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The incidence of columnar cell lesions in breast core needle biopsies since full-field digital mammography in

comparison with screen-filmed mammography was analyzed. As tiny microcalcifications characterize columnar

cell lesions at mammography, we hypothesized that more columnar cell lesions are diagnosed since full-field

digital mammography due to its higher sensitivity for microcalcifications. In all, 3437 breast core needle

biopsies performed in three hospitals and resulting from in total 55 159 mammographies were revised: 1424

taken in the screen-filmed mammography and 2013 in the full-field digital mammography period. Between the

screen-filmed mammography and full-field digital mammography periods, we compared the proportion of

mammographies that led to core needle biopsies, the mammographic indication for core needle biopsies

(density, microcalcifications, or both) and the proportion of columnar cell lesions with or without atypia.

The columnar cell lesions were graded according to Schnitt, and we included atypical ductal hyperplasia arising

in the context of columnar cell lesions. Proportions were compared using v2 tests and prevalence ratios were

adjusted for age and hospital. We found that more core needle biopsies per mammogram were taken in the

full-field digital mammography period (7.6%) compared with the screen-filmed mammography period (5.0%,

Po0.0001). Microcalcifications were more often diagnosed with full-field digital mammography than with

screen-filmed mammography (adjusted prevalence ratio: 1.14, confidence interval 95%: 1.01–1.28). Core needle

biopsies from the full-field digital mammography era showed more columnar cell lesions (10.8%) than

those from the screen-filmed mammography era (4.9%; adjusted prevalence ratio: 1.93, confidence interval

95%: 1.48–2.51), particularly due to more columnar cell lesions without atypia (8.2% respectively 2.8%) while the

proportion of columnar cell lesions with atypia remained nearly constant (2.0 vs 2.6%). In conclusion, since the

implementation of full-field digital mammography, more microcalcifications are seen at mammography, more

often resulting in core needle biopsies, which especially yields more columnar cell lesions without atypia.
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Over the decade, columnar cell lesions of the breast
have gained interest as possibly premalignant
lesions. However, the clinical significance of colum-
nar cell lesions is not well known. Many alternate

names have been used to describe these lesions,
such as flat epithelial atypia,1 columnar cell altera-
tions with apical snouts and secretions with atypia,2

enlarged lobular units with columnar alteration,3

atypical cystic lobules,4 ductal intraepithelial neo-
plasia flat type,5 atypical cystic ducts,6 and clinging
carcinoma monomorphic type.7

Columnar cell lesions are enlarged terminal duct
lobular units lined by columnar type epithelial cells,
often with luminal secretions and tiny microcalci-
fications. Columnar cell lesions differ with respect
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to the degree of architectural and/or cytonuclear
atypia, ranging from no atypia to columnar cell
lesions with atypia, toward almost low-grade ductal
carcinoma in situ.8

Many studies have shown that there is an
association between the presence of columnar cell
lesions and ductal carcinoma in situ, atypical ductal
hyperplasia or lobular neoplasia, and low-grade
luminal type invasive carcinomas like tubular and
lobular carcinomas.2,4,9–15 Moreover, protein expres-
sion as detected by immunohistochemistry is quite
similar between columnar cell lesions and atypical
ductal hyperplasia or ductal carcinoma in situ grade
I.8,15,16 Also, molecular studies provide evidence
that atypical columnar cell lesions may be the
‘missing link’ between normal breast tissue and
low-grade ductal carcinoma in situ and/or low-grade
invasive carcinomas,9,10,15,17,18 thereby being true
precursors.15,17,19

On mammography, columnar cell lesions charac-
teristically present as microcalcifications. The cal-
cifications are mostly small and often clustered,
amorphous, or fine pleiomorphic like in ductal
carcinoma in situ, and are therefore often classified
as BIRADS III or IV on mammography and a reason
to take a core needle biopsy to exclude atypical
ductal hyperplasia, ductal carcinoma in situ, or
invasive carcinoma.2,20–22

Full-field digital mammography has increasingly
been implemented in hospitals in the last years
to replace conventional screen-filmed mammo-
graphy. Full-field digital mammography has better
image quality and the practical advantage of digital
data retrieving and storage.23–26 Some studies
described detection of more lesions in patients
under 50 years of age and in women with dense
breasts, others concluded that full-field digital
mammography seemed to be a valid alternative to
screen-filmed mammography with regard to diag-
nostic accuracy.27–32 However, some studies have
reported an increased detection rate of (tiny) micro-
calcifications, resulting in an increased number of
core needle biopsies taken for microcalcifica-
tions,23,24,26,33 we hypothesized that the incidence
of columnar cell lesions in core needle biopsies has
increased since the implementation of full-field
digital mammography.

Therefore, the aim of this study was to investigate
the incidence of columnar cell lesions in core needle
biopsy specimens since the implementation of the
full-field digital mammography in comparison with
the screen-filmed mammography era, in relation to
the presence of atypia in columnar cell lesions.

Materials and methods

Using the Dutch national pathology archiving
system (PALGA), all breast core needle biopsy
specimens from women were identified from the
University Medical Center of Utrecht from January

2001 until May 2008; the St Antonius Hospital
Nieuwegein and the Mesos Medical Center Utrecht
from 2002 until 2006, in the Netherlands. Anon-
ymous use of redundant tissue for research purposes
is part of the standard treatment agreement with
patients in our hospitals.34 During these years, there
was a switch from screen-filmed mammography to
the full-field digital mammography (August 2003,
December 2004, and November 2004, respectively).
The mammographic technique (screen-filmed
mammography or full-field digital mammography)
preceding the core needle biopsy was recorded.

Mammography

For the screen-filmed technique, Philips Mammo
Diagnost MD3000 was used in University Medical
Center Utrecht and St Antonius Hospital Nieuwe-
gein, and General Electric Senographe DMRMammo
unit in Mesos Medical Center Utrecht. In all three
hospitals, the Seleniat LORAD/Hologic system was
used for the digital mammography. The core needle
biopsies were performed under ultrasound (in case
of a solid mass) or stereotactic guidance (in case
of a solid mass not visible with ultrasound, or for
biopsy of microcalcifications), using 14-gauge nee-
dles in the University Medical Center Utrecht, and
St Antonius Hospital Nieuwegein. In the Mesos
Medical Center Utrecht, 16–18-gauge was used and
sporadically 11-gauge (with Mammotome). In case
of a breast lesion consisting out of microcalcifica-
tions, a specimen X-ray of the core needle biopsies
was performed in all hospitals to confirm the
presence of microcalcifications.

The mammography records were reviewed to
ascertain the reason for taking the core needle
biopsies and were divided into three categories:
density, microcalcifications, or both. In the group of
densities, also palpable masses, architectural distor-
tions and asymmetries were included.

Pathology

The original hematoxylin-and-eosin-stained slides
from all 3437 female breast core needle biopsies
were reviewed by two experienced observers (AVM
and PJvD), blinded to the radiological findings.
The biopsies were scored for the presence of
invasive carcinoma, ductal carcinoma in situ,
columnar cell lesions, and other lesions (including
usual ductal hyperplasia, atypical ductal hyper-
plasia, fibroepithelial lesions, and lobular neo-
plasia) as most advanced lesion. These core needle
biopsies were taken in 2959 women; some women
underwent more core needle biopsies at different
sites of the breast or at different time points. When
women were biopsied more than once in the same
session and had infiltrative carcinoma or ductal
carcinoma in situ, the core needle biopsies were
calculated as only one.

More columnar cell lesions since digital mammography

1192 AHJ Verschuur-Maes et al

Modern Pathology (2011) 24, 1191–1197



We used the scheme described by Schnitt and
Vincent-Salomon8 for classifying columnar cell
lesions into the four following categories. Columnar
cell change is characterized by dilated terminal duct
lobular units, lined by one or two layers of columnar
type epithelium. The cells contain elongated nuclei
with inconspicuous or absent nucleoli. Apical
snouts are often present, and often intraluminal
secretions and microcalcifications are seen. Colum-
nar cell hyperplasia has a similar appearance as
columnar cell change, but the terminal duct lobular
units are now lined by more than two stratified cell
layers. In columnar cell change with atypia and
columnar cell hyperplasia with atypia, cytonuclear
atypia is superimposed, showing relatively round or
ovoid (instead of elongated) nuclei that are not
regularly oriented along the basement membrane.
The nuclei are irregular, often with prominent
nucleoli and show an increase in the nuclear/
cytoplasmic ratio. Mitotic figures may be present.
Complex architectural patterns as seen in atypical
ductal hyperplasia and low-grade ductal carci-
noma in situ are lacking. Columnar cell change with
atypia and columnar cell hyperplasia with atypia
were grouped for further analysis (as columnar
cell lesions with atypia), as we often saw the two
appearing together.

According to the usual criteria,1 lesions with
enlarged ducts with complex architectural patterns
with arcades, bridging, or micropapillae were
considered as atypical ductal hyperplasia or low-
grade ductal carcinoma in situ, depending on the
size of the lesion and the extensiveness of the
architectural complexity and regularity. Atypical
ductal hyperplasia lesions arising in the context of a
columnar cell lesion were noted, as these lesions
might represent a further step in the progression of
columnar cell lesions to atypical ductal hyperplasia
and low-grade ductal carcinoma in situ.

Moreover, the presence of microcalcifications in
the columnar cell lesions was noted in each speci-
men. Since the extent of sampling is a potential
confounder, we noted the number of cores taken and
the number of histological slides produced from the
core needle biopsies. The number of cores ranged
between 1 and 8 and the number of histological
slides ranged from 1 to 14. There were no significant
differences between the number of cores and
histological slides in the screen-filmed mammo-
graphy and full-field digital mammography periods.

Statistical Analysis

Numbers of mammographies in the screen-filmed
mammography and full-field digital mammography
periods were described, as well as the proportions of
core needle biopsies after mammography. Character-
istics of the women biopsied were also described
using descriptive statistics. The proportions of core
needle biopsies that were done for microcalcifica-

tions only were compared between the screen-
filmed mammography and full-field digital mammo-
graphy periods, as well as the numbers of invasive
carcinomas, ductal carcinoma in situ, columnar cell
lesions, and benign lesions. Among the biopsies
resulting in a columnar cell lesion, we compared the
proportions of columnar cell lesions with and
without atypia between the screen-filmed mammo-
graphy and the full-field digital mammography
groups, considering columnar cell change and
columnar cell hyperplasia as columnar cell lesions
without atypia, and columnar cell lesions with atypia
and atypical ductal hyperplasia-columnar cell lesions
as columnar cell lesions with atypia. Also, we
compared the proportions of mammographies with
‘microcalcifications only’ that led to the diagnosis of
columnar cell lesions between the two periods.

Additionally, the core needle biopsy rate and the
detection rate of malignant breast tumors were
calculated as the number of core needle biopsies
and the number of malignant breast tumors, respec-
tively, divided by the total number of mammograms
taken in the screen-filmed mammography or full-
field digital mammography periods. Then, the
relative risks of obtaining a core needle biopsy and
of detecting a malignant tumor for full-field digital
mammography mammograms compared with
screen-filmed mammography mammograms were
calculated, adjusted for the hospital where the
mammography was performed using a Mantel–
Haenszel procedure.

Statistical differences in proportions were tested
using w2 test. The relationships between mammo-
graphy technique (screen-filmed mammography vs
full-field digital mammography) and the results of
mammography and core needle biopsies were also
estimated with prevalence ratios and accompanying
95% confidence intervals. Modified Poisson regres-
sion models were used to adjust the prevalence
ratios for age of the woman at examination and the
hospital where she was diagnosed.35

All analysis were performed using SPSS version
15 (SPSS, Chicago, IL, USA) except for the modified
Poisson regression analyses that were performed
using the PROC GENMOD procedure in SAS version
9.1 (SAS Institute, Cary, NC, USA). The two-tailed
significance level was set at 0.05.

Results

The numbers of mammographies in the screen-
filmed mammography and full-field digital mammo-
graphy period are presented in Table 1. The
proportion of core needle biopsies was higher in
the full-field digital mammography (7.6%) than in
the screen-filmed mammography period (5.0%)
(Po0.0001). The proportions of screen-filmed and
full-field digital mammographies were not equally
distributed among the hospitals. However, the
increased risk of a core needle biopsy procedure
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after mammography in the full-field digital mammo-
graphy period compared with the screen-filmed
mammography period remained increased after
adjustment for hospital (relative risk crude: 1.25,
95% confidence interval: 1.19–1.31; relative risk
adjusted: 1.24, 95% confidence interval: 1.18–1.30).

Table 2 refers to core needle biopsies only. The age
of the patients biopsied was slightly, but statistically
significantly higher in the full-field digital mammo-
graphy than in the screen-filmed mammography
period. Again, the proportions of screen-filmed
mammography and full-field digital mammography
core needle biopsies were not equally distributed
among the hospitals.

The proportion of core needle biopsies taken for
only microcalcifications as abnormality at mammo-

graphy was significantly higher in the full-field
digital mammography (28%) than in the screen-
filmed mammography (21%) period (Table 2), also
after adjustment for age at examination and hospital
(adjusted prevalence ratio of ‘microcalcifications
only’ for full-field digital mammography vs screen-
filmed mammography¼ 1.14, 95% confidence inter-
val: 1.01–1.28) (Table 3).

Columnar cell lesions were significantly more
present in the full-field digital mammography
period compared with the screen-filmed mammo-
graphy period (10.8 vs 4.9%, Po0.0001) (Table 2),
also after adjustment for age at examination and
hospital (adjusted prevalence ratio of columnar
cell lesions vs other diagnoses, for full-field
digital mammography vs screen-filmed mammo-

Table 1 Comparison of number of mammographies and core needle biopsy procedures between screen-filmed mammography and full-
field digital mammography

# Screen-filmed mammography-based
mammographies (%)

# Full-field
digital mammography-based

mammographies (%)

Total P-value

Number of mammographies 28646 26513 55159

Hospital
UMCU 7435 26.0% 11643 43.9% 19078
AHN 11011 38.4% 7507 28.3% 18518
MMCU 10200 35.6% 7363 27.7% 17563

Number of core needle biopsies 1424 5.0% 2013 7.6% 3437o0.0001

UMCU, University Medical Center Utrecht; AHN, St Antonius Hospital Nieuwegein; MMCU, Mesos Medical Center Utrecht.

Table 2 Characteristics of core needle biopsies with screen-filmed mammography and full-field digital mammography

# Core needle biopsies after
screen-filmed mammographies (%)

# Core needle biopsies after full-field
digital mammographies (%)

P-value

Age (years) 0.018
o40 283 (20%) 396 (20%)
40–50 360 (25%) 427 (21%)
50–60 368 (26%) 609 (30%)
60–70 215 (15%) 307 (15%)
470 198 (14%) 272 (14%)

Hospital o0.0001
UMCU 428 (30%) 872 (43%)
AHN 322 (21%) 540 (27%)
MMCU 674 (47%) 601 (30%)

Mammographic feature indicating core needle biopsy o0.0001
Density 974 (68%) 1239 (62%)
Microcalcifications 303 (21%) 557 (28%)
Density+microcalcifications 147 (10%) 217 (11%)

Result of core needle biopsy 1424 2013 0.003
Invasive carcinoma 513 (36%) 659 (33%)
Ductal carcinoma in situ 83 (5.8%) 112 (5.6%)
Benign 758 (53%) 1024 (51%)
Columnar cell lesion 70 (4.9%) 218 (10.8%)
Columnar cell change 29 (2.0%) 91 (4.5%)
Columnar cell hyperplasia 12 (0.8%) 74 (3.7%)
Columnar cell lesion with atypia 26 (1.8%) 37 (1.8%)
Atypical ductal hyperplasia—
columnar cell lesion

3 (0.2%) 16 (0.8%)

UMCU, University Medical Center Utrecht; AHN, St Antonius Hospital Nieuwegein; MMCU, Mesos Medical Center Utrecht.
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graphy¼ 1.93, 95% confidence interval: 1.48–2.51)
(Table 3). As shown in Tables 2 and 3, the proportion
of columnar cell lesions without atypia increased
significantly from 2.8% in the screen-filmed
mammography to 8.2% in the full-field digital
mammography period, whereas the proportion of
columnar cell lesions with atypia remained nearly
constant (2.0 vs 2.6%) (adjusted prevalence ratio of
columnar cell lesions with atypia vs columnar cell
lesions without atypia for full-field digital mammo-
graphy vs screen-filmed mammography¼ 0.59, 95%
confidence interval: 0.41–0.84).

In both the screen-filmed mammography and
full-field digital mammography periods, columnar
cell lesions were significantly more often diagnosed
in biopsies taken on the basis of only microcalcifica-
tions than in biopsies taken on the basis of density
with or without microcalcifications (42/303¼ 14%
vs 28/1121¼ 2.5%, Po0.0001 in the screen-filmed
mammography period and 158/557¼ 28% vs
60/1256¼ 4.1%, Po0.0001 in the full-field digital
mammography period). This relationship appeared
to be stronger in the full-field digital mammography
period than in the screen-filmed mammography
period, but the P-value for interaction was not
statistically significant (P for interaction¼ 0.20).

More columnar cell lesions were diagnosed with
digital mammography compared with screen-filmed
mammography and relatively slightly fewer invasive
carcinoma, ductal carcinoma in situ, and benign
tumors as shown in Table 2. Per mammography,
however, the detection rate of malignant tumors
(invasive carcinoma and ductal carcinoma in situ in
core needle biopsies) was higher in the full-field
digital mammography period (771/26 513¼ 2.91%)
than in the screen-filmed mammography period
(596/28 646¼ 2.08%, Po0.0001). This result re-
mained unchanged after adjustment for hospital
with relative risk for detection of malignant tumor
being 1.39 (95% confidence interval: 1.24–1.56).

Discussion

This is the first study that systematically investi-
gated the incidence of columnar cell lesions in
breast core needle biopsy specimens since the

implementation of full-field digital mammography
in comparison with screen-filmed mammography.
We found significantly more columnar cell lesions
in the full-field digital mammography era compared
with the screen-filmed mammography era (10.8 vs
4.9%), which was also related to a higher number of
core needle biopsies taken for microcalcifications.

First, more diagnostic procedures per mammo-
graphy were performed in the full-field digital
mammography era, due to an increase of core needle
biopsies (from 5.0 to 7.6%). Other studies described
an increased number of core needle biopsies taken
for abnormalities with full-field digital mammo-
graphy as well, since more abnormalities are
recognized due to the higher resolution of full-field
digital mammography and also because the accessi-
bility of lesions is facilitated by (particular stereo-
tactic guided) equipment.23,26,32

Second, in the full-field digital mammography
period, more core needle biopsies were taken for
microcalcifications found at mammography, con-
firmed by the adjusted prevalence ratio of 1.14.
Detecting more and smaller microcalcifications by
full-field digital mammography due to the increased
resolution resulting in more core needle biopsies
(due to only microcalcifications) has also been
described by other authors.23,24,26,33,36 Moreover,
columnar cell lesions were significantly more often
diagnosed in the full-field digital mammography
period than in the screen-filmed mammography
period, with a prevalence ratio of 1.93. Consistent
with our hypothesis was the increase of columnar cell
lesions related to the significant increase of core
needle biopsies performed for microcalcifications.

As described before, columnar cell lesions usually
present as indistinct/amorphous, round, or pleio-
morphic microcalcifications that are non-branching
on mammography.21,37,38 These calcifications repre-
sent the psammomatous appearance in the terminal
duct lobular units on histology, developed from the
calcium deposits in the secretory material.8 The fact
that more columnar cell lesions were diagnosed in
core needle biopsies on the basis of only micro-
calcifications during full-field digital mammo-
graphy suggests that a different type of calcifications
is biopsied, for instance smaller microcalcifications,
as described by some other authors as well.25,33

Table 3 Prevalence ratios of microcalcifications, columnar cell lesions vs other outcomes and columnar cell lesions with vs without
atypia for full-field digital mammography vs screen-filmed mammography

Crude Adjusteda

PR 95% CI PR 95% CI

‘Microcalcifications only’ vs ‘density with or without microcalcifications’ 1.30 1.15–1.47 1.14 1.01–1.28
‘Columnar cell lesion’ vs ‘other biopsy outcomes’ 2.21 1.71–2.87 1.93 1.48–2.51
‘Columnar cell lesion with atypia’ vs ‘columnar cell lesion without atypia’b 0.59 0.41–0.84 0.59 0.41–0.84

PR, prevalence ratio; CI, confidence interval.
a
Adjusted for age at examination and hospital in which the diagnosis was made.

b
Calculated among the 288 women with columnar cell lesions.
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Percentagewise, we found the same amount of
columnar cell lesions with atypia during the full-
field digital mammography period as the screen-
filmed mammography period (1.8%) and signifi-
cantly more columnar cell lesions without atypia
(8.2% respectively 2.8%). The question is whether it
is relevant to find more columnar cell lesions
without atypia in core needle biopsies, since for
columnar cell lesions without atypia a wait-and-see
approach is usually followed and these columnar
cell lesions are therefore regarded as clinically
insignificant.8,16,39 For columnar cell lesions with
atypia, most advice a surgical excision biopsy
because several large studies showed more signifi-
cant lesions in up to 33% in the subsequent
resections.16,38,40–44

Next to the finding of more columnar cell lesions
without atypia, also more tumors (including ductal
carcinoma in situ and invasive carcinoma) in core
needle biopsies were diagnosed per mammogram
with full-field digital mammography, showing that
not only more irrelevant lesions were biopsied.

So, the increased frequency of tissue sampling
instigated by seeing more microcalcifications since
the use of digital mammography particularly re-
sulted in more benign lesions. This must have led to
higher costs since digital mammography and more
women encountering anxiety about the outcome of
their biopsy. Therefore, more research is needed to
study the patterns of microcalcifications in relation
to the diagnosis in order to better identify harmless
microcalcification clusters and minimize the num-
ber of unnecessary tissue sampling.

In conclusion, this study showed that more
columnar cell lesions in core needle biopsies are
found since the implementation of the full-field
digital mammography in comparison with screen-
filmed mammography, in particular relatively insig-
nificant columnar cell lesions without atypia. This
seemed to be correlated with the increase of core
needle biopsies taken for only microcalcifications
with digital mammography.
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