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Abstract

Introduction: This study investigates the relationship between cellularity and capsular characteristics of pleomorphic adenoma
and its influence on operative strategies. Material and methods: The capsular characteristics and clinical data of patients with
pleomorphic adenomas were reviewed according to Seifert’s definition: (1) classic type with balanced amount of cells and
stroma, (2) myxoid type with abundant ground substance, interspersed spindle cells, and (3) cellular type with predominance
of ductal trabecular structures and little stroma. The immunoreactivity of cellular proliferation (Ki-67) was semi-quantitatively
measured using immunohistochemistry. Variables were analyzed using Fisher’s test and one-way ANOVA, with (p < 0.05)
considered statistically significant. Results: The duration of presence was associated with cellularity (p = 0.01). In terms of
capsular characteristics, satellite nodules and positive resection margins were not related to cellularity, except for incomplete
capsules (p = 0.03). There was no difference in the staining scores of Ki-67 (p = 0.12). Conclusion: Lower cellularity reflects
higher probability of an incomplete capsule, requiring more consideration for operative strategies to prevent recurrence.
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Resumen

Introduccion: Este estudio investiga la relacion entre la celularidad y las caracteristicas capsulares del adenoma pleomdr-
fico y su influencia en las estrategias operativas. Material y métodos: Se revisaron las caracteristicas capsulares y los
datos clinicos de los pacientes con adenomas pleomdrficos segun la definicion de Seifert: 1) tipo cldsico con cantidad
equilibrada de células y estroma, 2) tipo mixoide con abundante sustancia fundamental, células fusiformes intercaladas y
3) tipo celular con predominio de estructuras trabeculares ductales y poco estroma. La inmunorreactividad de la proliferacion
celular (Ki-67) se midioé semicuantitativamente usando inmunohistoquimica. Las variables se analizaron mediante la prueba
de Fisher y ANOVA de una via, considerdandose significativo un valor de p inferior a 0.05. Resultados: La duracion de la
presencia se asocio con la celularidad (p = 0.01). En cuanto a las caracteristicas capsulares, los nddulos satélites y los
madrgenes de reseccion positivos no se relacionaron con la celularidad, a excepcion de las capsulas incompletas (p = 0.03).
No hubo diferencia en las puntuaciones de tincion de Ki-67 (p = 0.12). Conclusiones: La celularidad mds baja refleja una
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mayor probabilidad de una cdpsula incompleta, lo que requiere una mayor consideracion de las estrategias quirtrgicas para

prevenir la recurrencia.

Palabras clave: Caracteristicas capsulares. Celularidad. Ki-67. Estrategias operativas. Adenoma pleomodrfico.

|ntroduction

Salivary gland neoplasms constitute approximately
1% of all tumors'. Pleomorphic adenoma is the most
common benign tumor of the salivary glands, compris-
ing 70% of all cases, which are often found in the
parotid gland (80%), with 10% each in the subman-
dibular and minor salivary glands?®. Two European
nationwide studies from Denmark and the Nether-
lands on the demographic investigation of pleomor-
phic adenomas have been reported. The annual
incidence ranges from 0.2 to 4.9/100,000 person-year,
with the median age of diagnosis being 50-60 years*S.
Women present at an older age than men, with pain-
less swelling as the main chief complaint. In a report
from Danish?, the recurrence rate was 2.7% and 3.3%
of cases had malignant transformation. The Nether-
lands study® reported a recurrence rate over 20 years
of 6.7% and an overall risk of 0.15% of malignant inva-
sion. In a recent study by 2020, Valstar et al.® found
that the first recurrence of pleomorphic adenoma was
approximately 3.1%, of which 6.2% were malignant.
The differences in recurrence and malignant change
may result from the variable inclusion criteria adopted
and the estimated risk cannot be compared with the
data from a single center. Recurrent pleomorphic ad-
enoma is associated with a risk of multiple distant
metastases and may transform into carcinoma ex
pleomorphic adenoma, the fourth most common ma-
lignant salivary tumor’. Consequently, determining the
factors that influence recurrence and providing the
correct treatment strategies are important to enhance
prognosis.

Recent studies have suggested that the recurrence
of pleomorphic adenoma may be related to an imbal-
ance of matrix metalloproteinases (MMPs) and tissue
inhibitors (TIMPs). Overexpression of MMP leads to
excessive breakdown of the extracellular matrix. This
occurs in many pathological conditions, such as can-
cer invasion and metastasis, arteriosclerosis or angio-
genesis, and fibrosis®'°. However, some studies have
revealed that TIMPs may increase the probability of
malignant changes' 2. According to the model of cell-
mediated MMP-2 activation, pro-MMP-2 secreted by
fibroblasts binds to TIMP-2 and forms a complex with

membrane-type-1 MMP on the cell surface. Therefore,
the hypothesis of an imbalance between MMP and
TIMP for the recurrence of pleomorphic adenoma is
not firmly accepted.

Some pathologists believe that the capsular charac-
teristics of pleomorphic adenomas influence the recur-
rence rate. Capsular characteristics include completeness
of the capsule, formation of satellite nodules or pseudo-
podia, rupture of the tumor, and positive resection mar-
gins'3* Multinodularity is generally found in pleomorphic
adenoma after recurrence'™'¢. According to a study by
Naeim et al.’’, nodularity is due to infiltration of the
stroma, leading to low cellularity. TIMP was saturated
within the stroma, which implies a more invasive cellular
property'. This study aimed to investigate the relation-
ship between cellularity and the capsular characteristics
of pleomorphic adenoma and its influence on operative
considerations.

Materials and methods
Case selection

Cases were collected from May 2008 to April 2015
from the Pathological Department of the Hospital.
This study followed the Declaration of Helsinki on
medical protocol and ethics, and the regional ethical
review board approved the study. All patients under-
went excision, superficial parotidectomy, or total pa-
rotidectomy. Post-operative pathological reports
confirmed a pleomorphic adenoma at the histological
level. Cases with incomplete data were analyzed us-
ing a pairwise deletion. To observe cellularity and
capsular characteristics under the microscope, spec-
imens that were broken into several pieces or incom-
plete pathological sections were excluded from the
analysis. In addition, immunohistochemistry of the
cell proliferation index, Ki-67, was performed to in-
vestigate the invasive immunoreactivity among the
groups.

Clinical data and characteristics

The recorded data included patient age, sex, loca-
tion, chief complaints, duration of tumor presence, and



type of surgery. Regarding location, pleomorphic ad-
enoma was found in the parotid gland, submandibular
gland, minor gland, and neck. The chief complaint
was swelling accompanied by pain or painless swell-
ing. Tumor size was calculated by multiplying the two
largest measurements of the length, width, and height.
The patients were divided into three groups based on
tumor size: (1) <4 cm?, (2) 4-16 cm?, and (3) >16 cm?2.
The duration of tumor presence was grouped as <.
year, %2-3 years, 3-5 years, and more than 5 years
according to the study of Suh et al.2. Regarding the
type of surgery, excision, superficial parotidectomy, or
total parotidectomy were performed according to the
surgeon’s discretion.

Specimen preparation

Specimens were fixed in 10% formalin. Before dis-
secting the specimens for further processing, the sur-
face was inked with four different dyes to mark the
resection planes. The specimens were then dipped
into Bouin solution (dye fixative) for 30 s before slicing
in the direction perpendicular to the long axis of the
nodule into 3 mm thick segments. Both ends of the tu-
mor poles were sectioned horizontally along the long
axis of the tumor to obtain transverse cuts of the cap-
sule of the tumor vertex. The number of segments
differed depending on the tumor size. Gradient con-
centrations of alcohol and xylene were applied to the
tissue segments for dehydration before the segments
were embedded in paraffin and stained with hema-
toxylin and eosin. Finally, the segments were cut to a
thickness of 6 um.

Cellularity grouping

The cellularity was categorized into four groups
according to Seifert’s classification’ 1976 (Fig. 1).
The classic type includes a balanced amount of epi-
thelial cells and stroma, while the myxoid type com-
prises abundant myxoid ground substance with
interspersed spindle and stellate cells. The cellular
type is composed of a predominance of ductal and
solid trabecular structures and little intervening myx-
oid stroma, sometimes similar to monomorphic ad-
enoma, when the epithelial component is uniformly
differentiated. The cellularity was independently de-
termined by two oral pathologists. In instances of
equivocality, cellularity was assessed by a third oral
pathologist.

C. Lai et al.: Cellularity capsular pleomorphic adenoma

classification in 1976. A: classic type with a balanced amount of epi-
thelial cells and stroma. B: myxoid type with abundant myxoid ground
substance, interspersed spindle, and stellate cells. C: cellular type
with a predominance of ductal and solid trabecular structures and little
intervening myxoid stroma. D: cellular type with more uniformly dif-
ferentiated cells like monomorphic adenoma (H&E stain, x 100, scale
bar =100 um).

Figure 2. Histological capsular characteristics of pleomorphic adenoma.
A: incomplete capsule. B: total absence of capsule. C: satellite nodule.
D: positive respective margin (H&E stain, x 100, scale bar = 100 um).

Capsular characteristics

Capsular characteristics included the completeness
of the capsule, the existence of pseudopodia and sat-
ellite nodules, and a positive or negative resection
margin (Fig. 2). The cellularity and capsular charac-
teristics were observed using an inverted microscope
(Olympus BX 53, Olympus Corporation, Shinjuku
Monolith, 3-1, Nishi Shinjuku 2-chrome, Shinjuku-Ku,
Tokyo, Japan). The observed images were then
scanned using a slide scanner (ScanScope® CS, Ape-
rio Technologies, Inc., USA) for analysis.
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Immunohistochemistry of cell proliferation
index: Ki-67

Paraffin-embedded tissues were sectioned (3 um)
on glass slides and coated with 2% 3-aminopropyl-
triethylsilane (Sigma Chemicals, St. Louis, MO,
USA). The sections were deparaffinized by immer-
sion in xylene, dried in alcohol, and incubated with
3% hydrogen peroxide for 40 min. The sections were
immersed for antigen retrieval in citrate buffer
(pH = 6.0) for 30 min at 95°C and blocked at room
temperature for 20 min with 3% normal goat serum.
The slides were then incubated overnight with the
primary antibody (Ki-67, clone MM1, Novocastra,
Newcastle, UK) at a 1:100 dilution at 4°C in a humidi-
fied chamber. After washing in Tris-buffered saline,
the sections were treated with labeled streptavidin—
biotin—peroxidase kits (K0492, DAKO, Denmark) and
incubated in 3.3-diaminobenzidine in a chromogen
solution (DAKO, K3468) for 2-5 min. Finally, the sec-
tions were stained with Mayer’s hematoxylin and
covered. Negative controls were obtained by exclud-
ing the primary antibody and substituting it with 1%
PBS-BSA.

Immunoreactivity was evaluated at x40 for at least
1000 cells on one pathological slide. The percent-
age of positive tumor cells was recorded and cat-
egorized by the semi-quantitative method®® as
follows: (-) negative < 5%, (+) low 6-25%, (++)
moderate 26-50%, and (+++) high >50% of positive
tumor cells.

Statistical analysis

The concordance between the two oral patholo-
gists was 93.3%. The Krippendorff’s o value from
the inter-rater comparison analysis was 0.89. All
p-values were based on two-tailed statistical analy-
ses. Pairwise deletion was used to handle missing
data. Statistical analysis was performed using Fish-
er’s exact test for categorical variables and one-way
ANOVA for continuous variables. Fisher’s exact test
was applied because small samples were analyzed
and more than 20% of cells had frequencies <5,
which was inadequate to apply approximation with
the Chi-squared test. Subgroup analyses were per-
formed using paired comparisons. Statistical signifi-
cance was set at p < 0.05. Microsoft Excel 2010
(Microsoft Corporation) was used for all the statisti-
cal calculations.

Results
Case selection

A total of 89 patients were enrolled in the study with
two cases of malignant transformation. Clinical data and
cellularity were observed. Five cases were excluded
because they were broken, so the cellularity could not
be determined. The remaining 84 cases were analyzed
with pairwise deletions due to missing clinical informa-
tion of 22 cases (Fig. 3). Regarding capsular character-
istics, 11 were ruled because of incomplete pathological
sections that could not be evaluated. Finally, 73 cases
were preserved for analysis of the correlation between
cellularity and capsular characteristics.

Association between clinicopathological
factors and cellularity

There was no difference among the three groups in
terms of age (p = 0.09), sex (p = 0.09), location (p = 0.75),
size (p = 0.57) of the tumor, chief complaints (p = 0.63),
or type of surgery (p = 0.24) (Table 1). The duration of
tumor presence was associated with cellularity (p = 0.01).
The significance resulted from the difference in duration
between types 2 and 3 after subgroup analysis. In the
group with <% year, 13 of the 23 tumors were classic
subtype (56.5%), two of the 13 tumors were myxoid sub-
type (15.4%), and 21 of the 41 tumors were cellular sub-
type (51.2%). In the group of tumors that existed
for ¥2 - 3 years, seven of the 23 tumors were classic sub-
type (30.4%), three of the 13 tumors were myxoid subtype
(23.1%), and 15 of the 41 tumors were cellular sub-
type (36.6%). In the group of tumors aged 3-5 years, two
of the 23 tumors were classic subtype (8.7%), five of the
13 tumors were myxoid subtype (38.5%), and two of the
41 tumors were cellular subtype (4.9%). In the group of
tumors over 5 years, one of the 23 tumors was classic
subtype (4.3%), three of the 13 tumors were myxoid sub-
type (23.1%), and three of the 41 tumors were cellular
subtype (7.3%).

Capsular characteristics of the entire
study and association with cellularity

Of the 73 patients, 14 (19.2%) had incomplete cap-
sules. Regarding the histological subtype, an incom-
plete capsule was observed in seven of the 24 classic
subtype tumors (29.2%), four of the 12 myxoid subtype
tumors (33.3%), and three of the 37 cellular subtype
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89 cases from May 2008 to April 2015
were selected in the database of
pathological department of TMU

Five cases were abandoned because
they were broken into pieces.

clinical information

84 cases were explored regarding the

Analyze with pairwise deletion due to
inadequate data of 22 cases.

Find the relation between the cellularity and
clinicopathological features

11 cases were eliminated for incomplete

pathological sections

73 cases were preserved to investigate the association
between capsular characteristics/Ki-67 and cellularity

Figure 3. Flowchart of case selection.

tumors (8.1%) (Table 2). The incomplete capsule was
significantly associated with histological subtype
(p = 0.03). The relative risk of an incomplete capsule
was 4.1-fold when comparing myxoid to cellular sub-
type, 1.1-fold for myxoid to classic subtype, and 3.6-fold
for classic to cellular subtype. Satellite nodules were
observed in 44 patients (60.3%). Fifteen of the 24 clas-
sic subtype tumors (62.5%), eight of 12 myxoid subtype
tumors (66.7%), and 21 of the 37 cellular subtype tu-
mors (56.8%) had satellite nodules. The presence of
satellite nodules was not significantly associated with
the histological subtype (p = 0.85). A positive resection
margin was observed in 15 patients (20.5%). Six of the
24 classic subtype tumors (25.0%), two of 12 myxoid
subtype tumors (16.7%), and seven of the 37 cellular
subtype tumors (18.9%) had positive resection mar-
gins. The positive resection margin showed a statisti-
cally insignificant association with cellularity (p = 0.86).

Percentage of cases distributed by
staining scores of Ki-67

The marker Ki-67 showed scarce staining in most
cases of pleomorphic adenoma, with negative or weak

staining scores (p = 0.12) (Table 3). In the negative
group, 19 of the 24 tumors were classic subtype
(79.2%), eight of the 12 tumors were myxoid sub-
type (66.7%), and 34 of the 37 tumors were cellular
subtype (91.9%). In the low group, four of the 24 tu-
mors were classic subtype (16.7%), three of the 12
tumors were myxoid subtype (25.0%), and three of the
37 tumors were cellular subtype (8.1%). In the moder-
ate group, one of the 24 tumors was classic subtype
(4.2%), one of the 12 tumors was myxoid subtype
(8.3%), and none was a cellular subtype. Although
there was no difference in immunoreactivity among
groups, we found that the Ki-67 of satellite nodules
was relatively higher than that of the surrounding tis-
sues (Fig. 4).

Discussion

Pleomorphic adenomas are composed of myoepi-
thelial and ductal cells arranged into different archi-
tectures, which intermingle with the mucoid, myxoid,
and chondroid stroma*. With increasing duration of
tumor presence, the stroma secreted by myoepithelial
cells tends to increase, resulting in decreased cellularity
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Table 1. Clinicopathological analysis of patients with different
cellularity

Table 2. Relationship of cellularity and capsular characteristics
(n=73)

Characteristics No. of patients (%) p*

Classic  Myxoid Cellular
type type type

Age, years 0.09
Median 35 47 43.5
Range 23-68 25-76 13-70

Sex 0.09
Male 10(38.5) 5(33.3) 26(60.5)
Female 16 (61.5) 10(66.7) 17(39.5)

Location 0.75
Parotid gland 16 (66.7) 8(615) 19(47.5)
Submandibular gland 4(16.7) 3(23.1) 9(225)

Minor gland 2(8.3) 2(15.4) 7(17.5)
Neck 2(8.3) 0(0.0) 5(125)

Chief complaint 0.63
Painless swelling 18(81.8) 12(92.3) 34(89.5)

Pain and swelling 4(18.2) 1(7.7) 4(10.5)

Duration of presence, year 0.01
<05 13(56.5) 2(15.4) 21(51.2)

0.5-3 7(30.4) 3(23.1) 15(36.6)
3-5 2(87) 5(385) 2(49)
>5 1(43) 3(23.1) 3(7.3)

Size, cm? 0.57
<4 10(41.7) 3(21.4) 15(405)

4-16 11(45.8) 8(57.1) 19(51.4)
>16 3(125) 3(21.4) 3(8.1)

Type of surgery 0.24
Excision 16 (76.2) 8(66.7) 28(80.0)
Superficial parotidectomy 4 (19.0) 2(16.7) 7 (20.0)

Total parotidectomy 1(4.8) 2(16.7) 0(0.0)

*Categorical and continuous variables were analyzed using Fisher's exact test and
one-way ANOVA, respectively. Pairwise deletion was used to minimize loss during
clinical data collection.

and unique structural capsular characteristics. Capsu-
lar characteristics are believed to be related to recur-
rence and malignant changes in pleomorphic
adenomas.

Satellite nodules, also termed daughter nodules,
are specific capsular characteristics. Based on the
study by Naeim et al.'”” in 1976, the formation of sat-
ellite nodules was considered as capsular ingrowth.
He proposed that capsular ingrowth was due to the
infiltration of many small buds. With increasing stro-
ma, the buds became small lobules, resulting in mul-
tinodularity. Some studies have revealed that the
presence of satellite nodules may indicate recur-
rence of pleomorphic adenoma. In a retrospective
study, Park et al.”® found that satellite nodules were
observed in six of the 10 recurrent patients (60.0%)
but in only 10 of the 100 non-recurrent patients

Characteristics No. of patients (%) p*
Classic Myxoid Cellular
type type type
(n=24) (n=12) (n=37)
Incomplete capsule 0.03
Absent 17(70.8)  8(66.7) 34(91.9)
Present 7(29.2) 4(33.3) 3(8.1)
Satellite nodule 0.85
Absent 9(37.5) 4(33.3) 16 (43.2)
Present 15(62.5) 8(66.7) 21(56.8)
Resection margin 0.86
Negative 18(75.0) 10(83.3)  30(81.1)
Positive 6(25.00 2(16.7) 7(18.9)

*The variables were analyzed using Fisher's exact test.

Table 3. Percentage of cases distributed by staining scores of
Ki-67 (n =73)

Score No. of patients (%) p*

Classic Myxoid Cellular

type type type

(n=24) (n=12) (n=37)
Negative (<5%) 19(79.2) 8(66.7) 34(919) 0.12
Low (6-25%) 4(16.7) 3(25.0) 3(8.1)
Moderate (26-50%) 1(4.2) 1(8.3) 0(0.0)
High (>50%) 0(0.0) 0(0.0) 0(0.0)

*The variables were analyzed using Fisher's exact test.

(10.0%); therefore, the formation of satellite nodules
is a risk factor for recurrence. However, Zbaren and
Stauffer and Paris et al.?"?2 have opposing opinions.
Paris et al.? indicated that the stroma tended to be
more abundant when the tumor existed for a longer
duration, and cell islands were separated from the
main tumor. Satellite nodules could not be a risk fac-
tor for recurrence, but were a reasonable phenom-
enon. Savera?® also proposed that since abundant
TIMP is found in satellite nodules, the risk of recur-
rence risk would be reduced.

A positive resection margin is also supposed to be
a capsular characteristic related to recurrence. In the
early stages, surgeons prefer surgery with a broad
safe margin to avoid any remaining capsule in the
tissues. Some studies have shown that the recur-
rence of pleomorphic adenoma enucleation is 10-
45% but 2-5% when superficial parotidectomy is
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performed?+25, Total parotidectomy or wide excision
with neck dissection is rarely performed because of
facial nerve paresthesia. The probability of paresthe-
sia in patients after superficial parotidectomy is
61.7%% while other studies have suggested that the
resection margin is not a prognostic factor for recur-
rence. A negative respective margin does not guar-
antee that recurrence would not occur. Suh et al.?
found that the recurrence rate of pleomorphic ade-
noma was 21.4% even with a clear resection margin.
In cases of malignant transformation, the margin of
80% of the cases was initially negative. Therefore,
close follow-up is needed, even when a safe resec-
tion margin is achieved.

Another explanation for recurrence is the altered
regulation of genes in the molecular aspects. Overex-
pression of MFAP4, DST, SLC35, and KCTD15 genes
compared to normal tissues, and TP53 mutations are
probably related to the tumor progression of pleomor-
phic adenoma?. MFAP4 is an extracellular matrix pro-
tein that mediates cell-to-matrix interactions. It seems
to influence the overexpression of MMPs and their
TIMPs in the stroma. DST is a junction protein of the
plakin family and functions as an anchor unit for in-
termediate neural filaments to the actin cytoskeleton
in epithelium or muscle tissue. The role of DST in
tumor development remains unclear. Leick et al.?® re-
ported that DST was overexpressed in human mela-
noma cell lines, but Shimbo et al.?® found that DST
was downregulated in metastatic prostate cancer and
invasive ductal cell carcinoma. SLC35 encodes nucle-
otide sugar transporters in the Golgi apparatus and
endoplasmic reticulum. SLC35A2 mRNA was reported

Figure 4. Gross picture and Ki-67 staining of satellite nodules. A: cut surface for myxoid type of pleomorphic adenoma (scale bar = 1 mm). B:
higher positive tumors cells in satellite nodules (Ki-67 stain x 100, scale bar = 100 um).

) ~ ’ X .
. ) . (4
. v " ...
. e e
v 5 «
.
LR ¥ '
.\ ) "'.‘ ’
P »
- v !
. .
» . ‘ ‘ .

Iy . ) » A5}

. .

A U . /’.,
i\.x . .
L .
,', 2

R N Y

to be significantly increased in malignant colon cancer
tissues, and was related to hematogenous metasta-
sis®. The KCTD15 gene encodes a potassium chan-
nel tetramerization domain associated with obesity.
The overexpression of KCTD15 in pleomorphic ade-
noma could suppress the Wnt/beta-catenin pathway,
which is related to the regulation of cell proliferation
and epithelial-mesenchymal transition?”. TP53 muta-
tions are also related to malignant transformation of
pleomorphic adenoma. The identified mutations
p.R248Q and p.Y220C are known to exert a dominant-
negative effect on the complete inactivation of TP53%'.
Loss of TP53 function is the most common molecular
initiation and progression in human malignancies. In
addition to the genes described above, many genes
(beta-catenin, calponin, EGF, EGFR, ErbB-2, FAS,
FGF-2, p63, PDGF, REG I, TGF beta-1, and WT1)
have been previously explored in the pathogenesis of
pleomorphic adenoma®. If the mechanism of these
genes can be found, we can expect a better prognosis
in the treatment.

In this study, lower cellularity was related to a
higher probability of incomplete capsule formation,
implying the spilling out of tumor cells to the sur-
rounding tissues. In such circumstances, a wider
surgical margin can be considered to avoid recur-
rence. Since the duration of follow-up was <5 years,
we could not evaluate the different histological sub-
types between the recurrent and non-recurrent
groups. The current surgical preference is excision,
not enucleation and as recurrence has decreased
over the past few years, the small sample size is
not ideal. To further investigate the role of cellularity
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in prognosis, earlier cases could be traced in a fu-
ture study.

Conclusion

Pleomorphic adenoma is a benign tumor with a high
recurrence rate. The relationship between lower cel-
lularity and incomplete capsule may be an influencing
factor in the consideration of treatment modalities.

Acknowledgments

The authors wish to appreciate the help of all faculty
members of the Pathological Department of Taipei
Medical University and the statistical support from
Prof. Yung-Kai Huang.

Funding

No funding was received for this study.
Conflicts of interest

The authors of this work have no conflicts of interest.
Ethical disclosures

Protection of human and animal subjects. The
authors declare that no experiments were performed
on humans or animals for this study.

Confidentiality of data. The authors declare that
no patient data appear in this article.

Right to privacy and informed consent. The au-
thors declare that no patient data appear in this
article.

References

1. Nagao T, Sato E, Inoue R, Oshiro H, H Takahashi R, Nagai T, et al.
Immunohistochemical analysis of salivary gland tumors: application for
surgical pathology practice. Acta Histochem Cytochem. 2012;45:269-82.

2. Suh MW, Hah JH, Kwon SK, Jung YH, Kwon TK, Kim KH, et al. Clinical
manifestations of recurrent parotid pleomorphic adenoma. Clin Exp Otor-
hinolaryngol. 2009;2:193-7.

3. Bradley PJ, McGurk M. Incidence of salivary gland neoplasms in a defi-
ned UK population. Br J Oral Maxillofac Surg. 2013;51:399-403.

4. Andreasen S, Therkildsen MH, Bjorndal K, Homge P. Pleomorphic ade-
noma of the parotid gland 1985-2010: a Danish nationwide study of in-
cidence, recurrence rate, and malignant transformation. Head Neck.
2016;38 Suppl 1:E1364-9.

5. Valstar MH, de Ridder M, van den Broek EC, Stuiver MM, van Dijk BA,
van Velthuysen ML, et al. Salivary gland pleomorphic adenoma in the
Netherlands: a nationwide observational study of primary tumor inciden-
ce, malignant transformation, recurrence, and risk factors for recurrence.
Oral Oncol. 2017;66:93-9.

6. Valstar MH, Andreasen S, Bhairosing PA, McGurk M. Natural history of
recurrent pleomorphic adenoma: implications on management. Head
Neck. 2020;42:2058-66.

18.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

. Knight J, Ratnasingham K. Metastasising pleomorphic adenoma: syste-

matic review. Int J Surg. 2015;19:137-45.

. Falcdo AS, Kataoka MS, Ribeiro NA, Diniz JA Jr., Alves SM Jr.,

Ribeiro AL, et al. A novel cell line derived from pleomorphic adenoma
expresses MMP2, MMP9, TIMP1, TIMP2, and shows numeric chromo-
somal anomalies. PLoS One. 2014;9:e105231.

. Nagel H, Laskawi R, Wahlers A, Hemmerlein B. Expression of matrix

metalloproteinases MMP-2, MMP-9 and their tissue inhibitors TIMP-1, -2,
and -3 in benign and malignant tumours of the salivary gland. Histopa-
thology. 2004;44:222-31.

. Zhang X, Wang Y, Yamamoto G, Tachikawa T. Expression of matrix

metalloproteinases MMP-2, MMP-9 and their tissue inhibitors TIMP-1 and
TIMP-2 in the epithelium and stroma of salivary gland pleomorphic ade-
nomas. Histopathology. 2009;55:250-60.

. Adley BP, Gleason KJ, Yang XJ, Stack MS. Expression of membrane

type 1 matrix metalloproteinase (MMP-14) in epithelial ovarian cancer:
high level expression in clear cell carcinoma. Gynecol Oncol.
2009;112:319-24.

. Ricci S, Bruzzese D, DI Carlo A. Evaluation of MMP-2, MMP-9, TIMP-1,

TIMP-2, NGAL and MMP-9/NGAL complex in urine and sera from pa-
tients with bladder cancer. Oncol Lett. 2015;10:2527-32.

. Park GC, Cho KJ, Kang J, Roh JL, Choi SH, Kim SY, et al. Relationship

between histopathology of pleomorphic adenoma in the parotid gland and
recurrence after superficial parotidectomy. J Surg Oncol. 2012;106:942-6.

. Glas AS, Hollema H, Nap RE, Plukker JT. Expression of estrogen recep-

tor, progesterone receptor, and insulin-like growth factor receptor-1 and
of MIB-1 in patients with recurrent pleomorphic adenoma of the parotid
gland. Cancer. 2002;94:2211-6.

. Driemel O, Maier H, Kraft K, Haase S, Hemmer J. Flow cytometric DNA

ploidy in salivary gland tumours. Oncol Rep. 2005;13:161-5.

. Obtulovicova K, Starek I, Salzman R, Kalis A, Ehrmann J, Sicak M, et al.

Recurrent salivary pleomorphic adenoma shows increased immunohis-
tologic expression of bcl-2 oncoprotein. Biomed Pap Med Fac Univ Pa-
lacky Olomouc Czech Repub. 2015;159:460-5.

. Naeim F, Forsberg MI, Waisman J, Coulson WF. Mixed tumors of the

salivary glands. Growth pattern and recurrence. Arch Pathol Lab Med.
1976;100:271-5.

Reshma V, Rao K, Priya NS, Umadevi HS, Smitha T, Sheethal HS.
Expression of maspin in benign and malignant salivary gland tumors: an
immunohistochemical study. Indian J Dent Res. 2014;25:346-51.

. Seifert G, Langrock |, Donath K. A pathological classification of pleomorphic

adenoma of the salivary glands (author’s transl). HNO. 1976;24:415-26.
Alves FA, Perez DE, Almeida OP, Lopes MA, Kowalski LP. Pleomorphic
adenoma of the submandibular gland: clinicopathological and immuno-
histochemical features of 60 cases in Brazil. Arch Otolaryngol Head Neck
Surg. 2002;128:1400-3.

Zbaren P, Stauffer E. Pleomorphic adenoma of the parotid gland: histo-
pathologic analysis of the capsular characteristics of 218 tumors. Head
Neck. 2007;29:751-7.

Paris J, Facon F, Chrestian MA, Giovanni A, Zanaret M. Pleomorphic
adenoma of the parotid: histopathological study. Ann Otolaryngol Chir
Cervicofac. 2004;121:161-6.

Savera AT, Zarbo RJ. Defining the role of myoepithelium in salivary gland
neoplasia. Adv Anat Pathol. 2004;11:69-85.

Iro H, Zenk J, Koch M, Klintworth N. Follow-up of parotid pleomorphic
adenomas treated by extracapsular dissection. Head Neck. 2013;35:788-93.
Sood S, McGurk M, Vaz F. Management of salivary gland tumours:
United Kingdom national multidisciplinary guidelines. J Laryngol Otol.
2016;130:5142-9.

Xu YQ, Li C, Fan JC, Zhang B, Chen JC, Wang ZH, et al. Evidence for
determining the safe surgical margin for pleomorphic adenoma of paro-
tid gland. Zhonghua Er Bi Yan Hou Tou Jing Wai Ke Za Zhi.
2012;47:137-41.

Choi JS, Cho BH, Kim HJ, Kim YM, Jang JH. Identification of new genes
of pleomorphic adenoma. Medicine (Baltimore). 2019;98:e18468.

Leick KM, Rodriguez AB, Melssen MM, Benamar M, Lindsay RS, Eki R, et
al. The barrier molecules junction plakoglobin, filaggrin, and dystonin play
roles in melanoma growth and angiogenesis. Ann Surg. 2019;270:712-22.
Shimbo T, Tanemura A, Yamazaki T, Tamai K, Katayama |, Kaneda Y.
Serum anti-BPAG1 auto-antibody is a novel marker for human melano-
ma. PLoS One. 2010;5:10566.

Kumamoto K, Goto Y, Sekikawa K, Takenoshita S, Ishida N, Kawakita M,
et al. Increased expression of UDP-galactose transporter messenger
RNA in human colon cancer tissues and its implication in synthesis of
Thomsen-Friedenreich antigen and sialyl Lewis A/X determinants. Can-
cer Res. 2001;61:4620-7.

Valstar MH, Mast H, Ten Hove |, Moonen LR, Balm AJ, Smeele LE, et al.
Malignant transformation of salivary gland pleomorphic adenoma: proof
of principle. J Pathol Clin Res. 2021;7:432-7.

Langman G, Andrews CL, Weissferdt A. WT1 expression in salivary
gland pleomorphic adenomas: a reliable marker of the neoplastic myoepi-
thelium. Mod Pathol. 2011;24:168-74.



