, China.

E-mail: wpzhush@hotmail.com

Released online in J-STAGE as advance publication April 15,
2025.

(172)



