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Simple Summary: Robust predictive and prognostic tools are needed in the management of breast
cancer liver metastases (BCLMs). Until now, surgery has not been the gold standard of treatment
of patients with BCLMs. The present manuscript highlights several predictive factors related to
the primary tumor and the BCLM that may help to identify candidates for surgery with favorable
outcomes in a large cohort of patients.

Abstract: Background: The role of surgical resection of liver metastases in patients with breast cancer
liver metastasis (BCLM) remains controversial. A systematic review and meta-analysis of prognostic
factors related to survival after BCLM resection was performed. Methods: An electronic search of
relevant publications was performed. Pooled outcome measures were expressed as hazard ratios
(HRs), including 95% confidence interval values (95% CIs), and calculated through a random-effects
model. Heterogeneity was tested through the I2 index. Results: Thirty-five publications reported
analyses on prognostic factors and survival. A total of 2782 patients who underwent liver resection for
BCLM were included. Positive axillary lymph nodes at breast cancer diagnosis were an unfavorable
survival factor (HR 1.74, 95% CI 1.25 to 2.41, I2 = 0%). Cumulative predictive factor HRs (multiple
liver metastases, size of the metastases, short interval between primary tumor and onset of liver
disease) related to the BCLM pattern were 1.32 (95% CI 1.17 to 1.48, I2 = 71%) and 1.51 (95% CI
1.15 to 1.98, I2 = 76%) for surgical and pathological features (resection margin and presence of
extrahepatic disease), respectively. Conclusion: Resection of BCLM may provide a survival benefit
for selected patients. For better long-term results, surgical selection should consider both primary
tumor and BCLM features such as negative axillary lymph nodes at breast resection, a single hepatic
lesion, a time longer than 24 months between breast and hepatic diagnosis, and a realizable R0 liver
resection. However, the high heterogeneity among studies suggests the need for an RCT to validate
the present findings.
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1. Introduction

While initially a localized disease, breast cancer may spread systemically, and the liver
represents the third most common site of metastases behind the lymphatics and bone [1].
Survival in breast cancer with liver metastases (BCLM) typically does not exceed 8 months
if left untreated [2]. The primary treatment for BCLM remains chemotherapy and, more
recently, targeted immunotherapy. Liver metastases from other primary tumors, such as
colorectal cancers, are routinely resected as part of standard management. Breast cancer
rarely develops isolated liver metastases because neoplastic cells at this stage have often
already reached systemic circulation with the possibility of further localization, unlike
colon cancer, where the liver, through the portal system, is the first organ to be colonized.
Therefore, the role of liver resection in BCLM remains controversial [3].

Several retrospective case series have been published evaluating patients’ survival
following resection for BCLM, reporting 5 year survival rates ranging from 9% to over
78% [4–6]. These uneven results are likely due to the highly variable inclusion criteria for hepatic
resection among different series, such as the presence or absence of extrahepatic disease.

On the assumption that surgical treatment of BCLM is still a debated field, it would
be helpful to clarify which groups of patients may benefit from liver resection. In this
regard, some reports described their results on the predictive value of factors related to
both primary breast tumor and BCLM (e.g., age at diagnosis, hormone receptor status,
primary tumor stage, interval between the diagnosis of the primary tumor and hepatic
disease, and distribution, size, and the number of liver metastases). However, these results
are not homogeneous when comparing different retrospective series.

Our study aims to perform a systematic review and meta-analysis of the current
literature evidence of the prognostic 5 year overall survival (OS) factors after hepatic
resection for BCLM.

2. Materials and Methods

The present work is reported in line with PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) and AMSTAR (Assessing the Methodological
Quality of Systematic Reviews) guidelines [7].

The research protocol was registered at the International Prospective Register of
Systematic Reviews (http://www.crd.york.ac.uk/PROSPERO, accessed on 30 November
2020) with the following registration number: CRD42020212007.

2.1. Search Strategy

An electronic search was performed using the PubMed/MEDLINE and Cochrane li-
brary databases (last search date: 27 August 2020). The following combination of terms was
used: (“breast” or “non-colorectal” or “noncolorectal” or “nocolorectal” or “no-colorectal”
or “non-neuroendocrine” or “noneuroendocrine” or “no-neuroendocrine”) and (“hepatic”
or “liver”) and (“metastasis” or “metastases” or “metastatic”) and (“surgery” or “resection”
or “surgical” or “hepatectomy”). Beyond the electronic search of bibliographic databases,
the references of the selected articles were also screened manually.

2.2. Study Selection

Titles and abstracts of the retrieved records were independently screened by two
independent reviewers (F.G. and G.M.). Studies were selected for the systematic review
according to predefined criteria. Inclusion criteria were as follows: (a) original article
about surgical treatment of liver metastatic breast cancer; (b) ≥10 patients resected enrolled;
(c) only articles in English language; (d) survival data about resected patients. Exclusion
criteria were as follows: (a) reviews, editorials, comments, and study protocols; (b) case
series (less than 10 patients included) and case reports; (c) articles outside the field of
interest of this review (e.g., articles focused only on results of local treatment such as
radiofrequency ablation and chemoembolization); (d) articles not available in English.
Duplicates were removed.

http://www.crd.york.ac.uk/PROSPERO
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The potential overlap of patients between studies from the same hospital was evalu-
ated. In cases of potential overlap, data were obtained from one study only, and priority
was given according to criteria in the following order: (1) a study with patients that were
not treated in the same time interval; (2) the study with the most significant number of
patients; (3) the most recent study. Potential difficulties in the selection of these studies
were solved through consensus between the reviewers.

2.3. Data Extraction

Two independent reviewers (F.G. and G.M.) retrieved information about the study
characteristics (authors, year of publication, journal, country, study design, the time interval
of the study), patient demographics, and disease features (number of resected patients,
the median age at liver resection, synchronous liver metastases and/or extrahepatic dis-
ease), surgical characteristics (major/minor resections, postoperative mortality and mor-
bidity), and survival outcomes (median follow-up, median and 3 or 5 year overall survival
(OS), median and 3 or 5 year disease-free survival (DFS)).

Subsequently, studies reporting data about prognostic factors related to the primary
tumor and/or liver metastases were analyzed.

Firstly, reviewers independently recorded the data to limit selection bias, and then the
senior author (F.G.) screened the data.

2.4. Quality Assessment

The Newcastle–Ottawa Scale (NOS) [8] was used for quality assessment of the included studies.

2.5. Outcomes

The primary outcome was to analyze predictive factors of 5 year OS after BCLM resection.

2.6. Definition of Prognostic Factors

For a better understanding of the results of our analysis in the figures, we describe in
detail some of the variables analyzed in the quantitative analysis:

- Axillary nodes: lymph nodes retrieved at breast resection.
- Multiple liver metastases: number greater than one.
- Size of liver metastasis: diameter greater than 3.0 cm.
- Synchronicity: hepatic diagnosis within 1 year of treatment of the primary tumor.
- Age at liver diagnosis: age under or over 50 years.
- Short/long interval between breast and liver diagnosis: shorter or longer than 24 months.
- Extrahepatic disease: presence or not of extrahepatic disease at BCLM surgical treatment.

2.7. Statistical Analysis

The meta-analysis was performed using the R software suite (v3.4.0, https://www.R-
project.org, accessed on 30 October 2021). The pooled outcome measure was the hazard
ratio (HR) of the 5 year overall survival (OS) calculated using the random-effects model.
The HR of the 5 year OS was derived from ln(HR) and standard error (SE) as previously de-
scribed [9,10]. Statistical heterogeneity between trials was evaluated by χ2 and I2. Potential
publication bias was investigated by funnel plot. Egger’s test was used to assess funnel
plot asymmetry [11], and Macaskill’s test was used to quantify bias [12]. A p-value < 0.05
(two-tailed) was considered to indicate statistical significance.

3. Results
3.1. Literature Search

Results of the literature search are reported in Figure 1. Overall, 2623 studies were
identified using the search strategy. A total of 2441 records were excluded after the review of
the title and abstracts. Accordingly, 182 articles were included in the full-text screening; out
of these, 56 publications met the inclusion criteria and were finally enrolled in the qualitative
analysis, while 32 articles were included in the quantitative analysis (meta-analysis).

https://www.R-project.org
https://www.R-project.org
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3.2. Qualitative Analysis (Systematic Review)

All included studies had a retrospective design, and only six had a control group
(non-resected patients). Results on the risk of bias and reporting of quality indicators are
shown in Table S1. Only female patients were included. The age ranged between 42 and
60 years at the diagnosis of BCLM. A total of 2782 patients underwent liver resection for
BCLM over a 38 year period (1980–2018). Twelve studies (21.4%) excluded synchronous
liver metastases, and 13 (23.2%) included patients with extrahepatic disease at diagnosis
of liver disease. Furthermore, 60% of reviewed studies reported a median follow-up of
38.2 months after hepatic resection (range: 12–81 months). Median OS was 52 months
(range: 25–134.5 months) in 80% of the studies, with a cumulative 3 year OS and 5 year OS
of 62.5% (range: 35.7–78%) and 42.7% (range: 9.1–78%), respectively.

Additionally, 28 out of 56 (50%) of the studies reported the disease-free survival (DFS)
after hepatectomy for BCLM, with a median DFS of 25.5 months and a cumulative 3 year
DFS and 5 year DFS of 29.9% (range: 8–46%) and 21% (range: 8–41.1%), respectively
(Tables S2 and S3).

3.3. Quantitative Analysis of Prognostic Factors (Meta-Analysis)

Thirty-five publications reported an analysis on the role of prognostic factors influ-
encing survival after hepatic resection for BCLM and were included in the meta-analysis.
A publication bias was demonstrated by Egger’s test (Figure S1). The overall HR for
predictive factors related to the primary tumor was 1.74 (95% CI 1.25–2.41, I2 = 0%)
for axillary node disease at breast resection (Figure 2) and 0.90 (95% CI 0.58 to 1.41, I2 = 66%)
for the receptor status (Figure 3). The overall HR for predictive factors related to the BCLM
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pattern was 1.32 (95% CI 1.17 to 1.48, I2 = 71%) (Figure 4) and 1.51 (95% CI 1.15 to 1.98,
I2 = 76%) for surgical and pathological features, respectively (Figures 5 and 6). Six compar-
ative studies did not show any difference between the surgical and systemic treatment groups
(HR 0.89, 95% CI 0.41 to 1.96, I2 = 90%) (Figure S2).
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4. Discussion

BCLM correlates with a poor prognosis, and only a subgroup of patients may ben-
efit from surgical resection as most patients are not susceptible to curative treatment [2].
No guidance has been created to select suitable patients with BCLM for hepatic resection,
as a surgical option is often based on personal experience and center practice [13]. However,
surgery is not routinely performed for metastatic liver tumors in patients with breast cancer.
For patients with disease limited to the liver or stable extrahepatic oligometastatic disease
undergoing systemic treatment, the surgical approach has been described in several retro-
spective series with 5 year OS ranging widely between 9% and 78% [6]. However, there is
high variability in the eligibility criteria for resection, and the weakness of these criteria
reflects the lack of identified prognostic, predictive factors, as previously reviewed [14,15].
Moreover, the term “oligometastatic” did not have a standardized definition in the se-
ries analyzed, as some authors considered BCLM patients with only well-controlled bone
metastases [16,17]. In several studies, the term was not defined at all.

The present manuscript highlights several predictive factors related to the primary
tumor and the BCLM that may help identify suitable candidates for surgery with favorable
outcomes in a large cohort of patients. Currently, a limited number of comparative studies
have shown mixed results comparing survival between hepatic resection plus systemic
treatment and systemic treatment alone [16–22].

According to the experience recently reported by several authors, positive axillary
nodal metastases of BC at resection of the primary tumor resulted in an adverse prog-
nostic factor. Patients with lymphatic spread had lower survival following resection for
BCLM than patients without nodal spread [18,20,23]. Positive lymph nodes may reflect a
more aggressive disease with occult synchronous micro-metastases at the time of breast
resection [22,24,25].
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The present research shows that patients undergoing liver resection for BCLM with
ER+ primary tumor have better survival than ER− patients, defining the triple-negative
status as an independent poor prognostic factor in BCLM [26–28]. Therefore, according to
these findings, a selective approach based on receptors and lymph node status should drive
the decision to resect BCLM even though the receptor status of BCLM may differ from the
primary tumor [29,30]. One-third of BCLM cases are triple-negative (ER−/PR−/HER2−),
and, in these specific cases, a surgical approach may remove the chemo-resistant BCLM.
However, ER/PR positivity of BCLM does not correlate with improved survival after
liver resection. Therefore, the receptor status of the primary tumor might suggest a more
indolent disease [31]. Moreover, the triple-negative subtype and positive lymph nodes are
unfavorable factors for BCLM resection. These variables are associated, as triple-negative
BC has a higher percentage of positive lymph nodes with metastatic disease and more
aggressive disease in the first years after diagnosis compared to other BC subtypes. Thus,
the analysis of such a short survival subset may be biased for non-triple-negative BC
patients in terms of OS and DFS.

Furthermore, other prognostic factors seem to be related to the liver metastasis prop-
erties, such as the number, size, and distribution of the liver metastases, as well as the
extension and radicality of the liver resection. Patients resected for multiple BCLMs have a
shorter median DFS than patients with a single BCLM [14,29,30], supporting the results of
the present meta-analysis.

Decreased OS and DFS have been shown for patients with tumors ≥ 30 mm (p = 0.041)
or >40 mm BCLM. Several authors have suggested a dimensional criterion to determinate
those suitable for surgical resection of BCLM [23,24]. In our opinion, results about morpho-
logical features (e.g., size, number) should be considered with caution as they may be due
to selection biases in several studies that have preferentially included patients with a single,
small lesion. In addition, some authors suggested following dimensional criteria of hepatic
nodules, but the evidence is not homogeneous in the literature [30,32].

Our research confirmed a short interval between breast and liver diagnosis as an
adverse prognostic factor. Several studies have correlated that an interval <24 months
between the diagnosis of BCLMs and the treatment of the primary tumor is a worse
prognostic factor for metastatic patients undergoing liver resection [33–35]. Our results
also support the prognostic significance of the surgical radicality for long-term outcomes,
not only in terms of macroscopic residual disease, as previously described by Adam et al.
in 2006 [3], but also in terms of microscopic residual disease following hepatic resection,
as confirmed by a German study that indicated R1 resection as an independent prognostic
factor for poor survival at multivariate analysis [35]. Radical surgery could explain why,
in a favorable long-term course of disease with residual tumor or hepatic recurrence, repeat
hepatectomy combined with the systemic treatment provided survival rates comparable to
those after first hepatectomy [36].

It is rare for the liver to represent the only localization of metastatic breast cancer.
Therefore, the majority of the case series we reviewed included patients with BCLM with
extrahepatic metastases defined as a limited disease and/or well-controlled disease with a
complete or partial response after the adjuvant chemotherapy, broadening the eligibility
resection criteria. For example, Mariani et al. included only patients with bone metastases in
their case–control study comparing surgical and nonsurgical groups for BCLM, not defining
bone localization as a clear contraindication to surgery [19]. Despite this, Sakamoto et al.
previously concluded that the presence of extrahepatic disease before hepatectomy was
the only factor prognostic at the multivariate analysis of a poor outcome [36]. Therefore,
in this context, strict tumor surveillance is necessary after treatment of the primary tumor
to detect metastatic disease and select patients with isolated liver lesions that could have
survival advantages from their surgical treatment [37].

Our study had several limitations due to the retrospective design of the included
studies, the selection bias among inclusion criteria in the different case series, the lack of
survival data about patients with BCLM resected and indiscriminately included in “non-
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colorectal” or “non-neuroendocrine” reports, and the prolonged time interval between
the selected studies, with different surgical and medical aspects, which complicated the
comparison of their results. Furthermore, we included studies over a broad time interval
(1980–2018), whereby advances in medical and surgical technology [38] and management
would have potentially impacted the results (e.g., HER2-targeted treatment, different
imaging and pathological technologies). Moreover, the potential effect of a neoadjuvant
therapy of BCLM before hepatic resection on survival was not evaluated in this meta-
analysis due to a lack of data in the included studies. The present meta-analysis found
a variable I2, reflecting the methodological heterogeneity and the limitation mentioned
above. However, a meta-analysis with a time limitation would have been methodologically
incorrect, as reported by PRISMA guidelines. On the other hand, the present meta-analysis
is, to the best of our knowledge, the first to analyze the role of prognostic factors in both
primary cancer and liver metastases for patients with BCLM and to evaluate the long-term
outcomes of more than 2700 patients.

5. Conclusions

According to this systematic review and meta-analysis, the surgical management of
BCLM remains a controversial topic. However, surgery may represent an option with
survival advantages for selected patients. Nevertheless, the high heterogeneity among the
studies suggests the need for an RCT to validate the present findings.

Supplementary Materials: The following supporting information can be downloaded at https://
www.mdpi.com/article/10.3390/cancers14071691/s1: Figure S1. Funnel plot of potential publication
bias; Figure S2. Forest plot of studies comparing surgical vs. systemic treatment groups; Table S1.
Newcastle–Ottawa scale; Table S2. Pathological and surgical characteristics of the patients included
in the selected studies in the systematic review; Table S3. Survival outcomes of the patients resected
included in the studies of the systematic review.

Author Contributions: Conceptualization, F.G. (Federica Galiandro) and F.G. (Francesco Giovinazzo);
methodology, F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo) and G.T.; software, F.G. (Francesco
Giovinazzo); validation, F.G. (Federica Galiandro), S.A., G.M., G.T., E.B., G.C., A.O., G.F. and F.G.
(Francesco Giovinazzo); formal analysis, F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo),
G.T. and G.M.; investigation, F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo), G.T. and G.M.;
resources, F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo), G.T. and G.M.; data curation, F.G.
(Federica Galiandro), F.G. (Francesco Giovinazzo), G.T. and G.M.; writing—original draft preparation,
F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo), G.T. and G.M.; writing—review and editing,
F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo), G.M., G.T., E.B., G.C., A.O., G.F. and S.A.;
visualization F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo), G.M., G.T., E.B., G.C., A.O. and
S.A.; supervision, F.G. (Federica Galiandro), F.G. (Francesco Giovinazzo), G.T., G.F., A.O. and S.A. All
authors have read and agreed to the published version of the manuscript.

Funding: This research not received external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Not applicable.

Data Availability Statement: The data presented in this study are available in this article (and
supplementary material).

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

Abbreviations

BCLM: breast cancer liver metastasis; HR: hazard ratio; OS: overall survival; DFS: disease-free survival;
NOS: Newcastle–Ottawa Scale; SE: standard error; ER: estrogen receptor; PR: progesterone receptor;
HER2: human epidermal growth factor receptor 2; RCT: randomized controlled trial.

https://www.mdpi.com/article/10.3390/cancers14071691/s1
https://www.mdpi.com/article/10.3390/cancers14071691/s1


Cancers 2022, 14, 1691 10 of 11

References
1. Hess, K.R.; Varadhachary, G.R.; Taylor, S.H.; Wei, W.; Raber, M.N.; Lenzi, R.; Abbruzzese, J.L. Metastatic patterns in adenocarci-

noma. Cancer 2006, 106, 1624–1633. [CrossRef] [PubMed]
2. Crump, M.; Gluck, S.; Tu, D.; Stewart, D.; Levine, M.; Kirkbride, P.; Dancey, J.; O’Reilly, S.; Shore, T.; Couban, S.; et al.

Randomized Trial of High-Dose Chemotherapy with Autologous Peripheral-Blood Stem-Cell Support Compared with Standard-
Dose Chemotherapy in Women with Metastatic Breast Cancer: NCIC MA.16. J. Clin. Oncol. 2008, 26, 37–43. [CrossRef]
[PubMed]

3. Adam, R.; Aloia, T.; Krissat, J.; Bralet, M.-P.; Paule, B.; Giacchetti, S.; Delvart, V.; Azoulay, D.; Bismuth, H.; Castaing, D. Is Liver
Resection Justified for Patients with Hepatic Metastases From Breast Cancer? Ann. Surg. 2006, 244, 897–908. [CrossRef] [PubMed]

4. Kobryń, E.; Kobryn, K.; Wroblewski, T.; Kobryń, K.; Pietrzak, R.; Rykowski, P.; Ziarkiewicz-Wróblewska, B.; Lamparski, K.;
Zieniewicz, K.; Patkowski, W.; et al. Is there a rationale for aggressive breast cancer liver metastases resections in Polish female
patients? Analysis of overall survival following hepatic resection at a single centre in Poland. Ann. Agric. Environ. Med. 2016, 23,
683–687. [CrossRef] [PubMed]

5. Vertriest, C.; Berardi, G.; Tomassini, F.; Broucke, R.V.; Depypere, H.; Cocquyt, V.; Denys, H.; Van Belle, S.; Troisi, R.I. Resection of
Single Metachronous Liver Metastases from Breast Cancer Stage I-II Yield Excellent Overall and Disease-Free Survival. Single
Center Experience and Review of the Literature. Dig. Surg. 2015, 32, 52–59. [CrossRef] [PubMed]

6. Rivera, K.; Jeyarajah, D.R.; Washington, K. Hepatectomy, RFA, and Other Liver Directed Therapies for Treatment of Breast Cancer
Liver Metastasis: A Systematic Review. Front. Oncol. 2021, 11, 643383. [CrossRef] [PubMed]

7. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, 105906.
[CrossRef]

8. The Newcastle-Ottawa Scale (NOS) for Assessing the Quality of Nonrandomised Studies in Meta-analyses Request PDF. Available
online: https://www.researchgate.net/publication/288802810_The_Newcastle-Ottawa_Scale_NOS_for_Assessing_The_Quality_
of_Nonrandomised_Studies_in_Meta-analyses (accessed on 29 March 2021).

9. Giovinazzo, F.; Soggiu, F.; Jang, J.-Y.; Versteijne, E.; Van Tienhoven, G.; Van Eijck, C.H.; Han, Y.; Choi, S.H.; Kang, C.M.;
Zalupski, M.; et al. Gemcitabine-Based Neoadjuvant Treatment in Borderline Resectable Pancreatic Ductal Adenocarcinoma:
A Meta-Analysis of Individual Patient Data. Front. Oncol. 2020, 10, 1112. [CrossRef]

10. Giovinazzo, F.; Turri, G.; Katz, M.H.; Heaton, N.; Ahmed, I. Meta-analysis of benefits of portal–superior mesenteric vein resection
in pancreatic resection for ductal adenocarcinoma. Br. J. Surg. 2016, 103, 179–191. [CrossRef]

11. Egger, M.; Davey Smith, G.; Schneider, M.; Minder, C. Bias in meta-analysis detected by a simple, graphical test. BMJ 1997, 315,
629–634. [CrossRef]

12. Meta-Analysis of Diagnostic Tests—Macaskill—Major Reference Works. Wiley Online Library. Available online: https://
onlinelibrary.wiley.com/doi/10.1002/9781118445112.stat05245 (accessed on 29 March 2021).

13. Pagani, O.; Cardoso, F. International Guidelines for Management of Metastatic Breast Cancer: Can Metastatic Breast Cancer Be
Cured? J. Natl. Cancer Inst. 2010, 102, 8. [CrossRef] [PubMed]

14. Tasleem, S.; Bolger, J.C.; Kelly, M.E.; Boland, M.R.; Bowden, D.; Sweeney, K.J.; Malone, C. The role of liver resection in patients
with metastatic breast cancer: A systematic review examining the survival impact. Ir. J. Med Sci. 2018, 187, 1009–1020. [CrossRef]
[PubMed]

15. Golse, N.; Adam, R. Liver Metastases from Breast Cancer: What Role for Surgery? Indications and Results. Clin. Breast Cancer
2017, 17, 256–265. [CrossRef] [PubMed]

16. Chun, Y.S.; Mizuno, T.; Cloyd, J.M.; Ha, M.J.; Omichi, K.; Tzeng, C.-W.D.; Aloia, T.A.; Ueno, N.T.; Kuerer, H.M.;
Barcenas, C.H.; et al. Hepatic resection for breast cancer liver metastases: Impact of intrinsic subtypes. Eur. J. Surg. Oncol. 2020,
46, 1588–1595. [CrossRef] [PubMed]

17. Feng, Y.; He, X.-G.; Zhou, C.-M.; Zhang, Q.-Y.; Huang, S.-Y.; Li, Z.; Zhang, Y.-F.; Pan, Q.; Ji, Y.; Zheng, Y.; et al. Comparison of
hepatic resection and systemic treatment of breast cancer liver metastases: A propensity score matching study. Am. J. Surg. 2020,
220, 945–951. [CrossRef] [PubMed]

18. Sundén, M.; Hermansson, C.; Taflin, H.; Andersson, A.; Sund, M.; Hemmingsson, O. Surgical treatment of breast cancer liver
metastases—A nationwide registry-based case control study. Eur. J. Surg. Oncol. 2020, 46, 1006–1012. [CrossRef]

19. Mariani, P.; Servois, V.; De Rycke, Y.; Bennett, S.; Feron, J.; Almubarak, M.; Reyal, F.; Baranger, B.; Pierga, J.; Salmon, R. Liver
metastases from breast cancer: Surgical resection or not? A case-matched control study in highly selected patients. Eur. J. Surg.
Oncol. 2013, 39, 1377–1383. [CrossRef]

20. Sadot, E.; Lee, S.Y.; Sofocleous, C.T.; Solomon, S.B.; Gönen, M.; Kingham, T.P.; Allen, P.J.; DeMatteo, R.P.; Jarnagin, W.R.;
Hudis, C.A.; et al. Hepatic Resection or Ablation for Isolated Breast Cancer Liver Metastasis: A case-control study with compari-
son to medically treated patients. Ann. Surg. 2016, 264, 147–154. [CrossRef]

21. Lucidi, V.; Bohlok, A.; Liberale, G.; Bez, M.; Germanova, D.; Bouazza, F.; Demetter, P.; Larsimont, D.; Aftimos, P.; Smoll, N.R.; et al.
Extended time interval between diagnosis and surgery does not improve the outcome in patients operated for resection or
ablation of breast cancer liver metastases. Eur. J. Surg. Oncol. 2020, 46, 229–234. [CrossRef]

http://doi.org/10.1002/cncr.21778
http://www.ncbi.nlm.nih.gov/pubmed/16518827
http://doi.org/10.1200/JCO.2007.11.8851
http://www.ncbi.nlm.nih.gov/pubmed/18025439
http://doi.org/10.1097/01.sla.0000246847.02058.1b
http://www.ncbi.nlm.nih.gov/pubmed/17122615
http://doi.org/10.5604/12321966.1226866
http://www.ncbi.nlm.nih.gov/pubmed/28030943
http://doi.org/10.1159/000375132
http://www.ncbi.nlm.nih.gov/pubmed/25675843
http://doi.org/10.3389/fonc.2021.643383
http://www.ncbi.nlm.nih.gov/pubmed/33842354
http://doi.org/10.1136/bmj.n71
https://www.researchgate.net/publication/288802810_The_Newcastle-Ottawa_Scale_NOS_for_Assessing_The_Quality_of_Nonrandomised_Studies_in_Meta-analyses
https://www.researchgate.net/publication/288802810_The_Newcastle-Ottawa_Scale_NOS_for_Assessing_The_Quality_of_Nonrandomised_Studies_in_Meta-analyses
http://doi.org/10.3389/fonc.2020.01112
http://doi.org/10.1002/bjs.9969
http://doi.org/10.1136/bmj.315.7109.629
https://onlinelibrary.wiley.com/doi/10.1002/9781118445112.stat05245
https://onlinelibrary.wiley.com/doi/10.1002/9781118445112.stat05245
http://doi.org/10.1093/jnci/djq029
http://www.ncbi.nlm.nih.gov/pubmed/20220104
http://doi.org/10.1007/s11845-018-1746-9
http://www.ncbi.nlm.nih.gov/pubmed/29392651
http://doi.org/10.1016/j.clbc.2016.12.012
http://www.ncbi.nlm.nih.gov/pubmed/28196771
http://doi.org/10.1016/j.ejso.2020.03.214
http://www.ncbi.nlm.nih.gov/pubmed/32253074
http://doi.org/10.1016/j.amjsurg.2020.02.047
http://www.ncbi.nlm.nih.gov/pubmed/32145919
http://doi.org/10.1016/j.ejso.2020.02.008
http://doi.org/10.1016/j.ejso.2013.09.021
http://doi.org/10.1097/SLA.0000000000001371
http://doi.org/10.1016/j.ejso.2019.10.016


Cancers 2022, 14, 1691 11 of 11

22. Margonis, G.A.; Buettner, S.; Sasaki, K.; Kim, Y.; Ratti, F.; Russolillo, N.; Ferrero, A.; Berger, N.; Gamblin, T.C.; Poultsides, G.; et al.
The role of liver-directed surgery in patients with hepatic metastasis from primary breast cancer: A multi-institutional analysis.
HPB 2016, 18, 700–705. [CrossRef]

23. Pocard, M.; Pouillart, P.; Asselain, B.; Falcou, M.C.; Salmon, R.J. Liver resections for breast cancer metastases: Results and
prognostic factors (65 cases). Ann. Chir. 2001, 126, 413–420. [CrossRef]

24. Cheung, T.T.; Chok, K.S.; Chan, A.C.; Tsang, S.H.; Dai, W.C.; Yau, T.C.; Kwong, A.; Lo, C.M. Survival analysis of breast cancer
liver metastasis treated by hepatectomy: A propensity score analysis for Chinese women in Hong Kong. Hepatobiliary Pancreat.
Dis. Int. 2019, 18, 452–457. [CrossRef] [PubMed]

25. Lubrano, J.; Roman, H.; Tarrab, S.; Resch, B.; Marpeau, L.; Scotté, M. Liver resection for breast cancer metastasis: Does it improve
survival? Surg. Today 2008, 38, 293–299. [CrossRef] [PubMed]

26. Zegarac, M.; Nikolic, S.; Gavrilovic, D.; Jevric, M.; Kolarevic, D.; Nikolic-Tomasevic, Z.; Kocic, M.; Djurisic, I.; Inic, Z.; Ilic, V.; et al.
Prognostic factors for longer disease free survival and overall survival after surgical resection of isolated liver metastasis from
breast cancer. Off. J. Balk. Union Oncol. 2013, 18, 859–865.

27. Koo, J.S.; Jung, W.; Jeong, J. Metastatic Breast Cancer Shows Different Immunohistochemical Phenotype According to Metastatic
Site. Tumori J. 2010, 96, 424–432. [CrossRef]

28. Hoefnagel, L.D.; van de Vijver, M.J.; van Slooten, H.-J.; Wesseling, P.; Wesseling, J.; Westenend, P.J.; Bart, J.; Seldenrijk, C.A.;
Nagtegaal, I.D.; Oudejans, J.; et al. Receptor conversion in distant breast cancer metastases. Breast Cancer Res. 2010, 12, R75.
[CrossRef]

29. Abbas, H.; Erridge, S.; Sodergren, M.H.; Papoulas, M.; Nawaz, A.; Menon, K.; Heaton, N.D.; Prachalias, A.A.; Srinivasan, P.
Breast cancer liver metastases in a UK tertiary centre: Outcomes following referral to tumour board meeting. Int. J. Surg. 2017, 44,
152–159. [CrossRef]

30. Ercolani, G.; Zanello, M.; Serenari, M.; Cescon, M.; Cucchetti, A.; Ravaioli, M.; Del Gaudio, M.; D’Errico, A.; Brandi, G.; Pinna, A.D.
Ten-Year Survival after Liver Resection for Breast Metastases: A Single-Center Experience. Dig. Surg. 2018, 35, 372–380. [CrossRef]

31. Bacalbasa, N.; Balescu, I.; Ilie, V.; Florea, R.; Sorop, A.; Brasoveanu, V.; Brezean, I.; Vilcu, M.; Dima, S.; Popescu, I. The Impact
on the Long-term Outcomes of Hormonal Status After Hepatic Resection for Breast Cancer Liver Metastases. Vivo 2018, 32,
1247–1253. [CrossRef]

32. Groeschl, R.T.; Nachmany, I.; Steel, J.L.; Reddy, S.K.; Glazer, E.S.; de Jong, M.C.; Pawlik, T.M.; Geller, D.A.; Tsung, A.;
Marsh, J.W.; et al. Hepatectomy for Noncolorectal Non-Neuroendocrine Metastatic Cancer: A Multi-Institutional Analysis.
J. Am. Coll. Surg. 2012, 214, 769–777. [CrossRef]
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