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Background: Invasive micropapillary carcinoma of the breast IMPC) is a rare pathologic subtype of breast
cancer. Since the differences in the pathological features of pure and mixed IMPCs are not fully understood,
we aimed to investigate the difference in clinicopathological characteristics between localized pure and mixed
IMPCs.

Methods: A total of 121 localized IMPC cases were included. The clinicopathological features and survival
estimates of the pure IMPC and mixed IMPC groups were compared. Targeted sequencing was performed
to investigate the genomic profile of paired primary breast cancer and metastatic tissue samples from two
pure IMPCs and four mixed IMPCs.

Results: Overall, 48 cases were pure IMPC and 73 were mixed IMPC. The pure group had a significantly
higher proportion of Luminal B compared to the mixed group (37.5% wvs. 15.1%). The pure group had
a similar HER2 overexpression rate (31.2% vs. 32.9%) and mean age at diagnosis (51.0 vs. 50.2 years),
compared with the mixed group. The pure group had a significantly higher proportion of stage IC cases
compared with the mixed group (38.3% vs. 17.8%). We found no significant difference in the 3-year disease-
free survival (DFS) between the two groups (83.7% vs. 80.0%), but the mixed group had a better overall
survival (OS) compared with the pure group [HR =0.28 (0.091-0.868), P=0.047].

Conclusions: We found that pure IMPC had a more aggressive behavior with locally advanced disease
and a higher proportion of Luminal B than mixed IMPC. Mixed IMPC had a longer OS compared to pure
IMPC, but there was no significant difference in the 3-year DFS between the two groups.
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Introduction

Invasive micropapillary carcinoma of the breast (IMPC) is
a rare pathologic subtype of breast cancer which accounts
for 3-8% of all breast cancers (1-4). It is characterized by
cohesive morula-like tumor cell clusters surrounded by
clear empty spaces mimicking lymphatic vessels (5). It is
well known that IMPC is associated with more frequent
nodal metastasis, local recurrence, and distant metastasis
compared with invasive ductal carcinoma of no special type
(IDC-NST) (6,7). However, reports on the differences in
outcome between IMPC and IDC-NST are inconclusive.
Chen et al. reported that the 10-year survival rate of IMPC
was significantly lower than that of IDC-NST (1), whereas
other a majority of reports have found no significant
prognostic difference for IMPC (8-11). IMPC consists of
is further classified as pure and mixed subtypes according
to the degree of micropapillary differentiation and the
proportion of IDC-NST component; as compared to pure
IMPC, the mixed subtype is more common and has a major
component of IDC (7,12). Mixed IMPC are more similar in
clinical and genomic features to pure IMPC than to IDC-
NSTs (13).

Investigations of the difference in pathological
features between pure and mixed IMPC are scarce. Some
retrospective studies have reported on the pathologic
features of IMPC (6,7,12), but few have focused on the
difference between the two subtypes. Whether pure IMPC
can be used as an independent prognostic factor for breast
cancer is still unknown. To the best of our knowledge,
no investigation has been conducted on the difference
in clinicopathological features between the pure and
mixed IMPCs in a Chinese population. Therefore, we
aimed to investigate the difference in clinicopathological
characteristics (clinicopathological features, molecular
subtype, primary tumor size, metastatic lymph node, 3-year
disease-free survival (DFS), and overall survival) between
localized pure and mixed IMPCs, using localized operable
IMPC cases diagnosed and treated in our institute between
2010 and 2018.

We present the following article in accordance with the
STROBE reporting checklist (available at http://dx.doi.
org/10.21037/atm-20-8045).
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Methods
Patient population

We retrospectively recruited a total of 121 patients who
were diagnosed with localized operable IMPC:s, either pure
or mixed type, and who were treated in Zhejiang Cancer
Hospital, China, between May 2010 and August 2018. The
enrollment criteria for the IMPC cases were selected strictly
in accordance with the morphological criteria described in
the WHO histological classification of breast tumors (14).
The use of primary and metastatic tissue samples in this study
was approved by the Ethics Committee of the Zhejiang
Cancer Hospital. Written informed consent was acquired
from all participants prior to the clinical data collection and
tissue sample sequencing. All procedures performed in this
study involving human participants were in accordance with
the Declaration of Helsinki (as revised in 2013). Patients
who had passed away were exempted from the informed
consent but were also included in our analysis. Follow-up
information was acquired from outpatient departmental
records and additional personal telephone contact.

Clinicopatbological characteristics

The detailed clinicopathological characteristics were
as follows: age, histologic type, tumor size, TNM
staging, Ki-67 index, number of metastatic lymph
nodes, presence of blood vessel invasion, estrogen
receptor (ER) status, progesterone receptor (PR) status,
and HER-2 overexpression and its subtypes based on
immunohistochemical (IHC) classification [Luminal A,
Luminal B (HER-2 positive or negative), HER-2 positive,
and triple-negative]. The status of ER, PR, HER-2 and
Ki-67 was determined by IHC assay, which was a standard
procedure performed by our pathology department staff.
ER and PR were considered positive if 1% of the tumor
cells were positive in nuclear staining. HER-2 status was
reported as positive with an IHC score of 3+ based on
complete membranous staining in >10% of cells or with
amplification confirmed by florescent in situ hybridization.
According to the 2015 St Gallen consensus, five molecular
subtypes of breast cancer have been identified: Luminal
A (defined as ER positive, PR positive, Ki-67 <15%, and
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HER-2 negative), Luminal B (defined as ER positive, PR
positive, Ki-67 >30%, and HER-2 negative), Luminal
B & HER-2 (HER-2 positive subtype, defined as ER
positive, HER-2 positive, regardless of PR status), HER-2
overexpression (ER and PR negative, and HER-2 positive),
and triple negative (ER, PR, and HER-2 negative).

Slides stained with hematoxylin and eosin (H&E) from
all blocks for each tumor were blindly and independently
assessed and reviewed by two senior breast pathologists
from our institute according to the morphologic criteria
for the histologic classification of breast tumors from the
World Health Organization (WHO). Differences of opinion
were discussed until a consensus was reached. IMPC is
characterized by “morule-like clusters” of tumor cells and
surrounded by clear spaces with “inverted polarity” (Figure 1A4).
We defined the pure type as constituting at least 50% of the
micropapillary component of the tumor. IHC staining of the
epithelial membrane antigen (EMA) and mucin 1 (MUC1)
were performed to certify the inverted polarity pattern
(Figure 1B,C).

DEFS was determined from the date of surgery to the date
of relapse. The 3-year DFS rate was defined as the ratio
of patients whose DFS was longer than 3 years. Patients
whose follow-up duration was shorter than 3 years were
excluded from the survival analyses. Overall survival (OS)
was calculated from the date of surgery to the date of death.

Tissue DNA isolation and capture-based targeted DNA
sequencing

DNA isolation and targeted sequencing were performed in
Burning Rock Biotech, a clinical laboratory accredited by
the College of American Pathologist (CAP) and certified
by the Clinical Laboratory Improvement Amendments
(CLIA), according to optimized protocols as described
previously (15,16). Briefly, Tissue DNA was extracted from
the formalin-fixed, paraffin-embedded (FFPE) tumor tissues
using the QIAamp DNA FFPE Tissue Kit (Qiagen, Hilden,
Germany). A minimum of 50 ng DNA was required for the
next generation sequencing (NGS) library construction.
Tissue DNA was sheared using M220 ultrafocused sonicator
(Covaris, MA, USA). Fragments between 200-400 bp were
purified (Agencourt AMPure XP Kit, Beckman Coulter, CA,
USA), hybridized with capture probes baits, selected with
magnetic beads, and amplified. The quality and the size of
the fragments were assessed by high sensitivitcy DNA kit
using Bioanalyzer 2100 (Agilent Technologies, CA, USA).
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Target capture was performed using a commercial panel
consisting of 520 genes (OncoScreen Plus, Burning Rock
Biotech. Guangzhou, China), spanning 1.64 megabases of
the human genome. Indexed samples were sequenced on
Nextseq500 (Illumina, Inc., USA) with paired-end reads and
an average sequencing depth of 1,000x using a 520-gene
panel, spanning 1.64 megabases (Mb) of the human genome
(OncoScreen Plus, Burning Rock Biotech, Guangzhou,
China).

Sequence data analysis

Sequence data were mapped to the reference human
genome (hgl9) using the Burrows-Wheeler Aligner
v.0.7.10 which is a publicly available algorithm developed
by Li and Durbin from Wellcome Trust Sanger Institute
and published in Bioinformatics (17). Local alignment
optimization and variant calling were performed using the
Genome Analysis Tool Kit v.3.2, MuTect, and VarScan
v.2.4.3. Variants were filtered using the VarScan fpfilter
pipeline, and loci with a depth less than 100 were filtered
out. Base calling in tissue samples required at least 8 and
5 supporting reads for single nucleotide variations (SNV)
and insertion-deletion variations (INDEL), respectively.
Variants with a population frequency over 0.1% in the
ExAC, 1000 Genomes, dbSNP, or ESP6500SI1-V2 databases
were grouped as single nucleotide polymorphisms (SNP)
and were excluded from further analyses. The remaining
variants were annotated with ANNOVAR and SnpEff v.3.6.
Analyses of DNA translocation were performed using both
Tophat2 and Factera v.1.4.3. Copy number variations (CNV)
were analyzed on the basis of the depth of coverage data on
capture intervals using an in-house algorithm. The limit
of detection for CNVs was set at 1.5 and 2.64 for deletions
and amplifications, respectively. Metastasis-specific genes
refer to the genes that were not detected from the primary
breast tissue, or where the allele fraction of the mutations
was more than 1.2-fold elevated, compared to the primary
tissue.

The tumor mutation burden ('MB) per patient was
computed as a ratio of the total number of nonsynonymous
mutations divided by the total coding region size of the
panel used (i.e., 1.64 Mb for the 520-gene OncoScreen
Plus panel) using the formula below. CNVs, fusions, large
genomic rearrangements, and mutations occurring on the
kinase domain of EGFR and ALK were excluded from the
mutation count.
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mutation count (except for CNV and fusion)

TMB =
total size of coding region of the panel used (1]

"To understand the somatic mutations that are shared and
distinct for the primary breast tissues and metastatic tissues,
the phylogenetic trees were constructed for each of the 6
evaluable patients using Microsoft PowerPoint. Inferred
evolution with of the mutations shared between the primary
and metastatic tissues formed the trunk, and the mutations
not present in either the primary or metastatic tissues
formed the branches. The length of the trunk and branches
was scaled by the total number of mutations in the samples.

Statistical analysis

All statistical analyses were performed using R statistical
software (R version 3.5.3; R Foundation for Statistical
Computing; Vienna, Austrial BM, Armonk, NY, USA).
Chi-squared and 7-tests were performed to compare the
clinicopathological differences enumerated in the table
between the two groups in the study. Survival analyses of
DFS and OS were evaluated by the Kaplan-Meier method,
and the differences between the two groups were assessed
using the log-rank test. A two-sided P value <0.05 was
considered statistically significant.

Results

Patient characteristics

A total of 121 cases were identified and divided into two
groups: pure IMPC (n=48) and mixed IMPC (n=73). A flow
diagram was shown in Figure S1. The tumor size, molecular
subtype, lymph node metastasis and 3-year disease free
survival (DFS) rate of the two groups were compared. The
pathological characteristics of the pure and mixed IMPCs
are presented in Table 1. The mean age at diagnosis was
50.98+10.09 years for pure IMPC and 50.21+9.17 years for
mixed IMPC (P=0.939). The mean diameter of the primary
tumor was similar (3.40 cm for the pure IMPC and 3.80 cm
for the mixed IMPC, P=0.881). No significant difference
in lymph node metastasis, lymphovascular invasion, or the
Ki-67 index was found between the two groups. A higher
proportion of stage IIIC cases was observed in the pure
group compared with the mixed group (38.3% vs. 17.8%;
P=0.003).

No significant difference in ER/PR and HER2
expression was observed between the two groups. In the
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pure group, the proportion of HER2 negative, HER2
positive, and HER? intangibility was 50.0%, 31.2%, and
18.8%, respectively, whereas in the mixed group, the
proportion was 63.0%, 32.9%, and 4.1%, respectively
(P=0.004). The pure IMPC group had a lower proportion of
Luminal A but a higher proportion of Luminal B compared
with the mixed IMPC group (33.3% vs. 45.2%, and 37.5%
vs. 15.1%, respectively; P=0.003). Representative images
of Luminal A and Luminal B in the pure and mixed groups
were shown in Figure 1D.

All patients received modified radical mastectomy or
breast-conserving surgery. Axillary lymph node dissection
was performed on patients who had positive node
metastasis. Systemic chemotherapy was administered to
patients by their attending physician according to the latest
guidelines, including the regimens containing anthracycline,
taxanes, or both. The amount of neoadjuvant or adjuvant
chemotherapy did not differ significantly between the two
groups, and all patients received adjuvant radiation therapy
(RT) in accordance with the guidelines. Adjuvant endocrine
therapy was administered to 39 patients (81.3%) with pure
IMPC and 59 patients (80.8%) with mixed IMPC who
were positive for hormone receptors. Anti-HER?2 targeted
therapy was used for patients who had an overexpression
of HER2. Of these patients, 13 (27.1%) were pure IMPC
and 22 (30.1%) were mixed IMPC. However, there was no
difference between the two groups.

Comparison of survival outcomes

Follow-up information was available for 113 cases after
excluding eight patients whose follow-up duration was
shorter than 3 years. The median follow-up time was
48.9 months. The 3-year DFS rates were 83.7% (36/43)
and 80.0% (56/70) in the pure and mixed IMPC groups,
respectively (P=0.772) (Figure 2). The analysis of DFS
between the two groups showed a marginally significant
difference [HR =0.30 (0.083-1.013), P=0.063]. However, the
mixed group had a significantly higher OS rate compared
with the pure IMPC group [HR =0.28 (0.091-0.868),
P=0.047] (Figure 3). Ten deaths were identified (seven with
pure IMPC and three with mixed IMPC) constituting an
overall mortality of 8.8%.

Molecular features of pure and mixed type IMPC

Targeted sequencing was performed to interrogate the
genomic profile on paired primary breast cancer and
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Table 1 Pathological characteristics and treatment patterns of pure

and mixed invasive micropapillary carcinomas (IMPCs)

Pure

Mixed

P value

Mean age (years)

Primary tumor diameter (cm)

Metastatic lymph node, n (%)

0
1-3
4-9
>10
Vascular invasion, n (%)
Yes
No
Unknown
Stage, n (%)
IA
1A
1B
A
lnc
Unknown
ER+, n (%)
PR+*, n (%)
ER/PR, n (%)
ER+PR+
ER+PR-
ER-PR-
HER2 status, n (%)
Negative
Positive
Intangibility
Molecular subtype, n (%)
Luminal A
Luminal B
Luminal B & HER2
HER2

Triple negative

9 (18.7)
14 (29.2)
8 (16.7)
17 (35.4)

33 (68.8)
8 (16.7)
7 (14.5)

4 (8.5)
10 (21.3)
7 (14.9)
8 (17.0)
18 (38.3)
1
36 (75.0)
20 (41.7)

17 (35.4)
19 (39.6)
12 (25.0)

24 (50.0)
15 (31.2)
9(18.8)

16 (33.3)
18 (37.5)
3(6.3)
7 (14.6)
4(8.3)

3.40+2.16 3.80+2.86

18 (24.6)
18 (24.6)
21(28.9)
16 (21.9)

43 (58.9)
13 (17.8)
17 (23.3)

12 (16.4)
11 (15.1)
10 (13.7)
24 (32.9)
16 (17.8)

56 (76.7)
38 (52.1)

38 (52.1)
18 (24.7)
17 (23.2)

46 (63.0)
24 (32.9)
3(4.1)

33 (45.2)
11 (15.1)
12 (16.4)
10 (13.7)
7 (9.6)

50.98+10.09 50.21+9.17 0.939

0.881
0.054

0.240

0.003

0.890

0.283
0.035

0.004

0.003

Table 1 (continued)
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Table 1 (continued)
Pure Mixed P value

Ki-67, n (%) 0.729

<30% 21(43.8) 29(39.7)

>30% 23(48.0) 39 (53.5)

Unknown 4 (8.2) 5(6.8)
Neoadjuvant chemotherapy, n (%) 0.105

Yes 13(27.1) 11 (15.1)

No 35(72.9) 62(84.9)
Adjuvant chemotherapy, n (%) 0.384

Yes 45(93.8) 71(97.3)

No 3(6.3) 2(2.7)
Anti-HER2 targeted therapy, n (%) 0.717

Yes 13(27.1) 22 (30.1)

No 35(72.9) 51(69.9)
Adjuvant radiotherapy, n (%) 0.405

Yes 41(85.4) 58(79.5)

No 7 (14.6) 15 (20.5)
Adjuvant endocrine therapy, n (%) 0.923

Yes 39(81.3) 59(80.8)

No 9(18.8) 13 (17.8)

-, negative status; +, positive status; *PR+ was defined as PR
>15%. IMPC, invasive micropapillary carcinoma; ER, estrogen
receptor; PR, progesterone receptor; HER2, human epidermal
growth factor receptor 2.

metastatic tissue samples from two patients with pure type
IMPC and four patients with mixed type IMPC (SRA
accession: PRJNAS594098, https://www.ncbi.nlm.nih.gov/
sra/PRJNA594098). The molecular subtypes of the two
pure IMPC patients were Luminal B and triple negative
breast cancer. Among the four mixed IMPC patients, two
were triple negative, one was HER-2 positive and Luminal
B, and one was HER-2 positive breast cancer. For the pure
group, a total of 25 mutations in 23 genes from the primary
tissue and 32 mutations in 28 genes from the metastatic
tissue were detected, while for the mixed group, a total
of 26 mutations in 19 genes from the primary tissue and
29 mutations in 22 genes from the metastatic tissue were
detected. 7P53 mutations were detected in the primary and
metastatic tissues from all six patients. In addition, PIK3CA
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Figure 1 Representative micrographs of IMPC. (A) The “morules-like clusters” of tumor cells are surrounded by clear spaces (H&E, x100).
(B,C) Inside-out growth pattern as “inverted polarity” is highlighted by MUCI (B) and EMA (C) staining IHC, x100). And the images
showed here had a strong expression of the protein MUC 1, but a weak expression of the protein EMA. (D) The representative images of

Luminal A and Luminal B in pure and mixed IMPC groups. (a) and (b) were Luminal A and Luminal B in pure IMPC group, (c) and (d)

were Luminal A and Luminal B in mixed IMPC respectively. H&E, hematoxylin and eosin; MUC, mucin 1; EMA, epithelial membrane

antigen; IHC, immunohistochemistry; IMPC, invasive micropapillary carcinoma.

mutations were detected in the primary and metastatic tissues
from four patients with mixed type and from one patient with
pure type. KRAS G124 [allelic fraction (AF) =17.86%] and an
increase in allelic fraction of KRAS G124 (AF =73.28%) jointly
with KRAS copy number amplification (copy number =6.51)
were detected in the primary and metastatic tissues from one
patient with pure type. BRCA Q147R was detected in the
primary and metastatic tissues from one patient, while BRCA

© Annals of Translational Medicine. All rights reserved.

T855A was detected only in the primary tissue from another
patient (Figure 4A).

The two pure type patients had an average TMB
of 5.55 mutations/Mb from the primary tissues and
6.3 mutations/Mb from the metastatic tissues. In contrast,
the four patients with mixed type had an average TMB
of 4.58 mutations/Mb from the primary tissues and
6.18 mutations/Mb from the metastatic tissues (Figure 4B).
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Figure 2 The 3-year DFS ratio of the pure IMPC and the mixed
IMPC. DFS, disease free survival; IMPC, invasive micropapillary

carcinoma.

Interestingly, 13 mutations in 12 genes and 31 mutations
in 28 genes were found to be metastatic-specific for the
pure type and mixed type patients, respectively. Among
these mutations, a total of 16 CNVs in 16 genes were only
detected in the metastatic tissues from three patients with
mixed IMPC (Figure 4C). Pathway analysis revealed that
the PI3K-AKT signaling pathway was the most significantly
mutated pathway in the metastatic tissues.

The phylogenetic trees are presented in Figure 4 (for
two patients with pure IMPC and four patients with mixed
IMPC). For patients P1, P2 and P3, the metastatic tissue
had more specific genes compared to the primary tissue,
although both tissues had specific genes. Metastatic-specific
mutations were found only for patients P4 and P6, while

primary-specific mutation genes were only found for patient
PS5 (Figure 5).

Discussion

We systematically investigated the difference in
clinicopathological characteristics between pure and mixed
IMPC in patients from eastern China. We found that pure
IMPC:s had a higher proportion of stage Illc cases compared
to the mixed IMPCs, which suggests pure IMPC has a
more aggressive behavior. This finding is also in line with a
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previous study reporting a higher incidence of lymph node
metastasis at initial diagnosis for IMPC compared to IDC-
NST (1). Similar to previous studies, we also found that pure
IMPCs have a higher proportion of lymph node metastasis
(81.3% wvs. 75.4%) and N3 (more than nine lymph node
metastasis; 35.4% vs. 21.9%), compared with mixed IMPCs.
ER and PR profiles between the two groups were similar.
Notably, we also found that pure IMPCs had a higher rate
of the Luminal B subtype than the mixed group, while the
mixed IMPCs were more likely to be Luminal A (P=0.003).
Taken together, our findings suggest that pure IMPC has a
more aggressive behavior compared with mixed IMPC.

We found that the mixed IMPC group had a longer
overall survival compared with the pure group, but in
contrast to other studies (18), no significant difference in
DES or the 3-year DFS rate was found between the two
groups (83.7% wvs. 80.0%). The mixed group showed a
trend towards a better prognosis (DFS) compared to the
pure group [HR =0.30 (0.08-1.01)], but this difference
did not reach statistical significance (P=0.063). This result
may be due to the short follow-up duration and small
sample size. Additionally, the short follow-up and low
incidence of deaths in our study might preclude a definitive
conclusion that pure and mixed IMPCs have a different
clinical prognosis. Besides, the outcome between IMPC
and IDC-NST have controversial conclusions among the
studies. Because precise treatment based on the molecular
classification of breast cancer results in different outcomes
between different molecular subtypes, to a certain extent,
the difference in prognosis between IMPC and ID-NST
C is difficult to analyze simply from the pathological type.
So whether there is prognostic difference for IMPC or not
needs a well-designed prospective research to confirm.

Growing efforts are exerted to understand the molecular
features of IMPC; however, due to its rarity, the molecular
mechanisms on the difference in pure and mixed IMPC
remain unclear. Many studies have reported that IMPC has
a different molecular phenotype from IDC-NST. Li ez al.
demonstrated the comprehensive investigation on small
non-coding RNA transcriptome identified a number of
differentially expressed on levels of microRNA (miRNA)
involved in the regulation of biological processes including
let-7b, miR-30c, miR-148a, miR-181a, and miR-181b of
the transcriptomes in IMPCs and compared with IDC-
NST (19). Another study showed that the gains of 1q and
the losses of 6q, 17p, 19p, and 22q were more prevalent in
IMPC than in IDC-NST (20). In addition, the differential
expression of prostate stem cell antigen (PSCA), LZTS1,
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Figure 3 DFS (A) and OS (B) by different group of the pure IMPC and the mixed IMPC. DFS, disease free survival; OS, overall survival;

HR, hazard ratio; IMPC, invasive micropapillary carcinoma.

plakoglobin, MUCI, and MUC4 were reported to be
associated with IMPC (21-24). The aforementioned
molecular characteristics are related to the high frequency
of lymph vessel invasions (LVIs) and lymph node metastases
(LNMs,), the maintenance of cell morphology, and the
high metastatic propensity in IMPC (21-24). Pangenomic
analysis stratified IMPCs into two molecular subsets: one
subset is characterized by the increased 16p amplifications
(71%), while the other subset is characterized by increased
amplifications of 8q (35%), 17q (20-46%), and 20q
(23-30%) and loss of 17p (74%) more frequent TP53
mutations (25). Despite the lack of canonical driver
mutations, gene ontology analysis revealed that IMPCs
were enriched with various somatic mutations in genes
involved in cellular polarity (i.e., DNAH9 and FMN?2),
ciliogenesis (i.e., BBS12 and BBS9), endoplasmic reticulum-
related proteins (i.e., HSP90B1 and SPTLC3), and
cytoskeleton (i.e., UBR4 and PTPN21), indicating their
contribution to the distinct morphological features of
IMPC (25). Similar to common breast cancer histology,
PIK3CA, TP53, GATA3, and MAP2K4 has been the most
commonly mutated genes among 29 IMPCs (26). Marchio
et al. also reported that cyclin DI overexpression and MYC
(8924) amplification were associated with pure IMPC (27).
Furthermore, in another study, Marchio e 4/. demonstrated
that mixed IMPCs have a similar genetic and IHC profile

© Annals of Translational Medicine. All rights reserved.

to pure IMPCs rather than IDC-NSTs (13). In our study,
we found FGFRI, a tyrosine kinase receptor known to be
related to the survival of cancer cells, was amplified only in
one pure IMPC patient, while Marchio er 4/. showed that
overexpression of FGFRI existed in four out of 12 mixed
IMPCs (13). This discrepancy in findings may result from
the limited sample size in our study, and further analysis of
epigenetic profiling is warranted. Consistent with the study
by Dieci et al. (26), the most frequently mutated genes in
our cohort, were TP53 and PIK3CA, which were detected
in both primary breast tissues and metastatic tumors.
Additionally, we compared the genomic alterations
between the primary and metastatic tumors. The result
showed that the new-onset genetic alterations of the
metastatic tumors were the overexpression of BRCA?2,
ESRI1, STAT3, VEGFA, CDK6 and CCND3 and the
mutation of NOTCHI, CDHI, and NEB, etc. Pathway
analysis revealed that the PI3K-AKT signaling pathway was
the most significantly mutated pathway in the metastatic
tumors, which may potentially offer additional therapeutic
opportunities. In addition, the different profiles of the
phylogenetic trees of six patients reflected the tumor
heterogeneity among different individuals. Further
functional studies investigating driver mutation or amplicon
sequencing for pure and mixed IMPCs are highly warranted.
Our study had a number of strengths and limitations.
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Figure 4 The comprehensive gene mutation profile from the primary and metastatic tissues of IMPC patients with pure or mixed type. (A)

Oncoprint summarizing the mutation profile of the patients. Various mutation types, represented by the different colors, in different genes

(rows) are summarized for each patient (columns). The values on the left represent the percentages of patients with mutations in a specific

gene. The total numbers of mutation detected per patient are shown on top of each column. Labels below specify the patient number. The

red bar at the bottom indicates the two patients with pure type. The blue bar at the bottom indicates the four patients with mixed type. (B,C)

Histograms illustrating the number of TMB (B) and CNVs (C) of the primary and metastatic tissues of each patient. The corresponding
number of CNVs and TMB are labeled on each bar. Red indicates patients with pure IMPC, blue indicates patients with mixed IMPC.

IMPC, invasive micropapillary carcinoma; CNVs, copy number variations; TMB, tumor mutation burden.

This is the first study from China systematically investigating follow-up time limited the analysis of DFS, and we did not
the difference in clinicopathological features between pure investigate the prognostic factors between the two subtypes.
In conclusion, we found that pure IMPC had a more

and mixed IMPC and comparing the genomic profiles from

primary tissues and metastatic tumors. We found the mixed aggressive behavior with locally advanced disease and a

group had a statistically significant higher OS compared to higher proportion of Luminal B than mixed IMPC. Mixed

the pure group. However, our small sample size and short IMPC had a longer OS compared to pure IMPC, but there

© Annals of Translational Medicine. All rights reserved.
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Figure 5 The phylogenetic trees of the two pure IMPC patients (P2 and P6), and four mixed IMPC (P1, P3, P4 and P5). Inferred evolution

with mutations shared between the primary and metastatic tissues form the trunk, and the mutations not present in the primary or metastatic

tissues form the branches. The length of the trunk and branches is scaled by the total number of mutations in the samples. IMPC, invasive

micropapillary carcinoma.

was no significant difference in 3-year DFS between the two
groups. A larger sample size and a longer clinical follow-up
are necessary to validate our findings. Further investigation
of the molecular mechanism differences between the two

groups is highly warranted.
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Figure S1 Flow diagram summarizing the study design.
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