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Abstract

Pleomorphic adenoma (PA) is the most common biphasic type of salivary gland tumour to arise in adults. It is a biphasic
tumour composed of both luminal (ductal) cells and abluminal (basal and myoepithelial) cells. Other biphasic salivary
gland type tumours, both benign and malignant, can mimic PA, especially on small biopsies. Previous studies have shown
that glial fibrillary acidic protein (GFAP) is preferentially expressed in PA and can be useful in the distinction from other
salivary gland tumours. However, most of these studies were performed on a small subset of tumour types at a time when the
classification of salivary gland type tumours was less refined. The purpose of this study was to assess the expression of glial
fibrillary acidic protein (GFAP) in a broad group of both benign and malignant salivary gland tumours. The expression of
GFAP was assessed in 99 tumours including 54 PAs, 5 basal cell adenomas, 1 myoepitheliomas, 5 adenoid cystic carcinomas,
6 epithelial-myoepithelial carcinomas (EMCA), 6 mucoepidermoid carcinomas, 7 salivary duct carcinomas, 1 adenocar-
cinomas NOS, 2 myoepithelial carcinomas, 4 basal cell adenocarcinomas, 5 acinic cell carcinomas and 3 polymorphous
adenocarcinomas. Of the malignant cases, 8 were classified as carcinomas ex PA. GFAP was also assessed in 19 concurrent
biopsy specimens. GFAP was expressed in the resections of 51 PAs examined (94%). Expression was predominantly strong
and diffusely seen in myoepithelial cells. Strong and diffuse GFAP expression was also seen in two EMCAs (33%) and
one myoepithelial carcinoma (50%). On biopsy specimens, 100% of PAs and basal cell adenomas expressed GFAP. GFAP
was also seen in 1 out of 3 carcinomas ex PAs on biopsies. Almost all PAs show strong and diffuse expression of GFAP. In
contrast, most malignant neoplasms that can mimic PA on biopsies show only rare, focal expression. Other benign tumours
composed of abluminal/myoepithelial cells also show focal expression of GFAP, highlighting the spectrum these tumours
share with PA. Overall, the presence of strong and diffuse GFAP expression can favour a benign neoplasm, specifically a
PA, on limited biopsy specimens.
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Introduction

Pleomorphic adenoma (PA) is the most common type of
salivary gland tumour. It is described as biphasic owing to
the presence of both luminal (ductal) and abluminal (basal
and myoepithelial cell) components [1]. PAs can arise in
any anatomical site that contains salivary gland type tissue;
however, the majority are found in the parotid gland. While
most PAs behave as a benign tumour, a small proportion of
PAs will undergo malignant transformation. This change is
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more commonly seen in older patients with longer standing
disease [2-4].

PAs are well known to exhibit an almost endless variety
of morphological and architectural patterns [5]. The vari-
ety arises both from the relative proportions of luminal and
abluminal cells within a tumour and from the morphologic
versatility inherent to myoepithelial cells. As a result, the
histologic features of a PA frequently overlap with other
benign and malignant salivary gland neoplasms [6]. This can
present a diagnostic challenge for pathologists, especially
when provided with small tissue samples.

Previous studies have shown that glial fibrillary acidic
protein (GFAP) is preferentially expressed in PA and that
this marker can be useful in the distinction from other sali-
vary gland tumours [5, 7, 8]. However, most of these studies
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were performed on a smaller subset of tumour types at time
when the classification of salivary gland type tumours was
less refined. The purpose of this study was to assess the
expression of GFAP in a broad group of both benign and
malignant salivary gland tumours using the updated clas-
sification system and address the utility of GFAP in the
diagnosis of PA.

Materials and Methods
Study Population

The pathology archive of the Eastern Ontario Regional
Laboratory Association (EORLA) was searched for all
salivary gland type tumours diagnosed between 2016 and
2020. Cases were excluded if glass slides were unavailable
for review or if there was insufficient tissue to perform addi-
tional tests as required. Histological slides were reviewed to
verify the diagnosis.

Immunohistochemistry

Immunohistochemical analysis was performed on 4-um
sections cut from paraffin blocks using a fully automated
system (Benchmark XT, Ventana Medical Systems Inc, Tuc-
son, Arizona, USA) according to the manufacturer guide-
lines using the following antibodies: GFAP (clone Ga5,
prediluted, Leica), S100 (clone EP32, prediluted, Leica),
p40 (clone BC28, dilution 1:100, Biocare), calponin (clone
26A11, prediluted, Leica), and SMA (clone 1A4, dilution
1:750, DAKO). Positive and negative controls were used
throughout. A strong reaction in at least 10% of the tumour
cells was considered positive.

Statistics

A Fisher exact test was performed to compare the differ-
ence in GFAP expression between PAs and non-PAs with a
p-value of < 0.05 being considered significant.

Results

A total of 146 tumours were identified; 47 cases were
excluded leaving 99 tumours in the final analysis. There were
36 males and 63 females and the average age at the time of
diagnosis was 59 years (range 20-93 years). A biopsy was
performed on 67 patients prior to surgical resection of the
tumour. Most tumours involved the parotid gland (n=59).
Other head and neck sites involved were the oral cavity
(n=21), submandibular gland (n=15), parapharyngeal
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space (n=3), and middle ear (n=1). The average tumour
size was 29 millimeters (range 3—73 millimeters).

The tumours in this study included 54 PAs, 5 acinic cell
carcinomas, 5 adenoid cystic carcinomas, 4 basal cell adeno-
carcinomas, 5 basal cell adenomas, 6 epithelial-myoepithe-
lial carcinomas (EMCA), 6 mucoepidermoid carcinomas, 2
myoepithelial carcinomas, 1 myoepitheliomas, 3 polymor-
phous adenocarcinomas, 1 adenocarcinoma not otherwise
specified (NOS), and 7 salivary duct carcinomas. Of these,
2 EMCAs and 2 salivary duct carcinomas arose from the
background of a PA and were diagnosed as carcinoma ex PA.

The immunohistochemical results for GFAP staining are
summarized in Table 1. GFAP was expressed in 51 out of 54
PAs and in the majority of these tumours (96%) the expres-
sion was strong and diffuse (Fig. 1A, B). No GFAP expres-
sion was seen in 3 PAs (Fig. 1C, D). Microscopically, all
three of these tumours were composed of a biphasic popu-
lation of cells with no definitive features of malignancy. Of
note, two of the three tumours were subclassified: one as a
myoepithelial-rich PA and the other as a cellular PA. Despite
showing non-reactivity for GFAP, the myoepithelial cells
in all three cases were reactive for S100, calponin, SMA
and p40.

Among the other tumour types assessed, strong and dif-
fuse expression of GFAP was also seen in two EMCAs
and one myoepithelial carcinoma. Focal GFAP expression
was seen in one basal cell adenocarcinoma, three basal cell
adenomas (Fig. 2A, B), and one salivary duct carcinoma.
Despite a significant abluminal cell component, all five of
the adenoid cystic carcinomas examined were negative for
GFAP (Fig. 2C, D). Overall, strong, and diffuse expression
of GFAP was more likely to be seen in PAs compared to all
other tumour types assessed (p = 0.002).

The other immunohistochemical markers assessed in this
study are summarized in Table 2. Strong and diffuse S100
expression was seen in all 54 out of 54 PAs and most of the
other tumour types tested. Interestingly, the other myoepi-
thelial markers assessed were only expressed in a subset of
PAs, with SMA, calponin, and p40 being strongly expressed
in 40, 43, and 40 tumours, respectively. These markers were
also variably expressed in the other tumour types assessed.

Carcinoma ex PA was identified in six cases including
four salivary duct carcinomas and two EMCAs. In 5 out of
6 cases, strong and diffuse GFAP expression was seen in
the residual benign PA. As previously described, the malig-
nant cells in both EMCA ex PAs strongly expressed GFAP
(Fig. 3A, B). In contrast, the malignant cells in all four
salivary duct carcinomas were negative for GFAP. Interest-
ingly, in one case, morphologically benign appearing GFAP
positive cells were seen surrounding the morphologically
malignant appearing GFAP negative ductal cells (Fig. 3C,
D). Moreover, the GFAP positive cells tended to be large and
physically separated from the GFAP negative ductal cells,
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Tab!e 1 GFAP _eXpreSSiofl in Tumour type Cases GFAP positive Pattern of expression in GFAP
benign and malignant salivary cases, number (%) positive cases
gland tumours
Strong and dif- Weak and
fuse, number (%) focal, number
(%)
Benign tumours
Pleomorphic adenoma 54 51 (94) 49 (96) 24)
Basal cell adenoma 5 3 (60) 0(0) 3 (100)
Myoepithelioma 1 0(0)
Malignant tumours
Salivary duct carcinoma 7 1(14) 0(0) 1 (100)
Epithelial myoepithelial carcinoma 6 2 (33) 2 (100) 0(0)
Mucoepidermoid carcinoma 6 00
Acinic cell carcinoma 5 00
Adenoid cystic carcinoma 5 00
Basal cell adenocarcinoma 4 1(25) 0(0) 1(25)
Polymorphous adenocarcinoma 3 0(0)
Myoepithelial carcinoma 2 1 (50) 1 (100) 0(0)
Adenocarcinoma, NOS 1 0 (0)

unlike the myoepithelial cells that line normal ductal struc-
tures. Indeed, the overall appearance was more reminiscent
of malignant ductal cells embedded in a benign stroma. The
other myoepithelial markers assessed were also expressed
both the benign and malignant components of these tumours
with S100, SMA, calponin, and p40 being expressed in 5, 4,
4, and 4 tumours, respectively.

Of the 99 tumours included in the study, 67 of them had
a previous biopsy (n=37) or cytology (n=230) specimen. In
sixty-four cases (95.5%) the biopsy or cytology diagnosis
was concordant with the final resection diagnosis. Immuno-
histochemistry for GFAP was performed and available for
review for 20 specimens and the results are summarized in
Table 3. Of these cases, strong and diffuse GFAP was seen
in all PAs. In contrast, only focal expression of GFAP was
seen in one basal cell adenoma. The one salivary duct carci-
noma that showed strong and diffuse expression of GFAP on
biopsy analysis was later diagnosed as carcinoma ex PA and
the GFAP expression was limited to the residual benign PA
component in the resection specimen. Biopsies of remaining
malignant tumours in our study, which included one EMCA,
one polymorphous adenocarcinoma, and one salivary duct
carcinoma were all negative for GFAP.

Discussion

This study confirms that neoplastic myoepithelial cells in
PAs express GFAP and that this marker can be used to dif-
ferentiate PA from histologically similar salivary gland
type tumours. In contrast, the other immunohistochemical

markers tested were expressed by a variety of tumour types
and thus are not as helpful in this regard.

GFAP is an intermediate filament originally described
in glial cells [9—11]. Acting primarily as a structural pro-
tein, GFAP serves a role in the maintenance of cell shape
and structure [9, 10]. Subsequent studies found that GFAP
is also expressed by myoepithelial cells in the normal sali-
vary glands [7, 10, 11]. Consistent with prior studies, we
found that GFAP was strongly and diffusely expressed by
myoepithelial cells in the vast majority (96.1%) of PAs [5,
10-12]. The lack of GFAP expression in 3 out of 54 of our
PAs may have represented variants that were limited or lack-
ing in myoepithelial cells, were luminal cell-rich, or may
have included myoepithelial cells at a stage of neoplastic
development that were lacking GFAP-reactive intermediate
filaments. The latter has been reported in an earlier study,
describing the process of myoepithelial cell differentiation
to be complex and accounting for differences in immunohis-
tochemical marker reactivity based on stage of development
[13]. Despite showing no reactivity for GFAP, the myoepi-
thelial cells in all 3 cases were reactive for S100, calponin,
SMA and p40.

In addition to GFAP, we also assessed the expression
of the other widely available myoepithelial cell markers,
S100 protein, actin, calponin and p40. In keeping with prior
studies, we found that S100 is a highly sensitive marker for
myoepithelial cells, with strong expression identified in all
tumour types except salivary duct carcinoma [14, 15]. The
other markers (actin, calponin, and p40), were less sensi-
tive than both GFAP and S100 for PA and, like S100, were
expressed in most of the other tumours assessed. Taken
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Fig.1 GFAP expression in pleomorphic adenoma. The histologic
appearance of a typical pleomorphic adenoma showing a well cir-
cumscribed biphasic tumour with focal chondromyxoid stroma (A).
GFAP was strongly and diffusely expressed throughout the tumour
(B) by abluminal cells consistent with myoepithelial cells (inset).
Another biphasic tumour with abundant myoepithelial cells arranged
in sheets around small ducts (C). This tumour was negative for GFAP
D)

together, these results show that there is a differential
expression of myoepithelial cell markers in salivary gland
tumours. Specifically, the neoplastic myoepithelial cells in
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Fig.2 GFAP expression in other types of salivary gland tumours.
Basal cell adenoma with tumour cells arranged in a predominantly
trabecular pattern (A). GFAP was focally expressed (B) by myoepi-
thelial cells at the periphery of the trabeculae (inset). Adenoid cystic
carcinoma showing a mixed cribriform and tubular pattern of growth
with extensive perineural invasion (C). The tumour was negative for
GFAP with nerves serving as an internal control (D, black arrows)
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Table 2 Expression of ya.rioqs Tumour type Cases Positive cases, number (%)

myoepithelial markers in benign

and malignant salivary gland GFAP S100 SMA Calponin p40

tumours
Pleomorphic adenoma 54 51 (94) 54 (100) 40 (74) 43 (80) 40 (74)
Acinic cell carcinoma 5 0(0) 1 (20) 0 (0) 0 (0) 0(0)
Adenoid cystic carcinoma 5 0(0) 4 (80) 5(100) 10 3 (60)
Adenocarcinoma, NOS 1 0(0) 1 (100) 0(0) 0(0) 1 (100)
Basal cell adenocarcinoma 4 1(25) 3 (75) 3(75) 1(25) 4 (100)
Basal cell adenoma 5 3 (60) 5 (100) 5(100)  5(100) 5 (100)
Epithelial myoepithelial carcinoma 6 2 (33) 6 (100) 6 (100) 6 (100) 6 (100)
Mucoepidermoid carcinoma 6 0(0) 3 (50) 5(83) 3 (50) 5(83)
Myoepithelial carcinoma 2 1 (50) 2 (100) 2 (100) 2 (100) 1 (50)
Myoepithelioma 1 0(0) 1 (100) 1(100) 1(100) 1 (100)
Polymorphous adenocarcinoma 3 0(0) 3 (100) 2 (67) 1(33) 0 (0)
Salivary duct carcinoma 7 1(14) 0 (0) 1(14) 1(14) 2(29)

PA typically retain expression for GFAP and S100 while
downregulating the expression of other makers such as actin,
calponin, and p40. While S100 was consistently expressed
in PA, its ubiquitous expression in the other tumour types
assessed limits its utility as a differentiating marker.

While GFAP was consistently expressed by myoepi-
thelial cells in PA, the expression of this marker in other
myoepithelial-rich tumours was highly variable. For exam-
ple, adenoid cystic carcinoma includes a significant myoepi-
thelial cell component and yet none of the tumours in this
study demonstrated any expression of GFAP. In contrast, a
subset of myoepitheliomas and EMCAs in this study showed
strong and diffuse staining for GFAP while other tumours
were completely negative. These results suggest that GFAP
is preferentially expressed by myoepithelial cells in PA.

A wide variety of both benign and malignant salivary
gland tumours demonstrate a biphasic phenotype and
tumours rich in myoepithelial and basal cells can closely
resemble the cellular composition of PAs [16, 17]. Depend-
ing on the size of the sample, the differential diagnosis
typically includes basal cell adenoma, basal cell adenocar-
cinoma, myoepithelioma, myoepithelial carcinoma, epithe-
lial-myoepithelial carcinoma, and adenoid cystic carcinoma.

Of these, basal cell adenoma and its malignant counter-
part basal cell adenocarcinoma are both composed predomi-
nantly of basal and myoepithelial cells and both can easily
mimic an abluminal-cell rich PA [18]. One of the most help-
ful distinguishing traits is the absence of chondromyxoid
stroma in basal cell adenoma and basal cell adenocarcinoma
[6, 19, 20]. Necrosis and abundant mitoses are also typically
identified in basal cell adenocarcinoma and should not be
seen in PAs [18, 19]. Our results suggest that GFAP can aid
in this setting as both tumour types show only focal expres-
sion in contrast to the diffuse expression seen in PA.

Similarly, myoepithelioma and its malignant counter-
part myoepithelial carcinoma are both composed almost

entirely of myoepithelial cells and, like PA, they often
demonstrate a wide variety of architectural patterns. In
contrast, they lack the chondromyxoid stroma that is so
commonly observed in PA. However, this feature is not
always identified on small biopsy samples [21, 22]. The
one myoepithelioma in our study was negative for GFAP.
In contrast, one myoepithelial carcinoma was positive
for GFAP. Fortunately, the distinction between PA and
myoepithelial carcinoma can be made based on the pres-
ence of necrosis, pleomorphism, and mitotic activity in the
malignant tumour [21, 23]. That said, cellular PAs have
previously shown higher false positive rates for malignant
diagnoses on fine needle aspiration biopsies [10]. Within
the current study 1 out of 3 GFAP-negative PAs was clas-
sified as a cellular variant, however, there were no micro-
scopic features of malignancy seen in this particular case.

In small tissue samples, foci of cytological atypia and
mucinous metaplasia may raise malignant diagnostic
considerations including carcinoma ex PA and mucoepi-
dermoid carcinoma [24]. Distinguishing between PA and
adenoid cystic carcinoma can be even more challenging.
In particular, PAs with basaloid morphology and exten-
sive cylindromatous change are commonly mistaken for
adenoid cystic carcinoma. [24]. In addition, character-
istic morphological features of the two entities cannot
always be relied on, particularity if a PA either lacks its
unique chondromyxoid stroma or contains eosinophilic
hyaline globules, the latter often found in adenoid cystic
carcinoma [6, 25]. In keeping with previously published
studies, we found that PA and adenoid cystic carcinoma
also share many immunohistochemical features includ-
ing diffuse expression of S100, SMA, and p40. While not
assessed in this study, even the somewhat unique c-KIT
staining seen in adenoid cystic carcinoma can occasionally
be seen in PA [6, 26]. In contrast, we found that GFAP was
strongly and diffusely expressed in PA and only focally
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Fig.3 GFAP expression in carcinoma ex pleomorphic adenoma. Epi-
thelial-myoepithelial carcinoma composed of small tubules infiltrat-
ing adipose tissue (A). A small focus of residual pleomorphic ade-
noma appears as a hyalinized nodule (A, black arrow). The malignant
tumour and the residual pleomorphic adenoma are both strongly and
diffusely positive for GFAP (B). Salivary duct carcinoma composed
of apocrine cells arranged in large cystic structures (C, white arrow).
The residual pleomorphic adenoma is composed primarily of myoepi-
thelial cells embedded in a hyalinized stroma (C, black arrow). The
residual pleomorphic adenoma is diffusely positive for GFAP while
only scattered stromal cells are positive in the area of the malignant
tumour (D)
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expressed in adenoid cystic carcinoma. This distinction is
important as these two entities have vastly different clini-
cal outcomes.

The present study included six carcinoma ex PAs includ-
ing two EMCAs and four salivary duct carcinomas. Not sur-
prisingly, 5 out of 6 tumours expressed GFAP in the residual
PA. However, strong GFAP expression was also observed in
malignant myoepithelial cells in both EMCAs. Fortunately,
the histologic features typically seen in EMCA help dis-
tinguish between these two tumours. In particular, EMCA
commonly demonstrates a biphasic pattern of small inner
ductal cells with dense eosinophilic cytoplasm and outer
polygonal myoepithelial cells with clear cytoplasm, often
arranged in tubules or cribriform structures [27-29]. This
contrasts with the much less orderly arrangement of ductal
cells, basal cells, myoepithelial cells, and stromal elements
typically seen in a PA [25].

The expression of GFAP in benign myoepithelial cells
adjacent to the malignant cells in one salivary duct carci-
noma is interesting as these myoepithelial cells were clearly
outside of the residual PA and appeared to be a bonafide
component of the emergent malignant tumour. In contrast
to the myoepithelial cells in the recently described intra-
ductal carcinoma, the myoepithelial cells in this tumour
were not associated with ductal structures and did not form
a continuous layer below the malignant ductal cells [30, 31].
Despite the expression of GFAP in the myoepithelial cells,
this tumour could easily be distinguished from PA by the
presence of large, highly atypical, and pleomorphic tumour
cells with abundant mitotic figures and an invasive pattern
of growth. These features are characteristic of salivary duct
carcinoma and can even be seen on small biopsy samples
[4, 32].

Our study has several limitations. First, the expres-
sion of GFAP could only be assessed on 20 of 67 biopsy
specimens. In most cases these biopsies were fine needle
aspiration biopsies with inadequate tissue to perform a
cell blocks for ancillary studies. However, in some cases,
the biopsy was performed at an outside institution and the
slides were not available for review. In 32 cases, no biopsy
was performed prior to surgical resection. Although the
immunohistochemical results were concordant in all of
the cases with available biopsy specimens, not all tumour
types were represented in the biopsy group. Despite the
small number of cases, our results show that the pres-
ence of strong and diffuse GFAP expression can be used
to favor pleomorphic adenoma, even when only limited
biopsy material is available for microscopic examination.
In our experience, this is particularly useful when assess-
ing a tumour with morphologic features of a low-grade
biphasic salivary gland neoplasm. The diagnostic entities
in this category include polymorphous adenocarcinoma,
basal cell adenocarcinoma, and adenoid cystic carcinoma,
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Table 3 GFAP expression in biopsy samples from a subset of benign and malignant salivary gland tumours

Tumour type Cases GFAP positive cases, GFAP negative cases, Concordant with resec-
number (%) number (%) tion diagnosis, percent-
age
Pleomorphic adenoma 14 14 (100) 0(0) 100
Basal cell adenoma 1 1 (100) 0(0) 100
Salivary duct carcinoma 3 1(33) 2 (67) 100
Epithelial myoepithelial carcinoma 1 0(0) 1 (100) 100
Polymorphous adenocarcinoma 1 0(0) 1 (100) 100
which in this study were largely negative for GFAP. Sec-  Declarations

ond, only one myoepithelioma was included in this study.
This is important because some authors consider PA to
be a spectrum of tumours with myoepithelioma on the
myoepithelial-rich side of the spectrum. If such a theory
is true, one would expect myoepithelioma to be positive
for GFAP. However, in our study, the only myoepithelioma
assessed did not show any expression of GFAP. This result
suggests that myoepithelioma may in fact be a distinct
entity, however, this result needs to be confirmed in larger
studies.

This study confirms that PA can be distinguished from
other salivary gland type tumours by its strong and diffuse
expression of GFAP. Importantly, most malignant salivary
gland type tumours that can mimic PA were either negative
for GFAP or expressed the marker focally. These findings
may be particularly useful in limited tissue biopsies which
may not have all of the classic features of PA. A notable
exception is EMCA, which shares overlapping features and
may be derived from a PA. However, staining in EMCA
may be confined to the myoepithelial component only, in
contrast to the more diffuse staining seen in PA. Carcino-
mas ex PA may also demonstrate GFAP staining in the
residual PA component, which may be strong and diffuse.
The results of this study support including GFAP in the
routine workup of salivary gland tumours.
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