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Carcinoma ex pleomorphic adenoma (CPA) is defined as car-
cinoma derived from pleomorphic adenoma (PA). Virtually all 
types of salivary gland carcinomas can occur within PAs, and can 
be classified as luminal, abluminal, or mixed type [1]. The most 
common form of CPA is high-grade carcinoma of a luminal type, 
which is histologically equivalent to salivary duct carcinoma 
(SDC). A significant proportion of SDCs are believed to arise in 
Pas [2]. These CPAs are thought to result from the accumula-
tion of genetic instabilities in the luminal epithelial cells of ei-
ther a long-standing primary or a recurrent PA. The existence 
of early CPA has been recognized and reported using a range of 
terms including ‘precancerous foci,’ ‘non-invasive (intracapsular) 
carcinoma,’ ‘intraductal carcinoma,’ ‘intracapsular (in situ) carci-
noma,’ and ‘intraductal precursor’ [3-8]. Since the exact mean-
ing of these terms varies slightly, confusion can arise. In this pa-
per, we restrict the term “in situ” to intratubular or intraductal 

carcinoma surrounded by benign myoepithelial cells, and do not 
apply it to CPA without extracapsular invasion. 

The expression of androgen receptor (AR) and gross cystic dis-
ease fluid-15 (GCDFP-15) in SDCs was first reported in 1998 
[9], and the apocrine nature of SDC has recently been described 
[10]. CPA frequently shows expression of AR [11,12], indicating 
that it shares the apocrine nature of SDC. Expression of AR has 
also been reported in a small number of studies on PA [12,13]. 
We attempted to identify the apocrine phenotype in atypical PA 
and residual PA in cases of CPA. 

MATERIALS AND METHODS

Case selection

Five resected cases of CPAs with both invasive and in situ car-
cinoma (CisPA) and residual PA and six cases of CisPA only with 
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residual PA were selected from among 32 luminal-type CPA 
specimens collected at the Asan Medical Center, Seoul, Korea, 
between 2006 and 2017. Twenty-one cases without in situ car-
cinoma or residual PA, and 20 abluminal-type CPAs from the 
same period were excluded from the study. CisPAs were defined 
by the presence of areas of intratubular growth of markedly 
atypical cells, with expansion and distortion of surrounding myo-
epithelial frames. Seventeen resected cases of PA with atypical 
changes were selected from the same period at random. The pres-
ence of cellular enlargement with nuclear pleomorphism, hyper-
chromasia, and prominent nucleoli, without structural abnor-
mality, was regarded as atypical change in PA. 

 
Immunohistochemistry

Representative areas from 28 cases were subjected to immu-
nohistochemistry for p53 (1:1,500, clone DO-7, DAKO, Glos-
trup, Denmark), human epidermal growth factor receptor 2 
(HER2; 1:8, clone 4B5, Ventana Medical Systems, Tucson, AZ, 
USA), AR (1:100, clone SP107, Cell Marque, Rocklin, CA, USA), 
pleomorphic adenoma gene 1 (PLAG1; 1:50, clone 3B7, Novus, 
Centennial, CO, USA), GCDFP-15 (1:50, clone 23A3, Neomark-
ers, Fremont, CA, USA), and anti-mitochondrial antibody (AM; 
1:2,000, clone 113-1, Abcam, Cambridge, UK). Staining was 
carried out using the Benchmark XT automated immunohisto-
chemistry system (Ventana Medical Systems). Expression in car-
cinoma cells and atypical cells was evaluated as follows: nuclear 
staining in ≥ 10% of cells was defined as positive for p53, AR, 
and PLAG1. The positivity of p53 was scored as +1 when 10% 
to one-third of cells were positive; +2 when one-third to one-half 
of cells were positive; or +3 when, more than two-thirds of cells 
were positive [14]. HER2 was evaluated using the American So-
ciety of Clinical Oncology 2018 system [15] as follows: negative, 
score 0 (no staining or incomplete staining in ≤ 10% of tumor 
cells) or score 1 (incomplete staining in > 10% of tumor cells); 
equivocal, score 2 (weak/moderate complete staining in > 10% of 
tumor cells); positive, score 3 (intense complete staining in > 10% 
of tumor cells). Cytoplasmic staining for GCDFP-15 and AM 
was graded from 0 to +3 according to the presence and intensi-
ty of the stain.

 
RESULTS

Patient characteristics

CPA specimens came from eight male and three female pa-
tients aged 35 to 78 years (mean, 57). Eight cases were located 
in the parotid gland and three cases occurred in the submandib-

ular gland. The mean tumor size was 2.6 cm (range, 1.5 to 4.3 
cm). The mean time between symptom presentation and diag-
nosis was 123 months. Six patients received postoperative adju-
vant radiotherapy. No patient developed recurrence or metasta-
sis during the mean follow-up period of 66 months (range, 15 
to 104 months). The 17 patients with PA included seven males 
and 10 females aged 29 to 73 years. The parotid gland was the 
most common site. These data are presented in Tables 1 and 2.

Immunoprofiles

The immunohistochemical results are summarized in Tables 
1 and 2. Invasive or in situ carcinoma cells in all 11 CPAs were 
positive for AR and GCDFP-15, manifesting an apocrine na-
ture. They were also positive for HER2, p53, and anti-mitochon-
drial antibody, and negative for PLAG1. The residual PA parts of 
CPA cases contained areas of apocrine phenotype and morphol-
ogy including dense plump eosinophilic cytoplasm with snouts. 
HER2 expression was negligible in these components. The ex-
pression of p53 in the residual PAs was variable. Reaction to an-
ti-mitochondrial antibody was strong in all cases, and PLAG1 
was positive in one residual PA (Fig. 1). 

Atypical cells in PA cases could be divided into either apocrine 
or oncocytic changes on the basis of reactivity to AR, GCDFP-15, 
and anti-mitochondrial antibody. Nine cases were positive for 
all, corresponding to apocrine changes, and eight cases were nega-
tive for AR or GCDFP-15 and strongly positive for anti-mito-
chondrial antibody, representing oncocytic changes. In the for-
mer group, the HER2 score was 1 or 0, while all cases in the 
latter group had a score of 0. All specimens with apocrine or on-
cocytic changes showed positive reactions to anti-mitochondrial 
antibody. There were variable positive reactions to p53 across the 
cases. In most specimens with oncocytic changes and in two apo-
crine cases, PLAG1 was expressed. These two types of metapla-
sia were sometimes difficult to distinguish by histology alone 
(Fig. 2). Interestingly, the acini of the submandibular glands 
stained diffusely positive for GCDFP-15, while the acini of the 
parotid gland did not, suggesting different constituents between 
the two glands.

  
DISCUSSION

The most common type of CPA is high-grade carcinoma, which 
is histologically equivalent to SDC. Several genetic studies into 
PLAG1 or HMGA2 abnormalities in SDCs have suggested that 
a large proportion of SDCs arise in PAs regardless of the presence 
or absence of residual PA [2,16,17]. SDCs affect men more than 
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Table 2. Basic information and immunoprofiles of atypical pleomorphic adenomas

Case No. Location Sex/Age (yr) AR GCDFP-15 HER2 p53 AM PLAG1

1 SMG M/29 + +1 0 +1 +2 –
2 Parotid F/70 + +1 1 +3 +3 +
3 Parotid M/40 + +3 0 +3 +3 –
4 Parotid M/55 + +1 0 +2 +3 –
5 Parotid F/56 + +2 1 +1 +2 –
6 Parotid M/76 + +3 0 +3 +3 –
7 Parotid F/64 + +1 1 +1 +1 +
8 SMG M/62 + +1 1 +1 +1 –
9 Oropharynx M/70 + +3 1 +1 +3 –
10 SMG F/42 – – 0 +1 +1 +
11 Parotid F/38 – – 0 +1 +2 +
12 SMG F/61 – +1 0 +1 +2 –
13 Parotid M/37 – – 0 +1 +2 +
14 Parotid F/73 – – 0 +2 +1 +
15 Buccal F/36 – – 0 +1 +3 +
16 Parotid F/64 – – 0 +2 +3 +
17 Parotid F/55 – – 0 +2 +3 +

AR, androgen receptor; GCDFP-15, gross cystic disease fluid protein-15; HER2, human epidermal growth factor receptor 2; AM, anti-mitochondrial antibody; 
PLAG1, pleomorphic adenoma gene 1; SMG, submandibular gland; M, male; F, female.

Table 1. Basic information and immunoprofiles of carcinoma ex pleomorphic adenomas

Case No. Location Sex/Age (yr) Component AR GCDFP-15 HER2 p53 AM PLAG1

1 Parotid M/59 Inv. CPA + +1 3 +3 +2 –
CisPA + – 2 +3 +1 –
PA + +1 0 +1 +2 –

2 Parotid M/48 Inv. CPA + – 3 +1 +2 –
CisPA + – 3 +1 +2 –
PA + +1 0 - +2 –

3 Parotid F/58 Inv. CPA + – 3 +2 +2 –
CisPA – – 1 +2 +2 –
PA + + 0 +2 +2 +

4 Parotid M/44 Inv. CPA + +1 3 +1 +2 –
CisPA + +1 3 +1 +2 –
PA + +1 0 +1 +2 –

5 Parotid M/69 Inv. CPA + +1 3 +3 +2 –
CisPA + +1 3 +3 +2 –
PA + +1 0 +2 +2 –

6 Parotid M/62 CisPA + – 3 +1 +2 –
PA + +3 - +1 +2 –

7 SMG F/78 CisPA + +1 3 +3 +2 –
PA + +1 - +1 +2 –

8 Parotid M/35 CisPA + +2 2 +1 +2 –
PA + +3 - +1 +2 –

9 SMG M/52 CisPA + +1 2 +3 +3 –
PA + +1 - +2 +3 –

10 SMG F/52 CisPA + +1 2 +1 +2 –
PA – +2 - +1 +2 –

11 Parotid M/55 CisPA + +2 3 +3 +2 –
PA + +2 - - +1 –

AR, androgen receptor; GCDFP-15, gross cystic disease fluid protein-15; HER2, human epidermal growth factor receptor 2; AM, anti-mitochondrial antibody; 
PLAG1, pleomorphic adenoma gene 1; M, male; Inv. CPA, invasive carcinoma ex pleomorphic adenoma; CisPA, carcinoma in situ ex pleomorphic adenoma; 
PA, pleomorphic adenoma; F, female; SMG, submandibular gland.
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Fig. 1. Immunohistochemical results for carcinoma ex pleomorphic adenoma (left column), carcinoma in situ ex pleomorphic adenoma (mid-
dle column), and apocrine changes in residual pleomorphic adenoma (right column). All elements are positive for androgen receptor (AR), 
gross cystic disease fluid protein-15 (GCDFP-15), and anti-mitochondrial antibody (AM). The intensity of human epidermal growth factor re-
ceptor 2 (HER2) and p53 staining varies. Pleomorphic adenoma gene 1 (PLAG1) is negative in all cases.
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Fig. 2. Atypical changes in pleomorphic adenoma can be divided into the apocrine type (left column) and oncocytic type (right column) ac-
cording to the immunohistochemistry results for androgen receptor (AR) and gross cystic disease fluid protein-15 (GCDFP-15). Both types 
are positive for antimitochondrial antibody (AM). Faint focal staining for human epidermal growth factor receptor 2 (HER2) can be seen in five 
apocrine cases and one oncocytic type. In all cases, p53 is positive. Pleomorphic adenoma gene 1 (PLAG1) is expressed in most oncocytic 
cases, but rarely expressed in the apocrine type.
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women, and most of them show an apocrine phenotype with ex-
pression of AR [10]. We investigated whether there was an apo-
crine phenotype in the residual PA of CPAs and random PAs.

Our study confirmed that carcinoma cells of luminal-type 
CPA or CisPA were apocrine in nature, and there were apocrine 
changes in the residual PA components of these cases. These re-
sults suggested that apocrine changes might precede the devel-
opment of CPA, although the pre-neoplastic potential of apocrine 
changes cannot be determined at present. In the female breast, 
apocrine carcinoma is rare, while benign apocrine changes are 
common [18]. The neoplastic potential of apocrine changes in 
the breast remains controversial. Jones et al. [19] conducted com-
parative genomic hybridization on apocrine hyperplasia, apo-
crine carcinoma in situ, and invasive apocrine carcinoma, and 
suggested that apocrine hyperplasia is a non-obligate precursor 
of apocrine carcinoma. Other authors, however, have described 
the difficulty of distinguishing atypical apocrine lesions from 
low-grade apocrine carcinoma in situ, and the biological signifi-
cance of atypical apocrine lesions in the breast is unclear [20].

Apocrine changes or metaplasias are much rarer in the salivary 
gland than in the breast. Apocrine metaplasia in non-neoplastic 
salivary gland lesions has almost never been described. We found 
that the acini of the submandibular gland were diffusely positive 
for GCDFP-15, but they did not express AR. We found a simi-
lar report with respect to GCDFP-15 expression in the subman-
dibular gland [21], and we hypothesize that there are differences 
in composition between the serous acini of the submandibular 
and parotid glands. Apocrine metaplasia is also a rare phenome-
non in neoplasms of the salivary gland. Sclerosing polycystic 
adenosis (SPA), an uncommon proliferative lesion of the salivary 
gland, usually has an apocrine component, and 25.8% of these 
lesions develop ductal carcinoma, as reported in a review by Es-
pinosa et al. [22] These authors described two new cases of in-
traductal epithelial proliferation with apocrine-like differentia-
tion. For these reasons, many pathologists have considered SPA 
to be a tumorous lesion [23], and SPA is expected to be listed in 
the 5th edition of the WHO Classification of Head and Neck Tu-
mors as ‘sclerosing polycystic adenoma’ [24]. A case of SPA with 
ductal carcinoma in situ and expression of GCDFP-15 and AR 
has also been reported, suggesting a pathogenesis similar to 
that of CPA [25].

In PAs, apocrine metaplasia has rarely been described, while 
oncocytic, sebaceous, squamous, and mucinous metaplasia are 
relatively well recognized [26,27]. Nakajima et al. [12] reported 
that AR expression was observed in seven of 23 PA cases, but 
the relationship between AR expression and histology was not 

described. We could identify areas of apocrine changes in both 
residual PAs of CPAs and random PAs. The lesions often showed 
cystic changes and cytoplasmic snouts, but were sometimes his-
tologically indistinguishable from oncocytic changes. Both chang-
es are accompanied by cellular enlargement, rich eosinophilic 
cytoplasm, and large hyperchromatic nuclei with prominent nu-
cleoli, with pathologists wavering between diagnoses of benign 
atypia and carcinoma in situ. Not only oncocytic but also apo-
crine-type cells stained strongly with anti-mitochondrial anti-
body, reflecting the abundance of intracytoplasmic mitochon-
dria in both populations. The relevance of oncocytic changes in 
PA was not well established until Di Palma et al. [26] analyzed 
a case of PA with oncocytic changes using immunohistochemis-
try and microarray-based chromogenic in situ hybridization, and 
concluded that bizarre atypical cells are not malignant. They also 
decided, based on their expression of cytokeratin 8/18 and neg-
ativity for p63, that these cells were oncocytic epithelial cells. In 
contrast, non-apocrine oncocytic cells of the PAs in our series 
were all positive for PLAG1, suggesting that they had a myoepi-
thelial nature. 

Many pathologists have sought to identify early malignant 
changes in PAs using immunohistochemistry (IHC), including 
p53, HER2, and AR [3,4,6]. DeRoche et al. [13] reported that 
three of 41 PAs exhibited multifocal staining for HER2 and AR, 
but that the stained ductal epithelium showed no cytological 
atypia. They concluded that these markers could not be used to 
reliably predict early carcinomatous transformation. The signif-
icance of these lesions remains unclear. Meanwhile, an HER2 
positivity score of 3 correlated well with marked cellular and 
structural atypia in our series, and no cases of PA with apocrine 
or oncocytic atypia expressed HER2. This finding is consistent 
with those of previous studies by Di Palma et al. [4] and Logas-
undaram et al. [8]. It is noteworthy that all three of these stud-
ies, including ours, the HER2 expression rate in CPA was high, 
while the documented HER2 immunopositivity or amplifica-
tion rate in de novo SDC is approximately 30% [28,29], sug-
gesting pathogenetic differences. We recommend the use of 
HER2 IHC in atypical PAs, and that clinicians take HER2 pos-
itivity into serious consideration.

We could not find any characteristic patterns of p53 overex-
pression in this series between PA and CPA, in contrast to a pre-
vious report on p53 positivity in focal carcinoma and atypical 
tumor cells in PA [3]. Other studies revealed that TP53 muta-
tions were accompanied by malignant transformation of PA 
[5,30], but protein expression was ubiquitous in both PAs and 
CPAs in our study. Expression of p53 alone did not indicate car-
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cinomatous transformation.
In summary, we observed a similar apocrine phenotype in ma-

lignant and benign components of CPA, suggesting their rela-
tionship and a possible role of apocrine changes as a precursor to 
the development of carcinoma. Recognizing apocrine changes in 
PAs appears to be worth further investigation to facilitate the 
care of patients with PAs.
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