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Abstract

Introduction: Periocular sebaceous carcinoma (PSC) remains a
common diagnostic pitfall both clinically and histomorpho-
logically. PRAME (preferentially expressed antigen in mela-
noma) has been studied in the various neoplasms as proposed
as diagnostic and therapeutic markers. PRAME is expressed in
normal sebaceous units and in some sebaceous lesions;
however, its utility in sebaceous carcinoma diagnosis has not
yet been extensively investigated. We conducted a 13-year
retrospective review of the patients diagnosed with PSC at the
National Specialist Ophthalmic Pathology Service in Liverpool.
Herein, we report the histomorphological and immunohisto-
chemical (IHC) features of these tumors, particularly PRAME
expression in this cohort. Methods: Thirty-one PSC cases di-
agnosed between 2009 and 2022 were retrieved from the
histopathology archives. Twenty cases diagnosed as invasive
PSC and 11 cases with in situ PSC were included. The hema-
toxylin and eosin (H&E) slides and previously performed IHC

slides were reviewed; clinical information data were obtained.
Cases with an adequate tissue were also stained for PRAME
(preferentially expressed antigen in melanoma) and adipophilin
(if not already performed). Results: In total, there were 24
females and 7 males diagnosed with PSC, ranging from 55 to
90 years (median, 78 years). The types of specimens received
were 11 conjunctival mapping biopsies, 19 excisions/wedge
resections, and 1 orbital exenteration. The eyelid was the
commonest site involved (n = 24), followed by eyelid with
conjunctiva (3), and conjunctiva alone (4). All patients presented
with the clinical suspicion of malignancy. Histologically, 11
invasive PSC (55%) exhibited poorly differentiated morphology,
composed of predominantly atypical basaloid cells with min-
imal sebocytic differentiation; 9 cases (45%) were moderately
differentiated with noticeable finely multivacuolated cytoplasm;
and 3 (15%) showed associated comedo necrosis. Most invasive
PSC showed moderate-to-brisk mitotic activities. Of those cases
with available immunostains (n = 31), 25 (80.6%) expressed
adipophilin; 18 (58.1%) Ber-EP4; 14 (45.2%) epithelial mem-
brane antigen (EMA); and 5 (16.1%) both androgen receptor
and perforin positivity. PRAME expression was seen in normal
sebaceous glands; however, only (5/19; 26%) of invasive PSC
showed focal weak-to-moderate PRAME positivity, and mostly
in moderately differentiated tumors. None of the in situ PSCs
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were PRAME-positive. Conclusions: Most PSCs are moderate-to-
poorly differentiated. Although PRAME is expressed in normal
sebaceous units, it appears less useful as diagnostic marker for
PSC, especially in poorly differentiated tumors. In difficult cases,
panels of IHC studies (adipophilin, Ber-EP4, and EMA) achieve a

definitive diagnosis. © 2023 The Author(s).
Published by S. Karger AG, Basel

Introduction

Sebaceous carcinoma (SC) is a malignant sebaceous gland
tumor and generally classified into periocular and non-
ocular SC [1-3]. Periocular sebaceous carcinoma (PSC) is
rare, accounting for 1-4% of eyelid tumors [1, 4, 5].
However, its prevalence varies geographically, from 1% to
5.5% in the USA to as high as 28-60% in Asian-Indian
populations [1, 5]. It behaves aggressively and is associated
with high morbidity and mortality [3, 6]. The gold standard
for diagnosis is tissue biopsy; however, in the periocular
region only small tissue samples are obtained, leading to
diagnostic issues [7, 8]. PSC may also mimic other skin
tumors histomorphologically, leading to potential misin-
terpretation and difficulty in reaching an accurate diagnosis
[3, 9, 10]. Typically, a panel of immunohistochemical (IHC)
markers is required to secure the diagnosis. This typically
includes adipophilin, which detects intracellular lipid droplet
in sebaceous lesions [9]. Although adipophilin has been
considered a useful marker in diagnosing SC, there are
certain limitations and challenges associated with its inter-
pretation in some cases, as it can exhibit various staining
patterns and it is also expressed in some clear-cell neoplasms,
including trichilemmomas and hidradenomas [1, 5, 6,
10-12]. Recently, “preferentially expressed antigen in mel-
anoma” (PRAME), a diagnostic, immunotherapeutic target
and prognostic marker in melanocytic lesions [6, 8, 11-13],
was found to be expressed in normal sebaceous glands [6, 8,
11]. Two recent studies showed PRAME is useful as diag-
nostic IHC marker for sebaceous lesions [8, 11]. The purpose
of the study was to review the histomorphological and THC
findings on PSC in our institution and to evaluate the
expression of PRAME compared to adipophilin.

Materials and Methods

Cases

Thirty-one cases of PSC diagnosed between 2009 and 2022
were retrieved from the pathology archives. In total, 20/31 cases of
invasive SC and 11/31 cases of PSC in situ were included. The
H&E-stained sections and the previously performed IHC slides
were reviewed, and the clinical information data were obtained.
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Histological features of PSC aid their degree of sebocytic dif-
ferentiation such that PSC can be classified into 3 categories: well,
moderately, or poorly differentiated based on the WHO grading
system [14]. Samples with either an inadequate tissue or non-
availability of paraffin blocks were excluded. A total of 19/31 with
adequate tissues were stained with PRAME and adipophilin (see
below).

IHC Staining Technique and Interpretation

Paraffin-embedded tissue sections were cut (3-5 um thick),
dried, deparaffinized, and rehydrated using standard procedures.
A commercial antibody to PRAME (clone QR 005 AnatoPath Cat
CSH/17 0 2 PR 29513) is ready to use antibody by using Roche
Ultraview AP detection system on the Benchmark Ultra staining
platform. As described previously, the tissue was also stained with
adipophilin (clone PLIN2/ADFP/Adipophilin Rabbit anti-Human
Polyclonal Antibody), dilution: 1:500, by using Dako/Agilent
Autostainer Link 48 platform [12]. All slides were evaluated by
three pathologists (A.A.S., S.E.C,, and Y.K.).

Interpretation

PRAME expression was evaluated according to the previous
study by Donnell et al. [11]. Only cytoplasmic and perinuclear
staining was considered positive. For the purposes of sebaceous
differentiation, nuclear expression of PRAME was considered as
negative/nondiagnostic. Normal sebaceous glands are used as
internal controls. In the evaluation of immunoreactivity for
PRAME, both the percentage of positive tumor cells and the in-
tensity of staining were considered. The extent of staining is scored
based on the percentage of positive cells as follows: score 0 = no
staining observed; score 1 = less than 5% of cells showing positive
staining or minimal staining observed; score 2 = 5-50% of cells
showing positive staining or focal staining observed; and score 3 =
more than 50% of cells showing positive staining or diffuse staining
observed. The staining intensity is scored based on the strength of
immunoreactivity as follows: score 0 = negative staining; score 1 =
weak staining intensity; score 2 = moderate staining intensity; and
score 3 = strong intensity staining. To determine a composite score
for each case, the scores for the tumor positivity and intensity of
staining are added together. A composite score of 4-6 is considered
positive, indicating significant immunoreactivity, while a com-
posite score of 0-3 is considered negative, indicating minimal or
no immunoreactivity. Assessment of PRAME positivity is sum-
marized in Table 1.

Adipophilin expression was evaluated based on vesicular or
membranous staining of intracytoplasmic lipid droplet positivity.
Granular positivity is considered negative/nondiagnostic. Per-
centages of PRAME and adipophilin expression were calculated.

Statistical Analysis
The only statistical analyses that were applicable in this study
were descriptive analyses.

Results

In total, there were 24 females and 7 males diagnosed with
PSC, ranging from 55 to 90 years (median, 78 years). The
types of specimens received were 11/31; 65% conjunctival
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Table 1. PRAME immunostaining and assessment of positivity (according to the scheme of Donnell et al. [11])

IHC Interpretation
PRAME* e Cytoplasmic and perinuclear staining
e Composite score (4-6 or positive)
e Composite score (0-3 or negative)
e For the purposes of sebaceous differentiation, nuclear expression
of PRAME was considered negative/nondiagnostic
¢ Normal sebaceous glands are used as internal control
0 No staining at all
1+ 1-25% of tumor cells
2+ 26-50% of the tumor cells
3+ 51-75% of the tumor cells
4+ 76-100% or diffuse
Intensity score
Mild 1
Moderate 2
Strong 3
Adipophilin Vesicular or membranous staining of intracytoplasmic lipid droplet positivity

Table 2. Clinicopathological data and initial IHC stains of the examined cases

Age Gender Location Specimen Diagnosis Initial IHC profile
2 F Left upper lid Conjunctival mapping biopsies  SC in situ EMA+, Ber-Ep4—, S100p—,
CEA—, melan A—, and CD15-
64 F Right upper eyelid Right upper eyelid and Invasive SC EMA+, perforin +
conjunctival mapping biopsies
76 F Right lower lid Right eyelid wedge excision and Invasive SC with EMA+, perforin +,
conjunctiva mapping biopsies  in situ adipophilin+
79 F Right tarsal Conjunctiva biopsy SC in situ with focal Ber-EP4+
conjunctiva microinvasion
78 F Eyelid Eyelid wedge resection and Invasive SC EMA+, perforin +,
conjunctiva mapping biopsies adipophilin+
77 F Right lower lid Biopsy Invasive SC with Ber-EP4+, EMA+,
in situ adipophilin+, perforin +
78 F Conjunctiva Conjunctival mapping biopsies SC in situ H&E
82 F Conjunctiva Conjunctival mapping biopsies  SC in situ EMA+, Ber-EP4+, adipophilin,
perforin +
65 M Left upper lid Eyelid wedge resection and Invasive SC H&E
conjunctiva mapping biopsies
20 M Right lower lid margin Biopsies SC in situ Ber-EP4+, adipophilin+,
EMA +
68 M Right lower lid Excisional biopsy Invasive SC EMA+, Ber-Ep4+,
adipophilin+
59 F Right upper lid Wedge excision Invasive SC EMA+, adipophilin+
55 M Upper lid Excision Invasive SC Ber-EP4+, adipophilin+,
EMA +
81 M Right upper lid SCin situ Adipophilin+, Ber-EP4+
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Table 2 (continued)

Age Gender Location Specimen Diagnosis Initial IHC profile

Exenteration and Conjunctival
mapping biopsies

83 M Lower lid Lower lid wedge excision and  SC in situ Ber-EP4+, adipophilin+
conjunctival mapping biopsies

56 M Right upper lid Eyelid wedge resection Invasive SC Ber-EP4+, AR+, adipophilin+
87 F Left eyelid tarsal and  Eyelid resection Invasive SC with Ber-EP4+, adipophilin+
conjunctival lesion in situ component
78 F Left upper lid Shave excision biopsy Invasive SC Adipophilin+
64 F Upper eyelid Eyelid wedge resection and SC in situ Adipophilin+, AR +
conjunctival mapping biopsies
71 F Left upper eyelid Left upper lid wedge biopsy and SC in situ Adipophilin+
left upper lid tarsal conjunctiva
61 F Left lower lid Lower lid excision biopsy and  Invasive SC EMA, Ber-EP4, adipophilin+.
conjunctival mapping CAM 5.2—, AR-
78 M Left upper lid Lid biopsy and conjunctival Invasive SC Adipophilin+
mapping biopsies
86 F Excision Right lower eyelid Invasive SC EMA+, Ber-EP4+,
adipophilin+, AR focal +
77 M Conjunctiva Conjunctival mapping biopsies SC in situ Adipophilin+, EMA +,
Ber-EP4—
68 M Left eyelid Excision Invasive SC EMA+, adipophilin+
88 F Eyelid Conjunctival mapping biopsies SC in situ Ber-EP4+, adipophilin+
58 F Left upper lid Conjunctival mapping biopsies Invasive SC with AR+, adipophilin+
in situ
82 M Right lower lid Eyelid and conjunctival mapping Invasive SC EMA+, Ber-EP4, +
biopsies
69 F Left upper lid Excision Invasive SC EMA, Ber-EP4+, adipophilin+
86 M Right lower lid Excision Invasive SC EMA+, Ber-EP4+, adipophilin,
AR +
8 M Eyelid Excision Invasive SC EMA+, Ber-EP4+,
adipophilin+

SC, sebaceous carcinoma; EMA, epithelial membrane antigen; CEA, carcinoembryonic antigen; AR, androgen receptor; +,
positive; —, negative.

Table 3. Morphological features of PSC

Morphological features Findings

PSC in situ Variable surface epithelial erosion, dense chronic inflammation in the stroma
Invasive SC None of the cases show well-differentiated morphology

Moderately differentiated Arranged in lobules with noticeable intracytoplasmic vacuoles

Poorly differentiated Prominent basaloid cells, lack of intracytoplasmic vacuoles, central comedo necrosis
Other histological findings Multifocal intraepithelial (pagetoid) extension

Most PSCs show moderate-to-brisk mitotic activity
Central pseudo-cystic formation in the tumor
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Fig. 1. SC. a SC in situ (H&E. x200). b Adipophilin-positive in SC in situ. Invasive SC with central comedo necrosis (*)
() and brisk mitotic activity (H&E. x400) (d). e Adipophilin positive in poorly differentiated invasive SC. f PRAME
with cytoplasmic and perinuclear positivity invasive SC. g Normal sebaceous glands (H&E. x200). h Adipophilin-
positive sebaceous glands (x200). i PRAME with cytoplasmic positivity in normal sebaceous glands.

mapping biopsies and 19 excisions/wedge resections and 1/ and conjunctiva alone (4). All patients presented with eyelid
31; 4% orbital exenteration. The eyelid was the commonest  swellings, and most of the cases were presented with clinical
site involved (24), followed by eyelid with conjunctiva (3), suspicion of malignancy. Histologically, 11 tumors (55%)
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Table 4. PRAME positivity in PSC ]
Composite score

PRAME expression composite score

4-6 or positive 0-3 or negative

SC in situ, n (%)
Invasive SC, n (%)

Moderately differentiated, n (%)
Poorly differentiated, n (%)

0/10 (0) 10/10 (100)
5/9 (56) 4/9 (44)
4/5 (80) 1/5 (20)
1/4 (25) 3/4 (75)

Table 5. Comparison of PRAME and adipophilin expression
in PSC

Antibody PRAME Adipophilin
Positive, n (%) 5/19 (26) 18/19 (95)
Negative, n (%) 14/19 (74) 1/19 (5)

exhibited poorly differentiated morphology, composed of
predominantly basaloid cells with minimal sebocytic dif-
ferentiation; 9 cases (45%) were moderately differentiated
with noticeable finely multivacuolated cytoplasm; 3 (15%)
showed associated central comedo necrosis. Other histo-
logical features included central pseudo-cystic formation
within the tumor nests (10%). Most invasive PSCs showed
moderate-to-brisk mitotic activity. All PSC in situ (11/11,
100%) exhibited a variable surface erosion and dense chronic
inflammation within the stroma.

The cases that had immunohistochemistry were 25
(80.6%) positive for adipophilin, 18 (58.1%) Ber-EP4-
positive, 14 (45.2%) epithelial membrane antigen
(EMA)-positive, and 5 (16.1%) are positive for androgen
receptor and perforin, respectively. The clinical infor-
mation and IHCs are summarized in (Table 2). The
morphological features are summarized in (Table 3).

PRAME Immunostaining

In total, 5/19 (26%) cases of invasive PSC were positive
for PRAME (Table 3). The reactivity of PRAME staining
was focal and patchy with only weak-to-moderate in-
tensity (Fig. 1). Of the 5 PRAME-positive cases, 4 were
moderately differentiated tumors, and 1 case was poorly
differentiated tumor. None of the PSC in situ cases
showed PRAME immunoreactivity (Table 4).

Adipophilin Immunostaining

In total, 18/19 sebaceous lesions (95%) were
adipophilin-positive. All invasive PSC cases (9/9; 100%)
were positive for adipophilin, while 9 cases of PSC in situ
(9/10; 90%) were positive for this marker (Table 5). The

6 Ocul Oncol Pathol 2024;10:1-8
DOI: 10.1159/000535169

intensity staining was moderate-to-strong distinct ve-
sicular and membranous staining of intracytoplasmic

lipid droplet positivity (Fig. 1).

Discussion

SC is a malignant sebaceous neoplasm that can occur at
any site but most commonly in the head and neck region,
particularly at the periocular location [3, 4, 6, 14]. Ex-
traocular SC is encountered in the skin of the head and
neck, followed by the trunk, genital regions, and ex-
tremities [3, 4, 6, 14]. PSC, particularly at the eyelid, de-
velops de novo and can be uncommonly associated with
the other sebaceous lesions or associated with Muir-Torre
syndrome [3, 15]. There are several studies suggesting that
mutation of the tumor suppressor protein P53 contributes
the underlying pathogenesis of the SC [3, 4, 14]. Typically,
middle-aged or elderly patients with a median age at di-
agnosis of 73 years are affected [1]. Diverse presentations
of PSC can lead to mimic inflammatory and non-
neoplastic conditions [10]. The most typical clinical
manifestation of SC is a painless, slowly growing subcu-
taneous pink to yellowish nodule [13]. In periocular le-
sions, patients can present with chalazion, blepharitis,
cicatricial pemphigoid, or conjunctivitis [4, 7].

Histological features of SC are based on the degree of
differentiation, with SC being classified into well-,
moderately, or poorly differentiated tumors [3, 4, 7].
Sebocytic differentiation is defined as bubbly multi-
vesicular cytoplasmic clearing with or without nuclear
scalloping [10]. The commonly recognized histological
patterns of infiltrative growth include lobular, papillary,
and trabecular [14]. In this study, we found that most
PSCs are moderate-to-poorly differentiated morphology.
Histomorphological clues supporting the diagnosis of
PSC include the presence of intracytoplasmic vacuoles
with a “foamy” appearance and multifocal intraepithelial
tumoral extension [1, 2, 4, 5, 10, 14]. This foamy ap-
pearance is due to the lipids within the neoplastic cells’
cytoplasm. In the past, this used to be highlighted in
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frozen sections using Oil red O [3]. Recent IHC
panels - including adipophilin, EMA, Ber-EP4, and
androgen receptor — applied on fixed tissue enable easier
confirmation of the diagnosis [2, 4, 5, 14, 16]. It was
recently proposed that PRAME could be added to this
diagnostic panel [8, 11]. Donnell et al. [11] suggested in a
pilot study that PRAME was 100% positive in sebaceous
neoplasms, compared with controls (tumor mimickers),
and that most sebaceous lesions showed at least weak
intensity staining.

In our study, however, we observed that PRAME
highlighted strong cytoplasmic positivity in normal
mature sebaceous glands, but low expression was ob-
served in PSC, especially in poorly differentiated tumors.
Most of the positive tumors show focal staining scores
1-3 and mild-to-moderate intensity. None of the PSC
in situ was positive for PRAME. In contrast, adipophilin
was convincing strong and diffuse positivity in 100% of
PSC and 90% of SC in situ. Our findings are in con-
cordance with the recent paper by Cazzato et al. [6] who
also reported lack of PRAME expression in SC. These
authors observed that PRAME is highly expressed in well-
and moderately differentiated SC but almost completely
absent in poorly differentiated tumors. A study by Ng
et al. [8] also demonstrates that PRAME is more useful in
identification of sebaceous differentiation but less specific
for sebaceomas and SCs.

Conclusions

Although PRAME shows positivity within normal
sebaceous units, it appears to be less useful diagnostic
marker for PSC, especially in poorly differentiated tu-
mors. We found that adipophilin when combined with
the morphology was our “go-to” reliable marker in the
IHC panel for PSC. In difficult cases or small biopsies, we
would recommend a panel comprising adipophilin, Ber-
EP4, and EMA to achieve the diagnosis.
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