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In our recent paper, McCart Reed et  al,1 we described the 
application of a number of approaches to understand the 
pathology and biology of metaplastic breast cancers (MBC). 
Metaplastic breast cancers are a relatively rare (0.5%-5% of all 
breast cancers) breast cancer (BC) histological subtype that 
exhibits a stem-cell-like phenotype, with innate plasticity sup-
porting differentiation into heterologous elements, including 
squamous, spindle, osseous, and chondroid. Metaplastic breast 
cancers typically lack expression of the oestrogen and proges-
terone receptors (ER/PR) and HER2, resulting in a ‘triple-
negative’ phenotype with limited therapeutic options. These 
tumours are often large and account for significant global mor-
tality from breast cancer.

We established the Asia-Pacific MBC consortium to bring 
together pathologists and researchers, and create a large cohort 
of tumour samples with detailed clinical data. The histological 
slides were reviewed by the pathologists over a multi-header 
microscope or via digital sharing of images, and classified using 
the World Health Organization (WHO)2 definitions, which 
separates the tumours into 7 subtypes based on morphological 
features (WHO_1, mixed metaplastic carcinoma; WHO_2, 
low-grade adenosquamous carcinoma; WHO_3, fibromatosis-
like MBC; WHO_4, squamous cell carcinoma; WHO_5, 
spindle cell carcinoma; WHO_6, MBC with mesenchymal 
differentiation: a, Chondroid; b, Osseous; c, Other [eg, rhab-
doid]; WHO_7, myoepithelial carcinoma). These categories 
are understood to be descriptive yet pragmatic, with their clini-
cal relevance largely unclear.

The morphology was correlated with clinicopathology 
information and breast cancer-specific survival where possible. 

Within the cohort of mixed metaplastic tumours (WHO_1; 
n = 251), the most frequent presentation, there were 32 combi-
nations of morphologies, including 12 unique combinations. 
WHO_4 (pure squamous) MBC had the best survival out-
comes over 10 years compared with either pure spindle 
(WHO_5) or the mixed category (WHO_1). The most sig-
nificant indicators of poor prognosis were large tumour size 
(T3; P = .004), loss of cytokeratin expression (lack of staining 
with pan-cytokeratin AE1/3 antibody; P = .007), and Epidermal 
Growth Factor Receptor (EGFR/HER1) overexpression 
(P = .01), while EGFR negativity was associated with a favour-
able outcome. In the mixed MBC group (WHO_1), the pres-
ence of more than 3 distinct morphological entities conferred a 
significantly poorer outcome (P = .007) compared with those 
with fewer than 3; 16 cases of MBC with bizarre pleomorphic 
cells were noted. This pleomorphism was described as extreme, 
and there was a positive association between the presence of 
these highly atypical cells and the presence of spindle cell 
component.

We performed exome sequencing on 30 tumour/normal 
pairs. The variability in block age and origin in these tumour 
blocks was high and consequently there was a large range of 
sequencing quality, with an ultimate average of 29 somatic 
mutations per tumour. Breast cancer driver genes were the 
most frequently altered in this cohort: TP53 (21/30 cases), 
PIK3CA (10/30 cases), PTEN (7/30 cases), and NF1 (4/30 
cases). We reported co-occurring mutations in TP53 and 
PTEN, and in PIK3CA and TP53, and a highly significant 
enrichment for trios of co-occurring mutations in TP53, 
PIK3CA, and PTEN (n = 3/30; P = .00003) as compared with 
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TCGA (The Cancer Genome Atlas) breast cancer exome 
sequence data. Other studies have reported PIK3CA mutations 
from 23% to 61% of cases3-5 confirming that MBC represent a 
genomically unique subgroup of triple negative BC, as the 
PIK3CA mutation frequency in other triple negative subtypes 
is only ~8%.3 Exome and targeted sequencing studies have 
recently revealed frequent mutations in TP53 (69%), TERT 
promoter (25%), PIK3R1 (11%), ARID1A (11%), FAT1 (11%), 
and PTEN (11%),6,7 and also NOTCH and MCL1.4,8 More 
data are emerging on the prevalence of specific mutations 
within the different morphological components of MBC. For 
example, Krings et al4 showed that TERT promoter mutations 
were enriched (47%) in spindle cell carcinomas and tumours 
with squamous or spindle/squamous differentiation. Spindle 
cell carcinomas lacked TP53 mutations, in contrast to other 
subtypes (78%, P = .003),4 while chondroid tumours lack 
PIK3CA mutations.4,6

More research is needed to fully dissect the molecular pro-
files of the various metaplastic morphological subtypes and 
with this information would come a clearer understanding of 
whether the genetic alterations could be targeted therapeuti-
cally. It has been mooted that the high frequency of PIK3CA 
mutation makes MBC a candidate for PIK3CA-directed ther-
apy; however, these drugs still require further optimisation for 
clinical implementation due to suboptimal tolerability.9 Given 
that the PIK3CA mutations are not found in chondroid regions, 
such therapies may only target a proportion of the whole 
tumour, and strong genotype/phenotype diagnostic algorithms 
for the implementation of targeted therapies will need to be 
established to account for the vast heterogeneity in MBC. 
Indeed, combinations of targeted therapies may ultimately be 
required to produce meaningful responses in the entire tumour.

An unexpected finding of our study was the enrichment of 
NF1 mutations (4/30 MBC compared with TCGA; P = .0275). 
Two of the NF1 variations occur at nucleotide sites that are 
reported in COSMIC (Catalogue of Somatic Mutations In 
Cancer) as pathogenically mutated in melanoma (c.2850; 
Q950*), in squamous lung and colon cancer (c.1571; 
p.Glu524fs), and in breast cancer (c.1571; p.E524Q). NF1 as a 
driver in breast cancer is established; however, there have been 
6 recent case studies reporting ‘rare’ incidences of MBC pre-
senting in patients with neurofibromatosis (NF1; inherited 
mutant NF1 syndrome).10-15 Recently, the Mitogen-activated 
protein kinase (MAPK) 1 and 2 inhibitor, selumetinib, has 
shown benefit in the management of neurofibromas in neurofi-
bromatosis patients,16 and preclinical modelling shows promise 
in triple negative breast cancers.17 With further development, 
this drug may become important in the management of a sub-
set of MBC patients.
The extreme heterogeneity of MBC is a long way from being 
unravelled; however, the McCart Reed et al manuscript has pro-
vided interesting insights into the emerging molecular profile of 

MBC. Together with other recent studies, it is increasingly clear 
that pathology and genomics disciplines will need to work 
together to better understand these complex tumour types. 
Despite its limitations, the histopathology subtyping of MBC 
has been shown to provide valuable prognostic data, and exome 
sequencing has identified potentially targetable alterations. 
Strong morphologic associations of MBC subtypes with spe-
cific mutations require further large-scale investigation, and 
global moves towards diagnostic molecular pathology will 
underpin the clinical relevance of these findings.

Author Contributions
AMR and SRL drafted and reviewed the manuscript.

ORCID iD
Amy E McCart Reed  https://orcid.org/0000-0001-5387 
-2791

RefeRenCes
 1. McCart Reed AE, Kalaw E, Nones K, et al. Phenotypic and molecular dissec-

tion of metaplastic breast cancer and the prognostic implications. J Pathol. 
2019;247:214–227. doi:10.1002/path.5184.

 2. Lakhani SR, Ellis IO, Schnitt SJ, Tan PH, van de Vijver MJ. WHO Classification 
of Tumours of the Breast, 4th ed. Lyon: IARC; 2012.

 3. Hennessy BT, Gonzalez-Angulo AM, Stemke-Hale K, et al. Characterization 
of a naturally occurring breast cancer subset enriched in epithelial-to-mesenchy-
mal transition and stem cell characteristics. Cancer Res. 2009;69:4116–4124.

 4. Krings G, Chen YY. Genomic profiling of metaplastic breast carcinomas reveals 
genetic heterogeneity and relationship to ductal carcinoma. Mod Pathol. 
2018;31:1661–1674.

 5. Joneja U, Vranic S, Swensen J, et al. Comprehensive profiling of metaplastic 
breast carcinomas reveals frequent overexpression of programmed death-ligand 
1. J Clin Pathol. 2017;70:255–259.

 6. Ng CKY, Piscuoglio S, Geyer FC, et al. The landscape of somatic genetic altera-
tions in metaplastic breast carcinomas. Clin Cancer Res. 2017;23:3859–3870.

 7. Piscuoglio S, Ng CKY, Geyer FC, et al. Genomic and transcriptomic heteroge-
neity in metaplastic carcinomas of the breast. NPJ Breast Cancer. 2017;3:48.

 8. Groisberg R, Hong DS, Roszik J, et al. Clinical next-generation sequencing for 
precision oncology in rare cancers. Mol Cancer Ther. 2018;17:1595–1601.

 9. Baselga J, Dent SF, Cortés J, et al. Phase III study of taselisib (GDC-0032) + 
fulvestrant (FULV) v FULV in patients (pts) with estrogen receptor (ER)-posi-
tive, PIK3CA-mutant (MUT), locally advanced or metastatic breast cancer 
(MBC): primary analysis from SANDPIPER [published online ahead of print 
June 7, 2018]. J Clin Oncol. doi:10.1200/JCO.2018.36.18_suppl.LBA1006.

 10. Chaudhry US, Yang L, Askeland RW, Fajardo LL. Metaplastic breast cancer in 
a patient with neurofibromatosis. J Clin Imaging Sci. 2015;5:17.

 11. Lee HS, Jung EJ, Kim JY, et al. Metaplastic spindle cell carcinoma of the breast 
in a patient with neurofibromatosis type 1. Breast J. 2018;24:391–394.

 12. Natsiopoulos I, Chatzichristou A, Stratis I, Skordalaki A, Makrantonakis N. 
Metaplastic breast carcinoma in a patient with Von Recklinghausen’s disease. 
Clin Breast Cancer. 2007;7:573–575.

 13. Suarez-Kelly LP, Akagi K, Reeser JW, et al. Metaplastic breast cancer in a 
patient with neurofibromatosis type 1 and somatic loss of heterozygosity. Cold 
Spring Harb Mol Case Stud. 2018;4:a002352.

 14. Vellaisamy G, Mohanty S, Rout P, Manjunath S. Metaplastic carcinoma of 
breast and neurofibromatosis 1: a rare association. Indian J Med Paediatr Oncol. 
2017;38:374–376.

 15. Vivas AP, Bomfin LE, Pinto CA, Nicolau UR, Alves FA. Oral metastasis of 
metaplastic breast carcinoma in a patient with neurofibromatosis 1. Case Rep 
Oncol Med. 2014;2014:719061.

 16. Dombi E, Baldwin A, Marcus LJ, et al. Activity of selumetinib in neurofibroma-
tosis type 1-related plexiform neurofibromas. N Engl J Med. 2016;375: 
2550–2560.

 17. Bartholomeusz C, Xie X, Pitner MK, et al. MEK inhibitor selumetinib 
(AZD6244; ARRY-142886) prevents lung metastasis in a triple-negative breast 
cancer xenograft model. Mol Cancer Ther. 2015;14:2773–2781.

https://orcid.org/0000-0001-5387-2791
https://orcid.org/0000-0001-5387-2791

