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Abstract

Cutaneous apocrine carcinoma is an extremely rare adnexal malig-
nancy arising from cutaneous apocrine sweat glands, with an inci-
dence of approximately 0.14-0.18 cases per million person-years.
In contrast, breast apocrine carcinoma is an uncommon subtype ac-
counting for approximately 0.4-4% of all breast cancers and repre-
sents a carcinoma of mammary epithelial origin showing apocrine
metaplasia rather than a tumor arising from apocrine sweat glands.
Despite their distinct tissue origins, these tumors share strikingly sim-
ilar histopathological and immunohistochemical features because of
their common apocrine differentiation. Accurate distinction is clini-
cally important because cutaneous apocrine carcinoma generally car-
ries a poorer prognosis, whereas breast apocrine carcinoma has been
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reported to have a more favorable outcome than non-apocrine triple-
negative breast cancer and is managed according to breast cancer
treatment strategies. The diagnostic challenge becomes particularly
evident when apocrine carcinoma arises in the axilla, where both tu-
mors may occur. The axilla is not only one of the most common sites
of cutaneous apocrine carcinoma because of its abundance of apo-
crine sweat glands, but also the most common site of ectopic breast
tissue, from which breast apocrine carcinoma may arise. However,
because of the rarity of both tumors, systematic comparative studies
remain limited, and no reliable diagnostic strategy has yet been estab-
lished. We reviewed the available clinicopathological, immunohisto-
chemical, and molecular evidence comparing cutaneous and breast
apocrine carcinoma, with particular emphasis on diagnostic chal-
lenges in the axillary region. Overall, conventional apocrine markers,
including androgen receptor (AR) and gross cystic disease fluid pro-
tein 15 (GCDFP-15), consistently supported apocrine differentiation
but showed substantial overlap between the two entities. Although
several markers, including estrogen receptor (ER), trichorhinophalan-
geal syndrome type 1 (TRPS1), tumor protein p63 (p63), cytokeratin
5/6 (CK5/6), cytokeratin 14 (CK14), and podoplanin (PDPN), dem-
onstrated differential expression tendencies, none showed sufficient
consistency to serve as a stand-alone diagnostic marker because of
limited cohort sizes and methodological heterogeneity across studies.
These findings highlight the current limitations of immunohistochem-
istry alone for determining tumor origin. Emerging transcriptome-
based molecular approaches may provide complementary diagnostic
information and represent a promising future direction for improving
the differential diagnosis of these rare tumors.
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Introduction

Apocrine carcinoma is a rare malignancy arising from apo-
crine sweat glands of the skin [1]. However, there is also a
subtype of breast cancer known as breast apocrine carcinoma
[2]. Unlike apocrine carcinoma from the skin, also known as
cutaneous apocrine carcinoma, breast apocrine carcinoma does
not arise from apocrine sweat glands but from mammary epi-
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thelium that undergoes apocrine metaplasia [3]. Despite their
different tissue origins, cutaneous and breast apocrine carcino-
mas share remarkably similar histopathological and immuno-
histochemical features [4], which creates a clinical challenge
because these tumors differ substantially in clinical behavior,
therapeutic responsiveness, and prognosis [1, 4, 5].

Distinguishing these two tumors becomes particularly
challenging when apocrine carcinoma occurs in the axilla. The
axilla is rich in apocrine sweat glands [6] and is also the most
common site of ectopic breast tissue [7], allowing both cuta-
neous apocrine carcinoma and ectopic breast apocrine carci-
noma to arise in this region. Because these tumors differ sub-
stantially in clinical behavior, therapeutic responsiveness, and
prognosis, accurate distinction is clinically important [1, 4, 5].

Although numerous case reports have highlighted this di-
agnostic dilemma, a comprehensive comparison of the clinico-
pathological and immunohistochemical features of cutaneous
and breast apocrine carcinoma remains lacking. This review
summarizes the current evidence regarding their clinicopatho-
logical characteristics, diagnostic challenges, and potential fu-
ture diagnostic strategies.

What Is Apocrine

Apocrine sweat gland in the skin

Apocrine glands are a type of sweat gland first described by
Krause in 1844 as glands located in specific regions such as the
axilla and anogenital region and are larger than those distrib-
uted over the general body surface [8]. They were later termed
“apocrine sweat glands” by Schiefferdecker in 1922, based on
the concept that their secretion occurs through the release of
the apical portion of secretory cells [8], a process known as
decapitation secretion. Structurally, apocrine glands originate
from the hair germ and are composed of a coiled secretory por-
tion and a duct, which typically opens into the hair follicle [9].
The secretory portion consists of a single layer of columnar ep-
ithelial cells resting on myoepithelial cells, whereas the ductal
portion is composed of a double layer of basophilic cells with
a periluminal eosinophilic cuticle [10, 11]. From an evolution-
ary perspective, apocrine glands are considered to represent a
remnant of odoriferous organs observed in many animals [12].
They produce a viscous, lipid-rich secretion containing pro-
teins, steroids, and ammonia. In many species, apocrine glands
function as scent glands involved in pheromone production
and social or sexual communication [13]; however, this role
is relatively rudimentary in humans. Although apocrine glands
are present at birth, they do not become functionally active
until puberty [12, 14], suggesting regulation by sex hormones.
Accordingly, apocrine glands express receptors for these hor-
mones, including the androgen receptors (ARs) [15].

Apocrine cells in the breast

Interestingly, apocrine cells are also frequently observed in
mammary epithelium, despite the absence of native apocrine

glands in the breast [16]. These cells are thought to arise through
apocrine metaplasia of mammary epithelium, rather than repre-
senting true apocrine glands [17, 18], although the molecular
mechanisms underlying this phenomenon remain poorly under-
stood. Nevertheless, they closely resemble cutaneous apocrine
sweat glands histologically [3], being characterized by large
columnar cells with abundant eosinophilic granular cytoplasm
and enlarged nuclei with prominent nucleoli [19]. Autopsy stud-
ies have reported apocrine metaplasia in approximately half of
women without a history of breast cancer, although the reported
prevalence varies considerably among studies [18]. Some re-
ports have suggested a higher prevalence in younger individuals,
with frequencies ranging from approximately 20% in women
aged 50104 years to 85% in those aged 30—54 years [20]. Other
studies have reported a higher frequency of apocrine metaplasia
in cancer-associated breasts, reaching up to 95% [21], whereas
others found no substantial difference between cancer-associat-
ed and non-cancerous breasts [22, 23].

Although apocrine metaplasia may be observed even in
otherwise unremarkable mammary epithelium, it is also fre-
quently identified in benign and proliferative breast lesions,
including fibrocystic changes, cysts, fibroadenomas, papillo-
mas, adenomas, and atypical apocrine proliferations [18-20].
In a large long-term follow-up study of 10,366 benign breast
biopsies, benign papillary apocrine proliferative lesions with-
out concurrent atypia were not associated with a significantly
increased risk of subsequent breast carcinoma, although highly
complex papillary apocrine change showed a trend toward in-
creased risk [24].

In contrast, atypical apocrine lesions, including atypical
apocrine adenosis and atypia within sclerosing lesions, are
uncommon lesions, accounting for less than 0.4% of benign
breast diagnoses [25], whose clinical significance remains un-
certain. Published studies have reported conflicting findings
regarding the subsequent risk of breast cancer. Some studies
found no significant increase in risk compared with normal
breast tissue [25-27], whereas others suggested that these le-
sions may represent high-risk precursor lesions [28]. Interpre-
tation of these findings is further complicated by limited sam-
ple sizes, heterogeneous diagnostic criteria, and substantial
morphological overlap with apocrine ductal carcinoma in situ.
Furthermore, most available studies lack direct comparison
with non-apocrine proliferative lesions, making it difficult to
determine whether these biological behaviors are truly unique
to apocrine proliferations.

Apocrine Carcinoma

The term “apocrine carcinoma” originally referred to an ad-
nexal skin malignancy arising from cutaneous apocrine sweat
glands [29]. However, carcinomas with apocrine morphology
may also occur in the breast. Unlike cutaneous apocrine car-
cinoma, breast apocrine carcinoma does not arise from apo-
crine sweat glands but represents a carcinoma of mammary
epithelial origin showing apocrine metaplasia. Despite their
distinct tissue origins, these tumors frequently exhibit remark-
ably similar histopathological features. Histologically, cutane-
ous apocrine carcinoma is characterized by infiltrative glan-
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Figure 1. Representative histopathological images of cutaneous and breast apocrine carcinoma. (a) Low power field showing
invasive apocrine carcinoma of the skin involving superficial dermis (H&E x 5). (b) Higher magnification showing apocrine mor-
phology with conspicuous eosinophilic cytoplasm, enlarged nuclei and prominent eosinophilic nucleoli (H&E x 20). (c) Breast car-
cinoma of no special type with apocrine differentiation showing infiltrating cords of tumors cells with large polygonal tumor cells,
abundant granular eosinophilic cytoplasm, and prominent eosinophilic nucleoli (H&E x 20). H&E: hematoxylin and eosin stain.

dular structures composed of large eosinophilic tumor cells
with granular cytoplasm, prominent nucleoli, mitotic activity,
and focal decapitation secretion (Fig. 1a, b) [1]. Breast apo-
crine carcinoma, currently classified as “breast carcinoma with
apocrine differentiation” in the World Health Organization
(WHO) classification, is defined by the presence of apocrine
morphology in more than 90% of tumor cells [30]. Histologi-
cally, it is composed of large cells with abundant eosinophilic
granular cytoplasm and enlarged nuclei with prominent nu-
cleoli, closely resembling its cutaneous counterpart (Fig. 1c).
Thus, both tumors represent adenocarcinomas predominantly
composed of apocrine cells and share strikingly similar patho-
logical appearances. However, despite their overlapping histo-
pathological features, their clinical management and therapeu-
tic approaches are distinct.

Cutaneous apocrine carcinoma

Cutaneous apocrine carcinoma typically arises in apocrine
gland-rich regions, including the axilla, head and neck, and
groin. It is an extremely rare malignancy; population-based
analyses using the Surveillance: Epidemiology: and End Results
(SEER) database have reported an incidence of approximately
0.14-0.18 cases per million person-years [31], accounting for
only about 0.005% of all cutaneous carcinomas [1]. Owing to
its rarity, current knowledge regarding optimal treatment strate-
gies and prognostic factors remains limited. Historically, wide
surgical excision with 1-2 cm margins has been recommended

[6]. Because lymph node metastasis at initial diagnosis has been
reported in 69-89% of cases, lymph node dissection has his-
torically been performed as part of curative treatment [32-34].
However, no standardized international guideline has been es-
tablished for the management of cutaneous apocrine carcinoma.
More recent practice generally favors therapeutic lymph node
dissection only in patients with clinically or radiologically evi-
dent nodal metastasis, although the optimal management of
regional lymph nodes remains a matter of debate [1, 6]. Fur-
thermore, no consensus has been established regarding effective
systemic therapies for advanced or metastatic disease. Although
several case reports have described clinical responses to regi-
mens such as epirubicin plus cyclophosphamide followed by
S-1 [35], paclitaxel plus carboplatin [36], anti-androgen ther-
apy [37], and anti-human epidermal growth factor receptor 2
(HER2) therapy in HER2-positive tumors [38], no therapeutic
regimen has yet demonstrated efficacy in large-scale studies.
The prognosis has generally been reported to be relatively poor,
particularly in patients with lymph node metastasis [1]. In a ret-
rospective study of 186 patients with cutaneous apocrine carci-
noma, median overall survival was reported to be approximately
55 months in patients without nodal metastasis compared with
33 months in those with nodal involvement [32].

Breast apocrine carcinoma

Breast apocrine carcinoma was first described by Krompecher
in 1916 as a malignant tumor composed of apocrine-like epi-
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Figure 2. Representative histopathological and immunohistochemical findings of an axillary apocrine carcinoma. (a) Invasive
carcinoma with apocrine differentiation involving the superficial dermis (hematoxylin and eosin stain, x 10). (b) High-power view
showing large tumor cells with abundant eosinophilic granular cytoplasm, enlarged nuclei, and prominent nucleoli (hematoxylin
and eosin stain, x 40). (c) Immunohistochemical staining for GCDFP-15 demonstrating diffuse tumor cell positivity. Adjacent
normal apocrine glands show positive staining (right), whereas eccrine ductal cells (left) are negative (x 10). (d) Diffuse nuclear
immunoreactivity for androgen receptor (AR) in tumor cells (x 10). GCDFP-15: gross cystic disease fluid protein 15.

thelial cells [39] and has been recognized as a distinct special
type of breast carcinoma since the second edition of the WHO
classification [2]. It accounts for approximately 0.4—4% of all
breast cancers [40]. In the current WHO classification, breast
apocrine carcinoma is additionally characterized by an estro-
gen receptor (ER)-negative and AR-positive [30]. HER2 status
is variable, with approximately 30-50% of cases reported to be
HER2-positive, while the remaining cases are largely classified
as triple-negative breast cancer [5, 41]. Because treatment strat-
egies generally follow those for conventional breast cancer, pa-
tients are typically managed with surgical resection combined
with neoadjuvant or adjuvant chemotherapy and radiotherapy
according to ER and HER?2 status [5]. Notably, breast apocrine
carcinoma has been reported to show a more favorable progno-
sis than conventional triple-negative breast cancer [42, 43]. In
a SEER database analysis, the 7-year disease-specific survival
was reported to be 86% in apocrine triple-negative breast can-
cer compared with 74% in non-apocrine triple-negative breast
cancer [41, 44]. Beyond the conventional definition of pure
apocrine carcinoma, the extent of apocrine morphology itself
may represent a biological spectrum associated with distinct
tumor characteristics. In our recent study, a greater degree of
apocrine morphology was associated with lower proliferative
activity and more favorable prognosis in ER-negative breast
cancer, whereas the opposite associations were observed in
ER-positive disease [45]. Focusing on the conventional ER-
negative apocrine carcinoma phenotype, however, breast apo-
crine carcinoma has been reported to exhibit relatively limited
responsiveness to conventional chemotherapy compared with
non-apocrine triple-negative breast cancer [46—48]. More re-

cently, immune checkpoint inhibitors have also been incorpo-
rated into the standard treatment of high-risk triple-negative
breast cancer [49]. Although evidence specific to breast apo-
crine carcinoma remains limited, emerging data suggest poten-
tial activity of pembrolizumab-based chemoimmunotherapy in
tumors with apocrine features [50, 51]. The optimal treatment
strategy specifically for this subtype therefore remains a mat-
ter of debate.

Why Does Differentiation Matter?

Distinguishing between these biologically distinct yet histo-
logically similar tumors becomes particularly important when
apocrine carcinoma arises in the axilla. Figure 2 illustrates the
representative histopathological and immunohistochemical
findings of an axillary apocrine carcinoma case encountered
at our institution. Hematoxylin and eosin staining (Fig. 2a, b)
demonstrates an adenocarcinoma composed of large eosino-
philic cells with abundant granular cytoplasm and prominent
nucleoli. Together with diffuse AR and gross cystic disease
fluid protein 15 (GCDFP-15) positivity (Fig. 2c, d), these his-
topathological and immunophenotypic findings are compatible
with both cutaneous and breast apocrine carcinoma, requiring
consideration of both entities in the pathological differential
diagnosis.

What makes this diagnostic dilemma unique to the axilla
is that both cutaneous and breast apocrine carcinoma may arise
in this region. Unlike eccrine sweat glands, which are distribut-
ed widely throughout the body and primarily function in ther-
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moregulation, apocrine sweat glands are localized to specific
anatomical regions [14]. The axilla is particularly rich in apo-
crine glands, with an apocrine-to-eccrine gland ratio approach-
ing 1:1 [52]; histological studies have identified approximately
8-43 apocrine glands per cm? in the axillary skin [10]. Accord-
ingly, in a retrospective study of 186 patients with cutaneous
apocrine carcinoma, the axilla was the most common primary
site, accounting for 53% of cases, followed by the head and
neck region at 35% [32]. Meanwhile, breast tissue may also
be found outside the normal breast as ectopic breast tissue.
Ectopic breast tissue, thought to represent remnants of the em-
bryologic mammary ridge [53], can arise anywhere along the
embryologic milk line extending from the axilla to the groin
[54], with the axilla representing the most common site [55].
It is present in approximately 2—6% of women [56, 57], and
may occur even in men, although much less frequently, with a
reported male-to-female ratio of approximately 2.5:100 [58].
Although rare, ectopic breast tissue can give rise to ectopic
breast carcinoma, accounting for approximately 0.3—-0.6% of
all breast cancers [55, 59]. Consequently, the axillary region
may give rise not only to cutaneous apocrine carcinoma origi-
nating from apocrine sweat glands but also to breast apocrine
carcinoma arising from ectopic breast tissue. Thus, in the ax-
illa, a unique anatomical region in which both tumors may
arise, distinction is required between two remarkably similar
yet clinically distinct malignancies.

Reported Cases of Axillary Apocrine Carcinoma

In clinical practice, numerous cases requiring differentiation
between cutaneous and breast apocrine carcinoma in the axil-
lary region have been reported. The reported cases are sum-
marized in Table 1 [60-81]. We identified 22 English-language
case reports of axillary apocrine carcinoma in a PubMed search
through August 2026 using keywords related to “apocrine
carcinoma” and “axilla,” regardless of the presumed origin
[60—81]. Reports that did not describe the diagnostic process
were excluded. Among the 23 patients, the median age was
61 (33-92) years, with 19 male (83%) and four female (17%)
patients. The median tumor size was 40 (4—120) mm.
Interestingly, in 21 (91%) of the 23 cases, both cutaneous
and breast apocrine carcinoma were considered during the
diagnostic process before one origin was ultimately favored.
As the basis for diagnosis, 14 cases relied on the presence
or absence of adjacent normal structures, including ectopic
mammary tissue or normal apocrine glands. Seven cases cited
the absence of a detectable breast primary lesion, either alone
or in combination with pathological findings, as supportive
evidence for diagnosis. In this differential diagnosis, three
possibilities should be considered: primary cutaneous apo-
crine carcinoma, carcinoma arising in ectopic breast tissue,
and metastatic breast carcinoma. The presence of adjacent
cutaneous apocrine structures may support a primary cutane-
ous origin, whereas identification of ectopic mammary tissue
or an in situ component favors carcinoma arising in ectopic
breast tissue. In contrast, detection of a primary breast le-
sion supports metastatic breast carcinoma. On the other hand,

several reported tumors exceeded 10 cm in diameter, raising
the possibility that extensive tumor involvement may obscure
or replace the surrounding normal structures. Therefore, ab-
sence of adjacent mammary tissue or apocrine glands should
be interpreted cautiously when excluding a particular origin.
Likewise, although absence of a detectable breast primary le-
sion may be useful in excluding metastatic breast carcinoma
involving the skin or lymph nodes, this finding alone may
not reliably distinguish cutaneous apocrine carcinoma from
carcinoma arising in ectopic breast tissue. Although immu-
nohistochemical findings such as GCDFP-15, cytokeratin 7
(CK7), and cytokeratin 20 (CK20) were reported in nearly
all cases, only six reports explicitly described immunohisto-
chemical findings as part of the basis for diagnosis.

Immunohistochemical Overlap Between Cu-
taneous and Breast Apocrine Carcinoma and
Practical Diagnostic Approach

Because differentiation between cutaneous and breast apocrine
carcinoma in the axillary region is often challenging based on
histopathological findings alone, various immunohistochemi-
cal markers have been discussed in the literature as potential
tools for determining tumor origin. Figure 3 summarizes previ-
ous studies involving cohorts of five or more cases of cutane-
ous and/or breast apocrine carcinoma that reported the positivity
rates of immunohistochemical markers [4, 5, 82—103]. In this
summary, markers with a reported positivity rate of > 50% were
visually categorized as “frequently positive” (shown in pink)
whereas those with < 50% positivity were categorized as “less
frequently positive” (shown in light blue). Because the reported
cohort sizes varied substantially, this categorization should be
interpreted as a visual overview rather than a strict diagnostic
threshold. Also, several markers were evaluated only in one tu-
mor type or in small cohorts, limiting direct comparison.

Overall, previously reported immunohistochemical pro-
files show substantial overlap between cutaneous and breast
apocrine carcinoma, particularly for commonly used apo-
crine markers such as GCDFP-15, GATA binding protein 3
(GATA3), AR, and mammaglobin. Many of the reported cases
of axillary apocrine carcinoma in which differential diagnosis
was discussed (Table 1) [60—81] also employed these markers
during the diagnostic process. However, these markers may
support apocrine differentiation but are insufficient to reliably
determine the tissue of origin when used alone.

Apocrine markers

Several immunohistochemistry (IHC) markers are charac-
teristically expressed in apocrine cells and apocrine tumors.
Among them, AR plays a central role in apocrine biology.
Because normal apocrine sweat glands differentiate during
puberty under the influence of sex-related hormones such as
androgens [12, 14], apocrine sweat glands characteristically
express AR [15]. Accordingly, AR expression is frequently ob-
served in cutaneous apocrine carcinoma [1]. Similarly, breast

Articles © The authors | Journal compilation © World ] Oncol and Elmer Press Inc™ |  https://wjon.elmerpub.com 781



o
(o]
N~
~
N~
~
<
=
N} "8|qe|IeAE JoU [y/N ‘AJjsiwaydolsiyounwiwi :QH| ‘8jew |\ ‘ajews} 4 ‘sisoubelp :xq ‘ewouldied
m auuoode snosuejnd 9 ‘ewouloled auloode jsealq g sisoubelp |enualayip 8y} Ul papnjoul 8Jem ewouldied auloode }sealq pue SNOsueNd Yjoq Jayldaym sajedipul yjoq UORUSIA e
m. anssn Arewwew Juddelpe oN SOA 0) D/d ¥ IN/EE [08] ¥10T ‘Te 12 eURnSRJ-OPI[OL, €T
o) onssy Areurueur Juddelpe oN SOX D o4 0S W/6¥ [6L] STOT Te 30 eAnOIyIEY (4
o ssurpuyy DHI + paynudpt spue(s sutwode Jusoelpy SOX 0 0 08 IN/TS [8L] T20T ‘Te 12 1epynyEL, IC
[
% sgurpuy DHI SO a 0/ 43 IN/LS [£L]810€ ‘Te 10 tue] -eremilng 0T
s3urpuly DHI + spue|s dutoode Judoe(pe oN SOX a o/ S IN/S9 [9L] T10T ‘Te 2 UI'T 61
sgurpuy DHI ON 0 0 9 N/TL [L] L10T ‘T8 32 meD 81
sgurputy jesr3ojoyredolsiy ON 0 0 0T IN/9L [$L]1+20T ‘Te 12 pewyy L1
sgurputy [edr3ojoyyedolsiy SO D D4 o /26 [££] 800T Te 32 yo1ARIN] 91
uo1s9[ Arewid 1sea1q ON onssn Arewwew Juddelpe oN SOA D D/d 0l /L9 [ZL] 110T 1B 32 1eyelISBA ]
ssurpuy DHI + poynuapI spue(s outvode Jusoelpy SOK D oA 0S IN/9S [1Ll910T Tede plyez 41
onssy) Arewruewr Juddelpe oN SOX D oA VN /LS [69] 920T Te 30 Ayoadoy €l
uo1s9] Arewid 3sea1q ON anssy Arewwuew Juodelpe oN SOx q q 1€ /L9 [oL] zzoz ‘TR 3R 1T 1
paynuop! anssi Arewwew Juddepy SO 0 q 0TI /1L [18] 800T ‘Ie 10 105[o7 I
uo1s9 Arewrid 3sea1q ON onssn Arewuew Juadelpe oN SOA D 0) o /99 [89] S10T ‘Te 30 Suoog 01
uorso| Arewtid )seaiq ON SOK 0 0 o /IS [89] $10T ‘Te 30 Suoag 6
uors9] Arewrnid jsea1q oN anssn Arewruewr juooelpe oN SOX 0) ) 0S /1L [£9] L10T ‘Te 30 08npiog S
uorso] Arewnid jsearq oN SOX o) 0 001 IN/T9 [99] L10T ‘Te 10 1zzu0g L
anssn Arewrurewr jusde(pe oN SOX 0 0 01 d/€8 [$9] 020z ‘e 10 duDjes 9
g ssuIpuy DHI BN 0 O VN /19 [+9] 020 ‘e 30 1unIqr] S
2 uorso| Arewtid jsea1q ON SO o) o) 001 N/8S [€9] 20T ‘Te 10 Hressay] 4
(9]
O,m onssy Areurwew jusoe(pe oN SOX o o4 0l d/19 [29] $20T ‘Te 10 erewey €
o Io1A®Yaq [EOIUI[D) SO o) q 99 IN/09 [19] STOT Te 12 ysoy3| youres| C
m paynuopt onssy) Arewew Juddepy SOX a o/ 0T d/LS [09] 920T ‘Te 10 ewIySIA I
o- APBoq X xq@  (wu) .
A.n& (SSurpuyy [edrurpd) sisegq (sSurpuyy [edr3ojoyjed) siseg T T T . X95/93V Joyny ON
(o]
[V]
o ewoulnle) auuoody Alej|ixy Jo sase) pauoday "L a|gel
2
«
w
3
[o]
(9]
c
8
=}
@]

https://wjon.elmerpub.com

| Journal compilation © World ] Oncol and Elmer Press Inc™

Articles © The authors

782



Kawashima et al

World ] Oncol. 2026;17(6):777-789

Breast Marker Skin
0/27i | 0/120  0/150 | 4/24% | 27/30h | 0/39% | 3/26t | 20/33< | 0/44° 2/52b - 7114t | 27m | 813 | w9 8/
(0%) = (0%)  (0%) | (17%) (90%) = (0%) @ (12%) (61%) (0%) = (4%) (50%) | (29%) = (62%) (11%) = (67%)
0/129  0/15¢ | 4/24% 27/30n | 0/39¢ 1/26' 7/33¢ 0/a4c  3/52b . 414t | 270 35 29 10/11r
(0%) = (0%) | (17%) (90%) | (0%) = (4%) | (21%) (0%) = (6%) Pg (20%) | (20%) (60%)  (22%) (91%)
2/129 | 10/15¢ | 8/24%  11/371 3/39¢  5/26f  23/44° . o014 | 24
(17%) | (67%) | (33%)  (30%) = (8%)  (19%) = (52%) (0%) | (50%)
27/27i | 11/129 11/11 | 7/150  39/39¢  26/26f A44/44° 29/52> i 14/14¢ 270 711 7/9
(100%)  (92%)  (100%) | (47%) (100%) | (100%) (100%) (56%) (100%)  (29%) = (64%) = (78%)
20277 12/129 10/11+ 9/150 38/30s 39/52° ... 57" 1228 4% 55 1112
(74%) | (100%)  (100%) (60%)  (97%)  (75%) (71%) | (50%) = (44%) (100%) (92%)
(1110’;; %:gf:‘; Adipophilin (‘r;ga/‘:')
9/271  38/39¢
33%) (97%)  AMACR
11/27 | 41414 5/5v | 1/21°  23/25 30/33 G 15/212 | 7/9¢  11/11°
(41%) | (100%) (100%) (5%) = (92%) (91%) (71%) | (78%) ' (100%)
8/12m 20/30n 13/261 15/33 obin | L21* 8141 U7 2111m
(67%) | (67%) | (50%) (45%) oSO | (5er) | (57%) (14%) | (18%)
16/271 5/41¢  1/5v
(59%) | (12%) = (20%) IREST
1/12m | 2/37 | 0/30h  1/25¢ | 2/330 ” 17/21° | 111 4/7%  10/11m 4/9  0/12
(8%) | (5%)  (0%) (4%) = (6%) P (81%) = (9%)  (57%) (91%)  (44%) (0%)
2/12m | 4/37' | 2/30n 19/25f 2/33° — 15/21° | 10/12¢ 577  10/11m  7/9t
(17%)  (11%) | (7%)  (76%) (6%) (71%) | (83%)  (71%)  (91%) = (78%)
230 | 2733 | | 2002080 ofse
] Frequently positive 7%) | (6%) P (52%) | (0%)
|:| Less frequently positive 0/12m  0/37i _— 10/11m
(0%)  (0%) (91%)

Figure 3. Summary of published immunohistochemical marker positivity in cutaneous and breast apocrine carcinoma. Each
cell represents the results from a single published study. The upper line indicates the number of positive cases divided by the
total number of cases, and the lower line indicates the corresponding positivity rate (%) within each study. Marker names are
shown in the center column. Positivity data for breast apocrine carcinoma are displayed on the left, whereas those for cutaneous
apocrine carcinoma are displayed on the right. Markers with a reported positivity rate of = 50% are shown in pink (frequently
positive), whereas those with a positivity rate of < 50% are shown in light blue (less frequently positive). Superscript letters in
the upper right corner of each cell correspond to the reference numbers listed below. Reference key: 2[89]; P[86]; ¢[99]; 9[101];
e[84]; T41; 9[92]; "[83]; '[5]; 1[93]; *[88]; '1971; ™[98]; "[91]; °[82]; P[87]; 9[103]; "[95]; *[90]; [96]; “[94]; *[102]. AR: androgen receptor;
GCDFP-15: gross cystic disease fluid protein 15; ER: estrogen receptor; TRPS1: trichorhinophalangeal syndrome type 1; p63:
tumor protein p63; CK5/6: cytokeratin 5/6; CK14: cytokeratin 14; AMACR: alpha-methylacyl-CoA racemase; PgR: progesterone
receptor; HER2: human epidermal growth factor receptor 2; GATA3, GATA binding protein 3.

apocrine carcinoma acquires AR expression through apocrine
metaplasia [16], and AR positivity is currently regarded as one
of its defining immunophenotypic features [30].

Several downstream targets or associated proteins of AR
signaling have likewise been linked to apocrine differentia-
tion [93]. GCDFP-15, one of the most widely used apocrine
markers in clinical practice, was originally identified in gross
cyst fluid of the breast and was subsequently shown to be spe-
cifically expressed in apocrine metaplastic epithelium rather
than normal mammary epithelium [104, 105]. Consistent with
this biology, GCDFP-15 expression has been widely reported
in breast apocrine carcinoma and normal cutaneous apocrine
glands, leading to its recognition as a classical marker of apo-
crine cells [86, 92, 104]. Accordingly, frequent positivity for
GCDFP-15 has been reported in both breast and cutaneous
apocrine carcinoma.

Alpha-methylacyl-CoA racemase (AMACR), a mitochon-
drial and peroxisomal enzyme involved in fatty acid metabo-
lism [92], was originally established as a diagnostic marker for
AR-positive prostate carcinoma [106] and has subsequently
been reported in AR-positive breast carcinomas with apocrine
differentiation [107]. Recent studies have further demonstrated
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frequent AMACR expression in a broad spectrum of mamma-
ry apocrine lesions, including apocrine metaplasia, apocrine
ductal carcinoma in situ, and invasive apocrine carcinoma
[108]. Similarly, adipophilin, a lipid droplet—associated pro-
tein also expressed in sebaceous carcinoma [109], reflects the
intracytoplasmic lipid accumulation characteristic of apocrine
cells. Although adipophilin positivity in cutaneous apocrine
carcinoma appears relatively limited [4, 110], higher expres-
sion has been reported in tumors with apocrine differentiation,
including pulmonary carcinomas with apocrine features and
breast apocrine carcinoma [90, 111].

Taken together, these markers are useful for characterizing
apocrine tumors and distinguishing them from non-apocrine
malignancies. However, because these proteins are broadly ex-
pressed in both normal apocrine glands and tumors with apo-
crine differentiation, their utility for determining tissue origin
appears limited.

Hormone-related markers

In breast cancer, hormone receptor status and HER2 expres-
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sion play central roles in clinicopathological classification and
therapeutic decision-making. Historically, breast apocrine car-
cinoma has been defined using various criteria, including pure-
ly morphological definitions as well as definitions combining
apocrine morphology with hormone receptor status [19]. In
the current WHO classification, however, carcinoma with apo-
crine differentiation is characterized by apocrine morphology
together with an ER-negative/AR-positive immunophenotype
[30]. Accordingly, most studies have reported breast apocrine
carcinoma to be predominantly ER-negative and progesterone
receptor (PgR)-negative. In contrast, HER2 status appears
more heterogeneous, with both HER2-positive and HER2-
negative cases being reported.

In cutaneous apocrine carcinoma, more than 50% positiv-
ity for ER and PgR was reported in three and two of the five
available studies, respectively. In comparative studies between
breast and cutaneous apocrine carcinoma, ER negativity was
more frequently observed in breast apocrine carcinoma than
in cutaneous apocrine carcinoma. Studies evaluating HER2
expression in cutaneous apocrine carcinoma remain limited,
and reported HER2 positivity rates have varied substantially,
ranging from 0% [4] to 50% [95]. Interestingly, several case
reports have described favorable responses of HER2-positive
cutaneous apocrine carcinoma to anti-HER2 therapy using
treatment strategies adopted from breast cancer [62, 112], sug-
gesting potential therapeutic relevance of HER2 evaluation in
these tumors.

Overall, however, the significance of ER, PgR, and HER2
expression for determining tissue origin remains unclear.

Glandular and skin-associated markers

In general, breast and cutaneous carcinomas are often distin-
guished using lineage-associated immunohistochemical mark-
ers [113, 114]. However, this distinction is less straightforward
in apocrine carcinoma because both entities share glandular
morphology and apocrine differentiation [89, 98]. GATA3,
mammaglobin, and trichorhinophalangeal syndrome type 1
(TRPS1) are commonly used breast lineage-associated mark-
ers [115], but their expression in apocrine carcinoma is incon-
sistent. GATA3 and mammaglobin show variable positivity
in both breast and cutaneous apocrine carcinoma. Although
TRPS1 has been proposed as a relatively breast-specific mark-
er [116] and was historically considered negative in cutane-
ous apocrine glands and cutaneous apocrine carcinoma [117],
more recent studies have demonstrated TRPS1 expression in
these lesions [118].

In contrast, tumor protein p63 (p63) [119, 120], cytokera-
tin 5/6 (CK5/6) [121], cytokeratin 14 (CK14) [98], and podo-
planin [122] have been described as markers associated with
cutaneous adnexal differentiation. These markers were more
frequently positive in cutaneous apocrine carcinoma and gen-
erally negative in breast apocrine carcinoma. Although com-
plete separation between the two entities was not achieved,
these markers may still provide supportive evidence favoring
cutaneous origin. On the other hand, epidermal growth fac-
tor receptor (EGFR), which has been regarded as a basal-as-

sociated marker, is expressed in normal apocrine sweat glands
and has also been reported in cutaneous apocrine carcinomas,
while relatively frequent expression has additionally been ob-
served in mammary apocrine carcinoma [100, 123, 124]. Be-
cause the available studies were small and methodologically
heterogeneous, these findings should be interpreted as general
expression tendencies rather than strict diagnostic criteria.

Practical diagnostic approach

In practice, differentiation between cutaneous and breast apo-
crine carcinoma should be based on an integrated assessment
rather than on any single finding. Clinical history, tumor lo-
cation and morphology, the presence or absence of adjacent
apocrine glands or ectopic mammary tissue, and immunohis-
tochemical findings should all be considered together. Con-
ventional imaging modalities, including mammography, ultra-
sonography, and magnetic resonance imaging (MRI), may be
useful for identifying ectopic breast tissue [125] or detecting
a primary breast lesion [126]. However, clinical features such
as age, sex, and disease course are not necessarily specific to
either tumor type, and substantial overlap also exists in mor-
phological and immunohistochemical findings [4]. Therefore,
definitive determination of the tissue of origin may remain
challenging even after comprehensive evaluation.

Conclusions and Future Directions

Cutaneous and breast apocrine carcinomas are biologically
distinct malignancies arising from different organs and ex-
hibiting markedly different clinical behaviors, prognoses,
and therapeutic strategies. However, these tumors show
substantial overlap in histopathological appearance and im-
munophenotypic features because of their shared apocrine
differentiation. Although both entities are rare, numerous re-
ports have highlighted the diagnostic difficulty encountered
in distinguishing them, particularly in the axillary region.
While several immunohistochemical markers showed differ-
ences in expression patterns between the two entities, cur-
rently available evidence remains limited and insufficiently
reliable for routine diagnostic use.

Recent advances in transcriptomic profiling may provide
new opportunities to improve the differential diagnosis of rare
tumors. In our recent study, we developed a transcriptome-
based molecular differentiation score to distinguish cutaneous
from breast apocrine carcinoma [127]. For rare tumors such as
apocrine carcinoma, the limited availability of training datasets
is often a major obstacle to developing transcriptome-based di-
agnostic models. To address this challenge, we constructed the
differentiation score using large transcriptomic cohorts repre-
senting the entire spectrum of breast and cutaneous carcino-
mas and subsequently validated its performance in apocrine
carcinoma. These findings suggest that transcriptome-based
approaches can accurately distinguish cutaneous from breast
apocrine carcinoma despite the scarcity of transcriptomic data.
As transcriptomic profiling becomes increasingly incorpo-
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rated into routine clinical practice, such molecular diagnostic
approaches may become practical adjuncts to histopathologi-
cal and immunohistochemical evaluation for distinguishing
diagnostically challenging rare tumors, including apocrine
carcinoma. Future large comparative studies and independent
validation of molecular diagnostic tools, including transcrip-
tome-based differentiation scores, will be important for estab-
lishing more objective and reliable diagnostic strategies for
these challenging tumors.
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