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Abstract

Background: Columnar cell lesions (CCLs) of the breast are characterized by the substitution of regular layer
of cuboid epithelial by columnar cells covering the terminal duct lobular units (TDLUs). It also comprises a
spectrum of lesions characterized by enlarged TDLUs with variably dilated acini lined by columnar epithelial
cells, ranging from one or two layers of benign epithelium to stratified epithelium with atypia. With the increasing use
of mammography screening scans in the last 30 years, columnar cell lesions (CCLs) have been diagnosed more
frequently, often associated with microcalcifications and abnormal calcifications, requiring breast biopsies. This
literature review presents the historical development of this entity description, with many terminologies, the CCLs
categories, differential diagnoses, immunohistochemical profile and genetic alterations, reproducibility and clinical
implications. In addition it discusses the significance of flat epithelial atypia (FEA), a CCL with low-grade cytological atypia.

Practical considerations: FEA are a frequent finding in breast biopsies and should be a warning sign for other possible
entities within the lesion area. Since CCLs are an increasingly recognized entity in the diagnostic spectrum of
breast proliferative lesions, proper training or tutorials are advisable for general pathologists in order to teach
them how to identify CCLs with confidence. Intraductal proliferations with architectural complexities such as
cribriform patterns, rigid cellular bridges, and true micropapillary pattern should not fall into the FEA category
and are best classified as atypical ductal hyperplasia (ADH) or ductal carcinoma in situ (DCIS).

Conclusions: Among CCLs, FEA actually receives more attention due to atypia involved. FEA has been considered a
non-obligate pre-neoplastic lesion and progression of these lesions to invasive cancer has been reported as
increasingly low (2-7%). Therefore, controversy to the management of those lesions still remains and further
intervention is restricted to cases with other premalignant lesions (ADH, DCIS) or in radiologic-pathologic disagreement.
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Definition

Columnar cell lesions of the breast are characterized by
the substitution of regular cuboid epithelial layer by
columnar epithelial cells covering the terminal duct
lobular units (TDLUs) (Schnitt and Vincent-Salomon
2003). With the increasing of mammography screening
programs in the last 30 years, columnar cell lesions
(CCLs) have been progressively more diagnosed in
breast biopsies often performed due to its association
with micro calcifications.
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Although formally introduced and formally organized as
a diagnostic entity by Schnitt and Vicent-Salomon only in
2003 (Schnitt and Vincent-Salomon 2003), CCLs have
been there all along. CCLs have been bothering re-
searchers for a long time, such as Dr. John Collins Warren
(Warren 1905), who, in 1905, described a lesion as “abnor-
mal involution” in a paper, followed by Dr. Joseph Colt
Bloodgood (Bloodgood 1906), who, in 1906, described this
proliferation as “adenoid cystic change of senile parenchy-
matous hypertrophy.” The description of such lesions is
identical to CCLs. In 1920, Sir George Lenthal Cheatle
(Cheatle 1920), described the same abnormality as disten-
sion of acini, and a population of columnar epithelial cells,
and also pointed out the continuum to low-grade ductal
carcinoma in situ as characteristic of this lesion (Cheatle
and Cutler 1931). Fifty years of indifference were finally
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interrupted by Wellings et al. (Wellings et al. 1975), when
they defined those lesions as “atypical lobules, type A,”
and more repercussion was attained by Dr. John G.
Azzopardi (Azzopardi 1979) description, using the
term “low-grade clinging carcinoma.”

Along these decades, CCLs have been described using
many other terminologies, such as “columnar alteration
with prominent apical snouts and secretions (CAPSS)”, by
Fraser et al., (Fraser et al. 1998) “atypical cystic lobules”,
by Oyama et al. (Oyama et al. 1999), “enlarged lobular
units with columnar alteration (ELUCA)”, by McLaren
et al. (McLaren et al. 2005) and “flat ductal intraepithelial
neoplasia (Flat DIN1a)” by Tavassoli (Tavassoli et al. 2003)
and Moinfar (Moinfar 2009). The plethora of terms and
subtypes is confusing. The existence of multiple terms for
this spectrum of lesions impairs the retrospective evalu-
ation concerning patient’s prognosis management and
evolution, especially when they are considered to be pre-
cursor lesions in the low-grade estrogen-receptor path-
ways of ductal/lobular neoplasia. A review of the
terminology evolution can be found in Table 1.

Classification of columnar cell lesions

According to Schnitt and Vincent-Salomon’s classifica-
tion (Schnitt and Vincent-Salomon 2003), CCLs are
divided into two main categories, “columnar cell change
(CCQC)” and “columnar cell hyperplasia (CCH).” When
atypia is present, the lesion is further categorized as “col-
umnar cell change with atypia” or “columnar cell hyper-
plasia with atypia.” These two latter categories were later
grouped as “flat epithelial atypia (FEA),” regardless of
the presence or absence of hyperplasia.

Table 1 Terminology previously applied to flat epithelial atypia
(FEA) of the breast

Terminology Author Date
Abnormal involution John Collins Warren 1905
Adenoid cystic change of Joseph Colt Bloodgood 1906
senile parenchymatous

hypertrophy George Lenthal Cheatle 1920
Hyperplastic unfolded lobules  Wellings and Jensen 1975
Low-grade clinging carcinoma John G. Azzopardi 1979
Columnar alteration with Fraser et al. 1998
prominent atypical snouts /

Columnar cell hyperplasia

with atypia

Atypical cystic lobules Oyama 1999
Flat ductal intraepithelial Tavassoli et al. and 2003/2009
neoplasia Farid Moinfar

Columnar cell change (CCQ) Schnitt and Vicent-Salomon 2003
lesions

Enlarged lobular units with Mclaren et al. 2005

columnar alteration
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Columnar cell change is the simplest form of CCL. It is
characterized by dilation of the TDLU with epithelium
exhibiting tall cells with oval or elongated nuclei orientated
perpendicularly to the basement membrane. The nuclei are
bland, have fine chromatin, and no visible nucleoli. CCC is
also characterized by the presence of secretion, as apical
cytoplasmic blebs or snouts, often associated with micro-
calcifications (Schnitt and Vincent-Salomon 2003; O’Malley
et al. 2006; Schnitt 2003a; Schnitt et al. 1992). Proliferation
activity is very low in CCC, in the range of 1 to 3%, and
most cells show estrogen receptor (ER) expression in im-
munohistochemistry in a higher amount than adjacent nor-
mal breast lobules, probably due to up-regulation of ER.
(Dabbs 2012) (Figs. 1 and 2).

Columnar cell hyperplasia (CCH) without atypia
presents the same cytological criteria of CCC but ex-
hibits cell stratification with more than two cell layers,
cellular crowding or overlapping and, rarely, small
tufts or mouinds of cells, but no complex architecture
with blunt micropapillary projections (Schnitt and
Vincent-Salomon 2003; Schnitt 2003a; Schnitt et al.
1992). Atypia is not present. Similar to CCC, the Ki-67
index is 1 to 3%, and ER expression is upregulated in
most cells (Dabbs 2012) (Figs. 3 and 4).

Flat epithelial atypia (FEA) is a term currently used to
encompass any CCL with low-grade cytologic atypia
(Schnitt 2003b). The term was introduced by the World
Health Organization in the 2003 3dition of WHO Classi-
fication of Breast Tumors to replace “clinging carcin-
oma, monomorphous type”, “atypical cystic lobules” and
other terms, e.g. “atypical lobules type A”, “atypical col-
umnar change” and “ductal intraepithelial neoplasia 1A”
(Tavassoli et al. 2003). It presents as a clonal prolifera-
tion, mostly of low cuboidal cells with columnar config-
uration. These cells are monotonous, with round to oval
nuclei (rather than elongated), clearly enlarged, mild

Fig. 1 Columnar cell change showing dilated acini covered by cells
with prominent apical snouts
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Fig. 2 Columnar cell change with intraluminal microcalcifications
. J

hyperchromasia, increased nuclear-to-cytoplasm ratio
and, sometimes, prominent nucleoli with loss of perpen-
dicular orientation to the basement membrane (polarity)
(Dabbs 2012; Schnitt 2003b). The cytomorphologic fea-
tures resemble those of the low-grade ductal carcinoma
in situ (DCIS). As the lesion proliferates, the cells show
stratification, but there are no blunt, micropapillary pro-
jections or Roman bridges (Schnitt 2003b). They main-
tain the flat pattern (Figs. 5, 6 and 7).

Differential diagnosis

CCC, CCH and FEA all display irregularly dilated TDLUs,
often containing secretion and coarse calcium or granular
calcific debris. The FEA nuclei tend to show a more in-
tense blue staining than CCC/CCH reflecting enlarged
nuclei and crowded cells. It is important to distinguish
FEA from the other CCLs because FEA will require fur-
ther patient follow-up.

Fig. 4 Columnar cell hyperplasia showing crowding and

pseudostratification of bland nuclei with prominent apical snouts
.

e Usual ductal hyperplasia (UDH):
Sometimes, dilated ducts and cystic changes with
usual hyperplasia may be confounded with flat
atypia. The basal cell line closest to cell
membrane may present a columnar feature in
UDH which contributes to this diagnostic
challenge. However, hyperplastic columnar
cells from FEA shows monotonous and
hyperchromatic nuclei, contrasting with a
streaming and usually elongated nuclei of
UDH. Overlapping and piling up of cells is
helpful to distinguish UDH from FEA.

e Apocrine lesions:
Apocrine metaplasia is one common differential
diagnostic entity, showing dilated spaces and
calcifications similar to CCC (Hicks and Lester
2016). Besides, it may have a flat or micropapillary
growth pattern. The tip here is to recognize the

Fig. 3 Columnar cell hyperplasia showing crowding and
pseudostratification of bland nuclei with prominent apical snouts

Fig. 5 Flat epithelial atypia showing cellular crowding, coarse

calcifications and micropapillary tufts
- J
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Fig. 6 Flat epithelial atypia showing cellular crowding, coarse calcifications

and, sometimes, apocrine features
A\ J

low-grade FEA because apocrine metaplasia usually
has prominent nucleoli, and peculiar eosinophilic
granules, whereas FEA does not (Dabbs 2012).

o Atypical ductal hyperplasia (ADH) and low-
grade DCIS:
FEA is distinguished from atypical ductal hyperplasia
(ADH) and low-grade DCIS by the presence, in
ADH/DCIS, of complex architectural patterns like
well-developed micropapillae, rigid cellular bridges,
bars and arcades (Roman arch) and punched out
fenestrations (Figs. 8 and 9).
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e High-grade flat DCIS:
High-grade cytological atypia with marked nuclear
pleomorphism is not a feature of FEA (Hicks and
Lester 2016). Such lesions are rarely seen in the
absence of high-grade DCIS, with other architectural
patterns. Besides that, high-grade DCIS is often
HER-2 positive, ER-negative and shows high mitotic
index. Otherwise, FEA is HER-2 negative, ER
strongly positive and rarely presents mitotic figures.

Immunohistochemical profile of CCLs

Previous studies evaluated the immunoexpression of sev-
eral markers in columnar cell changes. These cells are
immunoreactive for a broad-spectrum of keratin cocktails,
such as AE1/AE3 and CAM 5.2. As luminal layer cells
CCLs are negative for the high molecular-weight cytokera-
tins, such as CK5/CK6 and 34fE-12, and positive for
CK8/CK18 and CK19, indicating a well-differentiated
population and therefore distinct from the usual ductal
hyperplasia, which expresses CK5/6. In addition, all forms
of CCLs are strongly and diffusely positive for ER immu-
nostaining (especially ER-a) and PR, much more than
seen in the normal epithelium. Increased expression of an-
drogen receptor (AR) has also been reported (Schnitt
2003b). Proliferative Ki-67 indices are higher according to
the progression from CCH to FEA, starting from less than
5% to higher levels in FEA.

Columnar cell alteration

Singel cell layer

Complex architecture

Cell stratification (arcades, bridges,

micropapillae, cribriform)

Low grade
cytologic atypia

Low grade
cytologic atypia

Low grade
cytologic atypia

YES

YES
Columnar cell Flatepithelial Columnar cell Flatepithelial Atypical ductal hyperplasia
change atypia hyperplasia atypia (ADH)
(cca) (FEA) (CCH) (FEA) or

Fig. 7 Algorithmic approach to the diagnosis of columnar cell lesions and flat epithelial atypia

Ductal carcinoma in situ
(Dcis)
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Fig. 8 Atypical ductal hyperplasia: mild nuclei atypia with crowding

and complex architecture
A\ J

Although proliferation is very low in all CCLs, FEA is
commonly positive for bcl-2, an anti-apoptotic proto-
oncogene related protein, and cyclin D1, a cell cycle regula-
tor (Dabbs 2012). The ER-a/ER-f expression ratio in-
creased during carcinogenesis, as did expression of cyclin
D1 and bcl-2, leading to a conclusion that FEA, ADH and
lobular neoplasia may represent a family of precursors lead-
ing to the development of the luminal A subclass of breast
cancer (Schnitt 2003b) (Table 2).

At present, there are no prognostic or predictive fac-
tors for a progressive behavior of these cellular alter-
ations (Dabbs 2012).

Genetic alterations in CCLs

In CCLs, chromosomal alterations are rare in lesions
without atypia and more frequent when atypia is
present. In FEA, genetic alterations are clonal, and it
seems they are progressively accumulated from

Fig. 9 Ductal carcinoma in situ: arch formation and complex architecture
with real micropapillary formations
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columnar cell lesions without atypia to the columnar cell
hyperplasia with atypia. Besides, CCLs share some of the
chromosome alterations observed in ADH or DCIS and
even well-differentiated invasive carcinomas, present
within the same sample or lesion (Simpson et al. 2005).

CCLs chromosomal alterations were evaluated by
Simpson et al. (Simpson et al. 2005). The authors dem-
onstrated, by comparative genomic hybridization (CGH),
that FEA showed recurrent losses on 16q, 17p and X,
and gains on 15q, 16p and 19p: alterations shared by
low-grade in situ (DCIS) and invasive carcinoma of the
same specimens.

In 17 of 22 cases of FEA, Monfair et al. (Monfair et al.
2000) found a loss of heterozygosity (LOH) at one or
more of the eight loci evaluated in their study, specially
11q21-23.2, 16q23.1-24.2 and 3p14.2. Again, these gen-
etic alterations were also identified in adjacent in situ or
invasive carcinoma (Monfair et al. 2000).

Dabbs et al. (Dabbs et al. 2006) reported LOH at 9q,
10q, 17p and 17q in FEA, similarly to DCIS and inva-
sive carcinoma. The study indicated that there was a
low prevalence of molecular alterations, but they were
found in very low levels in CCC, with increasing num-
bers of identical aberrations that were carried through
CCH, ADH and tubular carcinoma, indicative of a mo-
lecular “kinship” between the precursors and invasive
tubular carcinoma.

These results suggest that at least some columnar cell
lesions, particularly those with atypia (i.e., flat epithelial
atypia), may be or become neoplastic proliferations or
even a non-obligate precursor of low-grade DCIS as well
as a precursor to invasive carcinoma, particularly tubular
carcinoma. Another possibility is that they are the repre-
sentation of satellite manifestation of genetic changes
that may result in well-differentiated carcinomas since
they are commonly seen associated. Other findings, such
as a progressive methylation level reported from CCL to
DCIS and invasive carcinoma corroborates this (Park
et al. 2011; Verschuur-Maes et al. 2012).

Although high-level gene amplification was not verified
in CCLs, copy number gains were found in several known
breast cancer-related genes, such as ER (ESR1), CCND1
(cyclin D1) and CDH1, in the same progressive pattern
when compared to DCIS and invasive carcinomas of the
same lesion (Verschuur-Maes et al. 2014). Since the copy
number changes observed were more prevalent in DCIS
and invasive carcinoma than in CCLs, the corresponding
gene alterations may represent rather late-occurring events
in low nuclear grade breast carcinogenesis (Verschuur-
Maes et al. 2014). It is interesting that these genes are re-
lated to over-expressed protein levels in previous immuno-
histochemical studies (Verschuur-Maes et al. 2014).

Although the notion of an early set of genetic alter-
ations in CCLs is important, it is not yet translated to
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Table 2 Immunohistochemical features in columnar cell changes
(CCO

Immunoexpression

Columnar cell change Flat epithelial atypia

(CCO (FEA)

ER homogeneous homogeneous

PR homogeneous homogeneous

Ki-67 focally positive focally positive

CK19 positive positive

CK5/6 negative negative

Bcl-2 positive positive

Cyclin D1 focally positive positive (5-50% cells)

ER estrogen receptor, PR progesterone receptor

clinical management. Unfortunately, there are still too
few data on this subject, and the few available studies
are characterized by a small number of patients.

Reproducibility

Since the proper description and introduction of colum-
nar cell lesion in the WHO book (Tavassoli et al. 2003),
a few authors have investigated the reproducibility of
CCLs morphological diagnosis among pathologists. This
concept was reevaluated at the 4th edition of the WHO
Classification of Breast Tumors (2012) in 2012, with a
better description of diagnostic criteria (Abdel-Fatah
et al. 2007). During this period, some authors attempted
to evaluate the reproducibility of those entities by
pathologists. Working with 14 pathology trainees, Haupt
et al. (Haupt et al. 2010) reported a better agreement
(kappa coefficient) after a proper tutorial as training for
CCL diagnosis. Tan et al. (Tan et al. 2005) also reached
the same improvement after a tutorial.

O’Malley et al. (O’Malley et al. 2006) described a nearly
ideal agreement (91.8%, kappa=0.83) on distinguishing
FEA from CCLs without atypia when only breast patholo-
gists evaluated the breast biopsies. More recently, Gomes
et al. (Gomes et al. 2014) conducted a larger retrospective
study with 153 cases previously diagnosed as CCL by a
general pathologist which underwent consultant review by
a breast pathology expert afterwards. The agreement be-
tween the original report and the later review was weak
(kappa = 0,38 and 0,47 for FEA) in CCLs, suggesting that
the vast majority of general pathologists require proper
training for identifying CCLs, since diagnostic criteria
were defined only in recent years.

Clinical implications

A lot has been published concerning the clinical signifi-
cance and suitable management of patients with CCLs
in the last 15years. CCLs has been increasingly diag-
nosed after 1980 with the adoption of screening mam-
mography programs and the standardization and
classification by Schnitt et al. in 2003 (Schnitt and
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Vincent-Salomon 2003). As the descriptions and publi-
cations still lack uniform terminology, the exact clinical
significance is still evolving. However, important key
features noteworthy are that CCLs: 1) are multifocal, 2)
are most common in perimenopausal women, 3) are
frequently associated with microcalcifications, 4) are
observed isolated in a biopsied breast lesion or coexist-
ing with a progressive spectrum of atypical lesions in
the same area, such as atypical ductal hyperplasia
(ADH), lobular neoplasia (lobular hyperplasia and lobu-
lar carcinoma in situ), low-grade DCIS..

Within CCL’s spectrum, FEA is the entity of greatest
clinical concern and is usually the found with increasing
frequency in breast biopsies in asymptomatic patients in
which biopsy is indicated by the presence of microcalci-
fications (Schnitt 2003c).

Significance of FEA in breast core biopsies concerning
patient management

FEA was formally defined in a World Health Organization
(WHO) book (Tavassoli et al. 2003) in 2003 as “presum-
ably neoplastic intraductal alteration characterized by
replacement of native epithelial cells with up to five layers
of mildly atypical cells that have no architectural atypia.”
This definition turned the range of lesions designated as
FEA more strict and reproducible. The literature is con-
troversial concerning what is the best management of
patients with FEA solely (and without other atypical or
neoplastic lesions diagnosed in breast biopsies) (Lakhani
et al. 2012). Some research groups indicate the excision of
the lesion and others have a more conservative approach,
indicating mammographic follow-up assessments only.
The current National Comprehensive Cancer Center
(NCCN) guidelines (National Comprehensive Cancer
Center 2017) suggest that FEA may not require surgical
excision, although the identification of patients suitable
for observation is unspecified. Recently, two large series
and one meta-analysis contributed to putting together a
recommendation that is defined in more details. Rudin
et al. (Rudin et al. 2017) reviewed 250 studies from 2003
to 2015 regarding FEA and upgrading for ADH or cancer.
After statistical adjustments of heterogeneity, 16 studies
reporting FEA according to the WHO criteria showed a
7,5% upgrade for cancer (DCIS or invasive) and 18,6% for
ADH. It is remarkable, though, that 10 papers reported
that FEA patients who did not undergo excision had only
a 2% cancer rate a few years later.

Looking specifically at the risk of breast cancer, Said
et al. (Said et al. 2015) reported the outcome of 282
women with FEA with a longer follow up period (mean
17 years), with a final relative risk of subsequent breast
cancer of only 2. Therefore, it seems we have different
decisions to look at: the clinical approach of a patient
with a breast lesion diagnosed with FEA by biopsy, and
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the long-term management according to the relative
risk of cancer. This apparent underestimation in FEA is
in concordance to the concept previously described by
Rosen (Rosen 1999a), and later confirmed in molecular
biology level studies, that FEA is part of a triad com-
prehending ADH, FEA and tubular carcinoma (Said
et al. 2015).

The understanding that FEA usually does not occur as
an isolated lesion and may be associated to other entities
sometimes more worrisome indicates that proper evalu-
ation and description of such findings is important.

FEA is commonly seen adjacent to other columnar cell
alterations, such as ductal hyperplasia with columnar fea-
tures and columnar changes.. It frequently resembles was
Rosen has described as “the Rosen triad”, and more re-
cently Abdel-Fatah et al. also described as the non-obligate
triple negative pathway (Rosen 1999b; Abdel-Fatah et al.
2007; Sahoo and Recant 2005; Abdel-Fatah et al. 2008).
This feature is also described by Said et al. (Said et al.
2015) with FEA associated to other proliferative lesions al-
most universally.

Therefore, is always advisable to carefully look around
a spotted FEA lesion to find potential proliferative le-
sions contained in a given breast specimen. Additional
levels from the block or analysis of the whole sample
available, by submission of the remainder specimen for
histologic examination, is advisable to rule out the pres-
ence of ADH or DCIS foci (Schnitt 2018).

Concerning surgical management, it is generally con-
sidered that patients with only columnar cell changes
or columnar cell hyperplasia, without atypia, should
remain under conservative observation. Rudin et al.
(Rudin et al. 2017) suggest a general recommendation
to perform surgical excision for FEA found on core
needle biopsy, which must be validated by literature.
However, some recent studies with patients with FEA
who had all microcalcifications removed and thor-
oughly sampled report that they may reach a lower risk
of cancer, of 0-7% (Calhoum 2018; Chan et al. 2018;
Schiaffino et al. 2018). The absence of other higher risk
lesions or radiologic-pathologic concordance are condi-
tions that indicate avoiding the surgical resection (Chan
et al. 2018). Certainly, this issue will remain controver-
sial until a better understanding of FEA is reached.

When FEA is reported together with other lesions,
such as ADH or DCIS, it is more coherent to conduct
clinical management as performed with other lesions. In
excision specimens, the margins should also be consid-
ered positive if they bear DCIS or invasive carcinoma
(Schnitt and Vincent-Salomon 2003).

Conclusions
Among CCLs, FEA actually receives more attention due
to atypia involved.
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Intraductal proliferations with architectural complex-
ities such as cribriform patterns, rigid cellular bridges,
and true micropapillary pattern should not fall into the
FEA category and are best classified as ADH or DCIS.

FEA has been considered a non-obligate pre-neoplastic
lesion and progression of these lesions to invasive cancer
has been reported as increasingly low (2—7%). This arises
controversy to the management of those lesions, and
further intervention is restricted to cases with other prema-
lignant lesions (ADH, DCIS) or in radiology-pathology
disagreement.

Proper training or tutorials are advisable for general
pathologists in order to teach them how to identify
CCLs with confidence.
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