








Table 1 Key publications on genomic and genetic abnormalities reported in breast fibroadenomas

Calabrese etal  Stephensonetal Cavallietal 1992° Rohenetal 1993° Leuschner et al Ozisik et al 19942 Schoenmakers et Staats et al 1996*
1991" 1992"7 1994'¢ al 1995”

Lizard-Nacol et Deng etal 1996° McCulloch et al Euhus et al 1999* Franco et al 200" Wang et al 2006*  Hand et al 1984"  Kumar et al 19907
al 1995 1998"

Koutselini et al Millikan et al von Lintig et al Franco et al 2003° Eom et al 2008° Schneider et al Welsch et al 1979  Manni et al 1986°
1991°' 1995 2000% 2009*
Kumar et al 1987° Touraine et Mertani et al 1998 Gill et al 2001 Bogorad et al 2008* Courtillot et al 2010° Chakhtoura et al Lim et al 2014”

al 1998 2016

Publications are colour coded according to the type reported: red—cytogenetic aberrations; yellow—microsatellite instability and loss of heterozygosity; blue—TP53 and ras
mutations; purple—prolactin receptor mutations; green—MED12 mutations.

Figure 2 Key genomic and genetic abnormalities reported in breast fibroadenomas. Findings are colour coded according to the type reported:
red—cytogenetic aberrations; yellow—microsatellite instability and loss of heterozygosity; blue—TP53 and ras mutations; purple—prolactin receptor
mutations; green—MED12 mutations. FA, fibroadenoma; HMGI-C, high mobility group protein; LOH, loss of heterozygosity; mAb, monoclonal
antibody; qPCR, quantitative PCR; RHEB, Ras homology enriched in brain; SNP, single-nucleotide polymorphism.
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Figure 3  Cellular fibroadenoma at low magnification (A) shows a typical appearance of a proliferation of both epithelial and stromal components.
At medium (B) and high (C) magnifications, the increased stromal cellularity is observed. Cellular fibroadenomas may be difficult to distinguish from
benign phyllodes tumours when there is a predominant intracanalicular growth pattern.

to be multifaceted, involving aberrant oestrogen signalling as
well as attenuated cell cycle arrest, and thus warrants further
investigations to better understand its full scope.

OTHER MUTATIONS

Previously, somatic missense mutations in RARA were only
reported in acute promyelocytic leukaemia that was refractory
to treatment, as well as in other solid tumours at low frequen-
cies below 5%.%% Targeted deep sequencing of 21 FAs revealed
mutations in the retinoic acid receptor alpha (RARA) gene to
be highly clustered within the region that encodes the ligand-
binding domain, in 3 (14.3%) of these cases. On top of this,
missense mutations were detected in FLNA, PCLO, CHDS
and ROS1, while frameshift mutations were found in MLL2
and PCNXL4.” Taken together, the identification of recurrent
MED12 and RARA mutations within the stromal compartment
of FAs points towards clonality. This counters earlier investiga-
tions into the clonality of FAs, which used PCR and compar-
ative genomic hybridisation-based approaches to arrive at the
conclusion that FAs are polyclonal.”*®” This disparity may be
attributed to low stromal cellularity within the FAs that may
have masked their true clonality, supported by the fact that FAs
with high stromal cellularity or ‘phyllodal features’ were demon-
strated to be monoclonal.”® *’

Among breast fibroepithelial tumours, mutations in FLNA,
SETD2, MLL2, BCOR and MAP3K1 were observed to be more
common in phyllodes tumours than FAs. In addition, borderline
and malignant phyllodes tumours disclosed mutations in NF1,
RB1, PIK3CA, EGFR, TP53 and ERBB4, which were largely
absent in FAs and benign phyllodes tumours.”® These genomic
differences may be of potential clinical use in distinguishing FAs
from phyllodes tumours, an important separation as there are
divergent management approaches. It is postulated that similar
mutational profiles exist for cellular FAs, which represent a diag-
nostic difficulty in their distinction from phyllodes tumours,
though specific data on cellular FAs remain pending.

Among breast papillary lesions that may occasionally display
slight morphological similarity to fibroepithelial tumours, a
high prevalence of PIK3CA/AKT pathway mutations has been
found.'” There are currently no papers in the literature high-
lighting frequent mutations of PIK3CA and related genes in FAs.
On the other hand, studies describing the presence of MED12
mutations in intraductal papillomas are scant, with one report
published this year showing a 0% mutation rate of MED12 in
six intraductal papillomas.'”" Furthermore, another recent publi-
cation demonstrated tubular, lactating and ductal adenomas to
lack mutations in exon 2 of the MED12 gene, and that ductal

adenomas showed recurrent mutations in GNAS and the PI3K-
AKT pathway.'® Ductal adenomas of the breast have been previ-
ously postulated to be closely related to or are in fact sclerosed
intraductal papillomas.'®

CONCLUSION

Knowledge surrounding FA genetics and genomics has progressed
rapidly over the last 20 years—from mostly karyotype studies
and FISH analyses at the beginning to the NGS-based approaches
today. Table 1 and figure 2 show a summary of the genetic and
genomic discoveries in FAs. The next step forward will be to
capture their genomic features for correlation with clinicopatho-
logical features, which will allow us to evaluate whether genomic
data may be harnessed as a secondary adjunct to refine diag-
nostic assessment of fibroepithelial tumours. In particular, distin-
guishing cellular FA (figure 3) from benign phyllodes tumour is
a common diagnostic challenge, which was brought to greater
attention by an interobserver study in which consensus among
all pathologists was achieved in only 2 (9.5%) of 21 difficult
fibroepithelial lesions. This can be attributed to subjective histo-
pathological criteria such as stromal cellularity, stromal conden-
sation, atypia and well-developed leaf-like growths.” 1 Studies
that sought to differentiate FAs from phyllodes tumours using
protein immunohistochemistry and other methods have so far
not been able to consistently assist in resolving this diagnostic
dilemma.'®™'% As such, further investigations are warranted to
understand whether genomic features can be clinically useful.
Finally, a recent study involving massively parallel sequencing
analysis and formal clonality analysis of FAs and phyllodes
tumours has shown that MEDI12 mutations are extremely
common among them and that a clonal relationship likely exists
between FAs and phyllodes tumours that share identical MED12
mutations.'” Therefore, additional studies are also required to
shed greater light on the progression of fibroepithelial lesions
and whether FAs do constitute the substrate from which phyl-
lodes tumours develop. We are gradually arriving at a more
comprehensive understanding of the molecular underpinnings
driving the formation of fibroepithelial tumours.
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