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distinct clinical course and so are the treatment options 
(Alencar NNd, Souza DAd, Lourenço and Silva 2022). To 
enhance diagnostic accuracy and uniformity in report-
ing, we will briefly review various apocrine lesions of the 
breast, highlight breast carcinoma with apocrine differ-
entiation, summarize recent research, and identify areas 
that have potential scope for more exploration.

Discussion
Apocrine metaplasia
One of the most frequent changes in breast disease is 
apocrine metaplasia which is a benign non-cancerous 
condition. It is characterized by the replacement of nor-
mal glandular cells by apocrine sweat gland cells which 
have a distinct appearance when viewed under a micro-
scope. Microscopically, these cells appear large, have 
abundant eosinophilic cytoplasm with enlarged and 
prominent nucleoli, mostly seen lining the ducts (Quinn 
et al. 2022; Abbasi et al. 2019).

Introduction
One of the primary causes of cancer among women glob-
ally is breast cancer. It holds a high mortality rate, being 
2nd to lung cancer (Vranic and Gatalica 2022; Giaquinto 
et al. 2022). Multiple histologic and molecular genetic 
types have been included in this diverse and complicated 
group of disorders. Nearly 70% of all breast cancers are 
invasive breast carcinomas of no specific type (IBC-NST), 
while the rest of the 30% constitute various uncommon 
subtypes, having unique morphology, molecular manifes-
tations, and genetic characteristics. Each subgroup has a 
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Summary
Apocrine metaplastic change is a frequent change in breast pathology. Invasive carcinoma with apocrine 
differentiation of the breast has unconventional histology, immunohistochemical (IHC), and molecular profile. It 
has an Estrogen receptor (ER)/Progesterone receptor  (PR) negative and an Androgen receptor (AR) positive profile. 
About 1/3 of cases can show Her2neu amplification through IHC or Fluorescence in situ hybridization (FISH). 
Lymphovascular invasion (LVI) and lymph node metastasis (LNM) are frequently observed and they often have poor 
pathological response to chemotherapy. Histologically and molecularly defined apocrine subtypes of breast cancer, 
although have considerable overlap, yet are different and discrete entities. The decision on using chemotherapy 
and targeted regimens in these lesions is still controversial which calls for more insight. This could be achieved by 
acquiring a standardized diagnostic practice, further research, and discussion.
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Although apocrine metaplastic change in the breast 
can be easily recognized, however, various immunohis-
tochemical (IHC) markers, such as Epithelial membrane 
antigen (EMA), Androgen receptor (AR), and Gross 
cystic disease fluid protein 15 (GCDFP15) can further 
highlight the change. Moreover, Apocrine cells are also 
negative for ER / PR receptors and can have varied Her-
2neu expression (Quinn et al. 2022) which will be further 
discussed in coming paragraphs.

There is a range of apocrine metaplastic changes, 
from benign to malignant. Apocrine metaplasia in a 
cystic lesion is frequently found in females of reproduc-
tive age and is a benign alteration. There is no connec-
tion between this metaplastic change and later growth of 
cancer. Papillary apocrine alteration, can be categorized 
as simple, complicated, and extremely complex (Quinn et 
al. 2022; Page et al. 1996; Choe et al. 2022). The use of 
CK5/6 and estrogen receptor is useful in only a few set-
tings to distinguish between apocrine metaplasia (ER and 
CK5/6 negative) and ADH (ER positive, CK 5/6 negative). 
Other lesions commonly harboring apocrine metaplasia 
are fibroadenomas and hamartomas (Dupont et al. 1994). 
Apocrine metaplasia can be one way to distinguish phyl-
lodes tumor from fibroadenoma in a challenged situation 
because it is often observed in hamartomas and fibroad-
enoma but not in phyllodes tumors (Quinn et al. 2022).

Atypical apocrine lesions
Apocrine ductal carcinoma in situ (DCIS)
Atypical apocrine lesions are considered as having cyto-
logical atypia (threefold fluctuation in nuclear size, 
hyperchromasia, and large nucleoli) (Quinn et al. 2022). 
Atypical apocrine adenosis is an infrequent term with 
unclear relevance due to comparative infrequency of pre-
sentation and paucity of clinical information. Intact lobu-
lar architecture is the key to diagnosis in any condition 
under consideration. Use of IHC for myoepithelial cells 
assists in precise judgment among many scenarios(Quinn 
et al. 2022).

Ductal carcinoma in situ (DCIS) exhibiting apocrine 
change is designated as ADCIS. The diagnosis depends 
on high grade features. These atypical ductal cells exhibit 
abundant eosinophilic and granular cytoplasm, rounded 
nuclei with prominent nucleoli. Other signs such as lumi-
nal necrosis, calcification and periductal alterations can 
also be present. The lesion is labelled as DCIS when it 
occupies an area of more than 2  mm in extent (Quinn 
et al. 2022; Bane 2013) However, this is not applicable to 
ADCIS.

ADCIS is recognised as a special variant. Being a rare 
entity, differentiation from atypical apocrine lesions and 
assigning accurate grade are main challenges. Nuclear 
grading is difficult because classic apocrine cells already 
have an enlarged nuclei with prominent nucleoli as 

compared to normal breast epithelium. That is why 
ADCIS should be resereved for the lesions with particu-
lar morphology that is: apocrine cells ≥ 5 times the size of 
benign apocrine cells. Presence of necrosis is additional 
identification and supportive factor. When these criteria 
are satisfied, a minimum size criterion (as in other kinds 
of DCIS / 2 mm) is not necessary(Bane 2013).

Further ADCIS does not display ER / PR expression, 
however, it is AR expressive. There has been evidence 
that HER2neu expression and the Ki67 proliferative index 
are substantially related with the higher nuclear grade of 
lesions (Leal et al. 2001). Diagnosing low-grade ADCIS 
is a diagnostic challenge where IHC is also of limited 
value. These lesions are a dilemma with variable amount 
of inter-observer differences. However, in such difficult 
circumstances, Her2neu staining may be helpful, where 
weak staining may point towards metaplasia/hyperpla-
sia and strong membranous staining indicates malignant 
process. Similarly Ki67 and p53 expression is also helpful 
in such circumstances (Quinn et al. 2022).

Pleomorphic lobular carcinoma in situ with apocrine features 
(PALCIS)
World health organization (WHO) recognizes three 
LCIS subtypes: Classic, Florid and Pleomorphic. Pleo-
morphic LCIS (PLCIS) exhibits moderate to profound 
nuclear pleomorphism, intracytoplasmic vacuoles, 
extensive eosinophilic cytoplasm, and solid intraductal 
proliferation of discohesive cells, with or without apo-
crine features (Tan et al. 2020a, b; Zhong et al. 2020). It 
expresses GCDFP-15, lacks ER /PR and E-cadherin, and a 
small percentage can have HER-2 amplification (Quinn et 
al. 2022; Zhong et al. 2020).

Breast acini exhibiting pleomorphic lobular cells are 
frequently significantly expanded but may be only mildly 
distended or may show no distension at all. Even then it 
qualifies for pleomorphic LCIS, since there is no recog-
nized category of pleomorphic ALH(Schnitt et al. 2020).

Core needle biopsy: a diagnostic challenge
Core needle biopsies are preferred because they are cost-
effective, offer a lot of information, can be used for prog-
nostic receptor studies and are easy to repeat. However, 
it also puts a diagnostic challenge as the pathologists is 
looking at small portion of tissue. Decoding apocrine 
lesions is a time taking task due to sample size limita-
tions. Paying close attention to architectural configura-
tion and nuclear details is important. Significant change 
in nuclear size (threefold increase than normal) and 
necrosis are worrisome features. Judicial use of IHC, dis-
cussion in multidisciplinary team meetings and radiolog-
ical input is always helpful.
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Apocrine carcinoma of breast
Although there are several ways to classify breast can-
cers, the (WHO) focuses its categories on histological 
morphology (Tan et al. 2020a, b; Eble et al. 2003; Lakhani 
et al. 2012; Louis et al. 2021). Term Apocrine carcinoma 
was first coined by Krompecher in 1916, later branded by 
Frable and Kay in 1968 (Saridakis et al. 2021).

Apocrine carcinoma has remained an exceptional sub-
type, making up upto 1–4% of all cases (Vranic and Gat-
alica 2022; Liao et al. 2018; Hu et al. 2022; Nascimento 
and Otoni 2020; Yılmaz et al. 2018). The term “Invasive 
carcinoma with apocrine differentiation” is suggested in 
the 2019 version of the WHO blue book(Tan et al. 2020a, 
b), despite the fact that other terms have previously been 
used. Histologically, these tumors have large cells, an 
abundance of eosinophilic granular cytoplasm, enlarged 
nuclei, and conspicuous nucleoli in major portion of 
tumor (Figs. 1, 2, and 3). WHO’s essential and desirable 
criteria defines it as a tumor having apocrine morphol-
ogy in more than 90% of tumor, ER /PR negative (Figs. 4 
and 5) and AR positive receptor profile (Fig. 6) (Tan et al. 

Fig. 5 Tumor cells are negative for Progesteron receptor (IHC).

 

Fig. 4 Tumor cells are negative for Estrogen receptor (IHC).

 

Fig. 3 H&E section, 40x, Carcinoma with apocrine differentiation morpho-
logically having eosinophilic granular cytoplasm, distinct outlines, hyper-
chromatic nuclei and prominent nucleoli

 

Fig. 2 H&E section, 20x exhibiting conspicuous apocrine change and 
nuclear pleomorphism

 

Fig. 1 H&E section, 10x showing Carcinoma with prominent apocrine 
differentiation
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2020a, b; Nascimento and Otoni 2020; Cserni 2020; Eble 
et al. 2003; Lakhani et al. 2012; Louis et al. 2021; Saridakis 
et al. 2021). These tumors have AR pathway activation on 
molecular level without ER activation (Tan et al. 2020a, b; 
Hu et al. 2022; Nascimento and Otoni 2020).

These tumors have higher histological grade (Sarida-
kis et al. 2021; Nascimento and Otoni 2020; Yılmaz et al. 
2018), are sporadic and typically affect elderly women. 
Usually presenting with clinically palpable mass with 
poorly defined margins on radiology screening (Vranic 
and Gatalica 2022; Eble et al. 2003; Lakhani et al. 2012; 
Louis et al. 2021; Saridakis et al. 2021; Nascimento and 
Otoni 2020; Yılmaz et al. 2018; Cserni 2020). LVI and 
LNM (Fig. 7) is much more common (Yılmaz et al. 2018; 
Lerner et al. 2023).

Other invasive carcinoma subtypes may also exhibit 
apocrine morphology such as Invasive micropapil-
lary carcinoma, Mucinous carcinoma and Pleomorphic 
lobular carcinoma (Quinn et al. 2022). The differential 

diagnosis includes atypical apocrine adenosis, granular 
cell tumor, and carcinoma with oncocytic pattern, Table 1 
(Vranic and Gatalica 2022; Quinn et al. 2022). Here it is 
important to mention that other breast cancers can also 
have AR expression, however, for labelling a cancer for 
apocrine differentiation, one needs to have all essential 
criteria fulfilled as set by WHO.

On IHC level, Carcinoma with apocrine differentia-
tion are associated with positive expression of AR and 
variable expression of GCDFP-15 and GATA-3 (Quinn 
et al. 2022; Hu et al. 2022; Nascimento and Otoni 2020; 
Cserni 2020). As discussed above, this distinct entity is 
described as having ER / PR receptors negative status 
(Saridakis et al. 2021; Hu et al. 2022) and AR expres-
sion (in at least 10% of tumor cells) (Vranic and Gatal-
ica 2022; Quinn et al. 2022; Saridakis et al. 2021; Hu et 
al. 2022; Cserni 2020). It should be kept in mind that AR 
is not a specific marker for apocrine carcinoma, instead 
it is distinctive feature of this subtype (Vranic and Gat-
alica 2022). On applying a strict criteria, carcinomas with 
apocrine differentiation can either be triple negative or 
HER2neu enriched (Fig.  8) (Saridakis et al. 2021; Hu et 
al. 2022; Vranic et al. 2015). These carcinoma also have 
P53 and epidermal growth factor receptor (EGFR) over 
expression (Liao et al. 2018).

Her2neu expression is studied in research done by 
Skenderi et al. (2022) in which apocrine carcinoma of the 
breast was observed to expresses HER2neu in 30–50% 
of cases. The study also explored the clinicopathological 
features and outcomes of HER2 positive apocrine carci-
noma as compared to HER2 positive no special type car-
cinoma cohort. In a group of 259 cases it was observed 

Table 1 Differential diagnosis of Invasive carcinoma with 
apocrine differentiation
Tumor type Histology IHC
Invasive breast carci-
noma of no special 
type

No apocrine morphology / Apo-
crine morphology less than 90%

ER +/-, AR 
+/-

Carcinoma with apo-
crine differentiation

Apocrine morphology in more than 
90% of tumor

ER / PR 
-, AR +, 
Her2neu 
+/-

Granular cell tumor: Large, round to polygonal tumor 
cells with pink granular cytoplasm 
and central small nuclei

Positive 
for S100 
and CD68; 
negative 
for CKs

Apocrine DCIS DCIS with apocrine cytology, Myo-
epithelial cells intact

ER -, AR +

Apocrine adenosis 
/ atypical apocrine 
adenosis

Preserved lobular architecture, 
proliferation with apocrine mor-
phology, stromal fibrosis / sclerosis, 
Myoepithelial layer intact

Not 
needed

Histiocytic 
proliferations

Pale to foamy cytoplasm without 
nuclear atypia

CD68 +

Fig. 7 Lymph node with metastatic disease from breast carcinoma with 
apocrine differentiation

 

Fig. 6 Strong nuclear expression for androgen receptor in tumor cells 
(IHC)
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that the apocrine carcinoma with Her2neu expression 
was common in older age with lower histological grade, 
tends to have a less aggressive phenotype and a more 
favorable outcome(Skenderi et al. 2022).

α-Methylacyl CoA racemase (AMACR) is a protein 
that has been found to be overexpressed in apocrine car-
cinoma of the breast(Nakamura et al. 2021). That is why, 
AMACR expression can be another prospective diagnos-
tic pointer in apocrine lesions of breast. Its association 
with apocrine lesions have been previously investigated 
and was observed in various studies (Lerner et al. 2023; 
Vranic et al. 2015; Nakamura et al. 2021). In contrast to 
benign breast lesions, ADCIS and carcinoma with apo-
crine differentiation showed higher AMACR expression. 
It has various applications as follows:

  • Diagnostic marker: AMACR was expressed in 97.4% 
of carcinomas with apocrine differentiation and in 
96.4% of ductal carcinomas in situ with apocrine 
morphology with nearly uniform expression 
(Nakamura et al. 2021; Gatalica et al. 2022).

  • Prognostic marker: High AMACR expression 
predicted worse prognosis among both triple 
negative and Her2 expressive apocrine breast 
cancer cohorts(Lerner et al. 2023). AMACR was 
overexpressed in 42 of 160 invasive carcinomas, 
associated with a decrease in tumor differentiation, a 
feature of aggressiveness (Gatalica et al. 2022).

Nevertheless, further research is required to deeply study 
the biochemical and clinical importance of this protein in 
apocrine carcinomas.

AR expression in at least 1% of tumor was consid-
ered acceptable in a research by Yue et al. in which AR 
immunoreactivity was studied in depth. AR expression in 
triple negative breast cancers (TNBC) were mostly seen 
in older women, larger tumors, apocrine subtypes and 
higher histological grades. These tumors also had fre-
quent lymphovascular invasion. It was observed that this 
subset also exhibited EGFR, CK5/6 and demonstrated a 

negative correlation with Ki67 proliferation index which 
was statistically noteworthy. Given this, it should come to 
us as no surprise that this group exhibited a poor patho-
logical response to chemotherapy, because we are aware 
that chemotherapeutic agents are most active against 
tumors with a high proliferative activity (Astvatsaturyan 
et al. 2018).

Genetic profile of carcinoma with apocrine 
differentiation
Carcinoma with apocrine differentiation has shown to 
have a distinctive molecular landscape (Sun et al. 2020), 
further pointed out in Table 2. Sun et al. (2020). Worth 
mentioning is the fact, that patients who harbor germline 
PTEN mutation can acquire apocrine subtype of breast 
cancer.

Luminal androgen receptor tumors
Based on analysis of gene expression information, 
another peculiar molecular apocrine subtype has been 
determined, which is defined by constant AR upheaval 
and a lack of ER expression (with or without HER2neu 
activity) (Vranic and Gatalica 2022). Additionally, these 
tumors mostly have luminal characteristics (expression 
of luminal CKs, lack of basal features) and are therefore 
called Luminal androgen receptor (LAR) tumors (Nasci-
mento and Otoni 2020), which is one of the four molecu-
lar subtypes of TNBC (Hu et al. 2022). These molecularly 
defined types have a modest proliferative rate and makes 
up between 15 and 20% of all TNBC (Hu et al. 2022). Dis-
tant metastases are often reported to develop after three 
years’ time (Masuda et al. 2013).

It is crucial to mention that histologically and IHC 
defined apocrine carcinomas (ER / PR Negative /AR 
positive) do not always correspond with molecularly 
defined apocrine carcinomas. Having said this, it is also 
essential to remind, that there is an estimated 70–80% 
overlap between the two tumor categories. About 1/3 of 

Table 2 Summary of the relevant morphologic, 
immunohistochemical, cytogenetic, molecular and clinical 
characteristics of apocrine carcinoma of the breast
Morphology Cells with distinctive 

margins, pink granular cyto-
plasm, prominent nucleoli

Apocrine markers GCDFP-15 positive, AR positive
Receptor profile ER negative, AR positive, Her-

2neu positive in 1/3 cases
Cytogenetic characteristics Gains of 1q, 2q, 1p, 7, and 17 

gains, 1p, 22q, 17q, 12q, and 
16q loss.
TP53 and PIK3CA / PTEN / AKT 
genes

GCDFP-15 (Gross cystic disease fluid protein 15), AR (Androgen receptor), ER 
(Estrogen receptor), Her2neu (human epidermal growth factor receptor 2, also 
called ERBB2).

Fig. 8 Strong, complete membranous staining for HER2neu (IHC).
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histologically identified apocrine carcinomas have HER-
2neu overexpression whereas most LAR carcinomas 
exhibit a triple-negative phenotype (Bonnefoi et al. 2016). 
It is emphasized that these tumors are not entirely equiv-
alent (Vranic and Gatalica 2022; Quinn et al. 2022).

Bonnefoi et al. (2016), established with the help of IHC 
and genomics that there was 88% agreement between the 
two types. They also found lowest pathological response 
was observed in LARs among four molecular types (Hu 
et al. 2022).

Clinical implications
Apocrine carcinomas are still frequently recognized by 
their morphologic characteristics. Conflicting and vary-
ing published literature is attributed to the absence of 
clearly established diagnostic criteria. It is advised that 
pathologists should utilize an innovative diagnostic 
methodology, combining distinctive tumor morphology 
along with a steroid receptor profile in the light of current 
WHO classification of breast tumors. This will increase 
apocrine cancer reporting uniformity and diagnostic 
accuracy, which eventually will assist in identifying this 
unusual tumor type. The said approach, in our humble 
view, will substantially improve the detection of apocrine 
cancer which will further help us in accurate research. 
As our knowledge of tumor biology increases and novel 
therapies become accessible, it is anticipated that clinical 
practice will place more emphasis on the identification of 
morphologically pure apocrine carcinomas and molecu-
larly defined LAR in future.

Clinical behavior and response to treatment
Due to the use of different classifications, information on 
the behavior of apocrine cancer is unreliable and compli-
cated to construe. When apocrine carcinoma with triple 
negative profile (ACTN) were compared to other TNBC, 
ACTNs were seen to have better overall disease-free sur-
vival rates (Hu et al. 2022). AR expression was observed 
to have a favorable prognosis (Liao et al. 2018; Niemeier 
et al. 2010; Bozovic-Spasojevic et al. 2017; Meattini et al. 
2018; Akashi et al. 2020)  in another study with sample 
size of 41 patients (followed for 32.8 months) by Hu et 
al. (2022, 2018) This brings us to think that there might 
be potential value of anti-androgen receptor medica-
tion and chemotherapy de-escalation in ACTNs. Deep 
research and understanding between different molecular 
subtypes can help us comprehend these intricate inter-
actions (Saridakis et al. 2021). Another prominent study 
performed on LARs and basal like tumors (TNBC) was 
done by Lehmann et al. which showed that LARs had 
decreased overall survival (Lehmann-Che et al. 2013).

In another detailed and comprehensive scientific 
research, comparable prognosis was seen between 
ACTNs with and without chemotherapy, which indicates 

space for de-escalation in the management of ACTN. 
Nagao et al. reported that none of his patients with 
invasive apocrine cancer benefitted from neoadjuvant 
chemotherapy. There’s been insufficient clinical proof 
of neoadjuvant chemotherapy’s effectiveness in ACTN 
patients. Despite apparent and visible differences in mor-
phology and molecular profiles, the ACTN and TNBC 
are still treated in the same manner. Mounting data indi-
cates that standard chemotherapy is of little therapeutic 
value in ACTN patients (Hu et al. 2022).

Beside Her2 targeted treatment in Her2neu amplified 
apocrine carcinomas, ACTN disease has limited treat-
ment options. AR-expressing cell lines are sensitive to 
AR inhibitors, such as bicalutamide and enzalutamide. 
Nonetheless, the response of ACTN to anti-AR therapy 
is still fundamentally unfamiliar due to the inadequate 
reported ACTN cases (Quinn et al. 2022; Hu et al. 2022). 
However, Early clinical investigations of anti-androgen 
treatment have shown promising results in individuals 
with AR-positive, ER-negative breast disease (Bonnefoi 
et al. 2016; Gucalp and Traina 2017). As carcinomas with 
apocrine differentiation frequently harbors TP53 and 
PIK3CA/PTEN/AKT genes mutation, it most likely offers 
potential for cyclin-dependent kinases 4 and 6 (CDK4/6) 
inhibitor therapy (Quinn et al. 2022). Yet other studies 
showed low to modest therapeutic benefits of antiandro-
gens in a mixed group of AR positive breast carcinomas 
(Bonnefoi et al. 2016).

Conclusion
The diagnostic accuracy will be enhanced as a result of 
current discoveries and research. This takes us to the 
point where we are in agreement that apocrine carci-
noma of breast should follow a strict and structured 
diagnostic approach. The algorithm should follow mor-
phological appearance, Hormone receptor profile and 
Androgen expression. Where needed molecular origin of 
the tumor should be investigated. Such initiatives could 
help lessen the wide variation and inconsistency in the 
clinical, molecular, and definitional aspects of apocrine 
carcinomas.

Appropriately identified apocrine carcinoma will help 
us develop a cohort of cases which could lead us to con-
sistent results in research and deep understanding of 
its behavior. Conflicting results among various studies 
regarding tumor biology, behavior, chemotherapeutic 
response and long term prognosis can be lessened when 
a basket is constructed with pure apocrine carcinomas.

Beside Her-2neu targeted treatment, advanced apo-
crine disease has limited treatment options. The available 
data suggests that (neo) adjuvant chemotherapy has a 
modest therapeutic advantage for AR positive breast can-
cers, particularly those of the apocrine subtype. Possible 
role of chemotherapy de-escalation and introduction of 
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new promising agents should be investigated with large 
cohort of cases and following them for suitable time. 
Since there is currently little information available, more 
research is required to better comprehend the advantage 
of antiandrogens agents in AR-dependent breast carcino-
mas. Broad genomic apocrine tumor profiling seems to 
be an encouraging strategy that may help identify pro-
spective therapeutic targets.
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