
EPIDEMIOLOGY

Invasive micropapillary mucinous carcinoma of the breast
is associated with poor prognosis

Fangfang Liu1 • Mu Yang1 • Zhenhua Li1 • Xiaojing Guo1 • Yang Lin1 •

Ronggang Lang1 • Beibei Shen1 • Gordon Pringle2 • Xinmin Zhang2 •

Li Fu1

Received: 29 April 2015 / Accepted: 2 May 2015

� Springer Science+Business Media New York 2015

Abstract Invasive micropapillary carcinoma of breast

(IMpC) is a special type of breast cancer with frequent

lymph node metastasis (LNM) and poor prognosis, while

pure mucinous carcinoma of breast (PMC) is generally

associated with infrequent LNM and better prognosis. A

similar micropapillary epithelial growth pattern has been

described in PMC that was named as invasive micropap-

illary mucinous carcinoma (IMpMC), but its prognostic

significance is as yet not known. A retrospective review of

531 cases of PMC in 43,685 cases of breast cancer diag-

nosed over a 10-year period was conducted to assess the

frequency of IMpMC and its prognostic implications.

IMpMC was identified in 134 (25.2 %) of the 531 PMC

cases. Compared to conventional PMC (cPMC), IMpMC

was found more frequently in younger patients and in tu-

mors with increased frequency of LNM and lymphovas-

cular invasion, and higher HER2 expression. In stage-

matched Kaplan–Meier analysis, patients with stage II–III

IMpMC suffered a decreased overall survival and recur-

rence-free survival (RFS) than matched cPMC patients.

Multivariate analysis confirmed the presence of IMpMC

morphology was an independent unfavorable predictor for

LNM and RFS of PMC. However, decreased LNM, lower

nuclear grade, higher expression of ER and PR, less ex-

pression of HER2, and better prognosis were identified in

IMpMC when compared with IMpC (n = 281). This is the

first study to show the prognostic significance of IMpMC in

a large cohort. IMpMC pursues a more aggressive clinical

course than cPMC and should be managed differently;

therefore, recognition of IMpMC and its accurate diagnosis

are clinically important.
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Introduction

Studies of breast cancer have consistently demonstrated

that invasive micropapillary carcinoma (IMpC) and pure

mucinous carcinoma (PMC) are two opposite examples of

breast cancer in terms of biologic behavior. IMpC is known

for its proclivity for lymph node metastasis (LNM), early

recurrence, and poor prognosis [1–3]. In contrast, PMC is

believed to be indolent with infrequent LNM or recurrence,

and a favorable prognosis [4–7]. A retrospective study of

11,422 cases of PMC confirmed the low regional LNM

(12 %) and excellent survival (81 %) after 20 years of

follow-up, compared to 36 % LNM at the time of surgery

and 62 % survival at 20 years in patients with invasive

ductal carcinoma of no special type [5].

Despite the remarkably different biologic behaviors,

morphologic overlap between these two types of invasive

breast carcinoma has been observed. IMpC with at least

partial mucinous differentiation has been documented [3,

8] and a micropapillary epithelial growth pattern in PMC

has also been reported in the literature [9, 10]. In 2002, Ng
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described 5 of 21 cases of PMC with diffuse micropapillary

architecture [9]. Since then, to our knowledge, only a

limited number of such cases have been reported [9, 11–

15]. The biologic behavior of PMC with a micropapillary

growth pattern is unclear. Most of the studies, but not all

[13], have indicated that the micropapillary growth pattern

in PMC is associated with a higher rate of LNM and ag-

gressive behavior, compared to PMC lacking micropapil-

lary architecture (i.e., conventional PMC, cPMC). Because

the pathogenetic relationship between the micropapillary

subtype of PMC and IMpC is unclear, and to avoid po-

tential confusion or misclassification, the micropapillary

subset of PMC has been called invasive micropapillary

mucinous carcinoma (IMpMC), micropapillary variant of

mucinous carcinoma, or mucinous micropapillary carci-

noma [9]. The first term is adopted in this report.

To date, the prognostic significance of IMpMC type of

breast cancer has not been confirmed. We retrieved 531

cases of PMC from our archive that had been diagnosed in

a 10-year period, and identified 134 cases of IMpMC

within this group. The clinicopathological features of

IMpMC were characterized and compared with cPMC and

IMpC to determine the prognostic significance of mi-

cropapillary epithelial growth in breast cancer.

Materials and methods

Patient and tumors

Retrospective review of the archive of the Department of

Pathology, Tianjin Medical University Cancer Hospital

(Tianjin, China) identified 531 cases of PMC in 43,685 cases

(1.2 %) of breast cancer that had been diagnosed over a

10-year period from 2003 to 2012. Carcinomas with signet-

ring-cell differentiation were excluded from the study. All

cases of PMC occurred in females with a median age of

53 years (range 23–88). The pathological tumor stage (TNM

stage) was assessed according to the criteria established by

the 6th edition of the American Joint Committee on Cancer

(AJCC) staging manual. Patients received either mastectomy

or lumpectomy, and all surgery included axillary lymph node

dissection. Adjuvant therapy was offered to patients based on

individual assessment of the clinicopathologic features of

each tumor. The patients were followed up for

2–118 months, with a median of 60 months. The study was

reviewed and approved by the Institutional Ethic Committee.

Morphological categorization and subclassification of

the primary and metastatic lesions was assessed indepen-

dently by two pathologists (LF and RL) blinded to the

original diagnosis using the criteria of 2012 WHO classi-

fication of breast tumors. Cases with discordant diagnoses

were reviewed by a third pathologist for consensus.

IMpMC morphology is defined as a PMC containing a

component with micropapillary architecture (Fig. 1). The

growth pattern is similar to that in IMpC, with tumor cells

showing an inside-out micropapillary arrangement revealed

by the expression of surface glycoproteins (MUC1, EMA)

on the cell surface facing the surrounding extracellular

mucin. Other morphological features for IMpMC in-

clude‘‘hobnail’’cell morphology, frequent psammomatous

calcifications, and micropapillary DCIS in the vicinity

(Fig. 1). Micropapillary architecture constituted[50 % of

the tumor epithelial components was required for a PMC to

be diagnosed as IMpMC. In addition, 281 cases of IMpC

diagnosed during the same time period were selected as the

control group.

Representative tumor sections were immunostained with

EMA (clone E29, DAKO, Denmark) and MUC1 (clone

EPR1023, Abcam, UK). Immunohistochemistry for estrogen

receptor (ER: clone SP1, Zymed, San Francisco, CA) and

progesterone receptor (PR: clone SP2, Zymed) was re-e-

valuated using the 2010 American Society of Clinical On-

cology/College of American Pathologists (ASCO/CAP)

guideline [16]. Immunohistochemistry for human epidermal

growth factor receptor 2 (HER2; DAKO HercepTestTM,

Denmark) was re-evaluated using the 2014 ASCO/CAP

updated guideline [17]. Fluorescence in situ hybridization

(FISH) confirmation was performed using the PathVysion

HER2 DNA probe kit following standard procedure in cases

with equivocal immunohistochemical reaction. The assay

was interpreted in accordance with the scoring criteria de-

tailed in the 2014 ASCO/CAP updated guideline.

Statistical analysis

Statistical analysis was performed using SPSS 18.0 statis-

tical software (SPSS, Chicago, IL). OS and RFS curves

were drawn using Kaplan–Meier estimates and were

compared using log-rank tests. Univariate and multivariate

survival analyses were performed using Cox proportional

hazards analysis. The clinical and biologic characteristics

were compared between groups using Chi square test, the

Mann–Whitney U test, and the Kruskal–Wallis test. Uni-

variate and multivariate logistic regression models were

applied to analyze the predictors for LN metastasis. All

tests were two sides and a p value less than 0.05 was

considered statistically significant.

Results

Clinicopathological characteristics

The clinicopathologic features of 134 cases of IMpMC,

397 cases of cPMC, and 281 cases of IMpC are
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Fig. 1 Histologic features characteristic of IMpMC of the breast

(hematoxylin and eosin stain). a–e Neoplastic cells are arranged in a

pattern resembling IMpC within mucin-filled stromal compartments.

a–c Floret-like and pseudoacinar structures and ‘‘hobnail’’cells are

commonly observed. b Lymph node metastases recapitulate features

of the primary tumor IMpMC (a) with low nuclear grade. c Lymph

node metastases of IMpMC with high nuclear grade. d Arrow denotes

lymphatic invasion by tumor emboli. e Numerous psammomatous

calcifications are observed that resemble IMpC. f Micropapillary

DCIS, filled with mucin, in the vicinity of IMpMC. a, c, and

d Original magnification 910; b and e 920; f and inset of d 95; a–
c and e inset, 940
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summarized in Table 1. Most of the IMpMCs presented

with low nuclear grade (Grade 1; 75.4 %) and demon-

strated the expression of ER (91.8 %) and PR (83.6 %).

Compared to cPMC, IMpMC occurred in younger patients

(median age, 46 vs. 57 years; p\ 0.001), exhibited greater

lymphovascular invasion (LVI; 23.9 vs. 2.5 %; p\ 0.001),

had a remarkably higher frequency of LNM (35.1 vs.

3.8 %; p\ 0.001), had an increased number of lymph

nodes with tumor metastasis per case (1.8 vs. 1.5;

p\ 0.001), exhibited greater HER2 overexpression or

gene amplification (11.9 vs. 3.8 %; p\ 0.001), exhibited

higher risk for local and regional recurrence (5.2 vs. 0 %;

p\ 0.001) and distant metastasis (9 vs. 0.3 %; p\ 0.001),

and occurred in more patients who died of breast cancer

(5.2 vs. 0 %; p\ 0.001). Median tumor size, nuclear

grade, and expression of ER and PR were not significantly

different from those of cPMC (p[ 0.05).

Compared to the 281 cases of IMpC, IMpMC demon-

strated smaller tumor size (2.2 vs. 2.5 cm; p = 0.002), and

less aggressive behavior as measured by decreased LNM

(35.1 vs. 80.8 %; p\ 0.001), decreased number of lymph

nodes with metastasis per case (1.8 vs. 7.9; p\ 0.001), less

Table 1 Patient information and clinicopathologic parameter comparisons

Clinicopathological parameters IMpMC cPMC IMpC

n (%) n (%) pa n (%) pb

No. of patients 134 (25.2) 397 (74.8) 281

Age, years

Median (range) 46 (23–71) 57 (29–88) \0.001 54 (30–80) \0.001

Tumor size (cm)

Median (range) 2.2 (0.8–11) 2.0 (0.4–11.5) 0.213 2.5 (0.2–18) 0.002

No. of LNs involved

Mean ± SD (range) 1.8 ± 4.7 (0–34) 1.5 ± 1.8 (0–7) \0.001 7.9 ± 9.7 (0–51) \0.001

LN status

pN0 87 (64.9) 382 (96.2) \0.001 54 (19.2) \0.001

pN1-3 47 (35.1) 15 (3.8) 227 (80.8)

Definite LVI

Negative 102 (76.1) 387 (97.5) \0.001 48 (17.1) \0.001

Positive 32 (23.9) 10 (2.5) 233 (82.9)

Nuclear grade

1 101 (75.4) 309 (77.8) 0.452 14 (5.0) \0.001

2 28 (20.9) 86 (21.7) 221 (78.6)

3 5 (3.7) 2 (0.5) 46 (16.4)

ER positive 123 (91.8) 359 (90.4) 0.638 234 (83.3) 0.019

PR positive 112 (83.6) 322 (81.1) 0.522 208 (74.0) 0.030

HER2 OE/GA 16 (11.9) 15 (3.8) \0.001 81 (28.8) \0.001

Local regional recurrence 7 (5.2) 0 (0) \0.001 34 (12.1) 0.028

Distant metastasis 12 (9.0) 1 (0.3) \0.001 108 (38.4) \0.001

Death of tumor 7 (5.2) 0 (0) \0.001 30 (10.7) 0.068

Surgery

Mastectomy 104 (77.6) 288 (72.5) 0.249 267 (95.0) \0.001

Lumpectomy 30 (22.4) 109 (27.5) 14 (5.0)

Chemotherapy

Adjuvant 124 (92.5) 357 (89.9) 0.371 268 (95.4) 0.238

Neoadjuvant 11 (8.2) 16 (4.0) 0.057 84 (29.9) \0.001

Radiotherapy 53 (39.6) 137 (34.5) 0.293 161 (57.3) 0.001

Endocrine therapy 126 (94.0) 364 (91.7) 0.380 246 (87.5) 0.063

IMpMC invasive micropapillary mucinous carcinoma, cPMC conventional pure mucinous carcinoma, IMpC invasive micropapillary carcinoma,

pa comparisons between IMpMC and cPMC, pb comparisons between IMpMC and IMpC, LN lymph node, LVI lymphovascular invasion, OE

HER2 overexpression, GA HER2 gene amplification
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LVI (23.9 vs. 82.9 %; p\ 0.001), lower nuclear grade

(p\ 0.001), increased expression of ER (91.8 vs. 83.3 %;

p = 0.019) and PR (83.6 vs. 74 %; p = 0.030), lower

HER2 overexpression or gene amplification (11.9 vs.

28.8 %; p\ 0.001), and decreased local and regional re-

currence (5.2 vs. 12.1 %; p = 0.028), and distant metas-

tasis (9 vs. 38.4 %; p\ 0.001). The study also found that

fewer patients with IMpMC died of breast cancer than

patients with IMpC; however the difference was not sta-

tistically significant (5.2 vs. 10.7 %; p = 0.068). IMpMC

also occurred in younger patients than IMpC (median age,

46 vs. 54 years; p\ 0.001).

The surgical and adjuvant managements of the breast

cancer patients were summarized in Table 1. In this cohort,

patients with IMpMC or cPMC were managed similarly. In

contrast to IMpC, fewer patients with IMpMC received

mastectomy (p\0.001), neoadjuvant chemotherapy

(p\0.001), and adjuvant radiotherapy (p = 0.001), while a

similar proportion of patients in the two group received ad-

juvant chemotherapy and endocrine therapy.

Lymph node metastasis and local recurrence

of IMpMC

Thirty-three of 47 (33/47, 70.2 %) IMpMCs metastatic to

lymph nodes manifested a micropapillary architecture

similar to that observed in the primary tumor, but with a

decreased amount of extracellular mucin. Eleven of the

remaining cases (11/47, 23.4 %) showed a morphologic

mixture of IMpC and IMpMC in different foci of metas-

tasis, and metastatic carcinoma in the other 3 cases (3/47,

6.4 %) appeared as IMpC only, with complete loss of ex-

tracellular mucin. All seven cases with local and regional

recurrence demonstrated tumor morphology of IMpC

without mucin production identified.

The incidence of LNM in IMpMC was 9.2 times higher

than that of cPMC (35.1 vs. 3.8 %, p\ 0.001; Table 1).

The odds of IMpMC occurring with LNM was nearly 11

times higher than that of cPMC using univariate analysis

(OR = 10.87, p\ 0.001) and nearly four times higher

using multivariate analysis (OR = 3.65, p = 0.005). The

IMpMC morphology was identified as an independent

predictor for LNM in PMC by univariate and multivariate

analyses (Table 2).

Prognostic associations

IMpMC was associated with decreased OS and RFS,

compared to cPMC (p = 0.001; p\ 0.001), but demon-

strated a more favorable OS and RFS than IMpC

(p\ 0.001; p\ 0.001) (Fig. 2). In a stage-matched ana-

lysis of OS and RFS, there were no statistically significant

differences in OS or RFS between the patients with stage I

IMpMC and stage I cPMC (p[ 0.05; Fig. 3). Patients with

stage II-III IMpMC had a decreased OS and RFS than

patients with stage II–III cPMC (p = 0.001; p\ 0.001;

Fig. 3). Patients with IMpC always showed a worst out-

come among the three groups after matching by TNM stage

(p\ 0.05; Fig. 3). In multivariate analysis, after adjusting

for tumor size, grade, and lymph node status, the IMpMC

morphology was proved to be independent negative prog-

nostic factors for RFS of PMC (HR = 21.23, p = 0.004;

Table 3). The association of the IMpMC morphology with

OS was not proved to be significant by univariate analysis

(p = 0.176; Table 3).

To identify the clinicopathologic factors affecting the

prognosis of IMpMC patients, we used Cox regression ana-

lysis and found that younger age (HR = 0.18, p = 0.023),

high LNM rate (HR = 6.03, p\0.001), high nuclear grade

(HR = 5.61, p = 0.021), and HER2 overexpression/gene

amplification (HR = 1.80, p = 0.048; Table 4) were the

independent predictors for unfavorable RFS. High LNM rate

(HR = 3.16, p\0.001), high nuclear grade (HR = 5.80,

p = 0.045), and HER2 overexpression/gene amplification

(HR = 2.62, p = 0.043; Table 4) were identified to be the

independent predictors for unfavorable OS. Although tumor

size was associated with patient’s RFS and OS, it was not an

independent predictor in this cohort (Table 4).

Discussion

PMC is an uncommon special type of carcinoma, ac-

counting for 1–6 % of all breast malignancies [18]. It

usually occurs in older patients and is considered an in-

dolent tumor with a low rate of local and distant recurrence

and excellent 5–19 year disease-free survival. Tumors with

large quantity of extracellular mucin as observed at low

power examination may harbor scattered small foci of tu-

mor cells exhibiting a micropapillary architecture when

observed at high power. The micropapillary architecture of

the tumor cells is similar to that seen in IMpC with the

characteristic inside-out cell arrangement highlighted by

EMA and/or MUC1 immunohistochemistry [19].

This morphologic variant of PMC, referred to as

IMpMC, is under-recognized in daily practice largely due

to its unknown prognostic significance. Since the first de-

scription by Ng in 2002, the small number of published

reports [9, 11–15], each relying on limited numbers of

cases, suggests a 12–35 % incidence of IMpMC in PMC.

The broad range may be attributed to the limited sample

sizes, geographic location of patients, and more impor-

tantly by the lack of defined diagnostic criteria. We iden-

tified an incidence of 25.2 % (134/531) IMpMC in a large

cohort of PMC diagnosed at our institution in a 10-year

period. The reverse polarity of the micropapillary
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structures was confirmed in all the cases by MUC1 and

EMA immunohistochemistry. However, we emphasized

the presence of micropapillary architecture in making the

diagnosis, as altered cell orientation identified by MUC1

and/or EMA staining patterns could be seen in tumor

clusters in a large number of cPMCs and its alone is not the

criteria for the diagnosis of IMpMC. In addition,‘‘hob-

nail’’cell morphology, frequent psammomatous calcifica-

tions, and a micropapillary DCIS in the vicinity were used

as supporting evidence for the diagnosis [15]. Although

currently there are no standard diagnostic criteria, a com-

bination of these features could be employed to ensure a

consistent and repeatable diagnosis of IMpMC until

specific criteria are further defined. Unclassifiable cases

with ambiguous features of IMpMC and IMpC, or with a

mixed type of the two components certainly exist, but were

not included in this study.

The underlying question is whether the presence of the

diagnostic micropapillary architecture modifies the

biologic characteristics of PMC. Most studies have linked

IMpMC with increased LNM and aggressive behavior [9,

11–15], but conflicting results have been reported. Bal

et al. [13] described 6 low-grade IMpMC cases with no

LNM and concluded an indolent behavior. In the current

study, IMpMC was demonstrated a significantly increased

LVI and LNM, and decreased OS and RFS than cPMC.

Multivariate analysis confirmed it as an independent un-

favorable predictor for RFS of PMC. Our findings, by

stage-matched analysis, illustrate that the poorer prognosis

of IMpMC was mainly due to the contribution of stage II–

III patients, but not the low stage cases. When compared to

IMpC, patients with IMpMC were shown to have a better

prognosis irrespective of tumor stage. These results indi-

cate that IMpMC exhibits a level of aggressiveness inter-

mediate between cPMC and IMpC. IMpC has been

considered as an aggressive subtype of breast cancer and

therefore has been managed more aggressively for years. In

our study, more IMpC patients received mastectomy

Table 2 Univariate and

multivariate analyses (logistic

regression) for lymph node

metastasis of PMC

Factors Univariate Multivariate

OR 95 % CI p OR 95 % CI p

Age 0.95 0.93–0.97 \0.001 0.96 0.94–0.99 0.026

Tumor size 2.41 1.32–4.40 \0.001 1.29 1.08–1.55 0.005

LVI (negative vs. positive) 62.72 22.60–174.07 \0.001 20.62 6.10–69.73 \0.001

Nuclear grade (1 vs. 2 vs. 3) 2.90 1.76–4.78 \0.001 2.12 0.92–4.86 0.077

IMpMC morphology (no vs. yes) 10.87 5.52–21.28 \0.001 3.65 1.49–8.93 0.005

OR odds ratio, 95 % CI 95 % confidence interval, PMC pure mucinous carcinoma, LVI lymphovascular

invasion, IMpMC invasive micropapillary mucinous carcinoma

Fig. 2 Kaplan–Meier survival estimates according to the histologic types. IMpMC showed significantly decreased OS (a) and RFS (b) than
cPMC. IMpC shows the worst OS (a) and RFS (b) among the three groups. OS overall survival, RFS recurrence-free survival

Breast Cancer Res Treat

123



instead of lumpectomy, neoadjuvant chemotherapy, and

adjuvant radiotherapy than IMpMC. In contrast, no sig-

nificant difference was observed in surgery or adjuvant

management between the patients with IMpMC and cPMC.

Our findings suggest that relatively more aggressive treat-

ments should be considered in IMpMC management,

especially in patients with stage locally advanced cancer.

LNM is an important indicator for unfavorable prog-

nosis of breast cancer patients, including those with PMC

[5]. Axillary LNM for IMpMC occurs in 20–43 % of pa-

tients [9, 11, 14, 15], significantly higher than the average

rate of 12 % for PMC patients overall. We identified a

ninefold increase in LNM rate and a fourfold increase in

the odds of LNM in IMpMC by multivariate analysis in

contrast to cPMC. IMpMC morphology was identified as

an independent predictor for LNM of PMC. Because of the

indolent behavior of PMC, axillary staging in surgical in-

tervention is even not suggested [20]. Our results suggest

that axillary staging by sentinel lymph node biopsy or

axillary lymph node dissection should be considered for

patients with IMpMC due to its highly increased LNM rate.

Morphologically, IMpMC shares features with both

PMC and IMpC, and this dual phenotype may govern its

intermediate clinical behavior. Abundant extracellular

mucin has been suggested to be an obstacle to lympho-

vascular invasion and LNM in PMC [3]. Examination of

the LNMs in IMpMC cases found that mucin around the

micropapillary clusters tended to decrease, or was

Fig. 3 Stage-matched Kaplan–Meier survival estimates according to

the histologic types. In TNM stage I cases, no statistically significant

differences were shown in OS (a) or RFS (b) between IMpMC and

cPMC. In TNM stage II–III cases, patients with IMpMC had a

significantly decreased OS (c) and RFS (d) than cPMC. IMpC showed

a worst OS (a, c) and RFS (b, d) among the three groups in stages I

and II–III. OS overall survival, RFS recurrence-free survival
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completely lost, producing an IMpC-type metastasis. Mu-

cinous carcinomas giving rise to non-mucinous LNM have

been reported previously [21]. Some investigators have

offered the explanation that sampling error of the primary

tumor misses the non-mucinous micropapillary component.

However, others believe that the development of aggres-

sive clones by positive selection within the tumor results in

metastasis and the loss of mucin production and secretion

[21]. The latter provides a reasonable explanation for our

observation that local and regional recurrence of IMpMC

totally presented with the morphology of IMpC, and it is

our belief that transformation to IMpC with loss of mucin

is a major pathogenetic event leading to late recurrence and

decreased patent survival. This suggests that IMpMC and

IMpC form a spectrum of the same tumor, differing in the

amount of extracellular mucin. Additional molecular

studies may be able to clarify the genetic and transcrip-

tomic relationship between cPMC, IMpMC, and IMpC.

In addition, some researchers have reported IMpMC

tends to occur in young patients (median age, 44–55 years)

[9, 13, 14]. Our study demonstrated that IMpMC occurs

with a median age (46 years) approximately a decade

younger than cPMC, and that the younger age is an inde-

pendent predictor for decreased RFS of IMpMC. Consis-

tent with previous transcriptomic studies of PMC [22–24],

most of our IMpMC cases can be classified as luminal

Table 3 Univariate and

multivariate analyses of

clinicopathologic features for

prognosis of PMC

Factors Univariate Multivariate

HR 95 % CI p HR 95 % CI p

RFS

Age 0.97 0.93–1.02 0.195 – – –

Tumor size 1.40 1.12–1.73 0.003 1.84 1.11–3.04 0.019

LN status (negative vs. positive) 3.95 1.20–13.00 0.024 7.48 2.99–18.69 \0.001

Nuclear grade (1 vs. 2 vs. 3) 3.36 1.27–8.86 0.014 3.34 1.58–7.05 0.002

IMpMC morphology (no vs. yes) 23.35 3.03–179.81 0.002 21.23 2.67–168.76 0.004

OS

Age 0.97 0.90–1.04 0.363 – – –

Tumor size 2.87 0.64–12.96 0.169 – – –

LN status (negative vs. positive) 5.06 2.64–9.70 \0.001 11.87 3.96–35.56 \0.001

Nuclear grade (1 vs. 2 vs.3) 10.52 1.93–58.8 0.007 11.88 1.57–9.89 0.017

IMpMC morphology (no vs. yes) 164.9 0.10–2.70E5 0.176 – – –

HR hazard ratio, 95 % CI 95 % confidence interval, PMC pure mucinous carcinoma, IMpMC invasive

micropapillary mucinous carcinoma, LN lymph node, OE HER2 overexpression, GA HER2 gene

amplification

Table 4 Univariate and

multivariate analyses of

clinicopathologic features for

prognosis of IMpMC

Factors Univariate Multivariate

HR 95 % CI p HR 95 % CI p

PFS

Age 0.28 0.08–0.98 0.046 0.18 0.04–0.78 0.023

Tumor size 6.67 1.39–32.14 0.018 3.62 0.74–17.60 0.111

LN status (negative vs. positive) 2.12 1.25–3.59 0.006 6.03 2.84–12.82 \0.001

Nuclear grade (1 vs. 2 vs. 3) 2.33 1.40–3.85 0.001 5.61 1.30–24.27 0.021

HER2 OE/GA (no vs. yes) 2.03 1.30–3.18 0.002 1.80 1.01–3.21 0.048

OS

Age 1.04 0.95–1.13 0.423 – – –

Tumor size 2.79 1.44–5.38 0.002 2.95 0.36–24.34 0.315

LN status (negative vs. positive) 3.46 1.75–6.81 \0.001 3.16 1.75–5.68 \0.001

Nuclear grade (1 vs. 2 vs. 3) 6.24 1.14–34.21 0.035 5.80 1.04–32.43 0.045

HER2 OE/GA (no vs. yes) 2.69 1.07–6.77 0.036 2.62 1.03–6.67 0.043

HR hazard ratio, 95 % CI 95 % confidence interval, IMpMC invasive micropapillary mucinous carcinoma.

LN lymph node, OE HER2 overexpression, GA HER2 gene amplification
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subtypes due the prevalent expression of ER, PR, and low

expression of HER-2. However, HER2 expression was

found in a significantly higher proportion of IMpMC than

cPMC, in agreement with earlier studies [9, 14, 15]. HER2

status was confirmed to be an independent predictor for

unfavorable RFS and OS of patients with IMpMC.

In conclusion, this study is the first to show the prognostic

significance of IMpMC in a large cohort of patients. Our

results offer an explanation for the heterogeneity in biologic

behavior of PMC. IMpMC is identified as a subset of mucin-

producing breast carcinomas with biologic behavior be-

tween cPMC and IMpC. These tumors may represent dif-

ferent points in a spectrum of the same subgroup of breast

cancer. Additional studies to clarify the pathogenetic rela-

tionship between these tumors are required which could lead

to a more accurate classification and better stratification of

tumors for appropriate patient management. Sentinel lymph

node biopsy and/or axillary lymph node dissection followed

by more aggressive postoperative therapy should be con-

sidered for patients with IMpMC. Therefore, recognition of

IMpMC and its accurate diagnosis are clinically important.
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