
Summary. Encapsulated papillary carcinoma (EPC) of
the breast is typically of low-to-intermediate grade
(LTIG) with favorable prognosis. Rarely, high-grade
(HG) EPC cases have been documented in recent years.
Herein we compared the morphological,
immunohistochemical, and clinical features of LTIG
EPC to those of HG EPC. Of the 30 EPC patients, 25
were diagnosed as LTIG and five as HG (median age: 60
and 36 years, respectively); 80% of the HG EPCs
exhibited predominantly solid architecture with
prominent lymphoplasmacytic infiltrates, more crowded
and thicker papillae, and greater stratification and
irregular arrangement of malignant epithelial cells.
Coexisting invasive components were observed in 32%
and 80% of LTIG and HG cases, respectively. HG EPC
was negative for hormone receptor staining.
Additionally, 48% of LTIG EPC cases were moderately
positive for human epidermal growth factor receptor 2
(Her-2) immunostaining (2+); among them, one case
showed Her-2 gene amplification by fluorescence in situ
hybridization. The basal-like markers cytokeratin 5/6
and epidermal growth factor receptor were detected in
two and five HG cases, respectively. HG EPC was also
characterized by a significantly high Ki-67 index
(median: 85%, P<0.001). No local recurrence or distant
metastasis was noted during the follow-up. HG EPC
typically exhibited a solid architecture with a concurrent

invasive component as well as a triple-negative and
basal-like immunophenotype in young women. HG EPC
might be indicative of high proliferative activity and
potential aggressiveness. 
Key words: High-grade, Low-to-intermediate-grade,
Potential aggressiveness, Triple-negative, Basal-like

Introduction

Encapsulated papillary carcinoma (EPC) of the
breast is a papillary carcinoma surrounded by a thick
fibrous capsule without a peripheral myoepithelial cell
layer. This classification was initially named intracystic
papillary carcinoma or encysted papillary carcinoma
(Bhargava et al., 2011; Rakha et al., 2011) until the term
EPC was formally adopted by the World Health
Organization (WHO) Classification of Tumors of the
Breast (2012) (Lakhani et al., 2012). EPC accounts for
0.2-1% of all breast carcinomas.

According to the published studies, the majority of
EPC is of low-to-intermediate grade (LTIG) and confers
a favorable prognosis (Lefkowitz et al., 1994; Leal et al.,
1998; Bhargava et al., 2011). Based on the current
understanding, LTIG EPC without an invasive
component should be managed as in-situ carcinomas. In
recent years, encapsulated tumors with fine fibrovascular
cores lined by high-grade neoplastic epithelial cells,
namely, high-grade (HG) EPC, have been documented
(Rakha et al., 2015). In their study, the authors presented
the morphological, immunophenotypical, and prognostic
data of HG EPC. However, differences in the
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clinicopathological features between LTIG and HG EPC
have remained ambiguous. Further, whether HG EPC
represents an entity that is distinct from LTIG lesions
and whether it should still be managed as an in-situ
carcinoma has remained controversial.

In this retrospective study, we aimed to identify
some potentially distinguishing features and provide
further information to facilitate the diagnosis and clinical
management of HG EPC by comparing the morpho-
logical, immunohistochemical, and clinicopathological
features of LTIG and HG EPC.
Materials and methods

EPC specimens and diagnosis

Cases diagnosed with EPC were retrieved from the
archives of the Department of Pathology, Peking Union
Medical College Hospital (PUMCH) from 2010 to 2016.
Hematoxylin and eosin (H&E) sections were reviewed
by two pathologists to confirm the diagnosis according
to the WHO Classification of Tumors of the Breast
(Lakhani et al., 2012). When a neoplastic component
was present in the adjacent mammary tissue or outside
the fibrous capsule, a diagnosis of EPC coexisting with
invasive carcinoma (EPC-IC) was made. However, in
the case that the neoplastic components were trapped
inside the fibrous capsule and had not penetrated into the
peripheral stroma, the diagnosis of EPC-IC was not
made. Such cases were still considered pure EPC. On the
other hand, for cases with invasive components
constituting a larger proportion than the primary EPC,
they were excluded to eliminate bias due to the
malignancy of invasive carcinoma.

For all patients, pretreatment ultrasound and
mammography were sorted to document the size, extent,
and presence of multifocality of the tumors. Other
necessary data, including therapeutic regimens and
patient information, were retrieved from PUMCH, the
hospital information system. The follow-up was
accomplished by a combination of clinical and
ultrasound examination every 3-6 months; data were

available for 28 patients, while two patients were lost to
follow-up.
Re-evaluation of LTIG and HG EPC

EPC grade in the present study was evaluated
primarily based on the nuclear grade system including
nuclear appearance (monomorphism or pleomorphism),
nuclear size and nuclear features (chromatin distribution,
nucleoli and mitotic figures (Committee, 1997). High-
grade nuclear features include markedly pleomorphic
nuclei, larger nuclear size (2.5 times larger than those of
red blood cells or duct epithelial cells), vesicular and
irregular chromatin distribution, and prominent,
numerous nucleoli with conspicuous mitoses. In
contrast, the nuclei of low-grade nuclear features include
monomorphism and smaller size (1.5-2.0 times larger
than those of normal red blood cells or duct epithelial
cells). Nucleoli were infrequent, with diffuse, finely
dispersed chromatin and few mitoses. Intermediate-
grade EPC was defined when the nuclear morphology
was in between those of the LTIG and HG. Mitotic
activity was evaluated under 10 high-power fields
(400×) per specimen. Given the established similarity in
the clinicopathological characteristics between low and
intermediate grade EPC and the rareness of HG EPC, we
combined the former two tiers into one group (LTIG),
then compared them with HG EPC.
Immunohistochemical analysis and fluorescence in situ
hybridization (FISH) analysis

Formalin-fixed, paraffin-embedded tissue blocks
were processed for immunohistochemical analysis
according to standard automated protocols. The reagents
and methods are summarized in Table 1.

Immunohistochemical detection of estrogen receptor
(ER) and progesterone receptor (PR) was defined as
positive when >1% nuclear staining was found using a
manual quantitation method (Harvey et al., 1999;
Goldhirsch et al., 2005). Human epidermal growth factor
receptor 2 (Her-2) expression was scored according to
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Table 1. Antibodies used in the immunohistochemical analysis.

Antibody Clone Dilution Detection Vendor

ER SP1 Pre-diluted iView/DAB; Ventana Ventana Benchmark XT, Tucson, AZ, USA
PR 1R2 Pre-diluted iView/DAB; Ventana Ventana Benchmark XT, Tucson, AZ, USA
Her-2 4B5 Pre-diluted iView/DAB; Ventana Ventana Benchmark XT, Tucson, AZ, USA
CK5/6 CK5/6.007 1:50 iView/DAB; Ventana Ventana Benchmark XT, Tucson, AZ, USA
EGFR 5B7 Pre-diluted iView/DAB; Ventana Ventana Benchmark XT, Tucson, AZ, USA
GCDPF-15 EP95 Pre-diluted iView/DAB; Ventana Ventana Benchmark XT, Tucson, AZ, USA
p63 4A4 Pre-diluted iView/DAB; Ventana DAKO, Carpinteria, CA, USA
AR EP120 Pre-diluted iView/DAB; Ventana Ventana Benchmark XT, Tucson, AZ, USA
Ki-67 EP5 Pre-diluted iView/DAB; Ventana DAKO, Carpinteria, CA, USA

AR, androgen receptor; CK5/6, cytokeratin 5/6; EGFR, epidermal growth factor receptor; ER, estrogen receptor; GCDFP-15, gross cystic disease fluid
protein 15; Her-2, human epidermal growth factor receptor 2; PR, progesterone receptor.



current ASCO-CAP guidelines (Wolff et al., 2013).
Epidermal growth factor receptor (EGFR) stain was
considered positive if membranous staining was present
in >10% of tumor cells, while diffuse cytoplasmic or
granular staining was considerded negative. Androgen
receptor (AR) was defined as positive if any epithelial
cell nuclear staining was detected. Cytokeratin (CK) 5/6
expression was defined as weakly or moderately positive
(+) when membrane or cytoplasmic staining was
observed in >10% of tumor cells (Sung et al., 2016).
Gross cystic disease fluid protein 15 (GCDFP-15)
immunoreactivity was determined based on cytoplasmic
staining (Darb-Esfahani et al., 2014). Ki-67 indexes
were evaluated as continuous variables based on the
proportion of positive tumor cells according to
recommendations of the International Ki67 in Breast
Cancer Working Group (Dowsett et al., 2011). The p63
stain was considered positive if any (weak or strong)
nuclear staining in myoepithelial cells (MECs) was
detected (Hill and Yeh, 2005).

For specimens in which Her-2 immunohisto-
chemistry (IHC) status were scored as (2+), we re-
evaluated the Her-2 gene amplification status by FISH.
The Her-2 gene amplification was defined according to
the latest ASCO and CAP guidelines (Wolff et al., 2013).
Her-2 FISH analysis was carried out using the Her-2
probe kit (Abbott Molecular, USA) according to the
manufacturer’s protocol. The kit probes for the Her-2
gene located on chromosome 17q12-21 and uses the
centromeric region of chromosome 17 as the reference.
The specimens were mounted using Fluorescence
Mounting Medium containing DAPI and coverslipped
after a stringent wash. For each FISH preparation,
known positive and negative cells were used as the
controls.
Statistical analysis

Statistical analyses were performed using IBM SPSS
v.22 software for Windows (SPSS Inc., Chicago, IL,
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Table 2. Clinical information of 30 encapsulated papillary carcinoma patients.

No./ Age Site/Symptoms/ Size Pathological Pure EPC or EPC with invasive carcinoma Treatment Lymph Recurrence Follow-up 
gender (y) Duration (mm) grade (type and size of invasive component) nodes status (month)

1/M 56 L/Mass/9 mo 30 LTIG Pure EPC MRM -(0/14) None 51
2/F 80 R/Mass/240 mo 57 LTIG Pure EPC WLE NE None 29
4/F 43 R/Mass/4 mo 35 LTIG Pure EPC WLE+SLNB -(0/1, SLN) None 42
5/F 80 R/Mass/2 mo 19 LTIG Pure EPC WLE NE None 43
7/F 61 R/Mass/2 mo 24 LTIG EPC-IC (invasive WLE+SLNB -(0/5, SLN) None 28

mucinous carcinoma, 5mm)
8/F 69 R/Mass/1 mo 21 LTIG EPC-IC (NST, G1,2mm) WLE NE None 23
9/F 50 R/Mass/10 mo 18 LTIG Pure EPC WLE+SLNB -(0/8, SLN) None 26
10/F 58 R/Mass/ ND 13 LTIG EPC-IC (NST, G1,2mm) LE+SLNB -(0/2, SLN) None 27
11/F 60 L/Mass/ ND 15 LTIG EPC-IC (NST, G1,1mm) WLE+ALND +(1/3, SLN;0/13, ALN) None 28
12/F 51 L/Mass/1 mo 28 LTIG Pure EPC WLE+SLNB -(0/4, SLN) None 31
13/F 79 R/Mass/24 mo 58 LTIG Pure EPC WLE NE None 56
14/F 69 L/Mass, nipple crater, 50 LTIG EPC-IC (NST, G1,1mm) MRM +(1/28) None 61

nipple discharge/24 mo
16/F 83 L/Mass/ ND 23 LTIG Pure EPC WLE NE None 35
17/F 73 L/Mass/72 mo 100 LTIG EPC-IC (NST, G1,12mm) MRM -(0/18) None 16
18/F 48 L/Mass/24 mo 38 LTIG Pure EPC WLE+SLNB -(0/9, SLN) None 15
19/F 60 R/Mass/2 mo 22 LTIG Pure EPC MRM+CT -(0/19) None 17
21/F 43 L/Mass/ND 40 LTIG EPC-IC (NST, G1,7mm) MRM +(1/24) None 76
22/F 82 L/Mass/3 mo 33 LTIG Pure EPC WLE NE None 22
23/F 57 R/Mass, nipple discharge /2 mo 46 LTIG Pure EPC WLE/SLNB -(0/2, SLN) None 20
24/F 60 L/Mass/12 mo 85 LTIG Pure EPC SM+SLNB -(0/6, SLN) NA NA
26/F 67 L/Mass, nipple crater / ND 20 LTIG Pure EPC SM+SLNB -(0/4, SLN) None 58
27/F 42 R/Mass/1 mo 15 LTIG Pure EPC WLE NE None 57
28/M 77 R/Mass/1 mo 20 LTIG Pure EPC WLE+SLNB -(0/2, SLN) NA NA
29/F 60 L/Mass/6 mo 42 LTIG Pure EPC WLE+SLNB+CT -(0/2, SLN) None 41
30/F 50 R/Mass/6 mo 40 LTIG EPC-IC (NST, G1,5mm) LE+SLNB -(0/2, SLN) None 33
3/F 38 R/Mass/12 mo 31 HG EPC-IC (NST, G1,2mm) WLE+SLNB -(0/1, SLN) None 41
6/F 34 R/Mass/ ND 21 HG EPC-IC (NST, G1,7mm) WLE+ALND -(0/23) None 43
15/F 36 L/Mass/ND 30 HG EPC-IC (NST, G1,4mm) WLE+ALND -(0/13) None 76
20/F 35 R/Mass/1 mo 22 HG EPC-IC (NST, G1,5mm) WLE+ALND -(0/39) None 15
25/F 46 L/Mass/1 mo 22 HG Pure EPC LE NE None 62

ALND, axillary lymph node dissection; CT, chemotherapy; EPC-IC, encapsulated papillary carcinoma with invasive carcinoma; F, female; G, grade; HG,
High-grade; L, left; LE, local excision; LTIG, Low-to-intermediate grade; M, male; mo, months; MRM, modified radical mastectomy; NA, not available;
ND, not defined; NE, not examined; NST, invasive carcinoma of no special type; R, right; SLN, sentinel lymph node; SLNB, sentinel lymph node biopsy;
SM, simple mastectomy; w, weeks; WLE, wide local excision; y, years old.



USA). The gender and lymph nodes status were
analyzed by Fisher’s exact test. The size and age were
compared with the Student’s t-test and χ2 test.
Histological findings and biomarker expression-except
for the Ki-67 index-were compared using Fisher’s exact
test. The level of significance was defined as P<0.05
(two-tailed).
Results

Clinical characteristics

A total of 30 EPC cases were examined, including
two males and 28 females with a median age of 60 years
(range: 34-83 years). All patients underwent surgical
intervention of the disease, including lumpectomy
(n=23), mastectomy (n=2), and modified radical
mastectomy (n=5). None received neoadjuvant therapy,
while two patients received postoperative chemotherapy.
Of the 30 EPC patients, 25 were diagnosed as LTIG and
five as HG EPC. The diagnosis of intraductal papillary
carcinoma was made for only one patient by ultrasound-
guided needle-core biopsy. The median age of the LTIG
EPC cases (median age: 60 years; range: 43-83 years)
was older than that of the HG EPC cases (median age:
36 years; range: 34-46 years) (P<0.001). For both HG
and LTIG EPC, the most prominent clinical presentation
was a palpable mass at the breast. 

22 patients were available for assessment of regional
lymph node status. Positive lymph nodes were found in
three LTIG EPC cases, which all had coexisting invasive
carcinoma. No HG or pure LTIG EPC patients showed
lymph node metastasis. The median follow-up was 28
months (range: 15-76 months). There was no local
recurrence, distant metastasis, or cancer-related death
during the follow-up period. The demographic
characteristics of the 30 patients are summarized in
Table 2. 
Histological differences between LTIG and HG EPC

Macroscopic observations
In all cases, yellowish gray and well-circumscribed

lesions surrounded by fibrous tissue were observed. One
or more solid or cauliflower-shaped masses were noted
in the capsule with or without focal hemorrhage. HG
cases exhibited blood-stained fluid and necrosis (Fig. 1).
The median size of HG EPC was 22 mm (range: 21-31
mm) at the greatest diameter, while that of LTIG EPC
was 30 mm (range: 13-100 mm). 

Microscopic observations
Microscopic examination at low power revealed that

nodules were contained within an intact fibrous capsule.
Some lesions were divided into multiple separated
nodules by hyalinized fibrous septa (Fig. 2A,B). LTIG
EPC was characterized by the papillary (16/25) and/or

cribriform (8/25) architecture of neoplastic cells (Fig.
2C). Only one LTIG EPC-IC exhibited solid
architecture. Of the five HG tumors, four cases (80%)
exhibited a predominantly solid appearance under low
power field, while one (20%) exhibited frond-like
papillary structure with focal solid nests (P=0.001). The
finger-like papillae of LTIG EPC were slender and
orderly and were covered with epithelial cells without
MECs in the cores (P=0.001). In contrast, the
architecture of HG EPC was more crowded, and the
papillae were thicker, with greater stratification of
irregularly arranged malignant epithelial cells.
Moreover, the fibrovascular cores enclosed multiple
vessels (Fig. 2D,G).

Foci of hemosiderin and inflammatory cells were
frequently observed at the periphery of the mass.
Irregular necrosis was present in all HG lesions
(P=0.002). Punctate necrosis was observed in five LTIG
cases (Fig. 2D). 

Of all 30 cases, 12 coexisted with invasive
carcinomas. The rate of coexistence with invasive
components for LTIG and HG lesions was 32.0% (8/25)
and 80.0% (4/5), respectively. For the four HG EPC-IC,
the invasive components exhibited jigsaw-like tongues,
lack of myoepithelial rimming, and desmoplastic stroma.
The median size of the invasive components was 5mm
(range: 2-7 mm) (Fig. 2E). The invasive components in
seven of eight LTIG EPC-IC cases were invasive
carcinomas of no special type. The remaining LTIG
EPC-IC case had an invasive mucinous carcinoma. The
median size of the invasive components in LTIG EPC-IC
was 3.5 mm (range: 1-12 mm) (Fig. 2F). Notably, all
three cases with positive lymph nodes were LTIG EPC-
IC. The invasive components were all of no special type,
nuclear grade 2 and histological grade 2. One case had
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Fig. 1. Macroscopic view of encapsulated papillary carcinoma. The
lesion appeared as a solid mass occupying the capsule space, with
obsolete hemorrhage.
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Fig. 2. Microscopic pathological characteristics
of low-to-intermediate grade and high-grade
encapsulated papillary carcinoma. A. Low
grade EPC (hematoxylin and eosin staining
[H&E]). B. HG EPC (H&E) C. Papillary and
cribriform architecture in a LTIG EPC (H&E) D.
Solid architecture with stratification of malignant
epithelial cells and irregular arrangement in HG
EPC (H&E) E. EPC coexisting with invasive
ductal carcinoma of no special type. F. EPC
accompanied by invasive mucinous carcinoma.
G. The fibrovascular core was thick with
multiple vessels, and polymorphous malignant
epithelial cells with prominent nucleoli and
mitotic f igures in HG EPC (H&E). H.
Inflammatory cells in the surrounding capsule
(H&E). I. Stratified papilla with atypical clear
cells in HG EPC (H&E). J. Focal dimorphic cells
adjacent to fibrovascular cores in LTIG EPC
(H&E). A, B, x 4; C, D, x 40; G, I, x 200; H, J, 
x 100.



sentinel lymph node (SLN) metastasis and the other two
had ipsilateral axillary lymph node metastasis. No HG or
pure LTIG EPC cases presented with lymph node
metastasis. Relevant information is detailed in Table 2. 

Cytologically, malignant epithelial cells in HG EPC
were polymorphous with obvious atypia, and the nuclei
were large, irregular, and hyperchromatic with
prominent nucleoli. Poorly polarized nuclei were not
uniformly oriented perpendicular to the fibrovascular
core and had a vesicular appearance with coarse
chromatin (Fig. 2G). Lymphoplasmacytic infiltrates
were observed surrounding the fibrovascular cores in
HG cases (Fig. 2H). One HG EPC case presented with
large, clear neoplastic cells with an irregular
arrangement, and some scattered cell clusters with
fibrovascular cores were detected (Fig. 2I). Dimorphic
cells were scarce in HG EPC. The number of mitoses in
HG EPC ranged from 27 to 70 per 10 high-power fields,
where atypical mitoses were frequently observed. In
contrast, neoplastic cells in LTIG EPC often exhibited a
columnar appearance with regular alignment, and the
oval nuclei showed uniform mitoses and nucleoli.
Among the 25 LTIG cases, round focal dimorphic cells
presented in eight of them, with clear cytoplasm, and
oval nuclei with granulated chromatin adjacent to the
basement membrane (P=0.001; Fig. 2J). Mitoses were
rare in LTIG EPC.
IHC and FISH analyses

ER and PR were strongly expressed in the 25 LTIG
EPC cases, except for one pure EPC with apocrine
differentiation that showed GCDFP-15, AR expression,
and a triple-negative immunophenotype (Fig. 3). Four of
the five HG EPC cases were ER-negative, except for one
weakly positive case (2% positive cells). All five HG
EPC cases were PR-negative, and the expression of both
hormone receptors was significantly associated with
tumor grade (ER, P=0.001; PR, P<0.001). Her-2
expression by IHC was moderately positive (2+) in 48%
(12/25) of LTIG and negative in 100% (5/5) of HG EPC
cases (Fig. 4). In LTIG cases, 83.3% of Her-2 positive
cases were pure EPCs (P=0.125). Then, we evaluated the
status of Her-2 gene amplification in the 12 cases
(referred to as 2+ staining) by FISH. Only one pure EPC
exhibited positive Her-2 gene amplification and the
remaining 11 cases showed the normal number of copies
of the Her-2 gene.

Immunohistochemical data on CK5/6 and EGFR,
basal-like markers, were available for 30 and 21 patients,
respectively. Six cases showed CK5/6 positive staining,
four cases in LTIG and two cases in HG (P=0.122).
EGFR was expressed in 6.75% (1/25) of LTIG cases,
whereas all HG cases showed focal EGFR positivity,
which was significantly associated with tumor grade
(P<0.001) (Fig. 5A-D). 

Peripheral MECs were absent in 28 of the 30
patients. Focal MECs by p63 staining was observed only
in two LTIG cases at the periphery, a pure EPC and an

EPC-IC; and there was no statistically significant
difference between LTIG and HG EPC (P=0.690).
Additionally, two HG EPC patients had p63 expression
in the nuclei of neoplastic cells, which did not exhibit in
LTIG EPC (Fig. 5E,F). 

The Ki-67 index was also significantly associated
with tumor grade (P<0.001), with median values of 12%
and 85% in LTIG and HG EPC, respectively. (Fig.
5G,H). 

The differences in immunophenotypical features
between LTIG and HG EPC are presented in Table 3. 
Subgroup analyses - demographical, morphological, and
immunophenotypical EPC and EPC-IC in LTIG EPC

Additionally, we compared the clinicopathological
characteristics between pure EPC (17 cases) and EPC-IC
(eight cases) in LTIG cases. Demographical features
such as gender and age were not significantly different
between the two subgroups. Macroscopically, the
median tumor sizes of pure EPCs and EPC-IC cases
were 30 mm and 32 mm, respectively (P=0.865). The
morphology and immuophenotype were also
investigated between pure EPCs and the non-invasive

142
High-grade encapsulated papillary carcinoma of the breast

Table 3. Clinicopathological features of low-to-intermediate grade and
high-grade encapsulated papillary carcinoma.

LTIG EPC (n=25) HG EPC (n=5) P value

Gender
Female 24 5 0.833
Male 1 0

Median age (years) 60 36 <0.001
Median size (mm) 30 22 0.039
Cases for positive lymph nodes status 3 (12%) 0 (0%) 0.567
Predominant architecture

Papillary 16 (64%) 1 (20%) 0.001
Cribriform 8 (32%) 0 (0%) 0.185
Solid 1 (4%) 4 (80%) 0.001

Concomitant characteristics
Combined invasive carcinoma 8 (32%) 4 (80%) 0.063
Necrosis 5 (20%) 5 (100%) 0.002
Dimorphic cell 8 (32%) 0 (0%) 0.185

Biomarker
p63 2 (8%) 0 (0%) 0.690
ER 24 (96%) 1* (20%) 0.001
PR 24 (96%) 0 (0%) <0.001
Her-2 IHC 12 0 0.060

FISH 1 (6.75%) 0 (0%) 0.833
CK5/6 4 (16%) 2 (40%) 0.122
EGFR 1 (6.75%) 5 (100%) <0.001
Median Ki67 index 12% 85% <0.001

CK5/6, cytokeratin 5/6; EGFR, epidermal growth factor receptor; EPC,
encapsulated papillary carcinoma; ER, estrogen receptor; FISH,
fluorescence in situ hybridization; HG, high-grade; Her-2, human
epidermal growth factor receptor 2; IHC, immunohistochemistry; LTIG,
low-to-intermediate grade; PR, progesterone receptor. *One HG EPC
was positive, with a 2% staining rate.



components of EPC-IC. Microscopically, papillary and
cribriform patterns were still the most predominant
architectures in both subgroups. There was only one
EPC-IC exhibiting solid architecture. Lymph node
metastasis was significantly associated with EPC-IC
cases (P=0.024). No pure EPC was found to have lymph
node metastasis. Moreover, dimorphic cells tended to
appear in pure EPCs, although the difference was not
statistically significant (P=0.166).

ER and PR expression were not significantly
different between the two subgroups. Her-2 IHC was
positive in 10 pure EPCs and two EPC-IC cases. Focal
MECs as revealed by p63 staining was observed only in
a pure EPC and an EPC-IC. The expression of basal-like
markers in the neoplastic cells did not show statistically
significant difference between pure EPC and EPC-IC.
The median Ki-67 index was 15% and 11% in pure EPC
and EPC-IC, respectively. 
Discussion

In this study, we compared the clinicopathological
and immunophenotypical features of LTIG and HG EPC,
which facilitated the distinguishment of HG EPC from
the majority of LTIG cases. 

LTIG and HG EPCs showed differences in their
histological features. Apart from predominantly solid
architecture and epithelial cell atypia in HG EPCs,
prominent lymphoplasmacytic infiltration, an absence of
dimorphic cells, and excessive necrosis distinguished it

from LTIG EPC. The solid appearance and necrosis
could be a result of the rapid proliferation of malignant
epithelium that incurred serious inflammation. The
higher Ki-67 observed in HG EPC also reflects a higher
proliferative activity compared to the LTIG subtype. One
meta-analysis of 46 studies and 12,155 patients revealed
that high Ki-67 expression was correlated with an
increased risk of relapse and poor outcome, despite
variations in Ki-67 thresholds (de Azambuja et al.,
2007). The distinctions were also documented in the
previous study, implying the possibility of higher
aggressiveness of the HG lesions (Rakha et al., 2015). 

The triple-negative immunophenotype has
significant overlapping with the basal-like subtype of
breast cancer (Perou, 2011) and is associated with poor
outcome and high invasive potential (Fadare and
Tavassoli, 2008). In our series, most HG EPC cases were
triple-negative with high expression of CK5/6 or EGFR.
Although the surrogate markers of the basal-like
subtypes that we used were limited, our results
implicated the underlying association between HG EPC
and basal-like breast tumors. Further studies, such as
gene-expression profiling, are warranted to establish the
relationship. 

The MEC of EPC is always an interesting focus for
researchers because of their crucial role in accurate
interrogation. We used p63 as a marker for MECs
because it has a higher sensitivity and lower cross-
reactivity than the smooth muscle myosin heavy chain,
calponin, and keratin 34bE12 (Collins et al., 2006;
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Fig. 3. A. EPC with apocrine differentiation. (H&E). B. ER (IHC). C. PR (IHC). D. Her-2 (IHC) E. GCDFP-15 (IHC). F. AR (IHC). x 100.
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Fig. 4. Differences in
hormone receptor and
human epidermal
growth factor receptor
2 expression between
low-to-intermediate
grade and high-grade
encapsulated papillary
carcinoma. A. LTIG
EPC (hematoxylin and
eosin staining [H&E]).
B. HG EPC (H&E). C,
E, G. ER, PR, and Her-
2 in LTIG EPC,
respectively
(immunohistochemistry
[IHC]). D, F, H. ER,
PR, and Her-2 in HG
EPC, respectively
(IHC). A, C-H, x 100;
B, x 200.
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Fig. 5.
Immunohistochemical
analysis of cytokeratin
5/6, epidermal growth
factor receptor, p63,
and Ki-67 expression in
low-to-intermediate
grade and high-grade
encapsulated papillary
carcinoma. A, C. CK5/6
and EGFR in LTIG
EPC, respectively,
(immunohistochemistry
[IHC]). B, D. CK5/6 and
EGFR in HG EPC,
respectively (IHC). 
E. The myoepithelial
cells layer was
completely absent at
the periphery of a low-
grade EPC, and only
showed focal staining
for p63 (IHC). F. p63
expression in some
malignant epithelial
cells of HG EPC (IHC).
G, H. Ki-67 index in
LTIG and HG EPC,
respectively (IHC). A-E,
G, H, x 100; F, x 200.



Troxell et al., 2007; Moriya et al., 2009). Apart from the
p63 expression detected in focal MECs in two LTIG
EPC cases that were consistent with previous reports,
punctiform malignant epithelial cells in two cases of
triple-negative HG EPC showed p63 positivity. p63
expression in neoplastic cells is predominantly
associated with the loss of adhesion and metastatic
spread of basal- triple-negative breast carcinomas
(Nekulova et al., 2016); our results, which support this
finding, imply that HG EPC might have metastatic
potential compared with LTIG EPC.

The HG lesions in the present series featured
pleomorphic nuclear, high mitotic figures, necrosis,
basal-like immunophenotype and high Ki-67 index,
which might be indicative of a high proliferative activity
and potential aggressiveness. Positive lymph nodes were
present in the three LTIG EPC-IC cases, while all HG
EPCs were negative for metastatic lymph node. This
paradoxical finding could be attributed to the small
sample size and short follow-up time, which comprised
the limitation of the present study. The obtained
evidence is suggestive of higher proliferative activity
and potential aggressiveness for HG EPC, and the
association of high aggressiveness and the HG
phenotype needs to be substantiated in a larger cohort.
Timely treatment and follow-up of HG EPC are essential
for preventing progression. We hope to raise the
recognition of HG lesions in the EPC and provide some
hint for further research. 

EPCs are prone to occur in postmenopausal women
(Rakha et al., 2011). In the present series, the median
age of LTIG cases was consistent with the previous
studies. Interestingly, we found that the HG cases were
typically encountered in younger women, which had
been mentioned in the Lefkowitz’s study, although they
did not present detailed clinical data of those HG cases
(Lefkowitz et al., 1994). Controversially, the median age
of HG EPCs was 58 years in Rakha’s study (Rakha et
al., 2015). However, only HG EPCs without associated
conventional stromal invasion were included in their
study. The difference might also be attributed to the
small sample size of HG cases in these studies. More
data are needed to draft the demographic landscape of
HG EPC. 

When EPC has a solid architecture-especially in HG
cases-caution should be taken to distinguish the lesion
from solid papillary carcinoma (SPC). Peripheral MECs
are occasionally observed in SPC, in which epithelial
cells typically show an oval or spindle shape, streaming
pattern along with low-intermediate grade nucleus and
extracellular mucin. Although tumors in EPC are
separated by hyalinized fibrous septa, it is well
circumscribed by an intact fibrous capsule that is visible
under low magnification. SPC usually comprises
multiple separate nodules. Neuroendocrine markers such
as synaptophysin and chromogranin A could be useful
for differentiating between SPC and EPC, which are
usually positive and negative, respectively, for these
markers (Tan et al., 2016).

In conclusion, EPC is a rare papillary lesion of the
breast that is difficult to diagnose and should be
differentiated from other papillary breast carcinomas,
especially from SPC upon the presentation of HG EPC.
Compared to LTIG EPC, the HG subtype typically
exhibits a solid architecture with a concurrent invasive
component as well as a triple-negative and basal-like
immunophenotype in young women. HG EPC might be
indicative of higher proliferative activity and potential
aggressiveness. Long follow-up and further molecular
studies are required to characterize HG EPC fully in a
larger series.
Acknowledgements. The authors thank Dr. Zhiwen Zhang for assistance
with statistical analyses and our technicians for their assistance with
immunohistochemistry work. This work was supported by Molecular
Pathology Research Center, Department of Pathology, Peking Union
Medical College Hospital, Chinese Academy of Medicine Sciences and
Peking Union Medical College,100730 (2017PT31008), Chinese
Academy of Medicine Science Innovation Fund for Medical Sciences
(2016-I2M-1-002), and the National Natural Science Foundation of
China (31471366).
Competing interests. The authors declare that they have no competing
interests.
Ethics approval and consent to participate. The study protocol was
approved by Peking Union Medical College Hospital ethics review
committee (approval no. S-K232). All recruited patients provided written,
informed consent for their participation in the study when they returned
to the hospital for a follow-up between April and May 2016. Follow-up
information was obtained through regular phone calls to the patients.
Two patients were lost follow-up due to a change in phone number.

References

Bhargava R., Esposito N.N. and Dabbs D.J. (2011). Intracystic papillary
carcinomas of the breast are more similar to in situ carcinomas than
to invasive carcinoma. Am. J. Surg. Pathol. 35, 778-779; author
reply 79-81.

Collins L.C., Carlo V.P., Hwang H., Barry T.S., Gown A.M. and Schnitt
S.J. (2006). Intracystic papillary carcinomas of the breast: a
reevaluation using a panel of myoepithelial cell markers. Am. J.
Surg. Pathol. 30, 1002-1007.

Committee, The Consensus Conference (1997). Consensus Conference
on the classification of ductal carcinoma in situ. The Consensus
Conference Committee. Cancer 80, 1798-1802.

Darb-Esfahani S., von Minckwitz G., Denkert C., Ataseven B., Hogel B.,
Mehta K., Kaltenecker G., Rudiger T., Pfitzner B., Kittel K., Fiedler
B., Baumann K., Moll R., Dietel M., Eidtmann H., Thomssen C. and
Loibl S. (2014). Gross cystic disease fluid protein 15 (GCDFP-15)
expression in breast cancer subtypes. BMC Cancer 14, 546.

de Azambuja E., Cardoso F., de Castro G., Colozza M. Jr., Mano M.S.,
Durbecq V., Sotiriou C., Larsimont D., Piccart-Gebhart M.J. and
Paesmans M. (2007). Ki-67 as prognostic marker in early breast
cancer: a meta-analysis of published studies involving 12,155
patients. Br. J. Cancer 96, 1504-1513.

Dowsett M., Nielsen T.O., A'Hern R., Bartlett J., Coombes R.C., Cuzick
J., Ellis M., Henry N.L., Hugh J.C., Lively T., McShane L., Paik S.,
Penault-Llorca F., Prudkin L., Regan M., Salter J., Sotiriou C., Smith

146
High-grade encapsulated papillary carcinoma of the breast



I.E., Viale G., Zujewski J.A., Hayes D.F. and Group International Ki-
67 in Breast Cancer Working. (2011). Assessment of Ki67 in breast
cancer: recommendations from the International Ki67 in Breast
Cancer working group. J. Natl. Cancer Inst. 103, 1656-1664.

Fadare O. and Tavassoli F.A. (2008). Clinical and pathologic aspects of
basal-like breast cancers. Nat. Clin. Pract. Oncol. 5, 149-159.

Goldhirsch A., Glick J.H., Gelber R.D., Coates A.S., Thurlimann B.,
Senn H.J. and members Panel. (2005). Meeting highlights:
international expert consensus on the primary therapy of early
breast cancer 2005. Ann. Oncol. 16, 1569-1583.

Harvey J.M., Clark G.M., Osborne C.K. and Allred D.C. (1999).
Estrogen receptor status by immunohistochemistry is superior to the
ligand-binding assay for predicting response to adjuvant endocrine
therapy in breast cancer. J. Clin. Oncol. 17, 1474-1481.

Hill C.B. and Yeh I.T. (2005). Myoepithelial cell staining patterns of
papillary breast lesions: from intraductal papillomas to invasive
papillary carcinomas. Am. J. Clin. Pathol. 123, 36-44.

Lakhani S.R., Ellis I.O., Schnitt S.J., Tan P.H., van de Vijver M.J., World
Health Organization and International Agency for Research on
Cancer. (2012). WHO classification of tumours of the breast. IARC.
Lyon.

Leal C., Costa I., Fonseca D., Lopes P., Bento M.J. and Lopes C.
(1998). Intracystic (encysted) papillary carcinoma of the breast: a
clinical, pathological, and immunohistochemical study. Hum. Pathol.
29, 1097-1104.

Lefkowitz M., Lefkowitz W. and Wargotz E.S. (1994). Intraductal
(intracystic) papillary carcinoma of the breast and its variants: a
clinicopathological study of 77 cases. Hum Pathol. 25, 802-809.

Moriya T., Kozuka Y., Kanomata N., Tse G.M. and Tan P.H. (2009). The
role of immunohistochemistry in the differential diagnosis of breast
lesions. Pathology 41, 68-76.

Nekulova M., Holcakova J., Gu X., Hrabal V., Galtsidis S., Orzol P., Liu
Y., Logotheti S., Zoumpourlis V., Nylander K., Coates P.J. and
Vojtesek B. (2016). DeltaNp63alpha expression induces loss of cell
adhesion in triple-negative breast cancer cells. BMC Cancer 16,
782.

Perou C.M. (2011). Molecular stratification of triple-negative breast
cancers. Oncologist 16 (Suppl. 1), 61-70.

Rakha E.A., Gandhi N., Climent F., van Deurzen C.H., Haider S.A.,
Dunk L., Lee A.H., Macmillan D. and Ellis I.O. (2011). Encapsulated
papillary carcinoma of the breast: an invasive tumor with excellent
prognosis. Am. J. Surg. Pathol. 35, 1093-1103.

Rakha E.A., Varga Z., Elsheik S. and Ellis I.O. (2015). High-grade
encapsulated papil lary carcinoma of the breast: an under-
recognized entity. Histopathology 66, 740-746.

Sung H., Garcia-Closas M., Chang-Claude J., Blows F.M., Ali H.R.,
Figueroa J., Nevanlinna H., Fagerholm R., Heikkila P., Blomqvist C.,
Giles G.G., Milne R.L., Southey M.C., McLean C., Mannermaa A.,
Kosma V.M., Kataja V., Sironen R., Couch F.J., Olson J.E., Hallberg
E., Olswold C., Cox A., Cross S.S., Kraft P., Tamimi R.M., Eliassen
A.H., Schmidt M.K., Bolla M.K., Wang Q., Easton D., Howat W.J.,
Coulson P., PharoahP.D., Sherman M.E. and Yang X.R. (2016).
Heterogeneity of luminal breast cancer characterised by
immunohistochemical expression of basal markers. Br. J. Cancer
114, 298-304.

Tan B.Y., Thike A.A., Ellis I.O. and Tan P.H. (2016). Clinicopathologic
Characteristics of Solid Papillary Carcinoma of the Breast. Am. J.
Surg. Pathol. 40, 1334-1342.

Troxell M.L., Masek M. and Sibley R.K. (2007). Immunohistochemical
staining of papillary breast lesions. Appl. Immunohistochem. Mol.
Morphol. 15, 145-153.

Wolff A.C., Hammond M.E., Hicks D.G., Dowsett M., McShane L.M.,
Allison K.H., Allred D.C., Bartlett J.M., Bilous M., Fitzgibbons P.,
Hanna W., Jenkins R.B., Mangu P.B., Paik S., Perez E.A., Press
M.F., Spears P.A., Vance G.H., Viale G., Hayes D.F., Oncology
American Society of Clinical and Pathologists College of American
(2013). Recommendations for human epidermal growth factor
receptor 2 testing in breast cancer: American Society of Clinical
Oncology/College of American Pathologists clinical practice
guideline update. J. Clin. Oncol. 31, 3997-4013.

Accepted July 13, 2018

147
High-grade encapsulated papillary carcinoma of the breast


