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Introduction

Polymorphous adenocarcinoma (PAC) is defined by the World Health Organization (WHO)
classification® as an infiltrative salivary gland carcinoma that is characterized by
architectural diversity and cytologic uniformity. PAC is composed of a single type of
uniform tumor cells that exhibit clear chromatin and inconspicuous nucleoli, resembling the
nuclei of papillary thyroid carcinoma. The term “polymorphous” describes the various
architectural patterns that may be seen in PAC.

Approximately 95% of PAC affects the minor salivary glands of upper aerodigestive tract,
most commonly the palate (in approximately 60% of cases, range: 49%-87%)2-11, Other
possible sites of origin include base of tongue, buccal mucosa, floor of mouth, lip, lateral
tongue, retromolar trigone, sinonasal tract, oropharynx, and nasopharyx2-10, PAC may
occasionally occur in major salivary glands, in particular the parotid gland, in approximately
3% (range: 0% to 9%) of cases2-10,

Clinically, PAC occurs more frequently in female with a reported female to male ratio of
approximately 2:1 (range: 1.3:1 to 2.15:1)2-10, PAC may occur in a wide age range from 16
to 94-year-old, with a mean age of diagnosis in the 605210,

Gross Features

Macroscopically, PAC typically presents as a submucosal nodule with or without surface
ulceration. The tumor cross section manifests as an unencapsulated, multilobulated, firm,
beige to tan mass with lobulated or infiltrative borders (Figure 1).
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Microscopic Features

At low power, PAC typically presents as an infiltrative unencapsulated mass (Figure 2). The
key diagnostic histologic features of PAC are its cytological uniformity and architectural
diversity. Architectural patterns which may be variably present include single filing in which
tumor cells aligned as single columns resembling lobular carcinoma of breast; tubules;
elongated trabeculae; solid nests; anastomosing reticular or microcystic structures; papillary
projection with or without fibrovascular cores; and cribriform structures. The extracellular
matrix can be myxoid and/or hyalinized. Targetoid arrangement of tubules and trabeculae
around nerves and vessels and streaming of tumor cells as single rows along nerve bundles
are common histologic findings. Perineural invasion is frequent in PAC, being seen in 60—
75% of cases®12. Regardless of the architectural pattern, PAC is typically composed of one
type of monotonous tumor cells that are characterized by open chromatin, and inconspicuous
nucleoli, resembling the nuclei of papillary thyroid carcinoma (Box 1).

Of note, certain histologic features, although infrequent, may be identified (usually focally)
in PAC and the presence of these features does not exclude the diagnosis of PAC. These
features include oncocytic changes, clear cell changes, mucocytes, foamy cells/sebaceous
differentiation, coarse calcification, psammoma bodies, prominent myxoid stroma, and
tumor necrosis (Figure 3). Metaplastic changes such as oncocytic or clear cell alterations can
occasionally give the false impression that there are two cell types within the tumor.

High grade transformation is a rare phenomenon that has been reported in PAC. It is
characterized by marked nuclear atypia, prominent nucleoli, high mitotic count and tumor
necrosis1314,

Ancillary studies, diagnostic

Immunohistochemistry

Typically, PAC is diffusely and strongly positive for $10010.15-17 '50X1018, CAM 5.210.12
and CK719, Focal immunoexpression of myoepithelial markers, e.g. smooth muscle actin
(SMA), muscle specific actin (MSA), and glial fibrillary acidic protein (GFAP), can be seen
in PAC10.16.17 The Kj-67 proliferation index is typically low (less than 10%)310.12,
However, elevated Ki-67 index may be seen in 10% —20% of cases®10:12, Recently, several
studies have reported that PAC usually has a p63 positive/p40 negative immunoprofile319.20,
Notably, the p63 positivity is quite variable, and can be focal/weak, or diffuse and strong.
Also important, the p63 staining pattern is typically diffuse or random, not biphasic, in
contrast to some histologic mimickers (see differential diagnosis). It must also me noted that
the characteristic p63/p40 staining patterns appear to be dependent on laboratory conditions;
occasional studies have not found this pattern to be as consistent as others.319

Molecular testing

In 2014, Weinreb et al. were the first to report the molecular signature of PAC21:22, The
majority (73-89%) of PAC harbors PRKD1 E710D hotspot mutation215.22.23 whereas 6—
11% contain fusions involving PRKD1, PRKDZ2 or PRKD3 genes?1521 The presence of
PRKD alterations is highly specific for PAC/cribriform adenocarcinoma of salivary gland
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(CASG, see section below) and has not been reported in other salivary gland neoplasms?2:23,
rendering it a useful molecular diagnostic tool for PAC.

Cribriform adenocarcinoma of salivary gland (CASG)

In 1999, Michal et al. first coined the terminology “cribriform adenocarcinoma of the
tongue” to describe a salivary gland carcinoma with a propensity to posterior tongue,
lobulated architecture, a predominant solid, microcystic and cribriform growth pattern, and a
uniform type of tumor cells with ground-glass optically-cleared nuclei?4. Subsequent studies
show that although cribriform adenocarcinoma most frequently occurs in posterior tongue/
base of tongue, it may also affect palate, buccal mucosa, lip, tonsil, sinonasal tract, and
rarely major salivary glands?3:19.21.25-27 Therefore, a revised terminology of CASG has
been suggested.

CASG shares certain histologic, immunophenotypic and molecular similarity with PAC. A
comparison between PAC and CASG is provided in Table 1. Histologically, both tumors are
composed of one type of cells with pale optically-cleared nuclei (Figure 4). Unlike classic
PAC which usually shows an infiltrative growth and various architectural patterns, CASG
tends to have lobulated growth separated by fibrous septa, and relatively uniform
architecture predominantly composed of solid, microcystic, and/or cribriform patterns.
Peripheral palisading and clefts, hemorrhage, and glomeruloid-like structures are common.
The immunoprofile of CASG is indistinguishable from PAC.

Recently, it was reported that 75-94% of CASG harbor fusions involving PRKD1, PRKD2
or PRKD3genes?1521 with the fusion partners being AR/D1A or DDX3X221, Although
Weinreb et al. only reported PRKD fusions in CASG, PRKDL E710D hotspot mutations is
subsequently detected in a small subset (13-20%) of CASG2:15,

In the initial series of 8 cases reported by Michal et al., all patients had lymph node
metastasis at presentation, which suggests a more aggressive clinical behavior of CASG.
However, subsequent studies have reported a wide range of frequency of nodal metastasis at
presentation from 7% to 65%327:28, The great variation of nodal metastasis frequency
reported in CASG may in part be attributed to the rarity of this tumor and the capability of a
pathologist to recognize these tumors. A recent study has shown that only a fair
interobserver agreement is achieved among expert head and neck pathologists in diagnosing
CASG15, Nevertheless, the risk of nodal metastasis in CASG appears to be overall higher
compared with 4-6% risk observed in patients with PAC3.710.11,

Interestingly, tumors with PRKD fusion, regardless of the histologic classification of PAC or
CASG, are associated with a 50% initial risk of lymph node metastasis compared with 0%
risk in tumors with PRKDI mutation2. Therefore, in challenging cases that are difficult to be
further classified as PAC or CASG, molecular testing for PRKD genes may provide
additional prognostic information in term of risk of nodal metastasis. On the other hand, the
high rate of metastasis may also be partly a function of the frequent oropharyngeal location
of CASG. It is well established that squamous cell carcinomas of the oropharynx frequently
metastasize to cervical lymph nodes due to the unique microanatomy of this location, and
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other salivary gland tumor types show a higher rate of regional metastases when arising in
the oropharynx.2®

Currently, CASG is considered as a variant of PAC by the WHO classificationl. However,
this is controversial as some authors consider CASG and PAC as two separate entities given
the differences in histologic features and underlying molecular alterations3°. Recent data
suggest that CASG and PAC may represent a morphologic spectrum of the same tumor.
Although the classic cases of PAC and CASG can be distinguished histologically, there is a
subset of 25 to 30% of cases showing indeterminate histologic features that are difficult if
not impossible to be labelled definitively as either conventional PAC or CASG23:15.21 The
interobserver agreement even among expert head and neck pathologists in further classifying
these tumors are fair to moderate at most1®. Taken together, the findings suggest that PAC/
CASG may represent a spectrum with classic PAC and PRKD1 hotspot mutation at one end,
CASG and PRKD fusions at the other, and indeterminate neoplasms with overlapping
histology and molecular alterations in the middle.

Differential Diagnosis

Adenoid cystic carcinoma

Table 2 provides a comparison between adenoid cystic carcinoma and PAC. Similar to PAC,
adenoid cystic carcinoma predominantly occurs in minor salivary glands31-34,
Approximately 21-26% occur in the palate31-34, Histologically, unlike PAC/CASG which
exhibits one cell type, adenoid cystic carcinoma is biphasic and is composed of two cell
types: ductal (epithelial) and myoepithelial. This feature is particularly important to
differentiate adenoid cystic carcinoma from CASG as both may show a predominant
cribriform pattern with myxoid stroma and perineural invasion. The myoepithelial cells of
adenoid cystic carcinoma typically contain angulated dark nuclei, giving adenoid cystic
carcinoma its basaloid appearance. Both PAC and adenoid cystic carcinoma are commonly
infiltrative, display various architectural patterns, and may contain myxoid stroma and
hyalinized globules. However, adenoid cystic carcinoma is characterized with tubular,
cribriform and solid growth, whereas lacks other patterns that may be seen in PAC (e.g.
single filing arrangement, papillary architecture) and seems less architecturally diverse.
Given the biphasic nature of adenoid cystic carcinoma, the immunohistochemical profile is
usually more variable, showing patchy rather than diffuse staining for S100 and CK7.
Recent reports have shown that adenoid cystic carcinoma is commonly p63 (+)/p40 (+),
compared to p63 (+)/p40 (-) that is observed in PAC19:20, Moreover, the pattern of p63 and
p40 in adenoid cystic carcinoma is clearly biphasic, while p63 staining in PAC is haphazard.
In challenging cases, molecular testing for MYB, MYBL1 or NFIB gene fusions may be of
use as 60-90% of adenoid cystic carcinoma carries signature fusions, in particular t(6,9)
MYB-NFIB fusion31:35:36_Clinically, adenoid cystic carcinoma is associated with a dismal
long-term outcome, compared with an excellent prognosis of PAC31-34,
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Other S100-positive salivary gland neoplasms

Diagnosis

Prognosis

As PAC is diffusely positive for S100, its differential diagnosis, especially in small biopsy
materials, includes other S100-positive salivary gland neoplasms such as secretory
carcinoma, myoepithelial carcinoma, and epithelial-myoepithelial carcinoma.

Myoepithelial carcinoma and PAC share certain histologic and immunophenotypic
similarities. Both tumors are composed of one type of cells, contain myxoid stroma, and
may be positive for S100 and myoepithelial markers, e.g. GFAP, p63, SMA, and MSA.
However, myoepithelial carcinoma typically shows expansile lobulated growth pattern and
lacks the architectural diversity observed in PAC. Perineural invasion is uncommon in
myoepithelial carcinoma3”-38. Myoepithelial carcinomas that are positive for p63 are usually
also positive for p40, in contrast to PAC which is usually p63 positive but p40 negative. In
challenging cases, molecular testing for PRKD alteration may serve as a useful ancillary
diagnostic tool.

Epithelial myoepithelial carcinoma is not typically as infiltrative as PAC and is composed of
ductal and myoepithelial cells instead of one cell type. Moreover, S100 is not diffuse and
stain the myoepithelial component in epithelial myoepithelial carcinoma. Both p63 and p40
are positive in the myoepithelial cell component of epithelial myoepithelial carcinoma,
resulting in a biphasic staining pattern.

Compared with PAC, secretory carcinoma more often shows microcystic and papillary-
cystic architecture, and does not commonly show cribriform or single cell patterns.
Secretory carcinoma harbors £7V6 fusions3940. GATA3, mammaglobin, and CK7 can be
positive in both PAC and secretory carcinomal®.18.41.42,

In typical cases, histology alone is sufficient for the diagnosis. A diagnosis of PAC can be
rendered using the following 3 characteristics:

1. Typical histologic features of PAC characterized by architectural diversity and
cytologic uniformity with pale nuclei and fine chromatin.

2. An immunoprofile of diffuse and strong S100 and CK7 positivity.

3. The presence of PRKD alterations, in particular PRKD1 E710D hotspot
mutation.

PAC has an overall excellent prognosis with a 10-year disease specific survival of 94%
-99%*°:28 and a 10-year recurrence free survival of 83-88%%28, Distant metastasis is rare
in PAC but may occur in up to 3% of cases3. Histologic architecture with =10% papillary
pattern or =230% cribriform pattern has been shown to be an independent adverse prognostic
factor associated with decreased disease free survival3. As discussed above, CASG and
PRKD1/2/3 fusion are associated with an increased risk of lymph node metastasis?24:27,
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PAC is a salivary gland carcinoma that often occurs in minor salivary gland location, in
particular palate. It is characterized by cytologic uniformity, architectural diversity, an
immunoprofile with S100 (+)/CK7 (+)/p63 (+)/p40 (-), PRKD1 E710D hotspot mutation
and an excellent outcome. CASG shares histologic and immunohistochemical features with
PAC and has a propensity to base of tongue location. CASG is characterized by lobulated
growth pattern, predominant solid and cribriform architectures, high frequency of PRKD
fusions and an increased risk of nodal metastasis. Regardless of the diagnosis of PAC or
CASG, tumors with =10% of papillae or =30% cribriform architecture associated with
decreased disease specific survival.
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KEY POINTS

Polymorphous adenocarcinoma (PAC) is characterized with cytologic
uniformity, architectural diversity, and frequent PRKD1 hotspot mutations.

Cribriform adenocarcinoma of salivary gland (CASG) is a tumor with
lobulated growth pattern, predominant solid/microcystic/cribriform
architecture, peripheral palisading, glomeruloid structures, and high
frequency of PRKD1, PRKDZ, or PRKD3fusion.

PAC and CASG may represent tumors in the same morphologic spectrum;
however, some pathologists regard them as two separate entities.

Although PAC and CASG commonly affect minor salivary glands, they may
occur in major salivary glands.

Tumors with 230% cribriform or 210% papillary architectural patterns are
associated with decreased disease free survival.
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SYNOPSIS

Polymorphous adenocarcinoma (PAC) is typically originated from the minor salivary
glands and is characterized by cytology uniformity and architectural diversity. PAC
commonly harbors PRKD1 E710D mutation. PAC has an excellent prognosis. However,
>10% papillary or =30% cribriform pattern is an independent adverse prognostic factor.
Cribriform adenocarcinoma of salivary gland (CASG) is a controversial entity that is
considered within the same histologic spectrum of PAC in current classification schemes;
however, it is regarded by some pathologists as a separate entity. CASG shows a
propensity to base of tongue location, a lobulated growth pattern, a predominant solid/
cribriform architecture, and a high frequency of PRKD1/2/3 fusion.
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Clinics Care Points

PAC has a propensity to minor salivary gland, in particular the palate.
However, PAC may affect major salivary glands on occasion.

Compared with biphasic salivary gland tumors e.g. adenoid cystic carcinoma,
pleomorphic adenoma, and epithelial-myoepithelial carcinoma, PAC is
composed of one type of tumor cells with pale nuclei.

PAC is among one of the three salivary gland carcinomas exhibiting diffuse
and strong S100 positivity and one cell type; the others are secretory
carcinoma and myoepithelial carcinoma.

The presence of focal uncommon features, e.g. oncocytes, mucocytes, foamy
cells/sebaceous differentiation and calcification, does not exclude PAC.

A typical case of CASG can be recognized by its lobulated growth pattern,
predominant solid and cribriform architecture, peripheral clefting, and
glomeruloid structure. Neck dissection may be considered as CASG is
associated with a relatively high frequency of nodal metastasis.
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Box 1
Key pathologic features of PAC

. PAC is characterized by cytologic uniformity and architectural diversity.

- PAC is composed of a single type of tumor cells with pale nuclei.

- PAC may contain multiple architectural patterns, which gives its
polymorphous appearance.
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Figure 1. Macroscopic appearance of polymorphous adenocarcinoma (PAC).
(Left) A palate PAC is present as an indurated and bulging submucosal nodule (arrows)

without direct surface involvement. (Right) Cross section of a PAC/cribriform
adenocarcinoma (CASG) originated from base of tongue shows an infiltrative multilobulated
firm beige mass. Scale bar: 1 cm.
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Figure 2. Histologic features of PAC.
(A) At low power, PAC is present as an infiltrative tumor with various architectural patterns.

Streaming of tubules and nests may be evident at the periphery. (B and C) Perineural
invasion with tumor cells arranged as single rows, tubules, and trabecular streaming around
and between nerve bundles forming a targetoid appearance. Other architectural patterns that
may be seen in PAC include papillary (D, arrow), tubules (D, right), trabecular-interlacing
reticular (E, left), solid (E, right), and cribriform pattern (F). (G) Regardless of the diverse
architectural patterns, PAC is composed of one type of tumor cells typically with oval nuclei,
pale fine chromatin, and inconspicuous nucleoli.
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Figure 3. Uncommon histologic features that may be seen in PAC.
(A) oncocytic changes (blue arrow). (B) clear cell changes. (C) mucocytes (green arrows)

and psammoma bodies (red arrow). (D) Coarse calcification and foamy/sebaceous cells
(black arrow). (E) Tumor necrosis (N). (F) Prominent myxoid stroma may be seen in a
proportion of PAC/CASG.
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Figure 4. Cribriform adenocarcinoma of salivary glands (CASG).
(A) A CASG originated from base of tongue is composed of multiple tightly packed tumor

nodules separated by fibrous septa. (B) The tumor is associated with nodal metastases at
presentation. (C) CASG typically shows solid growth pattern with peripheral palisading
(black arrows). Pools of blood (“blood lake™) are a common histologic finding within the
tumor. (D) CASG often has peripheral clefts within the tumor nests, giving the glomeruloid
(G) appearance. (E) Microcystic architecture is common. The tumor is composed of a single
type of tumor cells with optically clear nuclei.

Surg Pathol Clin. Author manuscript; available in PMC 2022 March 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Katabi and Xu

Page 17

Table 1.
Comparison between polymorphous adenocarcinoma (PAC) and cribriform adenocarcinoma of salivary gland
(CASG).
PAC CASG
Primary site Palate (49%-87%), MSG (13-19%), BOT (0-9%), BOT (24-61%), MSG (26-29%), palate

major salivary gland (0-9%)

(1357%), major salivary gland (0-10%)

Growth pattern

Infiltrative, often with targetoid arrangement around
nerves and vessels

Lobulated architecture separated by fibrous septa

Architecture

Highly variable, including single file arrangement,
tubular, trabecular, reticular, solid, cribriform, and

papillary

Relatively uniform, enriched in solid,
microcystic, cribriform, and papillary growth

Cytologic features

One type of tumor cells with uniform pale open nuclei resembling papillary thyroid carcinoma

Perineural invasion

Common (60-75%)

uncommon (38%)

Immunohistochemistry

Typically positive for: S100, CK7, SOX10, and p63
Occasionally positive for: GFAP, SMA, MSA, and EMA
Typically negative for: p40

PRKD1 E710D hotspot mutation | 73-89% 0-20%
PRKD1/2/3fusion 6-11% 70-94%
Nodal metastasis at presentation | 4-6% 7-100%

BOT: base of tongue/posterior tongue; MSG: minor salivary gland outside of palate and BOT.

Note that a subset (25 to 30%) of PAC/CASG spectrum shows indeterminate histologic features and may be difficult if not impossible to classified

as PAC or CASG
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Comparison between PAC and adenoid cystic carcinoma.

Page 18

PAC

Adenoid cystic carcinoma

Primary site

Minor salivary gland: > 90%
. Palate: 49%-87%
Major salivary gland: 0-9%

Minor salivary gland: 61-63%
. Palate: 21-26%
Major salivary gland: 37%

Acrchitecture

Highly variable
Single filing arrangement, tubular, trabecular, reticular,
solid, cribriform, and papillary

Variable
Tubular, cribriform, and solid

Cell composition

Cytologic uniformity: one type of tumor cells only

Biphasic showing ductal (epithelial) and myoepithelial
differentiation

Nuclear features

Pale nuclei and open chromatin

Dark angulated nuclei

Perineural invasion

Common: 60-75%

Common: 88%

Immunohistochemistry

S100: diffuse and strong
CK7: diffuse and strong
p63 positive/p40 negative

S100: patchy, in myoepithelial or ductal cells
CK7: patchy, predominantly in ductal cells
p63 positive/p40 positive in myoepithelial cells only

Molecular profile

PRKDI1 E710D mutation: 73-89%
PRKD1/2/3fusion: 6-11%

Fusion involving MYB, MYBL1, or NFIB genes, most
common being MYB-NFIB fusion: 60-90%

Outcome

Excellent
10-year DSS: 94-99%
Risk of distant metastasis: 0-3%

Poor
5-year DSS: 55-89%
Risk of distant metastasis: 8-46%

DSS: disease specific survival
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