Molecular subtyping of mammary Paget’s disease using
immunohistochemistry
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Objective: To evaluate the molecular subtypes of
Mammary Pagets disease (MPD) and the associated
breast carcinomas.

Methods: This retrospective study was carried out at King

Khalid University Hospital and King Faisal Specialist
Hospital, Riyadh, Saudi Arabia. Data from MPD patient
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cases from January 2010 to June 2016 were reviewed. The
molecular subtypes were determined based on estrogen
receptor, progesterone receptor, and human epidermal
growth factor receptor 2 (HER2) expression with
immunohistochemical staining. The relative frequencies
of the luminal A and B, HER2-enriched and basal-like
molecular subtypes were calculated and compared for
MPD and the associated breast carcinomas.

Results: Among 22 patients with MPD, HER2-enriched
was the most frequently occurring molecular subtype and
was observed in 11 (50%) patients. Mammary Paget’s
disease was classified as basal-like in 5 (22.7%) patients,
and luminal A and B were each detected in 3 (13.6%)
patients. The molecular subtype of MPD corresponded
with the subtype of the associated breast carcinoma in 18
out of 20 patients (90%).

Conclusions: The HER2-enriched subtype is the most
frequently occurring molecular subtype in MPD. The
molecular subtype of the associated breast carcinoma is
usually similar to that of MPD. The molecular subtypes
vary between MPD associated breast carcinoma and
overall breast carcinoma. The HER2-enriched subtype
is the most frequently occurring subtype of MPD
associated breast carcinoma, while luminal subtypes are
more common in overall breast carcinoma.
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reast carcinoma is well known for its heterogeneous

molecular biology, clinical behavior and response
to therapy."” The increased molecular understanding of
breast carcinomahasled to theidentification of molecular
subtypes and corresponding targeted therapies, which
is a topic that is under intensive investigation.>* The
histopathological classification of breast carcinoma is
important for identifying its histologic variants but has
limited clinical significance, as most breast carcinomas
are categorized as ductal carcinoma not otherwise
specified. A more significant classification is based on
the DNA microarray signature of breast cancer cells.”
These intrinsic subtypes highlight the heterogeneity
of breast cancer and more importantly influence the
choice of therapy, the predicted outcomes of these
therapies as well as the prognosis of the disease.® Four
molecular subtypes are referred to as luminal A and B,
HER2-enriched and basal-like based on the expression
of estrogen receptor (ER), progesterone receptor
(PR), and human epidermal growth factor receptor 2
(HER2).” Additionally, immunohistochemical (IHC)
surrogate markers can reliably determine the molecular
subtypes.®” Mammary Paget’s disease (MPD) is a rare
manifestation that is seen in 1-4% cases of breast
carcinoma.'®'" Although the hormone receptor status
and frequency of the molecular subtypes of breast
carcinoma have been extensively studied in different
populations,'*!* their proportions in MPD and the
associated breast carcinomas have not been widely
studied.

Mammary Paget’s disease overexpresses markers
associated with aggressive tumor behavior and is known
to have higher expression of HER2."” Furthermore,
HER2 expression influences the motility-enhancing
activity of tumor cells that are under the influence
of the chemotactic factors secreted by epidermal
keratinocytes.'® This may suggest that the HER2-
positive molecular subtype of breast carcinoma
may exhibit enhanced intraepidermal spread when
presenting as MPD. In the present study, we determined
and compared the relative frequency of the molecular
subtypes in MPD and the associated breast carcinomas.

Methods. In this retrospective descriptive study,
MPD cases were identified from surgical pathology
records at King Khalid University Hospital and King
Faisal Specialist Hospital & Research Center, Riyadh,

Disclosure. Authors have no conflict of interests, and the
work was not supported or funded by any drug company.

Saudi Arabia. The clinical and demographic data were
retrieved from patients’ electronic files. Two pathologists
reviewed the retrieved slides to confirm the diagnoses and
select appropriate sections from the nipple/skin and the
underlying breast carcinoma for IHC staining. All the
MPD cases retrieved from January 2010 to June 2016
were included in the study. Exclusion criteria included
unavailability of the tissue blocks or inadequate number
of Paget cells on re-sectioning for IHC. The study was
approved by the Institutional Review Board.

Immunohistochemical = staining was performed
on formalin-fixed, paraffin-embedded tissue sections
using a Ventana automated immunohistochemistry
system (BenchMark ULTRA Roche Diagnostics,
USA). Sections were stained for ER, PR, and HER2.
All reagents were procured from Roche Diagnostics. All
primary antibodies were of rabbit origin. The primary
monoclonal antibodies were anti-ER (clone SP1),
anti-PR (clone 1E2), and anti-HER2 (clone 4B5). A
DAB detection system (ultraView Universal kit) was
used for detecting the primary antibodies. Appropriate
positive and negative controls were included. For
ER and PR, nuclear staining in more than 1% of
the cells was considered positive. The percentage of
membranous positive tumor cells was recorded for
HER2. The staining was further graded as mild (1+),
moderate (2+) and strong (3+) based on the intensity
of the staining according to the guidelines of the
College of American Pathologists.”” Only cases with 3+
scores were considered positive, representing intense
circumferential membranous staining in more than 10%
of the malignant cells. Fluorescent in situ hybridization
(FISH) was not performed. All HER2 cases scored <2+
were assumed to be negative.'® The molecular subtypes
were defined based on the IHC markers as follows:
luminal A (ER positive, PR positive or negative, and
HER?2 negative), luminal B (ER positive, PR positive or
negative, and HER2 positive), HER2-enriched (ER and
PR negative, and HER2 positive), and basal-like (ER,
PR and HER2 negative).”

Statistical analysis was performed using the IBM
SPSS Statistics for Windows, Version 22.0 (Armonk,
NY: IBM Corp.). Frequencies and percentages were
calculated for all nominal variables. The Chi-square
test was used to compare categorical variables for the
molecular subtypes. A p-value of <0.05 was considered
statistically significant.

Results. Initially, 27 cases of MPD were identified.
Five cases were excluded because of technical problems
(namely, unavailable blocks or an absence or inadequate
number of Paget cells on the IHC sections). In
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addition, in 2 cases of underlying in situ carcinoma,
immunohistochemistry was not possible due to the
unavailability of the tissue blocks. Thus, 22 cases of
MPD and 20 cases of the associated breast carcinomas
were included in the final analysis.

All patients were female. The age of the patients
ranged from 33 to 82 years, with an average of 51.7
years. All cases of MPD were associated with some
form of breast carcinoma. Out of the 22 cases, 6 (27%)
were associated with ductal carcinoma in situ (DCIS),
and 16 (73%) were associated with invasive ductal
carcinoma (IDC). Six of the IDC cases also had an in
situ component. The histological grade was available in
18 cases. Fifteen (94%) out of the 16 IDC cases were
high grade, while one of the 2 available DCIS cases was
graded as high and the other was graded as intermediate.

Upon immunostaining, positive staining for ER
was observed in 70-90% of the cells with moderate to
strong intensity in 6/22 (27%) samples of MPD and in
6/20 (30%) samples of an associated breast carcinoma.
The Paget cells did not show any positivity for PR in
any of the samples. Progesterone receptor was positive
in 5 (25%) breast carcinoma samples with an intensity

of staining ranging from weak to moderate in 10-60%
of the cells. In 22 of the MPD samples, HER2 was
classified as positive (3+) in 14 (64%) and negative (<2+)
in 8 (36%) samples. In 20 of the samples of associated
breast carcinomas, HER2 was scored as positive in 13
(65%) and negative in 7 (35%) samples. The HER2
scores were different in 3 patients between the MPD
and associated breast carcinoma samples. The difference
was limited to one grade (3+ and 2+) in 2 patients: the
grade was higher in the MPD sample in one patient and
was higher in the associated breast carcinoma sample
in one patient. In the third case, the HER2 grade was
0 in the MPD sample and 2+ in the associated breast
carcinoma sample.

Overall, out of the 22 MPD samples, 3 were classified
as luminal A and 3 were classified as luminal B, 11
were classified as HER2-enriched (Figure 1) and 5 were
classified as basal-like (Figure 2). The molecular subtype
was determined in 20 samples of the associated breast
carcinoma. The frequency of the molecular subtypes in
the 20 MPD and associated breast carcinomas is shown
in Table 1. Molecular subtypes differed in 2 (10%)
instances between the MPD and associated breast

Figure 1 - Human cpidermal growth factor receptor-2 (HER2)-enriched molecular subtype of MPD. A) Estrogen and B) progesterone receptors were
negative and C) HER2 was overexpressed in 100% of the Paget cells (immunostaining, original magnification 20x objective).

original magnification 20X objective).
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Table 1 - Molecular subtypes in Mammary Paget’s disease (MPD) and

the associated breast carcinomas (N=20).

Table 2 - Clinicopathological characteristics among the Mammary
Paget’s disease molecular subtypes.

Molecular subtype MPD Breast carcinoma
Luminal A 3 (15) 2 (10)
Luminal B 3(15) 4(20)
HER2-enriched 10 (50) 9 (45)
Basal-like 4 (20) 5 (25)

Data are expressed as number and percentage (%).
HER?2 - human epidermal growth factor receptor 2

carcinoma samples. In both cases, the difference was
limited to one grade (3+ and 2+) for HER2 staining,
with one patient having a higher grade in the MPD
sample and one patient having a higher grade in the
associated breast carcinoma sample.

Some  clinicopathological  characteristics  are
compared among the different molecular subtypes of
MPD in Table 2. In 11 (50%) patients, the age of the
patient was <50 years; 8 of these samples were HER2-
enriched. In the >50 years age group, 3 out of the 11
samples were HER2-enriched. This difference was
not statistically significant. Furthermore, there was no
statistically significant difference among the frequency
of the molecular subtypes in DCIS and IDC or the
positive or negative lymph node status.

Discussion. We used a limited panel of IHC stains
to determine the molecular subtype of 22 MPD samples
and 20 samples of an associated breast carcinoma.
Mammary Paget’s disease was associated with breast
carcinoma in all of the cases. This is consistent with
earlier reports.'®"” Mammary Paget’s disease was thought
to arise from multipotent cells in the epidermis from the
terminal portion of the lactiferous ducts in studies in
which MPD was reported without an underlying breast
carcinoma.”’ Alternatively, these cases of MPD may
represent extensions from breast carcinomas that were
too small to be detected by the available technologies.”!
In fact, despite an increase in the incidence of breast
carcinoma, the incidence of MPD is decreasing due to
the earlier detection of the former, prior to its spread
to the epidermis, emphasizing the association of MPD
and breast carcinoma.”

In this study, 6 (27%) MPD patients had associated
DCIS and 16 (73%) had associated IDC. In a cohort of
55 patients with MPD, Onoe et al found DCIS in 23
(42%) patients and IDC in 32 (58%) patients.” Song et
al found an associated breast carcinoma in 57 out of 66
patients with MPD. Twelve (21%) out of 57 associated
breast carcinomas were DCIS, while 45 (79%) were
IDC.** Ninety-four percent of our IDC samples were
high grade. Lester et al reported high nuclear grade in

Characteristic Luminal HER2- Basal-like Total P-value
(n=6) enriched (n=5) (n=22)
(n=11)

Age (years)
<50 2 (33) 8 (73) 1(20) 11 (50) 0.094
>50 4 (67) 3(27) 4(80) 11 (50)

Breast carcinoma
DCIS 1(17) 4 (36) 1(20) 6 (27) 0.628
IDC 5 (83) 7 (64) 4(80) 16 (73)

Lymph node status
Positive 3 (50) 5 (45.5) 2 (40) 10 (45) 0.946
Negative 3 (50) 6 (54.5) 3(60) 12 (55)

Data are expressed as number and percentage (%).
DCIS - ductal carcinoma in situ, IDC - invasive ductal carcinoma,
HER?2 - human epidermal growth factor receptor 2

93% of MPD-associated carcinomas, while Kothari et
al reported high grade in all evaluated cases of IDC.>%
In concordance with these reports, we found that
MPD was associated with high-grade IDC, which was
congruent with its aggressive clinical behavior.

Despite ethnic, geographical and age-dependent
variations, the majority of breast carcinomas express
ER, with proportions ranging from 51% to 77%.'*%
Estrogen receptor positivity is less frequent in MPD-
and MPD-associated breast carcinoma. In our cohort,
ER was positive in 27% of samples of MPD and in
30% of samples of an associated breast carcinoma.
These findings agree with several earlier reports.'>**
However, other studies reported a lower frequency of
ER-positive MPD. In a cohort of 28 patients, Lester et
al® found that 18 patients had MPD associated with
DCIS and 10 with IDC. All of the cases of MPD that
were associated with DCIS were negative for ER, while
30% of the MPD cases that were associated with IDC
were ER-positive. In our study, one out of 6 patients
with MPD and underlying DCIS was positive for ER.
On the other hand, five out of 16 patients (31%) with
MPD and underlying IDC were positive for ER. Sek
et al'"” also reported a lower rate of ER-positive MPD.
Sek et al” used a tissue microarray (TMA) instead
of standard IHC stains. The use of a TMA may have
yielded a lower positive rate due to tumor heterogeneity,
as smaller tissue sections are examined in TMA
techniques. Furthermore, the authors used a different
primary antibody and detection system than was used
in our study. As importantly, Sek et al' used a higher
cutoff limit of 10% for ER positivity than was used in
our study. We considered samples to be ER positive if
1% or more tumor cells stained positively.”’

Overall, breast carcinoma overexpresses HER2 in
13-30% of cases.’’ Overexpression of HER2 is higher in
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Figure 3 - Distribution of the molecular subtypes in Mammary Paget’s discase
(MPD) in the present study and in MPD?* and breast carcinoma'? from
the literature. HER2 - human epidermal growth factor receptor 2

MPD and the associated breast carcinomas and ranges
from 60 to 80%.%%%3%3 Likewise, in our study, HER2
was overexpressed (score 3+) in 14 (64%) of the samples
of MPD. Some studies reported a higher proportion of
HER2-positive patients, in excess of 90%.'>'% Leigl et
al*? reported overexpression of HER2 in 56 out of 58
(97%) patients with MPD. Similarly, Sek et al" reported
96% and Fu et al” reported 93% HER2-positivity in
the MPD patients. This higher proportion of positive
patients may be attributed to differences in the staining
techniques and subjective scoring. Furthermore, we
considered the 2+ (equivocal) score to be negative. It
is probable that our 2+ HER2 cases would have been
reclassified if we did molecular analysis, increasing the
proportion of the HER2-enriched subtype.

The molecular subtypes of MPD generally
correspond to their associated breast carcinoma.'*** In
this study, the molecular subtypes were congruent in 18
out of 20 patients. In 2 patients, the difference was due
to HER?2 staining and was limited to one grade (3+ and
2+), with one patient having a higher score in the MPD
sample and one patient having a higher score in the
associated breast carcinoma sample. This result could
be explained by tumor heterogeneity, or alternatively
it could represent technical difficulties associated with
HER2 determination.**

The molecular subtypes of breast carcinoma that
were observed in our population corresponded to
the other parts of Asia. In India, luminal A has been
reported as the most common molecular subtype of
breast carcinoma followed by the basal-like subtype
with no significant difference in the younger versus
older women.'>% Studies by Kurebayashi et al** from
Japan (63%) and Rahmawati et al”’ from Indonesia
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also revealed a high prevalence of luminal A subtype
(41.3%).

The distribution of the molecular subtypes in MPD
from this study and the molecular subtypes in MPD
and breast carcinoma as a whole from the literature are
depicted in Figure 3.

A comparison of the studies revealed significant
differences in the distribution of the molecular subtypes
between MPD and breast carcinoma as a whole. The
luminal subtype was the most prevalent molecular
subtype of breast carcinoma. On the other hand, the
HER2-enriched subtype was dominant in both studies
among the MPD patients. The higher proportion of the
HER2-enriched molecular subtype is related to poor
prognosis in MPD.?*? In MPD studies, the distribution
of the molecular subtypes was generally comparable.
Taken together, HER2-enriched subtypes (HER2-
enriched and luminal B) represented 64% of our MPD
sample cohort, as compared to a study by Wachter et al
that observed that 86% of MPD samples were HER2-
enriched. On the other hand, 5 (23%) of our MPD
samples were classified as basal-like, in contrast a study
by Wachter et al® that found only 2 (10%) basal-like
MPD samples. Both of these differences underpin the
limitation of our HER2 scoring in the 5 cases classified
as 2+ by IHC staining.

Study limitations. A limitation of our study was
the small number of cases due to the low incidence of
MPD. However, this number allowed for the evaluation
of statistical significance, and our results clearly
demonstrated an increased frequency of HER2-positive
molecular subtypes. We did not use Ki67 as a marker of
proliferative index. Furthermore, we could not perform
molecular analysis for the HER2 equivocal cases based
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on IHC and considered them to be negative. This was
due to the limited availability of retrieved tissue samples
of MPD. From a technical standpoint, unless tissue is
selected by laser microdissection, immunohistochemical
staining is considered preferable over molecular analysis
due to the scattered nature of the Paget cells in the
epidermis.”” For this reason, the proportion of HER2-
enriched molecular subtypes in MPD could be even
higher than the figure reported in this study.

In conclusion, this study shows that the HER2-
enriched subtype is the most frequent molecular subtype
in MPD. Mammary Paget’s disease was associated with
breast carcinoma in all of the cases and was more likely
to be associated with high grade IDC. The molecular
subtypes of the underlying breast carcinomas are
usually similar to that of MPD. Molecular subtypes
vary between MPD and associated breast carcinomas
and breast carcinoma as a whole. The HER2-enriched
subtype is the most frequent subtype in MPD and
associated breast carcinomas as opposed to the luminal
subtype in breast carcinoma as a whole.
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