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Lesions with Intrac ellular Mucin

A Mucinous metaplasia

A Lobular Neoplasia

A Ductal Carcinoma In Situ (DCIS)

A Solid Papillary Carcinoma

A Invasive Lobular Carcinoma (ILC)
A Invasive Ductal Carcinoma (IDC)

A Mucoepidermoid Carcinoma

Lesions with Extracellular Mucin

A Fibrocystic Change with Intracystic Mucin
A Mucocele -like lesions (MLL), Benign

A MLL with Atypical Hyperplasia

A MLL with Ductal Carcinoma In Situ (DCIS)
A MLL with Mucinous Carcinoma

A Mucinous Carcinoma

A Mucinous Cystadenocarcinoma

A Mixed Carcinoma (Mucinous + Invasive
Carcinoma of no Special Type)




Common Diagnostic Challenges

AMucocele -like Lesions vs. Mucinous Carcinoma

A Mucinous Carcinoma vs. Other Types of Breast Carcinoma
A Special Types of Invasive Carcinoma with Mucin Production
A Carcinomas with Stromal Mucin

A Rare Lesions







Mucinous carcinoma (Type A -pauci cellular subtype)

A Ribbon -like ,reticular ,cribriform and
trabecular
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A Mucinous morphology >90%

A Nuclear grade: low to intermediate

A High nuclear grade with extracellular mucin: diagnose
as invasive carcinoma NST with mucin production

A Typically HR+ and HER2-; re-evaluate if HR- or HER2+













Original research

Clinicopathological significance of WT1 expression in
invasive breast carcinoma with >90%
mucinous component

Xiaoli Xu ©,"* Rui Bi @ ,"?Ruohong Shui,"* Baohua Yu,"? Yufan Cheng,
Xiaoyu Tu,"* Wentao Yang"*
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Cellular subtype (Type B): characterized by sheet -like, solid nest -like, or cribriform glandular
architecture, with relatively less mucin, may show neuroendocrine differentiation.
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Mucinous carcinoma is typically characterized by
the absence of PIK3CA and AKT1 mutations.

Table 2  Mutation status of invasive carcinoma and associated
lesions Table 4 Mutational analysis of invasive mucinous carcinoma:

literature review

Lesion PIK3CA mutation  AKTI
mutation Study PIK3CA mutation  AKTI mutation
Invasive carcinoma Campbell et al [24] 0/1
Mucinous carcinoma, total 0/38 0/35 Buttitta et al [13] 1/22
Mucinous carcinoma, pure /29 0/26 Maruyama et al [25] 1/4
Invasive ductal carcinoma, 0/9 0/9 Bleeker et al [26] 2/17 0/17
mucinous differentiation Michelucci et al [27]  0/3
IDC-NOS 10/31 1/31 Li et al [28] 1/8
Carcinoma in situ Present study 0/38 0/35
DCIS 3/14 (H1047R-2,  0/6 Total 5/93 (5%) 0/52 (0%)
H1047Y-1)

Hum Pathol . 2012 Dec;43(12):2204



Pure mucinous (this study + TCGA; n=30) ER+/HER2- IDC-NST (TCGA; n=310) P value
GATA3 20.0% 16.1% 061
KMT2C [ | 16.7% | . 10.0% 0.34
FOXA1 [ D] 10.0% I 29% 008
8X3 | i i 10.0% | | 26% 006
PiIkscA |} N 6.7% |l 37.4% _ <0.001
MAP3K1 l l 6.7% | | . 116% 0.55
CTCF B i 6.7% || ! | 23% 018
SF3B1 B 6.7% | | s 23% 0.18
PTEN i 33% | | | | I 45% 099
FAT1 |} 3.3% | | | 1.3%  0.37
IP53 i L — 200% 002
NCOR1 0.0% || 55% 0.38
AKT1 00% || | |r| | r| 48% 038
CBFB 00% ||| || | | | 42% 062
MAP2K4 00% | | [ | ] | | 42% 062
SPEN 0.0% T () | | | 32% 0.99
Mutation type [l Hotspot mutation |l Truncating SNV M Frame-shift indel ll Missense SNV M In-frame indel  Splice site

AVlucinous carcinoma exhibits a low level of copy number variation

At lacks the characteristic genomic alterations of invasive ductal carcinoma, such as

19 loss and 16q loss .

AThe frequencies of PIK3CA and TP53 mutations are lower than those in ER+/HER2 -
invasive carcinoma of no special type (NST).

J Natl Cancer Inst (2019) 111§737-741



21 -gene recurrence score results Lo Tt E e

o5 41
90.0 16.8
252

11. 7
IN_Mucinous carcinoma win B B .

Total Mean RS (SD) Node negative 0.0
Overall 610,350 18 (10.8) 493,924 (80.9) | 500
Ductal carcinoma, NOS 504,362 18.4 (11.2) 401,761 (79.7) | 409
Lobular carcinoma, classic type 49,819 16.3 (6.9) 38,783 (77.9) | **°
Lobular carcinoma, other variants 5069 18.2 (9.4) 3980 (78.5) ?22
Invasive carcinoma, mixed 25,329 16.4 (8.5) 19,407 (76.6) 00

Mucinous carcinoma 16,116 14.9 (8.9) 13,902 (86.3) Ductal Lobular  Lobular Mixed Mucinous Papillary  Tubular  Cribriform
Papﬂ]ary ca[‘cmoma 4159 11 (135) 3422 (823) car(;rg);na, EEIISCSIE:O:;;‘; Cﬂziﬁz;na, ?(;-i;:f;randl carcinomaf carcinoma carcinoma carcinoma
Tubular carcinoma 3599 14.5 (5.7) 3175 (88.2) variants  carcinoma
Cribriform carcinoma 1897 12.6 (9.6) 1583 (835) mLow Risk (<18) Intermediate Risk (18-30)  mHigh Risk (231)
Table 1. Average Recurrence Score and Patient Age by Histologic Type
Total No.  Recurrence Score, Recurrence Patient Age, Patient Age
Histologic Subtype (% of Total) Mean (SD) Score Range Mean (SD), y  Range, y
Invasive ductal carcinoma 131 (71.2) 19.4 (11.6) 1-64 57.8 (10.8) 25-81
Invasive lobular carcinoma 30 (16.3) 15.7 (7.2) 0-27 57.8 (10.7) 39-80
Mixed ductal and lobular carcinoma 15 (8.2) 14.1 (7.7) 4-31 62.6 (9.2) 46-77
Invasive mucinous carcinoma 4 (2.2) 17.2 (5.9) 9-23 56.3 (15.4) 37-73
Mixed ductal and mucinous carcinoma 2 (1.1) 8.0 (4.2) 5-11 67 5 (7.8) 62-73
Tubular carcinoma 1 (0.5) 10 (...) 10 3(.) 43
Invasive ductal carcinoma with micropapillary features 1 (0.5) 29 (...) 29 8 (... 68
All 184 (100) 16.2 (7.3) 0-64 59.0 (10.8) 25-81

ArchPatholLab Med. 2015 Dec;139(12):1596 Ann Surg Oncol . 2018 Oct;25(11):33%4




Solid papillary carcinoma is often associated with mucin.

The presence of mucin in the stroma
without tumor cells should not be
considered invasive.
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Fig.2.53 Solid papillary carcinoma. Extracellular mucin production can also be

present, but if it is not associated with floating malignant cells, the tumour is not con- .
sidered to be mucinous carcinoma. WHO Breast Tumours, 5th Edition
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Invasive carcinoma with micropapillary structures and
mucin secretion
ey < %

WHO 5Ed

A Often exhibit greater nuclear atypia than classical mucinous carcinoma.
A Tend to occur in younger patients, with higher rates of LVI and nodal metastasis.

A Prognostic reports are inconsistent.
A Diagnostic category is unclear (micropapillary vs. mucinous); no definitive recommendation in 5 th WHO .
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Pathogenesis of Colloid (Pure Mucinous) Carcinoma
of Exocrine Organs
Coupling of Gel-Forming Mucin (MUC2) Production With

Altered Cell Polarity and Abnormal Cell-Stroma Interaction

May Be the Key Factor in the Morphogenesis and Indolent
Behavior of Colloid Carcinoma in the Breast and Pancreas

A In mucinous carcinoma, glycoproteins are primarily expressed

on the stromal

-facing surface of tumor cells.
A Ininvasive ductal carcinoma, glycoproteins are mainly

expressed on the luminal surface or show diffuse cytoplasmic

Normal
breast or pancreas

Conventional ductal adenocarcinoma

Colloid

Breast

Pancreas

Breast

MUC1 Confined to the luminal
surfaces of the

ductal cells

CEA Confined to the luminal
surfaces of the
ductal cells in some
ducts, labeling is
more commonly
encountered
especially in the
areas of pancreatitis

MUC2 None

100% (47/47)

luminal-membrane in
fubular areas, dense
intracytoplasmic in
poorly differentiated
areas

— (not performed)

6% (3/44), scattered
cells,
intracytoplasmic

63% (86/136),

luminal-membrane in
tubular areas, dense
intracytoplasmic in
poorly differentiated
areas

90% 37/41,

luminal-membrane in
tubular areas, dense
intracytoplasmic in
poorly differentiated
areas

1% 1/136, scattered
cells,
intracytoplasmic

100% (30/30),
well-defined, thin
band lining the

eriphery of the
nes{s,

intracytoplasmic
labeling may be
seen

— (not performed)

100% (30/30), diffuse,
intracytoplasmic

MUC1-BREAST

. o

Invasive ductal ca.

Colloid carcinoma

CEA-PANCREAS

Colloid carcinoma

Am J SurgPathol 2003;27(5):571578




Reversed MUC1/EMA polarity in both mucinous and

micropapillary breast carcinoma™

To the Editor,

Table EMA staining of mucinous carcinomas

Case no. EMA (% cells) Age Size +/ Hormone status ~ Clinical follow-up
Reversed | Cytoplasm ® Negative (cm) Nodes and comments

Mucinoug carcinoma tfpe A: hypocellular, not neuroendocrine

3 100% 0% 0% 59 22 0/20 ER+PR—Her2— Not available

9 100% 0% 0% 41 4.0 0/5 ER+PR+Her2— No evidence of disease at 6 y

10 100% 0% 0% 71 0.9 0/18 ER+PR+Her2— No evidence of disease at 2.5 y

20 80% 0% 20% 49 4.0 None  ER+PR+Her2— Local recurrence of mucinous
carcinoma with extensive DCIS
diagnosed and treated 8 y prior;
no further follow-up

21 0% 5% 95% 40 0.4 0/1 ER+PR+Her2— No evidence of disease at 3 y

26 100% 0% 0% 77 3.0 0/1 ER+PR+Her2— No evidence of disease at 9 mo

46 95% 0% 5% 63 0.6 0/2 ER+PR+Her2— Not available

Mucinous carcinoma type A/B or B: hypercellular and/or neuroendocrine

1 10% 100% 0% 37 1.5 0/10 ER+PR—Her2— No evidence of disease at 4.5 y.
Mixed mucinous IDC.

11 5% 90% (and dot like) 5% 61 1.5 0/1 ER+PR+Her2— No evidence of discase at 4 y.
Mixed mucinous IDC.

12 30% 0% T0% 35 0.8 0/2 ER+PR+Her2—  Contralateral mucinous carcinoma;
no evidence of disease at 4 y

13 0% 0% 100% 31 2/14 ER+PR—Her2— No evidence of disease at 3 y

15 30% 50% 20% 70 1.5 0/3 ER+PR+Her2— Local recurrence at 3 y;
no evidence of disease 1 y
postrecurrence.
Mixed mucinous IDC.

19 5% 5% 90% 81 1.0 0/3 ER+PR+Her2— No evidence of disease at 1.5y

79 0% 100% 0% NA 0.7 NA NA Not available

14 cases of mucinous carcinoma

A 11 cases (78%) showed varying degrees
of polarity reversal of EMA staining

A 6 cases (43%), EMA staining showed
diffuse polarity reversal.

In the meantime, pathologists should be aware that the
reversed or “inside-out” pattern of EMA staining 1s
frequently seen in both micropapillary and mucinous
carcinoma and, as such, cannot be used to identify the
potentially aggressive mucinous micropapillary variant.

Hum Pathol. 2014:45(2):4324




Reversed MUC1/EMA polarity in both mucinous and
micropapillary breast carcinoma—reply

We appreciate Dr Troxell’s commentary on the similarity
of MUCI/EMA immunoreactivity patterns in micropapillary
and mucinous breast carcinomas, a finding discussed in our
article [1]. Troxell correctly notes that some studies have
equated reversed MUCI/EMA polarity with micropapillary
differentiation. It is important for the pathologists to be aware
that altered cell orientation as evidenced by the expression of
surface glycoproteins (MUCI, EMA) on the stroma-facing
surface of the cells is not unique to micropapillary
neoplasms. The same pattern of immunoreactivity charac-
terizes a large proportion of mucinous (colloid) breast
carcinomas, particularly type A tumors.

Immunohistochemistry data presented by Troxell lend
further support to our conclusion that MUCI/EMA staining
cannot discriminate between ordinary mucinous carcinomas
and the potentially aggressive mucinous micropapillary tumors.
The diagnosis of the latter should be based on morphologic
criteria until specific diagnostic tests become available.

Violetta Barbashina MD

Adriana D. Corben MD

Muzaffar Akram MA, MS

Christina Vallejo MD

Lee K. Tan MD

Department of Pathology

Memorial Sloan-Kettering Cancer Center

New York, NY 10065, USA

E-mail address: violetta.barbashina@gmail.com

These findings support that micropapillary
carcinoma and mucinous carcinoma share a
similar MUC1/EMA expression pattern.

Polarity reversal is not a feature unique to
micropapillary carcinoma

Most mucinous carcinomas 9 particularly Type A
mucinous carcinoma dal so show a 0
reversed patterno on i mm
staining.

MUC1/EMA staining cannot distinguish between
mucinous carcinoma and mucinous
micropapillary carcinoma.

Hum Pathol. 2014;45(2):4324



Mucinous carcinoma with micropapillary features is

mucinous carcinoma of breast

Jiehua He'?

morphologically, clinically and genetically distinct from pure

Peng Sun'? - Zaixuan Zhong® - Qianyi Lu* - Mei Li"? - Xue Chao'? - Dan Chen? - Wenyan Hu® - Rongzhen Luo'2 -

2

Diagnostic criteria:

A Pure mucinous carcinoma morphology
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invasive micropapillary carcinoma outcomes.

A Polarity reversal demonstrated by
EMA/MUCL1 staining

carcinoma.
A 5.6% were of high nuclear grade. A Shares some
A 6.2% were ER -negative. distinct differences.
A 8.1% were HER2 -positive. A MPMC is dist

MPMC accounts for 32% of all mucinous carcinomas.

S I n younger patien

W(hi'gf&p{ ﬁLﬁc[/ehr?qrédre,rrﬂo\’re LVI and LN metastasis) and poorer

A -pehe assay shows no significant difference from pure mucinous

genetic alterations

i nct i n morphology,

Mod Pathol 2020:33(10):1945960
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Micropapillary Variant of Mucinous Carcinomas of the Breast Display Genetic

Alterations Intermediate Between Mucinous Carcinomas and Micropapillary
Whole -exome sequencing of five cases

Carcinomas of micropapillary mucinous carcinoma
I mxeeq
N e L o o oo Ag& [years]l Subtype Grade ER/HERZ2 status
> Age ::i: = MPure MWGrade 2 WPositive
; | Subtype r— la-m EMixed BGrade3 MENegative
R Grade — =
{ ) P 41 1 1
LAReY F HER2 -
\ P
‘ \‘.° y A Micropapillary mucinous carcinoma (MPMC) shows genetic
e < heterogeneity, with some cases exhibiting molecular alterations
N — similar to those of mucinous carcinoma, and others resembling
wh : invasive micropapillary carcinoma.
o FWay N A Inthree cases, the genetic features were similar to mucinous
a9 carcinoma, characterized by absence of PIK3CA mutations, 1q

gain, and 16q loss; whereas in two cases, 169 loss and/or copy
number alterations resembling those of invasive micropapillary
carcinoma were observed.

A MPMC may not represent an independent histologic subtype, but
rather a hybrid lesion derived from mucinous carcinoma or
invasive micropapillary carcinoma.

Histopathology. 2019;75(1):139145






