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Simple Summary: Metastasis is the last stage in the development of cancer and usually results in
mortality. Cutaneous metastases (CMs) account for 2% of all skin malignancies. Nearly 70% of CMs
in women originate from breast cancer (BC). Since CM is usually associated with poor prognosis, the
development of management strategies for these patients remains an important clinical challenge.
Identifying molecular markers in primary BC that predict CMs and determining the molecular
differences between primary tumors and their metastases is of great interest for designing new
therapeutic approaches.

Abstract: Cutaneous metastases (CMs) account for 2% of all skin malignancies, and nearly 70% of
CMs in women originate from breast cancer (BC). CMs are usually associated with poor prognosis,
are difficult to treat, and can pose diagnostic problems, such as in histopathological diagnosis when
occurring long after development of the primary tumor. In addition, the molecular differences
between the primary tumors and their CMs, and between CMs and metastases in other organs, are
not well defined. Here, we review the main clinical, pathological, and molecular characteristics of
breast cancer CMs. Identifying molecular markers in primary BC that predict CM and can be used to
determine the molecular differences between primary tumors and their metastases is of great interest
for the design of new therapeutic approaches.
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1. Introduction

Breast cancer (BC) is the most prevalent neoplastic disease among women worldwide.
In women, it represents around 30% of all new cancer cases and is the leading cause of
cancer death [1,2].

Metastatic disease is the last stage in the development of cancer, and the outcome
is usually fatal. It is a complex process in which the cells of a primary tumor propagate
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to distal organs by invading local tissues and blood and/or lymphatic vessels, followed
by uncontrolled growth in these distal tissues [3,4]. BC cells predominantly metastasize
to the lungs, bones, and brain [5], although the metastatic pattern varies among different
subtypes. ER-positive tumors usually have less invasive and metastatic potential and tend
to metastasize to the bone [6-8]. The incidence of brain metastases in HER2-positive BCs
is high [9,10], and nearly 50% of patients with advanced disease die from central nervous
system progression [11]. TNBCs frequently metastasize to visceral organs; they show a high
tropism for the lungs but also a high rate of metastasis to the central nervous system [12].

Cutaneous metastases (CMs) account for only 2% of all skin cancers [13,14]. In women,
BC is the tumor most likely to metastasize to the skin [13,15-17]. Notably, 69% of the
CMs in women observed by dermatologists originate from BC [17]. These CMs result
from lymphatic embolization and hematogenous or contiguous dissemination [18] and
are present in around 24% of patients with metastatic BC [13-17]. They can appear locally
(86%) or distantly (14%). Since CM is usually associated with poor prognosis [19], the
development of management strategies for these patients remains an important clinical
challenge. Identifying molecular markers in primary BC that predict CM and could be
used to identify CMs would be of great clinical interest. In this narrative review, we discuss
the main clinical, pathological, and molecular features of CM from the breast.

2. Clinical and Pathological Features of Breast Cancer Cutaneous Metastasis
2.1. Epidemiology, Incidence, and Prognosis of Breast Cancer Cutaneous Metastasis

The frequency of CM varies according to the molecular subtype of BC. In their study,
Lefebvre et al. [20] included 28 cases of CM in which the BC had the following phenotypes:
61% HR-positive/HER2-negative, 25% TN, 7% HER2-positive, and 7% unknown. Yates
et al. [21] included 19 cases of CM from BC, which were 47% ER-positive/HER2-negative,
26% TN, 10% ER-positive/ HER2-positive, and 16% unknown. The distributions of cases
among the different molecular phenotypes in the studies of Kong et al. [22] and Luna
et al. [23] differ from those in the remainder of the series in the number of cases HER2-
positive and also the series of Luna et al. [23] in the number of cases TN; Kong et al. [22]
included 125 women with skin and/or soft tissue metastasis, in which 42.4% were HR-
positive, 34.4% were HER2-positive, and 23.2% were TN; and Luna et al. [23] included 26
cases, 27% of which were HR-positive/HER2-negative, 27% HER2-positive, 39% TN, and
7% unknown (Table 1).

Table 1. Distribution of molecular phenotypes in the cases of BC with MC of each series.

References N HR-Positive/HER2-Negative N (%) HER2-Positive N (%) TN N (%) Unknown N (%)
Lefebvre et al. [20] 28 17 (61) 2(7) 7 (25) 2(7)

Yates et al. [21] 19 9 (47) 2 (10) 5(26) 3(16)
Kong et al. [22] 125 53 (42.4) 43 (34.4) 29 (23.2)

Luna et al. [23] 26 7(27) 7(27) 10 (39) 2(7)

Although there are differences among series, a finding common to all of them is the
relative overrepresentation of TNBC, since its frequency in the general population of BCs
is around 15%, but it is between 23% and 39% in BCs with CM.

The median age of women who have BC with CM is 74 years [13,15-17,24,25]. As
previously mentioned, CM usually occurs late in the disease, in the later stages of the
cancer course. Brownstein et al. [26] analyzed 724 cases of metastatic cancers with skin
metastases and observed that signs of skin metastasis were only present in 3% of metastatic
BC cases. Kong et al. [22] observed that more than half of the patients (56.8%) had more
than one visceral metastasis at the time of CM diagnosis: bone in 41.6%, lung in 36%, liver
in 13.6%, and brain in 1.6% of patients. At the time of diagnosis, the primary tumor was
already widespread, and curative treatment was not available.
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2.2. Clinical Presentation of Breast Cancer Cutaneous Metastasis

The location of CMs in BC patients is not completely random but occurs more fre-
quently in the vicinity of the primary tumor, perhaps by direct extension of the underlying
tumor or by lymphatic spread [16]. CMs from BC tend to develop in the chest wall, al-
though they can also develop in the abdomen, extremities, head, or neck [13,16,17,27]. In
addition to being able to develop in different locations, cutaneous breast metastasis can
manifest with different patterns.

The most common clinical presentation of skin metastases is in the form of nodules,
with an incidence of 80% [17]. They range in size from 1 to 3 cm and may present as firm,
solitary, or multiple papules that are located in the dermis or subcutaneous tissue. They are
often flesh colored but could be colored brown, bluish black, pink, or red-brown [28-30].
The nodules are usually asymptomatic, although they can also become ulcerated and
infected [31] (Figure 1a).

Figure 1. (a) Cutaneous metastases in form of ulcerated and infected nodules. (b) Cutaneous metastasis in the form of
sharply demarcated erythematous patches and plaques affecting the breast and surrounding skin.

The telangiectatic pattern may appear as an erythematous patch with prominent
telangiectasias or as a lymphangioma circumscriptum-like pseudovesicular lesion [32]. It
is characterized by papules, plaques, or purpuric nodules, and it is often accompanied
by pruritus [33-35]. Telangiectatic presentation occurs with an incidence of 8-11% among
patients [15,17].

The erysipeloides or erysipelatoides pattern is also known as inflammatory metastatic
carcinoma [30,36]. This pattern shows erysipelas-like lesions, with sharply demarcated
erythematous patches and plaques affecting the breast and surrounding skin. Erysipeloides
occurs with an incidence of 3-6.3% among patients [15,17] (Figure 1b).

Carcinoma en cuirasse, also named scirrhous carcinoma, appears as scattered and firm
erythematous and indurated plaques on the chest wall [30,37,38]. Carcinoma en cuirasse
occurs with an incidence of 3-4% among patients [15,17].

Neoplastic alopecia presents as circular indurated areas of alopecia on the scalp
due to the hematogenous spread of BC [39]. The areas of alopecia are typically painless,
nonpruritic, and well demarcated, and they appear as oval plaques, often displaying a
red—pink tone and a smooth surface [26]. The infiltrative nature of such alopecia may be
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unapparent or only minimally apparent [40]. This type occurs with an incidence of 2-12%
among patients [15].

2.3. Histopathology of Breast Cancer Cutaneous Metastasis

The main BC histological type that produces CMs are an invasive carcinoma of no
special type (NST). In the series reported by Mayer et al. [41], 95.2% of CM cases resulted
from BCNST, followed by invasive lobular carcinoma (ILC) (2.4%) and others (2.4%).

The pattern of infiltration of dermal tissue influences the clinical pattern of presenta-
tion. Histologically, nodules are composed of atypical neoplastic cells arranged in small
nests and cords surrounded by fibrosis, usually in a single-file line within the collagen
bundles of the dermis [28,31]. In the telangiectatic pattern, aggregates of atypical neoplastic
cells and erythrocytes are present within dilated vessels of the papillary and/or reticular
dermis (Figure 2) [31]. In the erysipeloid pattern, the metastatic tumor cells are tightly
crowded within dilated superficial and deep lymphatic vessels, and a slight perivascular
infiltrate of lymphocytes and plasma cells is usually present [15,31,32]. Carcinoma en
cuirasse forms through dense fibrosis with few neoplastic cells, sometimes exhibiting a
characteristic single-file pattern between the collagen bundles of the dermis [15,31]. Finally,
neoplastic alopecia is characterized by the presence of small tumor cells arranged in cords,
with single cells destroying hair follicles and inducing fibroplasia [42—-45].
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Figure 2. (a) Lymphovascular permeation in dermal lymphatics. H&E; original magnification, 100x. (b) High proliferation

index in tumor emboli (Ki-67; Clon Mib-1, Agilent). Original magnification, 100 x.

For CMs, it is recommended that immunohistochemical analysis detection of ER, PR,
and HER?2 (Figure 3) be repeated to evaluate whether the immune profile of the primary
tumor has changed, since a change can influence the efficacy of future treatment.

Differential Diagnosis of CM of Mammary Origin

Histologically, the primary characteristics of the neoplasia can be observed in CM, but
CMs are often very poorly differentiated variants of the original tumor, and a microscopic
study may be insufficient to arrive at the etiological diagnosis [46]. Certain immunochem-
istry markers (IHC) are used in the investigation of CM origin in cases where a primary
tumor has not yet been diagnosed at the time of cutaneous biopsy. Against CM of unknown
origin, it is often useful to perform IHC for cytokeratin 7 (CK7), cytokeratin 20 (CK20),
antithyroid transcription factor 1 (TTF-1), S100 protein (5100), and HRs. The distinction
of the skin lesion as resulting from BC metastasis has great clinical importance since it
can completely modify the application of treatment guidelines. To date, there is no totally
specific marker for confirming breast origin. Despite not being specific markers to define
the mammary origin, a CK7 +, CK20 —, ER + and PR + algorithm is sometimes used [25,47].
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Additionally, there are multiple antibodies that can help to distinguish it from primary skin
tumors or metastases of other origins.

Figure 3. (a) Cutaneous metastasis from a lobular carcinoma. Discohesive, monomorphic cells surrounding a cutaneous

appendage. H&E; original magnification, 200 x. (b) High expression of estrogen receptor (Clon EP1, Agilent). Original

magnification, 200 x.

The difficulty in recognizing the tumor as being of mammary origin mainly depends
on the profile of primitive BC. In luminal tumors, which present intense expression of HRs,
and in HER?2 tumors, the diagnosis can be made more easily, since these tumors present
the characteristic immunophenotype of mammary origin with positivity for GCDFP (gross
cystic disease factor protein), mammaglobin, GATA3, HRs, or HER?, if applicable.

TN cases are the most difficult group to diagnose. This subgroup of tumors presents
much lower positivity for typical breast markers, such as mammaglobin (17-24% positivity),
GCDEFP-15 (0-5%), and GATAS3, which show a lower expression than that identified in
luminal carcinomas or HER2 [48].

GCDFP and mammaglobin are frequently used as immunohistochemical markers of
mammary origin. Mammaglobin is more sensitive and GCDFP more specific, but both
markers are expressed in most luminal and HER2 tumors. Staining is cytoplasmic and
heterogeneous, so the entire stained slide should be carefully examined. However, these
two markers are much less sensitive for TN tumors (< 35% and 16%, respectively) and
therefore have less diagnostic utility for them. Cutaneous adnexal tumors can also express
these two markers, which must be taken into account for differential diagnosis [49].

GATAS3 is a transcription factor that plays a role in the differentiation of many tissues,
including the mammary luminal epithelium. In surgical pathology, GATAS3 is a sensitive
marker of BCs since GATA3 is involved in ER signaling, but it is also expressed in urothelial,
trophoblastic, salivary, and pancreatic tumors, among others [49]. GATA3 is more sensitive
than other markers, such as mammaglobin and GCDFP15, since its positivity in luminal
tumors is around 90%, but in TN tumors, the percentage of positive tumors is lower. Its
sensitivity is much higher for luminal tumors than for TN tumors [49].

SOX10 is a transcription factor that plays a role in the differentiation and survival of
neural crest cells. Under normal conditions, SOX10 is expressed in normal salivary gland
tissue, in bronchial cells, and in myoepithelial cells of the breast. In surgical pathology,
SOX10 has mainly been used as a marker for melanoma and nerve sheath tumors. In breast,
the tumor expression of SOX10 has been related to the activation of progenitor cells and
the epithelial-mesenchymal transition. SOX10 positivity has been described in 66-74% of
TN and metaplastic BCs but only 5% of non-TN carcinomas. This marker can be useful
even in the absence of GATA3 expression [49].
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It is important to note that both ER-positive and ER-negative tumors can show intense
5100 expression, which implies a differential diagnosis of melanoma.

Lastly, the androgen receptor plays a role in the normal development and proliferation
of breast cells. It is expressed more frequently than ER and PR, but like GATAS3, its
expression is closely linked to ER expression, with a positivity between 25% and 35% in
TN carcinomas [49].

50X10, androgen receptor, and GATA3 expression studies have recently been carried
out in TNBC, both in primary tumors and in metastatic carcinomas [45] (Figures 4 and 5).
In the review of Tozbikian et al. [49], the most sensitive of the three markers is GATA3 (82%
positivity), and the least sensitive is the androgen receptor. SOX10, in turn, remains the most
stable when comparing the expression between primary and metastatic carcinoma, and in
addition, it is capable of allowing the detection of cases in which there is no expression of
GATA3.

Figure 4. (a) Infiltrating trabecular pattern in a cutaneous nodular metastasis from a triple-negative breast carcinoma of no
special type. Original magnification, 40 x. (b) Tumor cells dissecting dermal collagen fibers. Original magnification, 200 x.
(c) Intense expression of GATA3 (Clon L50-823, Roche). Original magnification, 200x.

@)

Figure 5. (a) Solid pattern of infiltration in a cutaneous nodular metastasis from a triple-negative breast carcinoma of no
special type. Original magnification, 40 x. (b) Tumor cells forming solid nests in the dermis. Original magnification, 200x.
(c) Intense expression of SOX10 (Clon SP267, Roche). Original magnification, 200 x.

Another important differential diagnosis of CM is primary epithelial cutaneous tu-
mors, mainly when metastasis develops a long time after the primary tumor. The distinction
between primary adnexal carcinoma (PAC) and metastatic BC to the skin can be quite chal-
lenging, despite adequate clinical history [50,51]. The differential diagnosis with primary
cutaneous apocrine carcinoma, a rare tumor that shares morphologic characteristics with
BC is especially defiant. For this subtype, GATA 3 has been proven useful in confirming
breast origin, but this antibody can be also expressed in other primary skin tumors [50].
CD117 (is expressed by sweat gland secretory cells as well as a wide variety of adnexal
tumors, so it can be useful in differentiating tumors with apocrine/eccrine differentiation
from metastatic carcinomas to the skin with a high specificity, albeit low sensitivity. D2-40
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(podoplanin) has been reported to highlight not only a variety of vascular tumors but is
a useful tool in distinguishing PAC and other cutaneous tumors from metastatic adeno-
carcinoma to the skin. P63 expression has also been found to be helpful in distinguishing
primary adnexal tumors from metastatic adenocarcinoma to the skin, as it is highly ex-
pressed in the basal/myoepithelial cells of epithelial tissues, such as in the eccrine /apocrine
sweat glands. Therefore, the use of these three markers in a panel may serve as a valuable
tool in daily clinical practice when faced with this dilemma [51]. However, it should be
taken into account that some TNBC can express one or more of these proteins.

2.4. Prognosis and Treatment of Breast Cancer Cutaneous Metastasis

The poor prognosis conferred by the presence of CMs in women with BC is highlighted
by the short median survival of these patients. There are few differences in prognosis
regarding whether the lesions are single or multiple, with a mortality exceeding 70% in the
first year after the diagnosis [13,52].

When BC spreads to the skin, it cannot be cured. The purpose of treatment is to
relieve symptoms, improve quality of life, and slow the growth of the cancer. The CMs are
systemically treated based on the molecular type (HR-positive, HER2-positive, or TN). A
HR-positive tumor can be treated with a variety of endocrine-based strategies. Chemother-
apy is the preferred option for CMs that are HR-negative and/or rapidly progressing.
HER2-directed therapy should be applied to HER2-positive tumors, depending on the
extent of disease. For the local control of skin metastases, external beam radiation therapy
is an option for palliation but would not usually be used in previously irradiated areas due
to the issue of cumulative dose [17].

Debridement may be advised when lesions are bleeding. Other options are possi-
ble and can be helpful, such as imiquimod, showing good results in localized lesions;
trastuzumab, in tumors that are HER2-positive; systemic chemotherapy; radiation ther-
apy; and immunotherapy [53,54]. Surgical excision may improve the quality of life of
patients [54,55].

In a number of cases, it has been highlighted that cryotherapy and topical immunomod-
ulators may be useful for the management of CM of BC, possibly by eliciting improved
responses to traditional systemic chemotherapy, as may emerging therapies including
targeted agents and immune-checkpoint blockers. Trials evaluating combination therapy
in metastatic melanoma (NCT03276832) are ongoing. Clinical and correlative studies to de-
velop a therapeutic protocol for CM of BC based on these observations are underway [56].

Another option for the treatment of CM in BC is electrochemotherapy (ECT). This is
an effective treatment for cutaneous BC lesions that have proven refractory to standard
therapies. As smaller lesions were found to be more responsive, Bourke et al. [36] suggested
that ECT should be considered as an early treatment modality, within multimodal treatment
strategies.

Elucidating the molecular landscape of CMs could help in selecting new targeted
therapies for this ominous manifestation of BC.

A potential diagnostic and treatment algorithm for CM is presented in the Figure 6.
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Figure 6. Diagnostic and treatment algorithm for cutaneous metastasis.

3. Molecular Landscape of BC Metastasis
3.1. Overview of Molecular Alterations in Metastases of Mammary Origin

Metastases are associated with the acquisition of additional driver mutations com-
pared with the primary tumor [21]. Different studies show that the number of somatic
mutations in BC metastasis was significantly higher than that in primary cancers [21,57-60].
The type of mutation acquired during the metastatic process will probably depend on both
the intrinsic molecular subtype of BC and the metastatic site.

Rinaldi et al. [61], who explored a set of 11,616 breast tumors, including 5034 non-
paired metastases, showed a significant enrichment for ESRT mutations in metastasis
(18.3% in metastases vs. 2.2% in local disease). Additionally, they observed a metastatic
enrichment of previously unreported, lower-prevalence ESR1 mutations in the ligand-
binding domain, implying that these mutations may also be functional. The type of ESR1
mutation differed according to the histological type (ductal vs. lobular) and the metastatic
site. Other alterations enriched across all the metastases include the loss of function of
CDKN1B and mutations in the transcription factor CTCF, NF1, and KRAS. Mutations
enriched at specific metastatic sites affected genes that are important in the development
of primary tumors in that site, suggesting the local adaptation of BC metastasis. They
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included 118 cases of CM and demonstrated that only changes in NOTCH1 were specific
for skin metastases. Other examples included PTEN and ASXL1 in brain metastases and
KRAS, KEAP1, STK11, and EGFR mutations in lung metastases.

Lefebvre et al. [20], in their study of 216 metastatic breast tumors, also observed more
ESR1 mutations in metastases than in primary tumors, as well as more mutations in RBI.
In this study, other genes that were more frequently observed to be mutated in metastasis
from BC as compared with early BC were FSIP2, FRAS1, OSBPL3, EDC4, PALB2, IGFNI1,
and AGRN.

Focusing on studies that analyzed specific metastases, Tian et al. [62], using the
MSKCC Dataset and POTUAM dataset, studied cases of hepatic metastases and unpaired
primary breast tumors. They found that the driver genes for liver metastasis (LM) were
ESR1, AKT1, ERBB2, and FGFR4 and that LM matched three prominent mutation signatures:
APOBEC cytidine deaminase, ultraviolet exposure, and defective DNA mismatch repair.
Huang et al. [63] studied cases of brain metastases and unpaired primary breast tumors and
observed that the metastases were enriched for genomic alterations in TP53, ERBB2, RAD?21,
NF1, BRCA1, and ESR1. They also demonstrated significantly increased levels of immune-
checkpoint-inhibitor biomarkers, microsatellite instability, and CD274 amplification in the
metastasis cohort.

Differences in Mutational Profile between Primary Tumors and Their Paired Metastases

Some studies have compared mutations between paired cases of primary breast tumors
and their metastasis. Schijver et al. [57] included 17 paired ER-negative/ HER2-positive and
TN cases and found that a large subset of non-synonymous somatic mutations (45%) were
shared between primary tumors and paired metastases. However, mutations restricted
to a given primary tumor or its metastasis, the acquisition of a loss of wild-type allele
heterozygosity, and clonal gene changes affected by somatic mutations, such as in TP53 and
RB1, were observed in the progression of primary tumors to metastasis. Roy-Chowdhuri
et al. [59] analyzed 61 matched cases and observed 77% concordant mutations between
primaries and metastases and 23% mutations only in metastases, including TP53, PIK3CA,
KRAS, PTEN, BRAF, and AKT1. However, their group of patients focused primarily on
the ER-positive subtype and included only 2% that were ER-negative/HER2-positive
breast tumors and 25% that were TN breast tumors. Other studies have also shown that
TP53 and PIK3CA are the genes most frequently mutated in metastases [21,64]. Paul
et al. [58] studied 28 matched cases and observed seven genes that were preferentially
mutated in metastases—MYLK, PEAK1, SLC2A4RG, EVC2, XIRP2, PALB2, and ESR1—five
of which are not significantly mutated in any type of human primary cancer. Kjallquist
et al. [60], who included 30 matched cases, showed the enrichment of mutations in AKAP
genes in metastatic BCs, suggesting the involvement of AKAPs in the metastatic process.
Furthermore, Van Geelen et al. [65] studied 76 paired cases and found alterations in AKT1,
BRCA2, CHEK2, ESR1, FGFR1, KMT2C, NCOR1, PIK3CA, and TSC2 that were significantly
enriched in metastases when compared with paired primary tumors. On the other hand,
they observed agreement in both types of samples in cases of TP53 and ERBB2 amplification.
Paul et al. [58] included 28 paired cases in their study and found preferential mutations or
copy number variations (CNVs) to be altered in metastases compared with paired primary
tumors. The genes preferentially mutated in metastases were MYLK, PEAK1, SLC2A4RG,
EVC2, XIRP2, PALB2, and ESR1 (five of which are not significantly mutated in any type of
human primary cancer). The most relevant CNVs were a loss of STK11 and CDKN2A/B
and gain of PTK6 and the membrane-bound PR PAQRS. PAQRS gain and ESR1 mutations
were mutually exclusive, suggesting a role in treatment resistance.

A recent specific retrospective study of 94 paired cases of lobular carcinoma demon-
strated mutations in AKT1, ARID1A, ESR1, ERBB2, or NF1 only in 22% of patients with
metastasis; PTEN and NF1 deletion and CYP19A1 amplification were seen in 19% of
patients [66].
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3.2. Molecular Landscape of Breast Cancer Cutaneous Metastases

Some of the studies that have analyzed mutations in metastatic lesions and mutations
in their respective primary tumors specify additional mutations observed in skin metastases
not seen in the primary tumors [21,58,60]. Data for these are presented in Table 2.

Table 2. Additional mutations in skin metastases vs. primary breast tumors in paired cases along with data source.

References

Total Paired Cases N Paired Cases of Skin Metastases N

Additional Molecular Alterations in Skin
Metastases Not Found in Primary Breast Tumors

Schrijver et al. [57]

Yates et al. [21]

Paul et al. [58]

33 mutations (ATR, BRCA1, SMAD4, CDH]1,

17 8 ARIDIA, ERBB2, IDHI, PIK3R1, RB1, and others)
4 molecular alterations (amplification of
Cohort 1: 7 2 FGFR1 /structural variant of TP53, indel of
RB1/amplification of TERC)
Cohort 2: 51 4 9 mutations (JAK2, NF1, TP53, AKT1, and ARID1A)
28 1 54 mutations (PIK3CA, TP53, and others)

Referring to copy number alterations, Moelans et al. [67], who included 22 cases of
primary and skin metastases from a total of 55 primary BC samples and their corresponding
distant metastases, showed a high frequency of CNVs in BC metastases compared with
primary tumors for a few genes (ADAMSY, IKBKB, PRDM14, CCND1, MED1, ERBB2,
CDC6, C110RF30, CDH1, TRAF4, CPD, CDC6, MAPT, and CCNE1). These genes had
been implicated in different pathways, including the development of therapy resistance.
Focusing only on paired skin cases, they observed more gains of the ESR1, MTDH, MED],
and ERBB2 genes in metastasis samples than in the primary tumors and more CDH1 losses
in the metastasis compared with the primary tumor. Curigliano et al. [68] identified a
molecular signature on skin metastasis. This molecular signature was similar but not
identical to that described for the basal-like subtype, including high expression levels of
several cytokeratins, Aurora kinase A, Cyclin E, and others.

3.3. Comparison of Mutational Profile between Cutaneous and Hepatic Metastases

In order to further explore the possible specific molecular alterations of CMs in
comparison with other visceral metastases, we analyzed the mutational differences between
CMs and LMs of BC. We chose LMs because they are the metastases most frequently
found in the analyzed series, probably because they are easier to biopsy. We included 58
sequenced cases of skin metastasis from five series [20,21,57,58,69] and 87 cases of LM from
two series [20,21]. We could not access the data of the largest series of metastases reported
by Rinaldi et al. [61].

First, we analyzed whether there were differences in the immunophenotypes of BC
according to the metastatic site. The percentages of each phenotype of BC with skin
metastasis with respect to those with LMs is presented in Table 3.

Table 3. Number of cases of metastasis in skin and liver grouped by phenotype.

Location Luminal N (%) Luminal HER2-Positive N (%) HER2-Positive N (%) TN N (%) ND N (%)
SKIN 2 (3.4) 6 (10.3) 15 (25.9) 6 (10.3)
LIVER 4 (4.6) 9 (10.5) 11 (12.8) 3(3.5)

Although the differences in the immunophenotype were not statistically significant,
which could be due to the relative low number of cases, we observed a higher proportion
of the TN phenotype in tumors with CMs than in those with LMs.

The mutations more frequently found in CMs and LMs are shown in Figure 7.

For this dataset, we evaluated statistically significant differences, considering only those
genes that appeared mutated in at least four samples. We observed differences in six genes:
RUNX1, ROBO1, MLL2, DYNC2H1, and CHD1 were mutated in 7% of CMs but no LMs
(p-value = 0.025), and TP53 was mutated in 50% of skin metastases and 31% of LMs (p-
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value = 0.036) (Figure 8). This analysis has certain limitations, since the data included come
from different sequencing platforms and different numbers of genes have been sequenced
according to the study. Lefebvre et al. [20] and Paul et al. [58] analyzed the whole exome. On
the other hand, Yates et al. [21], Schrijver et al. [57], and Muller et al. [69] sequenced a specific
panel of genes. Additionally, further studies with larger series are required to check whether
the discrepant results were related to differences in the molecular landscapes of the primary
tumors or represented specific events in CMs [70].

SKIN (n = 58) LIVER (n = 86)
ATRX 2% MM 3%
ATM 0% Jli2%
APOB 0%l 1%
COL22A1 0% Il 5%
DNAH14 3%l 1%
DYNC2H1 7% MM 0%
STAB2 2% 3%
EDC4
MGA
STAG1
HERC1
HERC2
PTEN
FBN2
FAT2
EP300
AGRN
WDR87 2% M2
OSBPL3 0% Il 3%
ARFGEF1 0%01%
KMT2D 3%l 0%
MAP2K4 2% Wl 3%
RB1 9% NNMENNN 5%
MYH4 3% I 2%
LAMA2 0% Ml 3%
FAT1 3% Wl 1%
AKT1 5% [ 5%
CSMD3 2%l 1%
SPEN 2% MmN 5%
LRP1 5% M 3%
XIRP2 3% I 5%
TENM3 5%
PCLO 5%
RYR1
NF1 BA | ||| | ied
NEB
CACNATE 3% I 5%
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PKHD1L1 [l
OBSCN
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DNAH9
DNAH6
DMD
MUC16
KMT2C
SYNE1 6%
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MAP3K1 N 2%
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ESR1 29 [ I 12
GATA3 - s
TTN 9% [ I N 14%
PIK3CA 241 % | 1 — 30%
TP53 50% NN I U O —— 319
I T T T T T T T T T 1
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Figure 7. Type and frequency of mutations in cutaneous and liver metastases according to gene.
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LIVER (n = 86) vs SKIN (n = 58) SKIN LIVER  p-value
 RUNXT 4 0 *
 ROBOT1 4 0 *
o MLL2 4 0 *
* DYNC2H1 4 0 *
¢ CHD1 4 0 *
—— TP53 29 27 *
 —— ESR1 1 10 NS
- MLL3 0 5 NS
- MAP4K4 0 5 NS
— EP300 5 2 NS
RAD50 0 4 NS
DEPDC5 0 4 NS
COL22A1 0 4 NS
—— NTRK2 4 1 NS
————— IGSF10 4 1 NS
. ATR 4 1 NS
I I I
~3.52 0.00 3.52

Log odds ratio

- LIVER -+ SKIN

Figure 8. Genes differentially mutated in liver and skin metastases (* statistically significant differences). The red lines reflect
a higher frequency of mutation in genes in the liver metastases with respect to the skin metastases, with no statistically
significant differences, and the blue lines reflect a higher frequency of mutation of genes in the skin metastases with respect
to the liver metastases, with no statistically significant differences.

According to the alterations observed in CM and LM, the biological mechanisms
underlying their development can be hypothesized. Figure 9a shows the number of altered
genes of each molecular pathway and the number of samples in which genes of the pathway
are mutated in CM. Figure 9b presents the same information referring to LM. In both CM
and LM, the pathway most affected according to the mutations found is PI3K, followed
by TP53 and RTK-KRAS, with the frequencies 58.6% vs. 46.5%, 50% vs. 36% and 46.5% vs.
30.2%, respectively.
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Figure 9. (a) Altered pathways according to the number of mutated genes and according to the number of samples affected

in cutaneous metastasis. (b) Altered pathways according to the number of mutated genes and according to the number of

samples affected in liver metastasis.

4. Possible Future Directions

To improve the knowledge of the biology of BCM, it would be necessary to carry
out more sequencing studies with a greater number of cases from patients with CM of
mammary origin. More paired cases of primaries with their corresponding CM should
be studied with a broad panel of genes, including all those most frequently involved in
BC, to find the additional mutations in CM that lead to their development, to identify
not only metastasis mechanisms but also potential therapeutic targets. Another possible
future projection in this area would be using whole exome sequencing to study the primary
BC tumors of patients who have developed CM, attempting to find a specific mutational
profile in such patients in comparison with tumors that developed metastases in other sites.
Studies of this type could have clinical impact since knowing the pathways that lead to
the development of skin metastases or knowing a specific genetic profile in the primary
tumor of the patients who develop this type of metastasis would help to act against specific
targets or help to predict and prevent tumor development to the skin.

5. Conclusions

CM is a factor for poor prognosis of BC, and new therapeutic approaches are needed
to improve patient survival. A better understanding of the pathological and molecular
characteristics of the primary tumor and their CMs will help in achieving this objective.

Author Contributions: Conceptualization, S.G.-M., ].C. and J.P,; data curation, S.G.-M., D.P. and
J.P.; writing—original draft preparation, S.G.-M. and J.P,; writing—review and editing, S.G.-M., D.P,
B.P-M., T.C.-C, G.C, J.C. and ].P; funding acquisition, J.C. and J.P. All authors have read and agreed
to the published version of the manuscript.

Funding: This review was funded by grants from the Instituto de Salud Carlos III (ISCIII) (PI19/01331)
and CIBERONC (CB16/12/00316 and CB16/12/00449), co-financed by the European Development
Regional Fund, ‘A way to achieve Europe’ (FEDER), and by the Spanish Association Against Cancer
Scientific Foundation (Grupos Coordinados Traslacionales aecc 2018).

Acknowledgments: “Contigo contra el Cancer de la Mujer” Foundation.



Cancers 2021, 13, 5416 14 of 16

Conflicts of Interest: J.C.: consulting/advisor: Roche, Celgene, Cellestia, AstraZeneca, Biothera
Pharmaceutical, Merus, Seattle Genetics, Daiichi Sankyo, Erytech, Athenex, Polyphor, Lilly, Servier,
Merck Sharp & Dohme, GSK, Leuko, Bioasis, Clovis Oncology, Boehringer Ingelheim, Kyowa Kirin.
Honoraria: Roche, Novartis, Celgene, Eisai, Pfizer, Samsung Bioepis, Lilly, Merck Sharp & Dohme,
Daiichi Sankyo. Research funding to the Institution: Roche, Ariad Pharmaceuticals, AstraZeneca,
Baxalta GMBH/Servier Affaires, Bayer Healthcare, Eisai, FHoffman-La Roche, Guardanth Health,
Merck Sharp & Dohme, Pfizer, Piqur Therapeutics, Puma C, Queen Mary University of London. Stock,
patents, and intellectual property: MedSIR. Travel, accommodation, expenses: Roche, Novartis, Eisai,
Pfizer, Daiichi Sankyo. G.C. reports consulting/advisor for Roche, Astra Zeneca, Daichii Sankyo,
Pfizer, Lilly, BMS, Novartis, Seagen, Merck, Ellipsis; grants from Merck; expert talk for Pfizer, Lilly,
Daichii Sankyo, Seagen, and Medscape, outside the submitted work. The funders had no role in
the design of the study; in the collection, analyses, or interpretation of data; in the writing of the
manuscript; or in the decision to publish the results.

References

1. Torre, L.A,; Islami, F; Siegel, R.L.; Ward, E.M.; Jemal, A. Global Cancer in Women: Burden and Trends. Cancer Epidemiol. Biomark.
Prev. 2017, 26, 444-457. [CrossRef]

2. Siegel, R.L,; Miller, K.D.; Jemal, A. Cancer Statistics, 2019. CA A Cancer ]. Clin. 2019, 69, 7-34. [CrossRef] [PubMed]

3. Chiang, A.C.; Massagué, ]. Molecular Basis of Metastasis. N. Engl. ]. Med. 2008, 359, 2814-2823. [CrossRef]

4.  Liotta, L.A. Cancer Invasion and Metastases. JAMA 1990, 263, 1123-1126. [CrossRef]

5. Arozullah, AM.; Calhoun, E.A.; Wolf, M.; Finley, D.K.; Fitzner, K.A.; Heckinger, E.A.; Gorby, N.S.; Schumock, G.T.; Bennett, C.L.
The Financial Burden of Cancer: Estimates from a Study of Insured Women with Breast Cancer. . Support Oncol. 2004, 2, 271-278.

6.  Coleman, R.E. Skeletal Complications of Malignancy. Cancer 1997, 80, 1588-1594. [CrossRef]

7. Lipton, A. Bisphosphonates and Metastatic Breast Carcinoma. Cancer 2003, 97, 848-853. [CrossRef]

8. Richert, M.M.; Welch, D.R. Metastasis of Hormone Receptor Positive Breast Cancer. In Hormone Receptors in Breast Cancer; Fuqua,
S.A.W.,, Ed.; Cancer Treatment and Research; Springer US: Boston, MA, USA, 2009; Volume 147, pp. 1-22. ISBN 978-0-387-09462-5.

9.  Heitz, F; Harter, P.; Lueck, H.-].; Fissler-Eckhoff, A.; Lorenz-Salehi, F.; Scheil-Bertram, S.; Traut, A.; du Bois, A. Triple-Negative
and HER2-Overexpressing Breast Cancers Exhibit an Elevated Risk and an Earlier Occurrence of Cerebral Metastases. Eur. |.
Cancer 2009, 45, 2792-2798. [CrossRef] [PubMed]

10. Lentzsch, S.; Reichardt, P.; Weber, F.; Budach, V.; Dorken, B. Brain Metastases in Breast Cancer: Prognostic Factors and
Management. Eur. ]. Cancer 1999, 35, 580-585. [CrossRef]

11.  Bendell, J.C.; Domchek, S.M.; Burstein, H.].; Harris, L.; Younger, J.; Kuter, I.; Bunnell, C.; Rue, M.; Gelman, R.; Winer, E. Central
Nervous System Metastases in Women Who Receive Trastuzumab-Based Therapy for Metastatic Breast Carcinoma. Cancer 2003,
97,2972-2977. [CrossRef]

12.  Gerratana, L.; Fanotto, V.; Bonotto, M.; Bolzonello, S.; Minisini, A.M.; Fasola, G.; Puglisi, F. Pattern of Metastasis and Outcome in
Patients with Breast Cancer. Clin. Exp. Metastasis 2015, 32, 125-133. [CrossRef]

13. Alcaraz, I; Cerroni, L.; Riitten, A.; Kutzner, H.; Requena, L. Cutaneous Metastases From Internal Malignancies: A Clinicopatho-
logic and Immunohistochemical Review. Am. |. Dermatopathol. 2012, 34, 347-393. [CrossRef]

14. Casimiro, L.M. Metastasis cutaneas de neoplasias internas. Med. Cutan. Iber. Lat. Am. 2009, 37, 117-129.

15. De Giorgi, V.; Grazzini, M.; Alfaioli, B.; Savarese, I.; Corciova, S.A.; Guerriero, G.; Lotti, T. Cutaneous Manifestations of Breast
Carcinoma: A Clinical Guide. Dermatol. Ther. 2010, 23, 581-589. [CrossRef] [PubMed]

16. Guanziroli, E.; Coggi, A.; Venegoni, L.; Fanoni, D.; Ercoli, G.; Boggio, F.; Veraldi, S.; Berti, E.; Gianotti, R.; Ferrero, S.; et al.
Cutaneous Metastases of Internal Malignancies: An Experience from a Single Institution. Eur. J. Dermatol. 2017, 27, 609-614.
[CrossRef] [PubMed]

17. Tan, A.R. Cutaneous Manifestations of Breast Cancer. Semin. Oncol. 2016 43, 331-334. [CrossRef]

18. Bittencourt, M.D.J.S.; Carvalho, A.H.; Nascimento, B.A.M.; Freitas, L.K.M.; Parijés, A.M.D. Cutaneous Metastasis of a Breast
Cancer Diagnosed 13 Years Before. An. Bras. Dermatol. 2015, 90, 134-137. [CrossRef] [PubMed]

19. Hu, S.-S,; Chen, G.-S.; Lu, Y.-W,; Wu, C.-S,; Lan, C.-C. Cutaneous Metastases from Different Internal Malignancies: A Clinical and
Prognostic Appraisal. J. Eur. Acad. Dermatol. Venerol. 2008, 22, 735-740. [CrossRef] [PubMed]

20. Lefebvre, C.; Bachelot, T.; Filleron, T.; Pedrero, M.; Campone, M.; Soria, ].-C.; Massard, C.; Lévy, C.; Arnedos, M.; Lacroix-Triki,
M.; et al. Mutational Profile of Metastatic Breast Cancers: A Retrospective Analysis. PLoS Med. 2016, 13, €1002201. [CrossRef]

21. Yates, L.R.; Knappskog, S.; Wedge, D.; Farmery, ] H.R.; Gonzalez, S.; Martincorena, I.; Alexandrov, L.B.; Van Loo, P; Haugland,
H.K,; Lilleng, PK,; et al. Genomic Evolution of Breast Cancer Metastasis and Relapse. Cancer Cell 2017, 32, 169-184.e7. [CrossRef]
[PubMed]

22. Kong, ].H; Park, YH.; Kim, J.A.; Kim, ].H.; Yun, J.; Sun, ].M.; Won, YW.; Lee, S.; Kim, S.T.; Cho, E.Y,; et al. Patterns of Skin

and Soft Tissue Metastases from Breast Cancer According to Subtypes: Relationship between EGFR Overexpression and Skin
Manifestations. Oncology 2011, 81, 55-62. [CrossRef]


http://doi.org/10.1158/1055-9965.EPI-16-0858
http://doi.org/10.3322/caac.21551
http://www.ncbi.nlm.nih.gov/pubmed/30620402
http://doi.org/10.1056/NEJMra0805239
http://doi.org/10.1001/jama.1990.03440080101032
http://doi.org/10.1002/(SICI)1097-0142(19971015)80:8+&lt;1588::AID-CNCR9&gt;3.0.CO;2-G
http://doi.org/10.1002/cncr.11123
http://doi.org/10.1016/j.ejca.2009.06.027
http://www.ncbi.nlm.nih.gov/pubmed/19643597
http://doi.org/10.1016/S0959-8049(98)00421-3
http://doi.org/10.1002/cncr.11436
http://doi.org/10.1007/s10585-015-9697-2
http://doi.org/10.1097/DAD.0b013e31823069cf
http://doi.org/10.1111/j.1529-8019.2010.01365.x
http://www.ncbi.nlm.nih.gov/pubmed/21054704
http://doi.org/10.1684/ejd.2017.3142
http://www.ncbi.nlm.nih.gov/pubmed/29160213
http://doi.org/10.1053/j.seminoncol.2016.02.030
http://doi.org/10.1590/abd1806-4841.20153842
http://www.ncbi.nlm.nih.gov/pubmed/26312696
http://doi.org/10.1111/j.1468-3083.2008.02590.x
http://www.ncbi.nlm.nih.gov/pubmed/18312322
http://doi.org/10.1371/journal.pmed.1002201
http://doi.org/10.1016/j.ccell.2017.07.005
http://www.ncbi.nlm.nih.gov/pubmed/28810143
http://doi.org/10.1159/000331417

Cancers 2021, 13, 5416 15 of 16

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

Luna, A.; Rabassa, M.E,; Isla Larrain, M.; Cabaleiro, P.; Zwenger, A.; Canzoneri, R.; Segal-Eiras, A.; Abba, M.C.; Croce, M.V. Breast
Cancer Cutaneous Metastases Are Associated to UMUCI and Sialyl Lewis x and to Highly Malignant Primary Tumors. Pathol.
Res. Pract. 2020, 216, 152859. [CrossRef]

Kelati, A.; Gallouj, S. Dermoscopy of Skin Metastases from Breast Cancer: Two Case Reports. |. Med. Case Rep. 2018, 12, 273.
[CrossRef]

Saeed, S.; Keehn, C.A.; Morgan, M.B. Cutaneous Metastasis: A Clinical, Pathological, and Immunohistochemical Appraisal:
Cutaneous Metastasis. J. Cutan. Pathol. 2004, 31, 419-430. [CrossRef]

Brownstein, M.H.; Helwig, E.B. Metastatic Tumors of the Skin. Cancer 1972, 29, 1298-1307. [CrossRef]

Spencer, P.S.; Helm, T.N. Skin Metastases in Cancer Patients. Cutis 1987, 39, 119-121.

Nava, G.; Greer, K,; Patterson, J.; Lin, K.Y. Metastatic Cutaneous Breast Carcinoma: A Case Report and Review of the Literature.
Can. ]. Plast. Surg. 2009, 17, 25-28. [CrossRef] [PubMed]

Pipkin, C.A ; Lio, P.A. Cutaneous Manifestations of Internal Malignancies: An Overview. Dermatol. Clin. 2008, 26, 1-15. [CrossRef]
[PubMed]

Wong, C.B.; Kalb, R.; Zeitouni, N.; Helm, M.; Helm, T. The Presentation, Pathology, and Current Management Strategies of
Cutaneous Metastasis. N. Am. J. Med. Sci. 2013, 5, 499. [CrossRef] [PubMed]

Lookingbill, D.P,; Spangler, N.; Helm, K.F. Cutaneous Metastases in Patients with Metastatic Carcinoma: A Retrospective Study
of 4020 Patients. . Am. Acad. Dermatol. 1993, 29, 228-236. [CrossRef]

Marneros, A.G.; Blanco, F.; Husain, S.; Silvers, D.N.; Grossman, M.E. Classification of Cutaneous Intravascular Breast Cancer
Metastases Based on Immunolabeling for Blood and Lymph Vessels. J. Am. Acad. Dermatol. 2009, 60, 633-638. [CrossRef]

Lin, J.-H.; Lee, ].-Y.; Chao, S.-C.; Tsao, C.-J. Telangiectatic Metastatic Breast Carcinoma Preceded by En Cuirasse Metastatic Breast
Carcinoma. Br. |. Dermatol. 2004, 151, 523-524. [CrossRef]

Pakula, A.S.; Robinson, J.K. Recognizing Malignant Skin Changes Following Breast Cancer. Am. Fam. Physician 1992, 45,
1287-1292. [PubMed]

Maghfour, S. Telangiectatic Cutaneous Metastasis from Breast Carcinoma. Our Dermatol. Online 2021, 12, 47—49. [CrossRef]
Bourke, M.G.; Salwa, S.P.; Sadadcharam, M.; Whelan, M.C.; Forde, PF,; Larkin, J.O.; Collins, C.G.; O'Reilly, S.; O’Sullivan, G.C.;
Clover, A.].; et al. Effective Treatment of Intractable Cutaneous Metastases of Breast Cancer with Electrochemotherapy: Ten-Year
Audit of Single Centre Experience. Breast Cancer Res. Treat. 2017, 161, 289-297. [CrossRef]

Mullinax, K.; Cohen, J.B. Carcinoma En Cuirasse Presenting as Keloids of the Chest. Dermatol. Surg. 2004, 30, 226-228. [CrossRef]
Carlesimo, M.; Rossi, A.; De Marco, G.; Narcisi, A.; Cacchi, C.; Mari, E.; Persechino, F.; Camplone, G. Carcinoma En Cuirasse of
the Breast. Eur. |. Dermatol. 2009, 19, 289-290. [CrossRef] [PubMed]

Mallon, E.; Dawber, R.P.R. Alopecia Neoplastica without Alopecia: A Unique Presentation of Breast Carcinoma Scalp Metastasis.
J. Am. Acad. Dermatol. 1994, 31, 319-321. [CrossRef]

Scheinfeld, N. Review of Scalp Alopecia Due to a Clinically Unapparent or Minimally Apparent Neoplasm (SACUMAN). Acta
Derm. Venereol. 2006, 86, 387-392. [CrossRef]

Mayer, J.E.; Maurer, M.A.; Nguyen, H.T. Diffuse Cutaneous Breast Cancer Metastases Resembling Subcutaneous Nodules with
No Surface Changes. Cutis 2018, 101, 219-223. [PubMed]

Conner, K.B.; Cohen, PR. Cutaneous Metastasis of Breast Carcinoma Presenting as Alopecia Neoplastica. South. Med. J. 2009, 102,
385-389. [CrossRef] [PubMed]

Skafida, E.; Triantafyllopoulou, I.; Flessas, I.; Liontos, M.; Koutsoukos, K.; Zagouri, F.; Dimopoulos, A.-M. Secondary Alopecia
Neoplastica Mimicking Alopecia Areata Following Breast Cancer. Case Rep. Oncol. 2020, 13, 627—632. [CrossRef]

Lee, H.; Lim, HS; Ki, S.Y,; Lee, ].E.; Lee, ].S.; Park, M.H. Cutaneous Scalp Metastases of Malignant Phyllodes Tumor of the Breast.
J. Breast Cancer 2020, 23, 320. [CrossRef]

Schorr, W.F. Alopecia Neoplastica: Hair Loss Resembling Alopecia Areata Caused by Metastatic Breast Cancer. JAMA 1970, 213,
1335. [CrossRef]

Schwartz, R.A. Histopathologic Aspects of Cutaneous Metastatic Disease. . Am. Acad. Dermatol. 1995, 33, 649-657. [CrossRef]
Azoulay, S.; Adem, C.; Pelletier, EL.E.; Barete, S.; Frances, C.; Capron, F. Skin Metastases from Unknown Origin: Role of
Immunohistochemistry in the Evaluation of Cutaneous Metastases of Carcinoma of Unknown Origin. J. Cutan. Pathol. 2005, 32,
561-566. [CrossRef]

Lewis, G.H.; Subhawong, A.P; Nassar, H.; Vang, R.; Illei, P.B.; Park, B.H.; Argani, P. Relationship Between Molecular Subtype of
Invasive Breast Carcinoma and Expression of Gross Cystic Disease Fluid Protein 15 and Mammaglobin. Am. J. Clin. Pathol. 2011,
135, 587-591. [CrossRef] [PubMed]

Tozbikian, G.H.; Zynger, D.L. A Combination of GATA3 and SOX10 Is Useful for the Diagnosis of Metastatic Triple-Negative
Breast Cancer. Hum. Pathol. 2019, 85, 221-227. [CrossRef] [PubMed]

Llamas-Velasco, M.; Pérez-Génzalez, Y.C.; Daudén, E.; Riitten, A. GATA3 Staining in Primary Cutaneous Apocrine Cribriform
Carcinoma: Usefulness to Differentiate It from Breast Cancer Metastasis. J. Cutan. Pathol. 2018, 45, 348-351. [CrossRef]
Valencia-Guerrero, A.; Dresser, K.; Cornejo, K.M. Utility of Imnmunohistochemistry in Distinguishing Primary Adnexal Carcinoma
From Metastatic Breast Carcinoma to Skin and Squamous Cell Carcinoma. Am. J. Dermatopathol. 2018, 40, 389-396. [CrossRef]
Gan, E.Y,; Chio, M.T.-W.; Tan, W.P. A Retrospective Review of Cutaneous Metastases at the National Skin Centre Singapore:
Cutaneous Metastases in Asians. Australas. . Dermatol. 2015, 56, 1-6. [CrossRef]


http://doi.org/10.1016/j.prp.2020.152859
http://doi.org/10.1186/s13256-018-1803-z
http://doi.org/10.1111/j.0303-6987.2004.00207.x
http://doi.org/10.1002/1097-0142(197205)29:5&lt;1298::AID-CNCR2820290526&gt;3.0.CO;2-6
http://doi.org/10.1177/229255030901700105
http://www.ncbi.nlm.nih.gov/pubmed/20190910
http://doi.org/10.1016/j.det.2007.08.002
http://www.ncbi.nlm.nih.gov/pubmed/18023767
http://doi.org/10.4103/1947-2714.118918
http://www.ncbi.nlm.nih.gov/pubmed/24251266
http://doi.org/10.1016/0190-9622(93)70173-Q
http://doi.org/10.1016/j.jaad.2008.11.008
http://doi.org/10.1111/j.1365-2133.2004.06140.x
http://www.ncbi.nlm.nih.gov/pubmed/1311898
http://doi.org/10.7241/ourd.20211.12
http://doi.org/10.1007/s10549-016-4046-y
http://doi.org/10.1111/j.1524-4725.2004.30071.x
http://doi.org/10.1684/ejd.2009.0662
http://www.ncbi.nlm.nih.gov/pubmed/19557891
http://doi.org/10.1016/S0190-9622(94)70163-6
http://doi.org/10.2340/00015555-0160
http://www.ncbi.nlm.nih.gov/pubmed/29718016
http://doi.org/10.1097/SMJ.0b013e31819b0c26
http://www.ncbi.nlm.nih.gov/pubmed/19279538
http://doi.org/10.1159/000507694
http://doi.org/10.4048/jbc.2020.23.e18
http://doi.org/10.1001/jama.1970.03170340057013
http://doi.org/10.1016/0190-9622(95)91288-6
http://doi.org/10.1111/j.0303-6987.2005.00386.x
http://doi.org/10.1309/AJCPMFR6OA8ICHNH
http://www.ncbi.nlm.nih.gov/pubmed/21411781
http://doi.org/10.1016/j.humpath.2018.11.005
http://www.ncbi.nlm.nih.gov/pubmed/30468800
http://doi.org/10.1111/cup.13124
http://doi.org/10.1097/DAD.0000000000001025
http://doi.org/10.1111/ajd.12194

Cancers 2021, 13, 5416 16 of 16

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

Kapoor, A.; Singhal, M.; Singh, P.; Kumar, V.; Kumar, H.; Singh, D. Cutaneous Metastasis Involving Face in Breast Cancer: A
Series of Three Patients. Clin. Cancer Investig. ]. 2014, 3, 545. [CrossRef]

Ferreira, V.A.; Spelta, K.; Diniz, L.M.; Lucas, E.A. Exuberant Case of Cutaneous Metastasis of Breast Cancer. An. Bras. Dermatol.
2018, 93, 429-431. [CrossRef] [PubMed]

Utkan, G.; BiiytikgeliK, A.; Okgu, A.H.; Avci, U.; Yalgin, B.; ICli, F. Widespread Erythematous Skin Metastasis from Breast Cancer
Mimicking Generalized Drug Eruption. Turk. J. Cancer 2009, 39, 66—68.

Krishnasamy, S.R.; Almazan, T.H.; Suero-Abreu, G.A.; Jung, J.Y. Successful Treatment of Cutaneous Metastatic Breast Cancer with
Topical Treatments That Potentially Synergize with Systemic Therapy: A Case Series. JAAD Case Rep. 2018, 4, 711-715. [CrossRef]
[PubMed]

Schrijver, W.A; Selenica, P.; Lee, ].Y.; Ng, C.K.Y.; Burke, K.; Piscuoglio, S.; Berman, S.H.; Reis-Filho, ].S.; Weigelt, B.; Van Diest,
PJ.; et al. Mutation Profiling of Key Cancer Genes in Primary Breast Cancers and Their Distant Metastases. Cancer Res. 2018, 78,
3112-3121. [CrossRef] [PubMed]

Paul, M.R;; Pant, D.K,; Shih, N.N.C.; Chen, Y.; Harvey, K.L.; Solomon, A.; Lieberman, D.; Morrissette, ].].D.; Soucier-Ernst, D.;
Goodman, N.G.; et al. Genomic Landscape of Metastatic Breast Cancer Identifies Preferentially Dysregulated Pathways and
Targets. J. Clin. Investig. 2020, 130, 4252-4265. [CrossRef] [PubMed]

Roy-Chowdhuri, S.; de Melo Gagliato, D.; Routbort, M.].; Patel, K.P; Singh, R.R.; Broaddus, R.; Lazar, A.J.; Sahin, A.; Alvarez,
R.H.; Moulder, S.; et al. Multigene Clinical Mutational Profiling of Breast Carcinoma Using Next-Generation Sequencing. Am. J.
Clin. Pathol. 2015, 144, 713-721. [CrossRef] [PubMed]

Kjallquist, U.; Erlandsson, R.; Tobin, N.P.; Alkodsi, A.; Ullah, I.; Stdlhammar, G.; Karlsson, E.; Hatschek, T.; Hartman, J.;
Linnarsson, S.; et al. Exome Sequencing of Primary Breast Cancers with Paired Metastatic Lesions Reveals Metastasis-Enriched
Mutations in the A-Kinase Anchoring Protein Family (AKAPs). BMC Cancer 2018, 18, 174. [CrossRef]

Rinaldj, J.; Sokol, E.S.; Hartmaier, R.J.; Trabucco, S.E.; Frampton, G.M.; Goldberg, M.E.; Albacker, L.A.; Daemen, A.; Manning, G.
The Genomic Landscape of Metastatic Breast Cancer: Insights from 11,000 Tumors. PLoS ONE 2020, 15, €0231999. [CrossRef]
Tian, C.; Liu, S.; Wang, Y.; Song, X. Prognosis and Genomic Landscape of Liver Metastasis in Patients With Breast Cancer. Front.
Oncol. 2021, 11, 588136. [CrossRef] [PubMed]

Huang, R.S.P,; Haberberger, J.; McGregor, K.; Mata, D.A.; Decker, B.; Hiemenz, M.C.; Lechpammer, M.; Danziger, N.; Schiavone,
K.; Creeden, ] ; et al. Clinicopathologic and Genomic Landscape of Breast Carcinoma Brain Metastases. Oncology 2021, 26, 835-844.
[CrossRef]

Goswami, R.S,; Patel, K.P; Singh, R.R.; Meric-Bernstam, E.; Kopetz, E.S.; Subbiah, V.; Alvarez, R.H.; Davies, M.A_; Jabbar, K.J.;
Roy-Chowdhuri, S.; et al. Hotspot Mutation Panel Testing Reveals Clonal Evolution in a Study of 265 Paired Primary and
Metastatic Tumors. Clin. Cancer Res. 2015, 21, 2644-2651. [CrossRef] [PubMed]

van Geelen, C.T,; Savas, P; Teo, Z.L.; Luen, S.J.; Weng, C.-F,; Ko, Y.-A.; Kuykhoven, K.S.; Caramia, F; Salgado, R.; Francis, PA;
et al. Clinical Implications of Prospective Genomic Profiling of Metastatic Breast Cancer Patients. Breast Cancer Res. 2020, 22, 91.
[CrossRef] [PubMed]

Richard, F; Majjaj, S.; Venet, D.; Rothé, E; Pingitore, J.; Boeckx, B.; Marchio, C.; Clatot, F.; Bertucci, F; Mariani, O.; et al.
Characterization of Stromal Tumor-Infiltrating Lymphocytes and Genomic Alterations in Metastatic Lobular Breast Cancer. Clin.
Cancer Res. 2020, 26, 6254-6265. [CrossRef] [PubMed]

Moelans, C.B.; van der Groep, P.; Hoefnagel, L.D.C.; van de Vijver, M.].; Wesseling, P.; Wesseling, J.; van der Wall, E.; van Diest,
PJ. Genomic Evolution from Primary Breast Carcinoma to Distant Metastasis: Few Copy Number Changes of Breast Cancer
Related Genes. Cancer Lett. 2014, 344, 138-146. [CrossRef]

Curigliano, G.; Bagnardi, V.; Bertolini, F.; Alcalay, M.; Locatelli, M.A.; Fumagalli, L.; Rabascio, C.; Calleri, A.; Adamoli, L.;
Criscitiello, C.; et al. Antiangiogenic Therapy in Recurrent Breast Cancer with Lymphangitic Spread to the Chest Wall: A
Randomized Phase II Trial of Bevacizumab with Sequential or Concurrent Oral Vinorelbine and Capecitabine. Breast 2015, 24,
263-271. [CrossRef] [PubMed]

Muller, K.E.; Marotti, ].D.; de Abreu, FE.B.; Peterson, J.D.; Miller, T.W.; Chamberlin, M.D.; Tsongalis, G.]J.; Tafe, L.]. Targeted
Next-Generation Sequencing Detects a High Frequency of Potentially Actionable Mutations in Metastatic Breast Cancers. Exp.
Mol. Pathol. 2016, 100, 421-425. [CrossRef]

Lehmann, B.D.; Pietenpol, J.A. Clinical Implications of Molecular Heterogeneity in Triple Negative Breast Cancer. Breast 2015, 24,
S36-540. [CrossRef]


http://doi.org/10.4103/2278-0513.142668
http://doi.org/10.1590/abd1806-4841.20187157
http://www.ncbi.nlm.nih.gov/pubmed/29924228
http://doi.org/10.1016/j.jdcr.2018.04.013
http://www.ncbi.nlm.nih.gov/pubmed/30128345
http://doi.org/10.1158/0008-5472.CAN-17-2310
http://www.ncbi.nlm.nih.gov/pubmed/29615433
http://doi.org/10.1172/JCI129941
http://www.ncbi.nlm.nih.gov/pubmed/32657779
http://doi.org/10.1309/AJCPWDEQYCYC92JQ
http://www.ncbi.nlm.nih.gov/pubmed/26486734
http://doi.org/10.1186/s12885-018-4021-6
http://doi.org/10.1371/journal.pone.0231999
http://doi.org/10.3389/fonc.2021.588136
http://www.ncbi.nlm.nih.gov/pubmed/33777740
http://doi.org/10.1002/onco.13855
http://doi.org/10.1158/1078-0432.CCR-14-2391
http://www.ncbi.nlm.nih.gov/pubmed/25695693
http://doi.org/10.1186/s13058-020-01328-0
http://www.ncbi.nlm.nih.gov/pubmed/32811538
http://doi.org/10.1158/1078-0432.CCR-20-2268
http://www.ncbi.nlm.nih.gov/pubmed/32943456
http://doi.org/10.1016/j.canlet.2013.10.025
http://doi.org/10.1016/j.breast.2015.02.036
http://www.ncbi.nlm.nih.gov/pubmed/25772326
http://doi.org/10.1016/j.yexmp.2016.04.002
http://doi.org/10.1016/j.breast.2015.07.009

	Introduction 
	Clinical and Pathological Features of Breast Cancer Cutaneous Metastasis 
	Epidemiology, Incidence, and Prognosis of Breast Cancer Cutaneous Metastasis 
	Clinical Presentation of Breast Cancer Cutaneous Metastasis 
	Histopathology of Breast Cancer Cutaneous Metastasis 
	Prognosis and Treatment of Breast Cancer Cutaneous Metastasis 

	Molecular Landscape of BC Metastasis 
	Overview of Molecular Alterations in Metastases of Mammary Origin 
	Molecular Landscape of Breast Cancer Cutaneous Metastases 
	Comparison of Mutational Profile between Cutaneous and Hepatic Metastases 

	Possible Future Directions 
	Conclusions 
	References

