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ARTICLE INFO ABSTRACT
Keywords: Background: Previous studies have reported cases of primary melanoma of the breast parenchyma
Breast melanoma (PMBP), but the pathogenesis of this disease remains poorly understood. We review the presen-

Metastatic melanoma

tation and outcomes of reported cases and provide detailed pathological analysis of four addi-
Primary melanoma of the breast parenchyma

tional cases. Furthermore, we discuss potential theories regarding the pathogenesis of this clinical
presentation.

Results: We identified 29 published studies (n = 95 patients) and report four new cases (n = 99).
Ninety-one (92 %) patients were female, with a median age of 50 years. Previous skin melanomas
were reported by 56 % of patients, with the trunk being the most common location (32.7 %)
followed by the upper extremities (20 %). The most common tumor location reported (n = 73)
was the right (49 %) upper outer quadrant (56 %). The median time from skin melanoma
diagnosis to the presence of a breast mass was 65 months (1-192). Nodal status at presentation
was reported in n = 67 (68 %) patients. Of these, positive nodal metastases were seen in 40.3 %,
while distant metastatic disease at presentation was reported in 30 % of patients. Surgery was
performed in 66 %, being partial mastectomy (PM) the most common procedure in 82 %.
Adjuvant therapy was described in 38 patients. The reported (n = 12) median survival was 11.5
(1-70) months.

Conclusion: Melanomas identified in the breast parenchyma are likely the result of nodal or he-
matogenous spread from previously known or unknown melanomas, and should not be consid-
ered as PMBP. Management should be multidisciplinary, including surgical excision aimed at

* Corresponding author. International Coalition on Surgical Research, Universidad Nacional Auténoma de Nicaragua, Managua, Nicaragua.
** Corresponding author. Universidad Cientifica del Sur, Lima, Peru.

E-mail addresses: axnarvaez@gmail.com (A.R. Narvaez-Rojas), gabrieldelacruzku@gmail.com (G. De la Cruz Ku).
1 These authors contributed equally to this work.

https://doi.org/10.1016/j.heliyon.2024.e37224

Received 25 September 2023; Received in revised form 28 August 2024; Accepted 29 August 2024

Available online 30 August 2024

2405-8440/© 2024 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC license
(http://creativecommons.org/licenses/by-nc/4.0/).


mailto:axnarvaez@gmail.com
mailto:gabrieldelacruzku@gmail.com
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e37224
https://doi.org/10.1016/j.heliyon.2024.e37224
https://doi.org/10.1016/j.heliyon.2024.e37224
http://creativecommons.org/licenses/by-nc/4.0/

A.R. Narvaez-Rojas et al. Heliyon 10 (2024) e37224

obtaining negative margins with lymphadenectomy of clinically positive nodes and neoadjuvant/
adjuvant immunotherapy.

Abbreviations

ALND  axillary lymph node dissection

EMA epithelial membrane antigen

GM CSF granulocyte-macrophage colony-stimulating factor
HMB-45 human melanoma black-45

HER2 human epidermal growth factor receptor 2

IHC immunohistochemistry

LUOQ  left upper-outer quadrant

MART-1 melanoma antigen recognized by T cells

MiFT-1 microphthalmia-associated transcription factor-1

MRI magnetic resonance imaging
MIBT melanoma in breast tissue
oS overall survival

PDL-1  programmed death-ligand 1
PET/CT positron emission tomography/computed tomography

PFS progression-free survival

PM partial mastectomy

PMBP  primary melanoma of the breast parenchyma
PR progesterone receptor

RUOQ  right upper-outer quadrant
S-100 soluble in 100 %

1. Introduction

Melanoma ranks as the fifth most common cancer diagnosis in the United States, with an overall 5-year survival rate of 93.3 % [1].
In approximately 95 % of cases malignant melanoma is localized to the skin [2]. However, there are rare instances in which melanoma
can originate from mucous membranes (i.e., mouth, gastrointestinal tract, or ocular structures), or present as metastatic disease with
an unknown primary location [2]. While melanoma is typically confined to a specific anatomical site at the time of diagnosis and is
primarily managed with surgical intervention [3], it is not uncommon for the disease to metastasize, having a significant impact on the
prognosis [4]. Melanoma can spread to various locations, including the skin and subcutaneous tissue, lymph nodes, lungs, liver, brain,
and bones.* Regional lymph nodes often show the first signs of metastasis, but approximately 25 % of patients develop metastases in
distant regions without the lymph node involvement [2]. Malignant melanoma has the ability to metastasize to almost any organ in the
body. In patients with distant metastases (Stage IV melanoma), this is the leading cause of mortality, and the historical estimated
5-year survival rate is less than 20 % [5].

The occurrence of melanoma in breast tissue (MIBT) is a rare phenomenon, and while some authors have proposed this melanoma
to be a metastatic event, others suggest this to be a primary tumor originating from ectopic melanocytes [6]. These tumors are usually
reported as primary melanoma of the breast parenchyma (PMBP). However, the underlying mechanism responsible for this presen-
tation remains unclear. The true incidence of PMMB is currently unknown [7].

The objective of this paper was to investigate the concept of primary melanoma of the breast parenchyma by performing a
comprehensive review of published cases and presenting four additional cases. Through in-depth pathological analysis and a dis-
cussion challenging the conventional understanding of MIBT, this study aimed to shed light on the pathogenesis of melanomas found in
the breast parenchyma.

2. Methods

A MEDLINE/PubMed search from January 1956 through March 2023 was carried out using the terms: breast melanoma, primary
breast melanoma, mammary melanoma, metastatic mammary melanoma, primary melanoma of breast parenchyma, in-transit breast/
mammary melanoma metastases, and metastatic melanoma to the breast was conducted. We reviewed all papers generated in the
search focusing on demographics, clinical presentation, and histopathological features. Melanomas originating from the skin on the
breast were excluded. For the case illustration, each patient chart was reviewed thoroughly, including history, imaging, clinical
findings, pathology reports, tumor markers, treatment, and discussions held by the tumor board (Fig. 1).
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3. Results

Our search of the MEDLINE/PubMed database yielded 32 articles within the last 67 years and of these, 29 articles met our selection
criteria [6,8-35], with 95 reported cases published in the literature. In addition to these published cases, we included our own 4
additional cases, bringing the total number of cases included in our analysis to 99 (Table 1).

A Case Presentations:

3.1. Case 1

3.1.1. Clinical presentation
A 60-year-old Peruvian woman presented with a painful, progressively enlarging breast mass in the left upper-outer quadrant
(LUOQ) without axillary or supraclavicular lymphadenopathy, which was first noticed 6 years before presenting to the clinic.

3.1.2. Imaging studies

Imaging studies, such as previous mammograms, identified an intramammary node in the tail of Spence correlated with the area of
concern (Fig. 2A). Subsequently, a left breast mammogram revealed a BI-RADS 4C, a 3.3 cm hypoechogenic mass with a macro-
lobulated margin localized 9 cm from the nipple in the LUOQ (Fig. 2B).

3.1.3. Diagnostic procedures

For diagnosis, an ultrasound-guided core needle biopsy revealed fibro-collagenous tissue with abundant hemosiderin-laden
macrophages consistent with an organizing hematoma. Then, excisional biopsy was recommended but the patient did not present
for biopsy. Three months later, the size of the lesion had increased to 4.7 cm. At this time, excisional biopsy was performed, being
positive for malignant melanoma with a positive lateral margin. Intraoperatively, the mass was noted to be lobulated, adherent to the
pectoralis major muscle with feeding blood vessels and surrounded by areas that appeared to be clots likely related to a bleeding
necrotic tumor. Immunohistochemical staining was positive for human melanoma black-45 (HMB-45), Melan-A, and soluble in 100 %
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Table 1

Breast melanoma found in breast parenchyma, cases reported in the literature.

Author, Year Cases Age(y)/ Anatomical Time to Breast Lymph Node Histology IHC!! 4ve THC! -ve Surgical Adjuvant Therapy Follow-up
Publication Gender  Primary metastasis Location/Size Involvement treatment status
melanoma (months) (cm)
finding
1 Bernado 1 76F Breast N/A Left lower Yes** Meshwork of spindle cells N/A Not reported MRM [16] Mono- Death at 11
et al., 1980 inner: 2.5 cm with heavy granular chemotherapy months
[81 pigmentation (not-specified)
2 Vergier 1 29F Breast N/A Not reported  Not reported Not reported Not Not reported No breast Not reported Does not report
et al., 1991 reported surgery condition at
[9] described/no LTF [12]
node
dissection
1 32F Breast N/A Right breast/ Not reported Not reported Not Not reported No breast Not reported Death in 12
6.5 cm reported surgery months
described/1
SLNB*®
1 61F Breast N/A Left breast: 1  Not reported Not reported Not Not reported No breast Not reported Death in 5
cm reported surgery months
described/No
nodal
dissection
3 Cangiarella 7 Range 1 Abdominal 1-60 months 5 Right and 2 Not reported FNA [8]: single cells with Not Not reported Not Not reported Not reported
et al., 1998 34-71/ wall Left: 0.8-3 cm. eccentric nuclei, reported described
[10] S5Fand 1 Eye prominent nucleoli,
2M 1 Right thigh intranuclear inclusions of
1 Right arm cytoplasm, and dense
2 Unknown cytoplasm with small
intracytoplasmic
vacuolation. One case was
amelanotic”
4 Kobayashi 1 47F Breast N/A Right lower: 3 Yes FNA [8]: cellular, single  Vimentin, CK [4] No breast Not reported Not reported
et al., 2000 cm (contralateral) population of large-sized HMB-45 S-100 [23] surgery
[11] o discohesive, pleomorphic [7] described

spindle cells that were
arranged singly and in
loose fascicles with large,
spindled nuclei with
coarse, irregularly
distributed chromatin and
prominent nucleoli. The
mitotic rate was high, and
there were many
individual necrotic cells,
but the background was
clean. No pigment was
observed.

No histopathology on
breast

(continued on next page)

D 32 SDfOY-ZoDAIDN Y'Y

vzz /€2 (b20T) 01 Uof1joH



Table 1 (continued)

Author, Year Cases Age(y)/ Anatomical Time to Breast Lymph Node Histology IHC!! +ve THC!! -ve Surgical Adjuvant Therapy Follow-up
Publication Gender  Primary metastasis Location/Size Involvement treatment status
melanoma (months) (cm)
finding
5 Kimetal, 1 56F Breast N/A Left upper No Pleomorphism with clear HMB-45 ER [5] MRM [16] Chemotherapy Not reported
2003 [12] outer cytoplasm, and prominent [7] PR [21]
quadrant: 5 nucleoli, frequent mitosis S-100 [23]
cm but no melanin
6 Artaletal.,, 1 30F Breast N/A Right upper ~ Yes** Nuclear atypia, S-100 [23] Myoglobin PM [19] and Not reported RE? in 3
2004 [13] outer: 1.2 cm pleomorphic nuclei and HMB-45 Actin ALND [2] months with
prominent nucleoli with  [7] Calretinin RE
some intracytoplasmic MART-1 EMA [6]
inclusions and numerous [14]
mitoses, some of them Vimentin
atypical (proliferative CK [4]
marker Ki-67 highly
positive), and
occasionally lymphoid
foci
7 Loffeld 8 47-58/ R Lowerleg Range 13-178 4Right upper Yes (3) Not reported Not Not reported 4pm. [19] Not reported Survival 2-14
et al., 2004 8F L ankle Outer reported ALND [2] months
[14] L toe 1 Right medial
Acral upper
Superficial 3 Right Medial
R calf lower
Abdomen
Head and
neck
L scapula
8 Ravdel 27 Median Arm =8 Median 52.5 6 Multiple Yes (3)** but  Histology diagnosis S-100 [23] No breakdown 7 p.m. [19] 20 Chemotherapy Median 12.9
et al., 2006 41.4 Trunk = 6 Range (1-192) 5 bilateral does not specify confirmed in 17 out of 25 HMB45 [7] or MRM [16] and/or (2-37) months
[15] Median Eye =3 (Quadrant not which patients patients radiotherapy (not  survival
50 Range Head and reported) specified by case)
(27-70) Neck =2 2 of the
F Not reported multicentric
=2 melanomas
Unknown = were bilateral
2
Leg =4
9 Vaughan 6 Range Breast 9-276 3 Right Not reported Not reported Not Not reported 1 Excision Not reported Survival 5-38
et al., 2007 26-80 Mean 78.2 3 Left reported 2 No surgical
[16] Sex not treatment
reported 1 SM [24]
1 Excision +
ALND [2]
1 MRM [16]
10 Roy et al., 1 40F Breast N/A Right central: No Large pleomorphic cells  S-100 [23] CK [4] SM [24] None Alive but no
2008 [17] 3 cm with vesicular nucleus HMB-45 EMA [6] report on
with moderate nuclear [71 SMA [24] disease status
membrane irregularity, ER [5] LTF [12]

single large nucleolus,

(continued on next page)
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Table 1 (continued)

Author, Year Cases Age(y)/ Anatomical Time to Breast Lymph Node Histology IHC!! +ve THC!! -ve Surgical Adjuvant Therapy Follow-up
Publication Gender  Primary metastasis Location/Size Involvement treatment status
melanoma (months) (cm)
finding
moderate dense PR [21]
eosinophilic cytoplasm. HER2 [10]
Amelanotic”
11 Uludag 1 50M Breast N/A Left lower No Spindle cells located in S-100 [23] CD34 PM [19] Not reported Not reported
et al., 2009 inner: 0.8 cm dermis and subcutaneous SMA [24]
[25,36] tissue and malign tumor CEA [3]
infiltration which HMB-45 [7]
contained round cells with CK [4]
distinct pleomorphic ER [5]
cytoplasm were identified
12 Samaraee 1 42F Breast N/A Left upper Yes** Spindle cells located in S-100 [23] Not described PM [19] Chemotherapy Not reported
et al., 2012 outer: 2 cm dermis and subcutaneous HMB-45
[19] tissue and malign tumor  [7]
infiltration which Melan-A
contained round cells with
distinct pleomorphic
cytoplasm
13 Bacchi et al. 20 Range 17 Breast 17 N/A 11 Right Not reported 10 had epithelioid and All positive All negative for 13 p.m. [19] Not reported Only 5 had
[20], 27-91/ 1 Toe Toe 48m 5 Left spindle cells. for S-100  CK [4] 1 SLNB [25] follow-up.
3Mand 1 Abdomen Abdomen 4 Unknown 10 range highly necrotic  [23] ER [5] 1 Radical 2 alive (no time
17F unknown neoplasm with palisading HMB-457 PR [21] mastectomy specified)
interval cells, vacuolated, Melan-A HER2 [10] 1 ALND [2] 2 distant
Choroidal72m lipoblast-like cells, sheets CD45 metastases
of poorly differentiated Desmin 1 Died from
cells metastasis at
24 months
14 Biswasetal., 1 32F Breast N/A Left lower Yes** Abundant clear cytoplasm S-100 [23] CK [4] WLE [26] Radiation, INF-a2b NED [17] at 9
2014 [21] inner: 4 cm and large vesicular HMB-45 EMA [6] ALND [2] months
nucleus with prominent  [7] Vimentin
nucleolus. Amelanotic® SMA [24]
ER [5]
PR [21]
HER2 [10]
15 He et al., 1 26F Breast N/A Left upper Yes** Round or oval cells with  S-100 [23] CK [4] Refused Refused Dead at 2
2014 [37] inner: 3 cm large nuclei and nucleoli HMB-45 EMA [6] surgery chemotherapy, months with
and abundant cytoplasm [7] Vimentin immunotherapy, or widespread
Melan-A  SMA [24] radiotherapy metastases
ER [5]
PR [21]
HER2 [10]
16 Moschetta 1 39F Trunk 72 Left breast: Yes** FNA®: macroscopically S-100 [23] Not reported Not reported Radiation (Brain  Alive but does
et al., 2014 1.4 cm (abdominal) dark and therefore highly HMB-45 metastasis) not report
[23] suggestive of melanocytic [7] Dabrafenib follow-up
pigmentation Melan-A
17 Vasudevan 1 50F Breast N/A Left upper Yes** Moderate amount of S$-100 [23] N/A MRM [16] None Not reported
etal, 2014 outer: 4 cm eosinophilic cytoplasm HMB-45
[24] [71

(continued on next page)
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Table 1 (continued)

Author, Year Cases Age(y)/ Anatomical Time to Breast Lymph Node Histology IHC! +ve IHC! -ve Surgical Adjuvant Therapy Follow-up
Publication Gender  Primary metastasis Location/Size Involvement treatment status
melanoma (months) (cm)
finding
and round pleomorphic ~ CK [4]
nucleus AE1/AE3
[1]
18 Srikanth 1 54M Breast N/A Left: 2 cm Yes** FNA®: highly cellular Not done  Not done MRM [16] Not reported Not reported
et al., 2014 smears comprising of
[25] elongated and spindle
shaped tumor cells having
prominent nucleoli in a
background of melanin
pigment
19 Drueppel 1 54F Breast N/A Left upper No Undifferentiated $100 [23] HMB-45 [7] SM [24], INF-a NED [17] at 6
et al., 2015 outer: 10 cm histology. Melan-A  Desmin SLNB [25] months
[26] Vimentin  Actin
CD-34
ER [5]
20 El-Tani 1 58 F Breast N/A Right lower Yes** Tumor cells were of S-100 [23] Melanin-A MRM [16] Ipillumimab LTF [12] at 8
et al., 2016 quadrant: 2 medium size with HMB-45 [7] months
[27] cm hyperchromatic nuclei Keratin 5/6
and anisokaryosis Actin
Desmin
Caldesmon
Pancytokeratin
BRAF
21 Rassouli 1 50F Breast N/A Right outer:  No Irregular cells with S-100 [23] CK [4] PM [19], INF- a2 NED [17] at 1
2016 [6] 1.2 cm abundant amelanotic® HMB-45 ER [5], PR [21] SLNB [25] year
cytoplasm and prominent [7] p63
nuclei Melan-A
BRAF
V600E
22 Fengetal, 1 55F Anorectal 13 Left upper No Consistent finding with a Vimentin ~ CK [4] PM [19] Not reported Not reported
2016 [28] outer: 1.45 cm previous anal melanoma  S-100 [23] ER [5]
but not otherwise Melan-A PR [21]
specified HMB-45 Her2 [10]
[71 P63
Pax-5 Chromogranin-A
CD3 GATA-3 [9\
23 Sathiah 1 58F Breast N/A Left lower Yes** Dyscohesive pattern of HMB-45 Mucin Not reported Dacarbazine Not reported
et al., 2017 inner 4.5 cm tumor cells with [71 CK [4]
[29] heterogeneous Vimentin

(continued on next page)
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Table 1 (continued)

Author, Year Cases Age(y)/ Anatomical Time to Breast Lymph Node Histology IHC! +ve IHC! -ve Surgical Adjuvant Therapy Follow-up
Publication Gender  Primary metastasis Location/Size Involvement treatment status
melanoma (months) (cm)
finding
morphology. S-100 [23]
Predominance of signet ~ Melan-A
ring cell morphology
along with many
binucleated and
multinucleated forms.
Amelanotic”
24 Koh et al., 70F Breast N/A Right upper No Polygonal epithelioid cells S-100 [23] CK [4] PM [19], Immune RE [20],
2019 [30]," inner: 2.1 cm with eosinophilic BRAF HMB-45 [7] SLNB [25] checkpoint metastasis to
cytoplasm and oval V600E EMA [6] inhibitor therapy left neck, left
eccentric nucleus, no (unknown) adrenal gland,
significant pigmentation left thigh
muscle and
peritoneum.
30F Breast N/A Left: 45cm  Yes** Atypical melanocytic HMB-45 CK [4] PM [19], Immune Metastasis to
proliferation with heavy  [7] ALND [2] checkpoint Bone and
pigmentation was BRAF inhibitor therapy  Disclosive
observed S-100 [23] (unknown) Lungs at 8
months
25 Mastoraki 51F Back 204 Left lower No Medium and large HMB-45 ER [5] Not Nivolumab, Metastasis to
et al., 2020 outer epithelioid cells with oval [7] PR [21] described Ipilimumab, liver and bones
[31] quadrant: 5 shaped, basophilic nuclei MART-1 HER2 [10] Vemurafenib
cm containing intranuclear [14]
cytoplasmic inclusions Ki-67 80 %
and small eosinophilic
cytoplasm
26 Snashall 50F Breast N/A Right, no size Yes** Not reported S-100 [23] N/A PM [19] + Immunotherapy No RE [20]
et al., 2020 described HMB-45 SLNB [25] but not specified after 1-year of
[32] [71 follow-up
27 Do et al., 58F Breast N/A Left: 10 cm Yes** Not reported S-100 [23] MART [14] SM [23] Nivolumab, Died shortly
2020 [33] Vimentin HMB-45 [7] ipilimumab (no time
MiFT-1 CK [4] specified)
[15]
28 Sharma 43F Breast NA Left: 2 cm No Not reported S-100 [23] GATA-3 [9] No surgery  Immunotherapy Not reported
et al., 2020 HMB-45 ER [5] Radiation
[34] [71 PR [21]
Melan-A

(continued on next page)
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Table 1 (continued)

Author, Year Cases Age(y)/ Anatomical Time to Breast Lymph Node Histology THC!! +ve THC!! -ve Surgical Adjuvant Therapy Follow-up
Publication Gender  Primary metastasis Location/Size Involvement treatment status
melanoma (months) (cm)
finding
29 Harsten 1 26F Breast N/A Left upper No Poorly differentiated Melan-A  CK [4] No surgery  Pembrolizumab Not reported
et al., 2021 inner malignant tumor ER [5]
[35] quadrant: 2.2 PR [21]
cm Her2 [10]
30 Current Case 1 60F Unknown N/A Right upper Yes** Atypical, dyscohesive S-100 [23] CK [4] PM [19], Pembrolizumab RE [20],
#1 outer: 5.0 cm melanocytic cells with HMB-45 CD-31 ALND [2] metastasis to
nuclear atypia [71 BRAF lung, bone.
Melan-A PDL-1 [19] Alive at 70
months after
surgery
Current Case 1 65M Midline 144 Left upper Yes** Sheets of dyscohesive S-100 [23] BRAF PM [19], Nivolumab Metastasis to
#2 chest outer: 10 cm plasmacytoid appearing PDL-1 [19] ALND [2] liver, RE [20]
cells. Nuclei are enlarged, FGFR3 to skin. Death
some with prominent GATA-3 [9] at 35 months
nucleoli. Mitotic figures after surgery
are focally present
Current Case 1 46F Upper chest 23 Left upper Yes** Epithelioid/plasmacytoid S-100 [23] PDL-1 [18] PM [19] BRAF/MEK RE in 3 months
#3 quadrants and cells with abundant BRAF ALND [2] inhibitors Metastasis to
nipple areolar eosinophilic cytoplasm,  SOX-10 lung and
complex: 3 cm and multipolar mitoses in Melan-A regional nodes.
center Alive at 65
months after
surgery
Current Case 1 41F Right 155 Left upper No Epithelioid and heavily = Melan-A ~ BRAF PM [19] Nivolumab and Metastasis to
#4 scapula outer: 1.4 cm pigmented. Sox 10 KIT ipilimumab offered left breast,

Lymphovascular invasion
is identified

PDL-1 [18] MEK-1 [13]
S100 [23]

but did not
received treatment

lung, thoracic
nodal, liver,
bone, and soft
tissue at
diagnosis.
Death at 6
months after
surgery

!AR1/AE3 = Pancytokeratin AE1/AE3; 2ALND = Axillary lymph node dissection; 3CEA = Carcinomebrionary antigen; *CK = Cytokeratin; >ER= Estrogen receptor; °EMA = Epithelial membrane antigen;
7HMB-45 = Human Melanoma Black-45; 8FNA = fine needle aspiration; ‘GATA-3 = Guanin-Adenine-Thymine-Adenosine-3; '°HER2 = human epidermal growth factor receptor 2; ''IHC = Immuno-
histochemistry; 12LTF = Lost to follow up; 1> MEK-1 = Mitogen-Activated Protein Kinase-1; 1MART-1 = melanoma antigen recognized by T cells; *>MiFT-1 = microphthalmia-associated transcription
factor-1; '®MRM = modified radical mastectomy; 17NED = no evidence of disease; ‘*PDL-1 = Programmed death-ligand 1; 19pM = Partial; 2°RE = Recurrence; 2'PR = Progesterone receptor; 225100 =
Soluble in 100 % %; 2>SM = simple mastectomy; 2*SMA = Smooth muscle antigen; 2°SLNB = Sentinel lymph node biopsy; 2WLE = Wide local excision.

2 Amelanotic Melanoma (n = 5).
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(S-100) and negative for keratin and CD31. Mutational analysis revealed mutations in TP53 and p.C227Y, and negative ESWR1 gene
rearrangement. The mass was initially reported as PMBP; however, upon re-evaluation of previous imaging, a preexisting intra-
mammary node was identified. Pathology examination of the excised specimen confirmed the presence of a lymph node capsule, and
the intramammary node was completely replaced by metastatic malignant melanoma. (Fig. 2C).

Further examination and investigation was conducted for completion of diagnosis. A complete skin, mucosal, ear, and eye ex-
amination revealed no suspicious lesions of skin cancer. Brain magnetic resonance imaging (MRI) revealed no evidence of metastasis.
Positron emission tomography/computed tomography (PET/CT) showed post-operative changes in the left chest region with multi-
focal hyper-metabolic areas of increased uptake in the left outer chest area, secondary to recent surgery (Fig. 2D). Additionally, a likely
reactive right cervical level 2 lymphadenopathy was noted Core needle biopsy of this node showed reactive follicular hyperplasia but
no evidence of metastasis by melanoma or lymphoma. Tumor staging was melanoma of unknown primary location TxN3bMO (Stage
1IC).

3.1.4. Treatment modalities and outcomes

Due to lost to follow up, patient wider resection to clear margins was not carried out. Hence, the treatment at this time was only
surgical resection. An 18F-FDG PET/CT performed at the 3-month follow-up showed an increase in size and avidity of the left chest
region, with small foci of low uptake in the LUOQ. The patient then underwent complete resection of the tumor with negative margins.
However, one month later, additional nodules were presented in the tail of Spence. Physical examination revealed a small post-
operative seroma and anew 1 x 1 cm soft tissue mass along the LUOQ. A restaging PET/CT scan showed the development of a cluster of
enlarged lymph nodes, measuring 2.5 x 3.9 cm in the LUOQ of the breast (Fig. 2D). The patient underwent surgical resection for
locoregional control in preparation for adjuvant immunotherapy treatment.

Intraoperatively, the tumor showed invasion of the pectoralis major muscle, and the adjacent nodes displayed gross disease. The
tumor was resected with wide negative margins and left axillary lymph node dissection (ALND) was performed. Pathological exam-
ination revealed metastatic melanoma in 9/24 nodes. Residual tumor masses in the tail of Spence nodes were deemed to represent
satellitosis and metastases to intramammary nodes. Tumor mutation studies were negative for BRAF, PD1, FGFR3, KRAS, and KIT.

Since progression of disease was noted, the patient underwent adjuvant nivolumab immunotherapy for a year and a half. Later,
follow-up PET/CT scans showed resolution of the metastases, and the patient remained stable without evidence of recurrence. The
patient was alive without disease at 70 months of follow-up after surgical treatment.

3.2. Case 2

3.2.1. Clinical presentation

A 65-year-old Swedish man presented with a two-month history of a progressively growing right breast mass. Twelve years earlier,
the patient was previously diagnosed with cutaneous melanoma of the right chest and was treated with wide surgical excision. On
physical examination, a 3 x 3 cm soft, non-tender mass localized in the right upper-outer quadrant (RUOQ) of the breast, 9 cm from the
nipple, with no associated palpable lymphadenopathy, and gynecomastia was not observed.

3.2.2. Diagnostic procedures

Diagnostic mammography showed atypical distribution of glandular tissue in the RUOQ of the breast, assessed as BI-RADS 5
(Fig. 3A-B). Ultrasound examination revealed an irregular and heterogeneous solid mass in the RUOQ. Biopsy of the mass demon-
strated a poorly differentiated invasive ductal carcinoma, Nottingham grade 3, with triple-negative receptor status. The tumor was E-
cadherin positive, which initially supported the diagnosis of invasive ductal carcinoma (Fig. 3C). However, upon further investigation,
and considering the patient’s history of malignant melanoma and the immunohistochemistry (IHC) results demonstrating the tumor
was positive for S100 and negative GATA3 staining, the diagnosis was amended to amelanotic melanoma, with some new distinct
molecular features with respect to his previous melanoma diagnosis.

An 18-FDG PET/CT scan demonstrated a 4.6 x 3.8 cm hypermetabolic mass in the right breast abutting the pectoralis muscles with
an adjacent 1 cm hypermetabolic lymph node. (Fig. 3D). Additionally, a 1.6 x 1.3 cm hypermetabolic mass was also noted in segment
two of the liver.

3.2.3. Treatment modalities

The patient underwent surgical excision of the right breast mass requiring partial excision of the pectoralis muscles due to tumor
adherence, along with concurrent ALND. Pathology results revealed a 5 x 4 cm mass identified as melanoma, with 30 % necrosis. Two
of the 15 resected nodes were positive for metastatic melanoma. A small nodule from the subcutaneous adipose tissue was completely
derived from melanoma cells, suggestive of satellitosis. The patient was diagnosed with Stage IV (T4N3M1lc) melanoma. Genetic
studies were negative for mutations in BRAF, PD1, FGFR3, KRAS, and KIT. The patient started four cycles of adjuvant immunotherapy
with pembrolizumab.

3.2.4. Outcomes

The patient was followed for a total of 39 months, showing disease progression, and undergoing multiple rounds of chemotherapy
and additional radiation therapy. Unfortunately, the patient died 35 months after surgery.
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3.3. Case 3

3.3.1. Clinical presentation

A 46-year-old Venezuelan woman with a family history of melanoma in two aunts presented with a dark irregular lesion on her left
chest in 2015. The lesion was biopsied by her dermatologist in Venezuela, but the specimen was not sent to pathology. The biopsied
primary site never healed, and in late 2017, the lesion recurred along with a new mass in her left axilla.

3.3.2. Diagnostic procedures
Wide excision of the recurrent chest lesion was performed along with left ALND, demonstrating metastatic melanoma in 4 of 21
lymph nodes. The depth of melanoma was not available.

3.3.3. Treatment modalities
Only surgical resection was performed at the beginning. A year later the patient moved to the United States, where she received
adjuvant treatment with a total of 11 doses of nivolumab.

3.3.4. Outcomes

Eight months later, she returned to our institution with disease recurrence showing three new subdermal nodules beneath the left
nipple-areolar complex, along with a nodule at 9 o’clock in the left breast, 2 cm from the areola. Diagnostic breast mammogram and
ultrasound demonstrated a 1 x 0.4 x 1 cm superficial nonvascular complex nodule with adjacent duct ectasia at 6 o’clock retro-areolar
(Fig. 4A-B). A punch biopsy of the left areola demonstrated melanoma recurrence with in-transit disease (Fig. 4C). MRI demonstrated
additional retro-areolar nodular lesions at 6 and 12 o’clock. Morphologically abnormal and enlarged left internal mammary artery
lymph nodes measuring up to 1.8 cm in the left fourth intercostal space, with suspicion of nodal metastasis were observed. In addition,
enhancing masses in the lungs were described, with the largest mass at the left lung base measuring up to 1.9 cm and with a 1.3 cm
enhancing lesion in the right manubrium. A diagnostic brain MRI was negative for brain metastases. An 18-FDG PET/CT study showed
worsening of the metastatic disease in the lung, internal mammary nodes, and sternum with bilateral new perihilar lymphadenopathy
with abnormal FDG-uptake, and an FDG-avid 0.8 cm inguinal lymph node Stage TxN3M1.

3.3.5. Treatment of disease recurrence

The patient underwent a partial left mastectomy with nipple areolar resection. The final pathological result of the left nipple
showed recurrent melanoma, without epidermal component, favoring dermal metastasis with cells demonstrating a plasmacytoid
appearance with abundant eosinophilic cytoplasm and irregular nuclei, positive for SOX-10. There was lymphovascular invasion with
five out of seven retro-areolar intramammary lymph nodes positive for metastatic melanoma, and negative for extra-nodal extension.
These latter nodes were not in continuity with the skin lesion (Fig. 4D). The IHC results were positive for BRAF, S-100, Melan-A, and
SOX-10, and negative for PD1. Brain MRI remained negative for metastases. Next-generation sequencing revealed a BRAFV600E
mutation; as such, the patient was treated with a post-surgical combination BRAF/MEK inhibitors: encorafenib plus binimetinib,
showing resolution of internal mammary, bone and pulmonary metastases without disease recurrence after treatment at 65 months of
follow-up.

3.4. Case 4

3.4.1. Clinical presentation

A 40-year-old white American female with a 12-year history of right scapular TIbNOMO (as per the American Joint Committee on
Cancer 8th edition), malignant melanoma, 0.96 mm Breslow depth thickness superficial spreading type. The patient underwent wide
local excision with local advancement flap closure and had yearly dermatological follow-ups without evidence of local recurrence.

3.4.2. Diagnostic procedures

During her first routine screening mammogram showing a very dense breast, ultrasound was performed showing a 1.4 cm well-
circumscribed oval hypoechogenic mass in the left breast with peripheral and internal vascularity (BIRADS 4 classification) in the
left axillary tail. A complete physical examination did not demonstrate any suspicious skin lesion, although in the left breast at the 2
o’clock position 6 cm from the nipple, a nodular mass of 1 cm x 1.5 cm was palpated and correlated with the lesion seen in the ul-
trasound. These imaging findings prompted a core needle biopsy which demonstrated a malignant melanoma. During work-up, an 18-
FDG PET/CT showed widespread hypermetabolic disease in addition to the left breast mass, involving the subcarinal and left perihilar
lymph nodes, sternum, ribs, spine, and iliac bones, bilateral proximal femoral bone and bilobar lung metastases (Fig. 5A-B). Brain MRI
showed at least 11 nodular foci of intra-axial metastatic disease. An abdominopelvic contrast-enhanced tomography confirmed
multiple small hypodense lesions in the liver and widespread lytic lesions in the axial and appendicular skeleton compatible with bone
metastases.

3.4.3. Treatment modalities and outcomes

Management of the patient was discussed by the cutaneous oncology multidisciplinary tumor board and PM (metastasectomy) was
recommended to evaluate the tumor for next generation gene sequencing and BRAF mutation. The pathological results demonstrated
malignant melanoma, epithelioid and heavily pigmented, with lymph vascular invasion and tumor in lymphatic spaces (Fig. 5C-D),
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Fig. 2. (Case 1): A-B. Initial mammogram findings demonstrate a 3.3 cm round high-density mass with a macro-lobulated margin in the posterior
left breast at 1 o’clock depth (marked by an asterisk). No other dominant masses, regions of architectural distortion, or suspicious clusters of
microcalcifications are seen. C. Interval development of a cluster of enlarged left axillary and left chest wall lymph nodes, the largest of which
measures 2.5 x 3.9 cm with abnormal FDG uptake, SUV 11.3. D. Histologic section of metastatic malignant melanoma in the lymph node showing
large, epithelioid tumor cells with enlarged nuclei, prominent nucleoli and abundant and pigmented eosinophilic cytoplasm. Hematoxylin and eosin
(H&E) x100.

positive for Melan-A, Sox 10 and PD1 and focally positive for S100, BRAF, KIT and MEK]1 negative. The patient was scheduled to
receive nivolumab + ipilimumab treatment at an outside institution. Unfortunately, she died 5 months after the initial diagnosis of
metastatic Stage IV melanoma.

B Descriptive variables

3.4.4. Demographics

Of the total number of patients, 91 (92 %) were females, while only 8 (8 %) were males, resulting in a female-to-male ratio of 11:1.
Patient age was provided in 72 of the cases, with a median age of 50 years and mean of 49 years. The age range for all patients was
24-84 years (Table 2).

3.4.5. Primary cutaneous melanoma

The presence of primary cutaneous melanoma was reported in 55 (56 %) patients, 5 (5 %) being new diagnoses and 50 (51 %)
having a previous history of skin melanoma. The anatomical location of the primary melanoma was reported in 55 patients (56 %). The
trunk was the most common location in 18 (33 %), followed by the upper extremity in 1 (20 %), head and neck in 9 (16.4 %), a lower
extremity in 11 (20 %), anal in 1 (2 %), and 5 (9 %) were reported as melanoma of unknown primary location, while in 43 (43.4 %)
patients, no description was provided regarding previous or current skin melanoma at the time of the diagnosis of breast melanoma.
The histological subtype of primary skin melanoma was described only in 7 cases, and of these, 5 (5.1 %) were amelanotic, 1 (1 %) was
spitzoid, and 1 (1 %) was mucosa. Twenty-four studies accounting for 79 (80 %) cases provided a very heterogenous histopathological
description of the cellularity of the tumor found in the breast (Table 2).

3.4.6. Melanoma breast tumors

Size-specific breast tumors were reported in only 35 patients (36 %), with a mean size of 3.82 cm and median of 3 cm (range 0.8-10
cm). Regarding tumor laterality in the breast, this variable was reported in 73 (74 %) of patients, being the right breast (n = 36, 49.3 %)
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slightly more common than the left (n = 32, 43.9 %), and with a bilateral presentation in 5 (7 %) patients. The specific tumor location
in the breast parenchyma was heterogeneously reported in 43 (43.4 %) patients. To provide more consistent reporting, we grouped the
locations as follows: upper outer quadrant n = 22 (56 %), medial location n = 9 (20.9 %), multifocal n = 8 (18.5 %), lower outer
quadrant n = 3 (6.8 %) and central n = 1 (2.3 %) (Table 2).

3.4.7. Immunohistochemistry and biomarkers

Seventy-three (73.7 %) tumors underwent IHC testing. The most common positive stains included: S-100 42 (42.4 %), HMB-45 37
(37.4 %), melanin-A 31 (31.3 %), SOX-10 3 (3 %), vimentin 2 (2 %), MART-1 2 (2 %), actin 1 (0.9 %. Negative stains included: 31 (31.3
%) human epidermal growth factor receptor 2, 28 (28.2 %) estrogen receptor and progesterone receptor (PR), 25 (25.2 %) epithelial
membrane antigen (EMA), 6 (6 %) actin, 4(4 %)HMB-45, 3 (3 %) myoglobin, 3 (3 %)vimentin, 1 (1 %) chromogranin, 1 (1 %) syn-
aptophysin, and 1 (1 %) Melan-A. Tumor expression tests showed: BRAF =7 (7 %), KRAS =1 (1 %), programmed death-ligand 1 (PDL-
1) =2 (2 %), CD34 = 1(1 %), CD35 = 1(1 %), and p63 = 23 (23.2 %) (Table 1).

3.4.8. Clinical presentation

Nodal status at presentation was reported in 67 (68 %) patients. Positive nodal metastases were seen in 27 (40.3 %) and negative in
40 (59.7 %) of patients and was not described in the remaining 32 (32.3 %) patients.

Distant metastatic disease at presentation was reported in 12 patients. The reported sites of disease were the liver (n = 8), bones (n
= 6), brain (n = 3), adrenal glands (n = 2), muscle (n = 2), internal mammary lymph nodes (n = 1), and ilioinguinal (n = 1). The
median time from primary melanoma diagnosis to the diagnosis of a breast mass confirming melanoma was 65 (range 1-192) months.
In addition, metachronous distant metastatic disease was also reported in 18 % of patients, occurring between 1 and 48 months after
the diagnosis of breast melanoma. Of these, 8 patients developed multiple organ metastases. The most common sites of disease were
brain (n = 7), lung (n = 4), liver (n = 3), bones (n = 3), subcutaneous tissue (n = 2), adrenal (n = 1), and peritoneal metastasis (n = 1).
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Fig. 3. (Case 2): A and B Initial mammogram findings demonstrate glandular tissue of the right breast without the typical distribution of gy-
necomastia. (There is very sparse parenchyma in the subareolar area with the majority toward the upper outer quadrant). Fatty tissue is detected in
the left breast. There are no suspicious masses or calcifications. No skin thickening or nipple retraction. C. Histologic section of metastatic malignant
melanoma in the lymph node showing large, epithelioid tumor cells with enlarged nuclei, prominent nucleoli, and abundant and pigmented
eosinophilic cytoplasm. Hematoxylin and eosin (H&E) x100. D. PET/CT scan demonstrates 4.6 x 3.8 cm hypermetabolic mass in the right breast,
SUV 47.5. The mass is inseparable from the inferior margin of the minor pectoralis muscle and abuts the major muscle. There is adjacent fat
stranding. Immediately lateral to the right breast mass there is a 1 cm hypermetabolic lymph node, SUV 19.9.
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3.4.9. Surgical intervention

Surgical treatment was reported in 65 (66 %) patients. Various types of breast surgery and axillary surgery were performed. Breast
surgery was performed in 44 (44 %) patients. Of these, the vast majority (36; 81.8 %) received breast-conserving surgery, reported as
PM, excision, or wide excision. Modified radical mastectomy/extended mastectomies and simple mastectomies were reported in 8 (8
%) patients. Axillary intervention was performed in 21 (21 %) patients, with complete lymph node dissection in 17 patients, and
sentinel lymph node biopsy in 4 patients.

3.4.10. Adjuvant therapy

Administration of adjuvant therapy was reported in 38 (38 %) patients. However, in the majority of cases (n = 21), the type of
adjuvant therapy was not specified. Of the patients in whom the therapy was specified, 15 patients received immunotherapy (4 were
given interferon-alpha, 4 pembrolizumab, 4 nivolumab and/or ipilimumab, and 3 BRAF and/or MEK inhibitors), 4 patients received
cytotoxic chemotherapy, and 2 patients radiation therapy. Of all the patients, 2 received combined radio-immunotherapy treatment
and 2 received chemotherapy followed by immunotherapy.

3.4.11. Follow-up

Follow-up was described in only 21 patients with a median follow-up of 12 (range 1.5-70) months. Recurrence and survival were
reported in a much smaller number of patients. Recurrence of primary melanoma was reported in 7 patients with a mean time to
recurrence of 52.25 months. Survival was reported in only 12 patients, with a median survival of 11.5 (range 1-70) months from the
time of breast tumor diagnosis.

.
»

3

‘QK.;"‘.' oo?.‘b. X

L% v 400/ O & -

« A 3 - rY ’ w

Yy ,9,‘» ~ '(}‘. - o

g".\.' '\q‘i."/. s 5 ." 4 ] fu.. ""5',~.
R PN e R ] A

" Q “ y &v QO. .

"/QN »‘w'/ N ad J‘g,'t"

~~:r:;./:'"y° 5 :,"‘( : ."’:.:,’

.0 ".\_J s-:éa" ‘. o5 ¥ 3

%',\‘:-..,gr,:e N by

9 4 & i g

S P £

v N E o S TR0

Fig. 4. (Case 3): A. Diagnostic mammogram demonstrating a 1 x 0.4 x 1 cm retro-areolar superficial nonvascular complex nodule at 6 o’clock with
adjacent duct ectasia. B. Diagnostic MRI shows metastatic nodules at 12 o’clock extending into the central breast. C. High power view of the
melanoma in the breast. The cells are epithelioid/plasmacytoid with abundant eosinophilic cytoplasm and irregular nuclei, high N:C ratio and
mitotic figures. (400x). D. Several lymph nodes with melanoma metastases, demonstrate a clear capsule and a rim of lymphocytes. Normal breast
parenchyma can be seen in the upper right corner. (40x).
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4. Discussion

To date, melanoma of the breast remains a rare entity, with only 99 cases including our current patients being documented over
almost seven decades. To our knowledge, this is the largest most exhaustive review published in the literature to date. Some authors
have proposed three categories to classify melanoma presenting in the breast: primary cutaneous melanoma, PMBP, and metastatic
melanoma to breast [38]. The first category refers to melanomas originating from the skin, including the chest and breast area, ac-
counting for about 5 % of all melanoma cases. However, the true incidence of melanomas found in the breast parenchyma is currently
unknown, due to the scarce reporting of these cases [7].

MIBT remains a subject of controversy and is often disregarded as a true entity. A review of 6691 cases of non-cutaneous mela-
nomas diagnosed in the United States, reported that 4885 cases were derived from ocular structures and the remaining 1806 cases from
mucosal membranes. Notably, no cases of PMBP were reported in that study [39]. It has been suggested that the occurrence of
melanoma metastases to the breast may represent the first sign of melanoma recurrence in up to 40 % of cases [39]. Furthermore,
breast metastases in malignant melanoma have been associated with shorter survival [9].

In this review of all the currently reported cases, we looked at the clinical presentation of these particular breast tumors. It appears
they have a higher tendency to form in the upper outer quadrants of the breast in women in their fifth decade of life. We hypothesize
this could be related to the rich lymphatic network and drainage in this area. Only 7 previous cases of males have been reported in
addition to our patient. Breast laterality was described in two third of patients, showing no predilection for either breast. In one of the
previous series by Bacchi et al. [20] including 20 cases, laterality was only reported in some of the patients. Most patients (82 %)
presented with sizeable masses of more than 2 cm at the time of diagnosis.

However, it is of note that more than half (56 %) of the patients in the present review reported the presence of a previous or
concomitant malignant cutaneous melanoma, with a wide time frame to the detection of the melanoma mass in the breast parenchyma,
ranging from 1 month to 16 years. Regarding our four cases added to his review, one was considered to be a metastatic melanoma of
unknown primary, while the other three received previous complete surgical excision of the primary cutaneous melanoma. All our
patients presented later recurrences in the breast.

Among the primary locations reported, the trunk and upper extremity were the most common in up to 52 % of cases, with both
areas known to drain to the axillary lymph nodes and in-transit nodes in the chest. Regarding our four cases added to this review, one
was confirmed to be an intramammary node completely replaced by metastatic melanoma of unknown primary origin, while the other
three received previous complete surgical excision of the primary cutaneous melanoma, and all presented as later recurrences in the
breast.

Our results are consistent with previous case series, indicating trunk and arm locations being reported as the most common site of
primary tumors metastasizing to the breast [9,10,14,15,18,23,31] and usually presented in the outer quadrants [10,12-14,19,21,28,
30,34,35].

The histological subtype was mentioned only in a very small number of patients, and thus, the most common primary subtype could

Fig. 5. (Case 4): A and B. PET/CT scan demonstrating left breast, lung, thoracic nodal, bone, and soft tissue metastases. C. Portion of breast pa-
renchyma (left) with fibrous stroma. A well-circumscribed nodule of melanoma is present on the right. (100 X) D. Higher power shows the tumor to
be composed of epithelioid cells with amphophilic cytoplasm and enlarged ovoid nuclei with prominent nucleoli (400 X).
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not be ascertained, as we were limited by heterogeneous reporting of clinical and pathological descriptions with overlapping of some of
descriptions.

At least 40 % of the patients in whom the nodal status was reported, presented with clinically positive nodal involvement and 30 %
of cases reported the presence of positive distant organ metastases, either as synchronous or metachronous with the breast mass, and 3
% reported a negative workup for distant disease. However, information on nodal status and distant metastatic disease was missing in
33 % and 66 % of patients, respectively, and therefore, the true incidence of nodal and distant metastatis remains unknown and could
potentially be higher.

Since the clinical presentation of melanotic tumors in the breast may mimic breast cancer by physical examination and breast
imaging. It is important to establish an accurate diagnosis for adequate metastatic workup and improve outcomes. Hence, pathological
analysis is crucial to establish the diagnosis to distinguish this tumor from other breast malignancies. The diagnostic procedure
preferred is core needle biopsy over fine needle aspiration, as this technique offers the advantage of providing tissue for IHC analysis.
The most common immunohistochemical markers used for the diagnosis of melanoma include S-100 protein, Melan-A, and HMB-45
[40,41]. All the above-mentioned cases demonstrated positivity for S-100. Although the S-100 protein, a calcium-binding protein, has
a high sensitivity for melanoma (97-100 %), its specificity is only 75-87 % [42]. In fact, S-100 has been reported to be positive in

Table 2
Characteristics of the patients included in the review.
Characteristics N (%) Variable Patients
Sex 99 (100 %) Male 8 (8 %)
Female 91 (92 %)
Not described 0 (0 %)
Age 99 (100 %) Range 20-84 years
72 (72.7 %) Median 50 years
Mean 49 years
Location of previous skin melanoma 55(55.6 %) Trunk 18 (32.7 %)
Upper Extremity 11 (20 %)
Head and Neck 9(16.4 %
Lower extremity 11 (20 %)
Anal 1(1.8 %)
Unknown 5 (9.1 %)
99 (100 %) No description provided 43 (43.4 %)
Presentation 67 (67.6 %) Node positive 27 (40.3 %
Node negative 40 (59.7 %)
99(100 %) Do not describe nodal status 32 (32.3 %)
Distant disease at presentation 12 (12.1 %)
Previous skin melanoma 55 (55 %)
55 (55 %) Median time from skin to breast metastasis 65 months
99(100 %) Developed metastasis after diagnosis 18 (18.1 %)
Location 73 (73.7 %) Right 36 (49.3 %)
Left 32 (43.9 %)
Bilateral 5 (6.8 %)
99 (100 %) Do not describe laterality 29 (29.3 %)
43 (43.4 %) Multifocal 8 (18.5 %)
Upper outer quadrant 22 (51.5 %)
Lower outer quadrant 3 (6.8 %)
Central 1(2.3%)
Medial 9 (20.9 %)
Size of mass 35 (35.6 %) Range 0.8-10 cm
Mean 3.82 cm
Median 3 cm
99 (100 %) Do not described 64 (64.4 %)
Surgical management 99 (100 %) Total patients who received surgery 65 (65.7 %)
44 (44.4 %) Mastectomy 8 (18.2 %)
Partial Mastectomy/wide local excision 36 (81.8 %)
21 (21.2 %) Axillary Lymph Node Dissection 17(81 %)
Sentinel Lymph Node Biopsy 4(19 %)
Medical management 38 (38.3 %) Any adjuvant treatment 38 (38.3 %)
Immunotherapy 15 (39.4 %)
Cytotoxic 4 (10.5 %)
Radiation 2(2 %)
Not specified 21 (21.2 %)
Follow-up 21(21.2 %) Range 1.5-70 months

Median 12 months

Mean 17.4 %
Recurrence 7 (7.1 %) Reported in only 7 patients (7.1 %)
Survival 12 (12.1 %) Mean 11.6 months

Median 11.5 months

Range 1-70 months
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metastatic breast carcinomas [43]. Thus, the use of a more specific marker, such as HMB-45 or Melan-A, may be more useful to confirm
the diagnosis. These two markers are the most sensitive and specific markers for melanoma [41]. In one study of 67 primary mela-
nomas, HMB-45 had a specificity of 100 % among malignant melanomas [42]. All but two of the cases described above were positive
for another marker, with a 60 % rate of positive expression of HMB-45 and a 40 % rate for positive expression of Melan-A [41]. Five of
the cases [6,17,21,29], presented amelanotic malignant melanoma, in which HMB-45 is debated to be less sensitive [41] Conse-
quently, it is advised to test multiple melanocytic markers to achieve the correct diagnosis. In this case series, at least two thirds
reported using IHC, with S-100 and HMB-45 being the most common positive stains confirming the diagnosis.

Nevertheless, ideally, a comprehensive IHC panel should be available to differentiate melanoma from other malignant tumors, such
as carcinoma, including epithelial markers such as cytokeratins, EMA, with trichorhinophalangeal syndrome type 1 (TRPS1); and
melanocytic markers such as the previously mentioned S100, and HMB-45, in addition to Melan A, vimentin, MART 1, SOX10 [36,44].
SOX10 is a nuclear transcription factor that is key in the differentiation of neural crest progenitor cells to melanocytes, and is currently
considered a sensitive and specific marker for the diagnosis of malignant melanoma, while MART 1 regulates melanin synthesis [45].
Genetic mutations are also relevant, such as BRAF V600E, a intracellular kinase mutated in melanoma, which is key for targeted
therapies.

It is challenging to differentiate melanoma from other malignant tumors in the breast. The fact that melanoma in breast tissue is a
very rare clinical consideration and is often misdiagnosed as adenocarcinoma, pigmented epidermotropic breast carcinoma, or pig-
mented Paget disease, makes melanoma metastasis a diagnostic pitfall [30,46].Although clinical suspicion should arise when there is a
previous history of melanoma, or rare clinical features are encountered, such as cutaneous compromised or contralateral axillary nodes
without ipsilateral lymph node involvement [47], findings like nodular skin lesions, elevated lactate dehydrogenase levels, and normal
Ca 15-3 levels [48]. Moreover, metastases to the breast are less fixed to breast tissue, more superficial, well circumscribed, round, and
firm, without involvement of ducts, nipple retraction or discharge, and are usually solitary but may sometimes present diffuse
involvement and rapid growth [9]. Moreover, imaging studies can show rounded or oval nodules with a well-defined posterior wall on
ultrasound and well-defined nodular opacities without calcifications in mammography [23,49]. Although the final diagnosis is carried
out by IHC and metastatic melanoma can mimic several cellular and architecture phenotypes, there are some histologic clues to
indicate suspicion of melanoma; for example, the absence of an intraductal or lobular carcinoma component with the presence of
lymphovascular invasion, melanin pigment within tumor cells, atypical epithelioid cells with prominent nucleoli, eccentric cytoplasm,
or nuclear pseudoinclusions [38,44,50].

Multidisciplinary management of melanoma in breast tissue has demonstrated to be crucial due to the complexity of the patho-
logical diagnosis, tumor biology, surgical treatment, oncogenic mutations, chromosomal aberrations, immune surveillance, neo-
adjuvant and adjuvant therapies, and targeted therapies, such as immunotherapy, to achieve better oncological and surgical outcomes
with optimal quality of life [51,52]. When we reviewed surgical management after diagnosis, surgical interventions were offered in
most cases (65 %) and were reported with multiple overlaps varying between ALND in the setting of mastectomies and
breast-conserving surgery (PM/wide excision/segmental mastectomy). The most common procedure performed for loco-regional
control of the tumor was PM along with axillary dissection of clinically positive nodes. Adjuvant therapy with heterogenous ap-
proaches was described in only 38 % of patients. Cases from last decade mentioned the most modern types of adjuvant immuno-
therapies. Neoadjuvant immunotherapy and checkpoint inhibitors were not mentioned, as their role in stage IIl and IV melanoma has
only emerged in more recent years.

Survival and recurrence were difficult to quantify due to lack of reporting. The median survival of the 12 patients for whom this
variable was reported was of close to one year from the time of breast tumor diagnosis. Two out of our 4 additional cases died within 2
and 6 months. Two patients are currently alive at 65 and 70 months of follow-up after surgical treatment of their breast tumors. Our
patients present the longest survival reported; however, it is important to note that these are more recent patients who have had access
to the newest first and second-line immunotherapies.

As the pathogenesis of MIBT is not well-established [6,18,53] and given that melanocytes do not reside in the breast parenchyma,
the entity of MIBT relies on the following hypotheses One hypothesis postulates that neural crest cell precursors may have been carried
into the glandular epithelium during the period of embryogenesis [54], or that it may be the result of a metaplastic transformation of a
normal intramammary duct [55]. Others have hypothesized the presence of neoplastic genomic derepression describing the devel-
opment of primary breast carcinoma with subsequent melanocytic differentiation [42]. The latest hypothesis describes a heteroge-
neous malignancy defined by the presence of carcinoma and melanoma within the same lesion [55]. Although the World Health
Organization does not recognize this finding as a separate pathologic entity, five cases have been reported in the literature [56].
Nevertheless, this could represent the well-known and well-documented phenomenon of cancer-to-cancer metastases [57].

The argument against MIBT relies on the embryological development of the mammary glands and the well-known potential of
malignant melanoma to metastasize to any organ in the body even decades after initial diagnosis. Therefore it is strongly believed that
these melanotic tumors likely represent metastases rather than primary tumors [2]. This theory is supported by the findings of the
present study, in which more than half of the patients were reported as having a previous cutaneous melanoma, with at least 40 %
presenting positive axillary nodal and/or distant metastases in 30 %. This type of clinical history also supports the theory that these
breast melanoma masses are the first site of recurrence by previously known or unknown melanomas. And even though metastatic
disease to the breast by other tumors is extremely rare, ranging from 0.5 to 1.3 [58], cutaneous melanoma has previously been reported
to be the most common origin of up to 30 % of metastatic tumors found in the breast [59].

Our series review supports the previous findings. However, melanoma can also recur after treatment, with thicker melanomas
demonstrating recurrence rates of up to 58 %, and most likely involving lymph nodes [60]. Therefore, is well established that patients
with a history of cutaneous melanoma who undergo surgical excision are also at risk of presenting regional or distant metastasis later in
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life, sometimes even decades later [37]. In the institutional review of 27 patients with breast melanoma metastases by Ravdel et al.
[15], all the patients had a history of malignant melanoma prior to the development of a mammary lesion, and in one case the breast
mass was the first evidence of metastatic disease. Most of the patients presented with a palpable breast mass. In the Ravdel series, the
median interval between the initial diagnoses and the finding of breast metastases was 52.5 months. In six of these patients, the disease
presented from 10 to 18 years later. In our study, the median time from the presentation of the cutaneous melanoma to the presence of
a breast mass was 65 months. Our case series presented the melanoma tumor from 2 to 12 years after initial diagnosis, being the first
site of what was found to be a widely metastatic disease in lungs, liver, bones and with locoregional positive nodes in all 4 patients, in
addition to in-transit metastasis in one of them.

In addition, the metastatic pathogenesis is supported by the presence of Intramammary lymph nodes completely replaced by tumor
burden as in our cases. This confirms previous knowledge that in-transit intramammary lymph node metastases from melanoma can
occur [6]. It is also well known that in approximately 5.6 % of patients with metastatic melanoma, the location of the primary tumor is
unknown and in 65 % of these cases, the disease is limited to lymph nodes [61]. Lymph nodes can harbor aggregates of nevomela-
nocytes, including blue nevi (i.e., nodal blue nevus) [61]. These nevo-melanocytes are derived from the neural crest and are hy-
pothesized to act as progenitors of melanoma [62]. In the first case, illustrated herein, the initial mammogram showed a stable,
enlarged intramammary lymph node with no identifiable primary source. This explains the presentation of our first case. Two out of
the 4 case reports, demonstrated the presence of in-transit intramammary nodal metastases in addition to positive axillary nodes.

In addition, cutaneous melanomas that have undergone complete regression, which is thought to occur as an immune response to
melanoma [61], are usually not found but are associated with high rates of distant metastasis and early death [57,61]. All these
findings emphasize the importance for clinicians to always examine patient history thoroughly and make an exhaustive clinical ex-
amination in search of primary melanoma in patients presenting intramammary melanotic or spindle cell masses.

Embryologically, melanotic lesions emerge in tissues that contain neural crest precursors such as the skin, mucosa, ears, lep-
tomeningeal, and through the gastrointestinal tract [2]. The breast parenchyma lacks neural crest precursors [63]. The spread of
metastasis may occur by direct lymphatic or vascular drainage. The rich blood supply and abundant glandular tissue of the breast may
promote the transport of metastatic melanoma cells [9]. Moreover, estrogenic effects may contribute to the translocation of these
metastatic cells into the breast parenchyma [64]. It has been postulated that the microenvironment of the breast and competency of the
patient’s immune system may confer a more aggressive presentation [65].

Therefore, based on all the above, we argue it is a misnomer to characterize these breast melanoma tumors as PMBP, and rather,
they should be addressed as metastatic melanoma to the breast parenchyma. Pathology tests should be performed to identify the nodal
capsule or in-transit component. It is important for these tumors to be reviewed in-depth by an experienced dermatopathologist. In our
four additional cases, the true diagnosis was achieved by careful revaluation of the clinical history, imaging studies, and re-assessment
of the pathological features, such as identification of the lymphatic cortex in the totally tumor-replaced intramammary node.

Management of breast melanoma without other sites of disease should be treated as stage III or IV disease based on appropriate
staging. A thorough search for the primary lesion with a complete metastatic workup is always indicated, which should include brain
MRI and whole-body PET or CT [8,61].

A multidisciplinary team approach must be considered and the surgical options for these patients need to be carefully planned and
evaluated, as breast or axillary surgery may not necessarily eradicate the disease from a systemic standpoint, and the patient may be a
candidate for neoadjuvant immunotherapy or included in clinical trials, prior to surgical resection, and tumors and axilla may even be
down-staged.

Moreover, mastectomy has not shown to improve patient outcomes and therefore, it is not recommended as the surgical procedure
of choice, although it may be necessary in cases in which the tumor burden does not allow breast-conserving surgery. The primary
surgical treatment option should be complete surgical resection aimed at achieving negative margins. Management of regional nodes
depends on the presence of clinical nodal involvement [8]. There is no role for sentinel lymph nodes in this scenario as the primary
tumor does not originate in the breast but is rather another site of spread. Most reported cases show a high incidence of adjacent
lymphadenopathy, supporting a more aggressive approach to axillary dissection for loco-regional control of the disease [66]. In this
case series review, most patients presenting positive clinical nodal involvement underwent complete lymphadenectomy.

We recommend that clinically palpable lymph nodes be evaluated with ultrasound and those with radiographically suspicious
morphological changes or positive on PET scan, should undergo ultrasound-guided core biopsy for tissue confirmation. Nodal basin
management should include loco-regional control as per National Comprehensive Cancer Network guidelines [3]. In our case series,
60 % of patients in whom nodal status was reported did not have axillary lymph node metastases.

The current surgical recommendation for this pathology is wide local excision or PM of the primary site and sentinel lymph node
biopsy without lymph node dissection [38]. Despite melanoma being considered as metastasis, when there is oligometastasis,
following multidisciplinary consensus and adequate patient selection, patients undergoing metastasectomy have shown better long
term survival rates, including longer disease-free survival, compared to those undergoing standard of care systemic therapies [67,68],
while lymph node dissection has not demonstrated benefits in survival and is not recommended [69]. Prognosis should also be
considered, identifying other markers, such as microsatellite, in-transit metastasis, other metastases, and BRAF mutational status.

Regarding radiotherapy, stereotactic radiosurgery has provided local disease control in pulmonary lesions and is considered an
appropriate therapeutic option, which could be potentially extrapolated to breast metastasis [70]. Nowadays, the combination of
several chemotherapy agents and biochemotherapy have shown higher toxicity rates without benefits in survival [71,72]. Neo-
adjuvant and/or adjuvant Immunotherapy is indicated in all patients with stage IIC, III, and IV metastatic melanomas [3]. These
immunotherapies include ipilimumab, pembrolizumab, and nivolumab, which have been shown to prolong overall survival (OS) [73,
74]. Anti-PD-1 monotherapy with nivolumab is recommended for advanced BRAF wild-type melanoma or combined with ipililumab
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[73,75], an anti-CTLA4 agent. In addition, there is evidence showing pembrolizumab to have superior progression-free surgical (PFS)
and overall survival (OS) compared to ipilimumab [74], and drugs such as atezolizumab have shown improved OS rates.

Molecular analyses are key for identifying oncogenic BRAFV600E, CKIT mutations in order to consider targeted therapies with the
current developing BRAF, MEK inhibitor therapies [76], such as dabrafenib and trametinib against driver mutations in these patients
[3]. These drugs have shown to improve PFS and OS [77,78] with tolerable toxicity profiles. All these therapies and studies are of
potential interest for MIBT considered as a metastatic disease. Nonetheless, they should be considered with caution by a multidisci-
plinary tumor board to ensure the most adequate treatment and outcomes.

New emerging treatment modalities are under study and have shown promising outcomes in advanced and metastatic melanoma
[68]. These include toll-like receptor therapies to promote intratumoral antigen cross-presentation that enhances antitumor response
by adaptive immune cells [79], novel immune checkpoint inhibitors like the lymphocyte activation gene 3 [80], V domain immu-
noglobulin suppressor of T cell activation [81], T cell immunoglobulin and mucin domain 3 [82], cytokines such as IL-12 or IL-7, viral
oncolytics [83], recombinant human granulocyte-macrophage colony-stimulating factor (GM CSF) [84], tyrosine kinase inhibitors
[85], adoptive cellular therapy of tumor-infiltrating lymphocytes [86], engineered lymphocytes [87], antibody-dug conjugates [88],
peptide vaccines [89], modification of microbiome [90], and antigen modulation like MAPK signaling pathways [91]. New ongoing
clinical trials are performed around the world such as introduction of GM-CSF agents, biomarkers to indicate optimal timing to stop
immunotherapies [92], cancer vaccines [93], high risk melanoma patients [94], between others.

The limitations of this review are inherent to the heterogeneity and retrospective nature of the data reported, as well the rarity of
the cases. However, since this the largest review of the data currently available, we hope it encourages discussion among treating
physicians, pathologists, and medical oncologists to provide multidisciplinary management for timely and appropriate treatment of
patients and to challenge the concept of a primary breast source, as this implies important differences in patient management. A
thorough dermatopathological analysis and pertinent IMC tests could help to obtain a more accurate diagnosis. Better understanding of
genomic pathways and molecular markers is needed to further identify the true pathogenesis of this disease, and thereby help improve
the diagnosis, treatment, and surveillance protocols and improve prognosis.

5. Conclusions

Melanoma of the breast parenchyma is rare. Although the true pathogenesis of these tumors remains to be elucidated, we believe
the metastatic hypothesis is the most likely based on the embryological origin, the known metastatic phenotype, breast microenvi-
ronment, and clinical presentation. These tumors should be addressed as metastatic melanomas to the breast parenchyma. Staging,
multidisciplinary management and thorough pathologic analyses are mandatory prior to surgical intervention. Treatment should
include surgical excision of the tumor with negative margins and regional lymph node dissection of clinically positive nodes in the
setting of neoadjuvant or adjuvant immunotherapy. Surgeons must be aware of this rare presentation, especially if the patient has a
history of a previous cutaneous melanoma.
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