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Abstract Salivary duct carcinoma is a highly aggressive

salivary gland malignancy that may be misdiagnosed as

high-grade mucoepidermoid carcinoma. We utilized tissue

microarrays with 78 examples of mucoepidermoid carci-

noma and 47 salivary duct carcinomas to evaluate the

utility of an immunohistochemical panel consisting of

androgen receptor, Her2/neu, p63, and cytokeratin 5/6 in

distinguishing these entities. Among all cases in the

cohorts, androgen receptor was highly specific for salivary

duct carcinoma, while cytokeratin 5/6 and p63 were spe-

cific for mucoepidermoid carcinoma. While the rate of

unequivocal Her2/neu overexpression among the salivary

duct carcinomas was low (8.9 %), discrimination of sali-

vary duct carcinoma was enhanced when this marker was

used in combination with androgen receptor due to pro-

found sensitivity. The immunohistochemical panel was

particularly efficacious at distinguishing the problematic

subset of high-grade mucoepidermoid carcinomas from

salivary duct carcinoma. Utilization of this set of immu-

nohistochemical markers allows reliable differentiation of

salivary duct and mucoepidermoid carcinoma, a distinction

with important prognostic and therapeutic implications.
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Introduction

The World Health Organization defines salivary duct car-

cinoma (SDC) as an aggressive adenocarcinoma whose

histopathologic features mimic those of breast ductal car-

cinoma [1]. Most patients are diagnosed in the sixth or

seventh decade of life, and many but not all series dem-

onstrate a significant male predominance [2–22]. The

tumor occurs almost exclusively in major salivary glands

with the parotid gland being the most common site and

some cases arising in a preexisting pleomorphic adenoma

(PA) [2–22]. Analogous to breast carcinoma is the frequent

overexpression of the growth factor receptor Her2/neu (c-

erbB-2); studies examining this marker in SDC have

demonstrated expression rates up to 100 % [10, 12–25].

SDC is also notable for its frequent expression of androgen

receptor (AR), with most series demonstrating positivity in

at least two-thirds of cases [6, 7, 9, 12, 13, 21, 25]. Out-

comes are typically poor among patients with SDC; local

recurrence, regional metastasis, and distant metastasis are

frequent, and many patients die of the disease, although

exceptions do rarely occur [2–20, 26]. Given these poor

outcomes, therapy for SDC is typically aggressive, con-

sisting of complete surgical excision with lymph node

dissection and postoperative radiation with or without

adjuvant chemotherapy [21]. Additionally, there is early

evidence that trastuzumab and anti-androgen therapy may

be efficacious in managing either primary and/or metastatic

disease [19, 27–31]. More recent studies have demon-

strated abnormalities in the phosphoinositide 3-kinase

pathway in some SDCs, creating another parallel with

breast carcinoma and additional targets for therapy [32].

Mucoepidermoid carcinoma (MEC) is the most common

malignant primary salivary gland tumor and is composed

of a mixture of mucous, intermediate, and epidermoid

R. T. Butler � D. Thomas � A. S. McDaniel � J. B. McHugh (&)

Department of Pathology, University of Michigan, 1500 E.

Medical Center Drive, Room 2G332 UH, Ann Arbor, MI 48109,

USA

e-mail: jonamch@umich.edu

M. E. Spector

Department of Otolaryngology, Head and Neck Surgery,

University of Michigan, 1500 E. Medical Center Drive,

Ann Arbor, MI 48109, USA

123

Head and Neck Pathol (2014) 8:133–140

DOI 10.1007/s12105-013-0493-5



(squamoid) cells [33]. In contrast to SDC, MEC is observed

over a wider age range, has a female or less striking male

predominance, and occurs in major and minor salivary

glands with approximately equal frequency [34–38]. MEC

can be graded on the basis of five microscopic features

[34], and outcome is significantly correlated with tumor

grade [34–38]. The chromosomal translocation t(11;19),

resulting in a fusion protein that appears to disrupt the

Notch signaling pathway, is observed in a subset of MEC

that includes all grades of tumor [39–41].

Recently, Chenevert et al. [41] highlighted the fre-

quency with which high-grade MEC is misdiagnosed, and

we have noticed in our own consultation practice that SDC

is often mistakenly categorized as high-grade MEC. Given

the emerging evidence that biologic therapies such as

trastuzumab and anti-androgen agents may have a role in

management of SDC, we sought to evaluate the efficacy of

a panel of widely available, well-characterized immuno-

histochemical stains consisting of androgen receptor, Her2/

neu, p63, cytokeratin 5/6, and cytokeratin k903 in differ-

entiating SDC from MEC. Specifically, we hypothesized

that SDC would show a significantly higher rate of

expression of androgen receptor and Her2/neu, while the

epidermoid features of MEC would correlate with a greater

degree of expression of p63, cytokeratin 5/6, and cyto-

keratin k903.

Methods

A search of the surgical pathology and teaching files of the

Department of Pathology at the University of Michigan

identified 47 cases of SDC, including three cases of non-

invasive carcinoma arising within a PA and six cases

originally misdiagnosed as high-grade MEC, for which

slides and/or formalin-fixed, paraffin-embedded blocks

were available. The University of Michigan Institutional

Review Board provided a waiver of informed consent to

obtain these samples. After pathological review to confirm

the diagnosis of SDC, a tissue microarray (TMA) was

constructed from representative areas of tumor, either pri-

mary or metastatic, using the methodology of Nocito, et al.

[42]. A similarly constructed, preexisting TMA consisting

of 78 cases of confirmed MEC was also utilized in this

study. Each case was represented by either two 1-mm

diameter cores (SDC TMA) or three 0.7-mm diameter

cores (MEC TMA). Criteria for inclusion of cases in the

respective TMAs were as follows. A tumor was classified

as SDC when it exhibited an infiltrating component char-

acterized by irregular tubules, cribriform nests, and/or

single cells. Cytologically, the malignant cells had apocrine

features, including abundant pink cytoplasm, marked

nuclear pleomorphism, and vesicular chromatin with

prominent nucleoli. The presence of an intraductal com-

ponent was not required for inclusion within the SDC

TMA, but when present intraductal growth patterns inclu-

ded cribriform architecture and prominent comedonecrosis.

Tumors without these defining features, which were better

classified as adenocarcinoma not otherwise specified were

excluded, as was carcinoma metastatic to the salivary

glands on the basis of patient history. Lastly, all neoplasms

included in the SDC array were high-grade; specifically,

low-grade cribriform cystadenocarcinoma (so-called low-

grade SDC) was excluded. Inclusion in the MEC cohort

required the presence of a mixture of mucus, intermediate,

and epidermoid (squamoid) cells as well as the lack of the

typical intraductal and infiltrating growth patterns as

described for SDC. Each of the MECs was graded using

standard criteria as a low-, intermediate-, or high-grade

tumor [34]; high-grade MECs were characterized by the

presence of predominantly solid growth, rare mucous cells,

significant cytologic atypia with frequent mitoses, necrosis,

and/or perineural invasion. The number of low-, interme-

diate-, and high-grade MECs included in study were 49, 22,

and seven, respectively.

Immunohistochemistry was performed on sections of

the TMAs using antibodies directed against androgen

receptor (AR), Her2/neu, cytokeratin (CK) 5/6, high

molecular weight cytokeratin k903 (34bE12), and p63.

Immunohistochemical staining was performed on a DAKO

Autostainer (DAKO, Carpinteria, CA) using DAKO

LSAB? and diaminobenzadine (DAB) as the chromogen

with the exception of AR and Her2/neu, which used a

polymerized detection system (Envision?, DAKO). Serial

sections of de-paraffinized TMA sections were labeled with

p63 (mouse monoclonal antibody, clone 4A4, 1:400,

Thermo Fischer Scientific, Kalamazoo, MI, MS1081), CK

5/6 (mouse monoclonal antibody, clone D5/16 B4, 1:100,

Millipore, Billerica, MA, MAB1620), CK k903 (mouse

monoclonal antibody, clone 34bE12, 1:50, DAKO,

M0630), AR (mouse monoclonal antibody, clone AR441,

1:50, DAKO, M3562) or Her2/neu (rabbit polyclonal

antibody, 1:100, DAKO, A0485). Microwave citric acid

epitope retrieval was used for all antibodies with the

exception of Her2/neu. Appropriate negative (no primary

antibody) and positive controls were stained in parallel

with each set of tumors studied.

The results of immunohistochemical staining were

independently scored by two of the authors (RTB and

JBM). For AR, p3, CK 5/6, and CK k903, scores were

assigned based on percentage of stained tumor cells, while

Her2/neu results were evaluated with an established system

used in diagnosis of breast carcinoma [43] (Table 1). In

those examples of SDC that arose from a preexisting PA,

immunohistochemical staining was evaluated only in the

carcinomatous component. For statistical computations,
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cases were classified as negative (score 0 staining) or

positive (score 1? or more) for AR, p63, CK 5/6, and CK

k903 and as negative (score B2?) or positive (score 3?)

for Her2/neu. In cases in which there was disagreement

among the two reviewers that impacted categorization of a

case as having positive or negative staining, the case was

reviewed jointly until consensus was achieved. For a subset

of cases, one or more immunostains was performed on a

whole section of tumor and scored as outlined above if its

cores were missing and/or lacked neoplastic cells on the

corresponding TMA slide.

Statistical analysis using SPSS software (version 20,

IBM Corporation, Armonk, NY) was conducted to deter-

mine the sensitivity, specificity, positive predictive value,

and negative predictive value of the immunohistochemical

staining results with the morphologic classification of a

case as an SDC or MEC considered the gold standard

diagnosis. Positive predictive values and negative predic-

tive values were calculated even though the overall prev-

alence of these tumors is low to determine the likelihood of

the test being positive when considering a differential

diagnosis of SDC and MEC.

Results

Figure 1 illustrates examples of diagnostically challenging

SDC and high-grade MEC and representative results of

immunostaining. Table 2 summarizes demographic and

basic clinicopathologic features of the patients whose

tumors were included in the MEC and SDC TMAs. The

proportion of men was greater in the SDC group compared

with the MEC group, and the mean and median age was

younger in the MEC group compared with the SDC group.

Both groups had a preponderance of parotid malignancies

compared to other sites.

Cytokeratin k903 did not demonstrate discriminatory

power between MEC and SDC, tending to exhibit diffuse

staining in both types of tumor, and is thus not discussed

further (data not shown). The distribution of immunohis-

tochemical staining for the four remaining immunostains

under study is shown in Table 3. Note that the total number

of evaluable tumors varied for each stain due to cores that

were missing and/or consisted only of non-neoplastic cells

on the respective TMA slides. Tables 4 and 5 present the

classification of tumors as positive (score C1?) or negative

for each of the four immunostains when considered indi-

vidually. The sensitivity, specificity, positive predictive

value, and negative predictive value for AR to detect SDC

was 73.3, 100, 100, and 83.0 %, respectively. The sensi-

tivity, specificity, positive predictive value, and negative

predictive value for Her2/neu to detect SDC was 8.9, 100,

100, and 63.4 %, respectively. The sensitivity, specificity,

positive predictive value, and negative predictive value for

p63 to detect MEC was 95.4, 87.2, 91.2, and 93.2 %,

respectively. The sensitivity, specificity, positive predictive

value, and negative predictive value for CK 5/6 to detect

MEC was 93.8, 63.8, 77.9, and 88.2 %, respectively.

Table 6 shows the classification of tumors as having

positive or negative staining results using the combination

of stains AR and Her2/neu and p63 and CK 5/6. The results

of immunostaining for the high-grade MECs and those

SDCs originally misdiagnosed as MEC are displayed in

Tables 7 and 8, respectively.

Discussion

The cohorts of patients with MEC and SDC included in this

study were similar to those in previous reports [2–22, 31–

35]. Specifically, the patients diagnosed with SDC were

older, showed a stronger male predominance, and had a

higher percentage of tumors that arose in major salivary

glands. Among the seven SDC patients whose tumor arose

outside a major salivary gland, five occurred in conjunction

with a PA (two cases of noninvasive disease within a pa-

rapharyngeal PA and three cases of carcinoma ex PA in the

parapharyngeal space, hard palate, and maxilla).

A previous study demonstrated the frequency with

which other entities are mistakenly diagnosed as MEC

[38]. Indeed, our SDC cohort included six patients whose

tumors were originally diagnosed as MEC. A variety of

factors contribute to the difficulty in distinguishing SDC

and MEC on morphologic grounds. Firstly, high-grade

MECs are designated as such due to the presence of

Table 1 Criteria for scoring Immunohistochemical results

Percentage of positive tumor cells Score

Androgen receptor, p63,

cytokeratin 5/6, cytokeratin k903

0 0

1–25 % 1?

26–50 % 2?

51–75 % 3?

76–100 % 4?

Staining pattern Score

Her2/neu

None 0

Weak, incomplete membrane staining 1?

Weak, circumferential membranous and/

or positivity in \30 % of tumor cells

2?

Intense, circumferential membranous

staining in [30 % of tumor cells

3?
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Fig. 1 Example of salivary

duct carcinoma exhibiting

prominent lobular growth with

comedonecrosis,

microcalcifications, cystic

spaces, and large eosinophilic

cells with vesicular nuclei (a,

b). This case was diffusely,

albeit weakly, positive for

androgen receptor (c) and

lacked cytokeratin 5/6 (d) and

nuclear p63 (e) staining. Her2/

neu was not overexpressed in

this tumor (not shown). A high-

grade mucoepidermoid

carcinoma with predominantly

solid growth with areas of

necrosis (f), conspicuous

mitoses, vesicular nuclei, and

only rare mucous cells (g). This

neoplasm was diffusely positive

for both cytokeratin 5/6 (h) and

p63 (i) and negative for Her2/

neu (j) and androgen receptor

(not shown)
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histologic features commonly seen in SDC: predominance

of solid over cystic growth, neural invasion, necrosis, and a

relatively brisk mitotic rate [31]. Adding to confusion in

this differential diagnosis is the occurrence of extracellular

mucin and vacuolated cells, some containing mucin, in

SDC [8, 9, 16, 25, 38]. A mucin-rich variant of SDC has

also been described, in which areas consisting of lakes of

mucin with nests and individual cells are admixed with a

more SDC typical component, the latter also containing

vacuolated cells [13]. Finally, SDC may have a squamoid

appearance, and frank focal keratinization has been

observed in SDC [4, 5].

The immunohistochemical panel evaluated in this study

was able to distinguish SDC and MEC with good sensi-

tivity and specificity. While AR is not perfectly sensitive

for SDC, being negative in over a quarter of our cases, it is

exquisitely specific in that none of the MECs exhibited any

staining with this marker (Table 3). Similarly, diffuse

staining (score 3? or 4?) with either p63 or CK 5/6 is

highly specific for MEC as this level of expression was not

observed for either marker in any of the SDCs. It is

interesting to note that there was variation in the level of

expression of both p63 and CK 5/6 according to tumor

grade for MEC. In accordance with their more prominent

epidermoid component, a greater proportion of intermedi-

ate- and high-grade MECs had 3? or 4? expression of

these markers than did low-grade neoplasms (Table 3). As

discussed below, furthermore, the stronger tendency of

intermediate- and high-grade MECs to express p63 and CK

5/6 endows the immunohistochemical panel with utility in

separating those cases most likely to mimic SDC. Her2/neu

offered poor discriminatory power, largely because the

majority of both the SDCs and MECs lacked overexpres-

sion of this protein. Nonetheless, overexpression (3?

staining) and equivocal results with this marker (2?) were

seen only in SDC. Interestingly, the detection of MEC lost

power when combining p63 and CK 5/6 due to the

decreased specificity of CK 5/6 when compared to p63.

This finding may suggest that p63 alone would be a better

marker for MEC than CK 5/6 or the combination.

The immunohistochemical panel assessed here appears

to offer particular utility in those situations most likely to

create diagnostic difficulty, i.e. in separating SDC from

high-grade MEC. Specifically, for the seven high-grade

tumors included in our MEC cohort, none exhibited

expression of AR or overexpression of Her2/neu, while all

seven tumors were diffusely positive (score 3? or 4?) for

p63 and/or CK 5/6 (Table 7). Thus the sensitivity and

specificity of p63 and CK 5/6 to identify high-grade MEC

is 100 %. Similarly, for the subset of SDCs that were

incorrectly misdiagnosed as MEC, none of these tumors

had more than scattered positivity with both p63 and CK

5/6, and all demonstrated diffuse AR staining and/or 2? or

3? Her2/neu staining (Table 8).

There were 14 tumors in the MEC cohort that had a

staining score of B2? with both p63 and CK 5/6. Among

these cases, 12 were low-grade neoplasms, and two were of

intermediate grade. Thus, those MECs that were not dif-

fusely positive for either p63 or CK 5/6 are of the type

unlikely to enter the differential diagnosis with SDC. We

also noted that three of the MECs with p63 and CK 5/6

staining scores of B2? were represented on the TMA by

tissue obtained from blocks that had been decalcified,

which may have contributed to falsely weak staining.

Expression of AR is characteristic of SDC. Among our

cases, 45 had evaluable material, of which 33 (73.3 %)

exhibited some degree of AR expression. Given the limited

amount of tumor evaluated in the TMA and our observa-

tion that AR positivity was often focal, this rate of AR

expression may be lower than would have been observed in

whole tissue sections. Nonetheless, the frequency of AR

expression reported here is in accordance with other stud-

ies, which have documented rates of 67–100 % [6, 7, 9, 12,

13, 25]. The largest previous study to our knowledge to

have examined AR expression in SDC found positivity in

56 of 84 cases (67 %) with positive cases constituting a

range of those with focal expression to others with diffuse

expression [12].

Studies of Her2/neu overexpression in SDC have varied

in methodology, with some studies reporting rates of

Table 2 Demographic and clinicopathologic features of mucoepi-

dermoid carcinoma and salivary duct carcinoma cohorts

Mucoepidermoid

carcinoma (MEC)

Salivary duct

carincoma (SDC)

Number of patients 78 47

Men (%) 41 (52.6 %) 32 (68.1 %)

Women (%) 37 (47.4 %) 15 (31.9 %)

Mean/median age (years) 49.7/50.7 63.3/64.8

Sites

Parotid gland 30 35

Submandibular gland 4 4

Sublingual gland 2 1

Palate 24 1

Other intraorala 10 0

Parapharyngeal 1 3

Maxilla 1 1

Lacrimal gland 1 2

Lung 5 0

Grade

Low 49 N/A

Intermediate 22 N/A

High 7 N/A

a Base of tongue (4), buccal mucosa (3), mandible (2), retromolar

trigone (1)
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expression and others utilizing criteria analogous to those

used in breast carcinoma to examine the rates of

unequivocal overexpression [10, 12–20, 22–25]. As dis-

cussed above, few of our SDCs exhibited overexpression of

Her2/neu, with only 8.9 % of cases having unequivocal

overexpression (score 3?). While this rate is lower than

that reported by other studies utilizing similar scoring

systems, we considered cases as demonstrating overex-

pression only in the presence of intense, circumferential

staining of at least 30 % of neoplastic cells, as is

recommended for breast carcinoma [40]; this criterion is

more stringent than the 10 % threshold used in the other

studies that used a similar scoring modality [12, 20, 22,

23].

It is noteworthy that a recent study by Di Palma, et al.

has highlighted the immunophenotypic heterogeneity of

SDC and that SDCs may be classified analogously to breast

carcinoma. Specifically, expression of AR, Her2/neu,

estrogen receptor, progesterone receptor, and epidermal

growth factor receptor (EGFR) may be used to categorize

Table 3 Distribution of Immunohistochemical results

Marker Immunohistochemical Score Total

0 1? 2? 3? 4?

AR

SDC 12 (26.7 %) 8 (17.8 %) 3 (6.7 %) 6 (13.3 %) 16 (35.6 %) 45

MEC 59 (100 %) 0 0 0 0 59

Low 40 (100 %) 0 0 0 0 40

Int. 14 (100 %) 0 0 0 0 14

High 5 (100 %) 0 0 0 0 5

Her2/neu

SDC 29 (64.4 %) 6 (13.3 %) 6 (13.3 %) 4 (8.9 %) N/A 45

MEC 45 (63.4 %) 26 (36.6 %) 0 0 N/A 71

Low 30 (65.2 %) 16 (34.8) 0 0 N/A 46

Int. 9 (50 %) 9 (50 %) 0 0 N/A 18

High 6 (85.7 %) 1 (14.3 %) 0 0 N/A 7

p63

SDC 41 (87.2 %) 5 (10.6 %) 1 (2.2) 0 0 47

MEC 3 (4.6 %) 5 (7.7 %) 10 (15.4 %) 18 (27.7 %) 29 (44.6 %) 65

Low 3 (7.0 %) 4 (9.3 %) 7 (16.3 %) 14 (32.6 %) 15 (34.9 %) 43

Int. 0 1 (6.3 %) 2 (12.5 %) 3 (18.8 %) 10 (62.5 %) 16

High 0 0 1 (16.7 %) 1 (16.7 %) 4 (66.7 %) 6

CK 5/6

SDC 30 (63.8 %) 14 (29.8 %) 3 (6.4 %) 0 0 47

MEC 4 (6.3 %) 8 (12.5 %) 16 (25.0 %) 14 (21.9 %) 22 (34.4 %) 64

Low 3 (7.3 %) 6 (14.6 %) 13 (31.7 %) 8 (19.5 %) 11 (26.8 %) 41

Int. 0 2 (12.5 %) 2 (12.5 %) 5 (31.3 %) 7 (43.8 %) 16

High 1 (14.3 %) 0 1 (14.3 %) 1 (14.3 %) 4 (57.1 %) 7

AR androgen receptor, CK 5/6 cytokeratin 5/6, SDC salivary duct carcinoma, MEC mucoepidermoid carcinoma, Low low-grade, Int. interme-

diate-grade, High high-grade

Table 4 Classification of tumors as positive or negative with AR and

Her2/neu

SDC MEC

AR? 33 0

AR- 12 59

Her2/neu? 4 0

Her2neu- 41 71

AR androgen receptor, SDC salivary duct carcinoma, MEC mucoep-

idermoid carcinoma

Table 5 Classification of tumors as positive or negative with p63 and

CK 5/6

SDC MEC

p63? 6 62

p63- 41 3

CK 5/6? 17 60

CK 5/6- 30 4

CK 5/6 cytokeratin 5/6, SDC salivary duct carcinoma, MEC muco-

epidermoid carcinoma
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SDCs as of Her2, luminal, luminal androgen, or basal

phenotypes, although the current prognostic and/or thera-

peutic implications of such classification are unknown [44].

Among our cases, there were 12 that lacked expression of

AR. Two of these tumors would be classified as Her2

phenotype in the schema of Di Palma, et al. on the basis of

unequivocal overexpression of Her2/neu, while a third had

equivocal Her2/neu positivity (2?) and may also have

proven to be of the Her2 phenotype had evaluation for gene

amplification been undertaken. Of the 12 AR-negative

SDCs, four had 1? or 2? expression of CK 5/6, which

would warrant classification as the basal subtype. The

remaining five AR-negative SDCs also lacked expression

of Her2/neu and CK 5/6 but may also represent basal

phenotype tumors (rather than indeterminate) if shown to

express EGFR. Our results, therefore, also demonstrate

variability of immunophenotype in SDC, including the

occurrence of the basal phenotype.

While the immunohistochemical panel we studied

appears quite efficacious in the differential diagnosis of

SDC and MEC, it should be mentioned that detection of the

t(11;19) (MECT1-MAML2 fusion) may be an alternative

means of differentiating SDC from MEC. While this

translocation appears specific for MEC and has been

observed in all tumor grades [36–38], it is not seen in all

cases. Furthermore, in situ hybridization assays for the

t(11;19) translocation are not widely available. The

immunohistochemical panel described in this study, in

contrast, consists of common markers offered in most

clinical pathology laboratories.

Distinguishing SDC and MEC on morphologic grounds

can be difficult but is crucial for planning therapy and

evaluating patient prognosis. Our results demonstrate that

an immunohistochemical panel consisting of AR, Her2/

neu, p63, and CK 5/6 can greatly aid in the reliable dif-

ferentiation of these tumors. These immunohistochemical

markers are particularly useful in distinguishing SDC from

high-grade MEC.
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