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correlation with excision and upgrade rates
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Abstract

Background: Subjective qualitative descriptors are sometimes used to describe atypical breast lesions diagnosed
on core needle biopsy (CNB) which are limited in extent. In clinical practice, this terminology is used to imply a
lower expected risk of upgrade on surgical excision (EXC). It is uncertain how subjective terminology impacts
clinical management.

Methods: We conducted a retrospective review of CNB with atypia and compared the EXC and upgrade rates of
atypical ductal hyperplasia (ADH) and flat epithelial atypia (FEA) to lesions described as “focal” atypical ductal
hyperplasia (FADH), to determine the impact of this diagnostic phrasing on surgical management and risk of
malignancy.

Results: FADH and ADH were excised at similar rates (82% vs. 78%). FADH lesions showed a similar upgrade rate
(13%) compared to non-focal ADH (10%), and both showed a trend towards higher upgrade and EXC rates
compared to FEA. ADH, FADH and FEA all had an upgrade risk that warranted EXC. In non-upgraded EXC, for each
diagnostic category we observed similar rates of residual atypia in the EXC.

Conclusions: Pathologists should avoid the use of qualitative descriptors when describing ADH on CNB because of
the potential of this terminology to influence clinical decision making which is unwarranted.
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Background
Atypical ductal hyperplasia (ADH) is defined as an intra-
ductal epithelial proliferation that has some but not all
of the characteristics of low-grade ductal carcinoma in
situ (DCIS), or which possesses all the features of DCIS
but is limited in quantitative extent [1, 2]. Patients with
ADH identified on needle core biopsy (CNB) have an in-
creased risk for the subsequent development of both
DCIS and invasive breast carcinoma [1–4]. ADH is
considered a non-obligate precursor lesion that
confers a 4–5 fold increased lifetime risk for invasive
breast carcinoma [5, 6]. The diagnosis of ADH on
CNB is generally an indication for surgical excision
(EXC) [7–9], and is the recommendation per the

National Comprehensive Cancer Network Guidelines
based on the possibility that a more significant lesion
could be missed due to sampling error [10]. In patients
with ADH as the most significant finding on CNB that are
treated by EXC, the reported upgrade rate (defined as the
finding of DCIS or invasive carcinoma in the subsequent
EXC) ranges from 11 to 87%, with studies using larger
vacuum-assisted devices showing an upgrade rate of 15–
30% [11–16]. Patients with ADH as the most significant
finding after EXC may also be offered anti-endocrine che-
mopreventive therapy to reduce the risk of subsequent in-
vasive and non-invasive breast cancer [17, 18]. However,
anti-endocrine therapy is associated with significant risks
such as increased vascular events and endometrial carcin-
oma [17]. Due to the morbidity associated with surgical
intervention and anti-endocrine treatment, the accuracy
of the diagnosis of ADH on CNB is critical.

© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

* Correspondence: gary.tozbikian@osumc.edu
1Division of Breast Pathology, Department of Pathology, Wexner Medical
Center at The Ohio State University, E414 Doan Hall, 410 W. 10th Ave,
Columbus, OH 43210, USA
Full list of author information is available at the end of the article

Tozbikian et al. Diagnostic Pathology           (2019) 14:69 
https://doi.org/10.1186/s13000-019-0842-0

http://crossmark.crossref.org/dialog/?doi=10.1186/s13000-019-0842-0&domain=pdf
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
mailto:gary.tozbikian@osumc.edu


There is a continued clinical interest in identifying low
risk subsets of patients with ADH that can be conserva-
tively managed by close observation instead of EXC.
Published retrospective series have described a correl-
ation between the quantitative extent of atypia of ADH
and the risk of upgrade on subsequent EXC. [6, 7, 10]
Lower upgrade rates have been reported in CNB with
ADH involving less foci [11, 12, 19], fewer tissue cores
[12], smaller sized of ducts [20], and smaller spans [15].
Prior investigations have correlated the upgrade rate of
ADH to histomorphologic features [21] and use of
confirmatory immunohistochemical stains [22]. Potential
preanalytical predictors of upgrade include the method
of radiographic screening [23], needle size and use of
vacuum assistance [16]. To date, all studies have
concluded that the upgrade rate of ADH, including
those ADH lesions of relatively limited extent, remains
too high to avoid EXC [7, 24, 25].
In clinical practice, qualitative descriptors are occa-

sionally used by pathologists to indicate that an atypical
breast lesion is limited in quantitative extent. The quali-
tative descriptor “focal” has been used in our institution
to describe select atypical ductal hyperplasia lesions.
While there is no standardized definition of focal atyp-
ical ductal hyperplasia (FADH), the term was employed
by our pathologists to indicate an ADH lesion that was
quantitatively limited in extent because either: 1) the
atypical focus involved only a single duct space, 2) the
quantitative amount of atypia was small relative to the
total amount of tissue sampled in the CNB specimen, or
3) the lesion was present in one or two initial tissue
levels, but was not present in the subsequent tissue
levels. The term FADH was informally used to imply
that there may not be residual atypia present in the
anticipated EXC specimen, and the lesion may have a
lower than expected risk of upgrade compared to a
typical “non-focal” ADH lesion.
It is unknown how qualitative descriptors such as

FADH impact clinical management. This is critical as
the use of these terms may be subject to interobserver
variability in usage. Importantly, the extent to which
these descriptors influence clinical management has not
been studied. In this analysis, we examined the impact
of the use of the diagnosis FADH on rate of EXC and
compared the upgrade rate of FADH to ADH and FEA.
Additionally, correlations between excision and upgrade
rates to relevant clinicopathologic variables including
personal history of remote breast cancer, mammographic
target, needle size and use of vacuum assistance, use of
confirmatory immunostains (CK5 or CK5/6), presence
of background lesions such intraductal papilloma or
lobular neoplasia, pathologist and surgeon, were evalu-
ated for each diagnostic category. We also correlated
each diagnostic category with presence of residual atypia

found in the EXC specimen, to see if FADH lesions were
more likely to be entirely excised by the CNB compared
to ADH and FEA.

Methods
After approval by the institutional review board, we
conducted a search of the pathology database for CNB
performed at our institution from 2009 to 2015 with a
diagnosis containing “atypical” or “atypia”. ADH cases in
which the qualitative diagnostic word “focal” was used
were categorized as a separate category. Three categories
of atypia were compared: ADH, FADH, and FEA. If
multiple atypical lesions were identified (e.g. ADH and
FEA), the case was classified according to the most
significant lesion (ADH > FADH > FEA). Cases were
excluded if the diagnosis included invasive carcinoma or
in situ carcinoma (either ductal or lobular carcinoma in
situ). The use of CK5 or CK5/6 immunostaining as a
marker of atypia was noted, excluding use as part of our
institutional myoepithelial panel. Additional background
pathologic lesions (e.g. intraductal papilloma (IDP),
fibroepithelial lesion) or associated with atypical lobular
hyperplasia (ALH) were documented. The pathologist
that evaluated the biopsy was recorded.
The type of biopsy guidance modality (ultrasound vs.

stereotactic vs. magnetic resonance imaging (MRI)-
guided), mammographic target (mass vs. calcifications
vs. enhancement), needle gauge, use of vacuum assist-
ance, and presence of adequate radiology-pathology
correlation were collected from the radiology report. A
personal history of breast cancer and laterality (ipsilat-
eral or contralateral to the biopsy showing atypia, as well
as whether the lesion was synchronous or metachro-
nous), and family history of breast cancer was obtained
from the medical record. A synchronous personal his-
tory of breast cancer was defined as a history of breast
cancer diagnosed within 6 months of the CNB, while
metachronous was greater than 6 months. Patients with
a history of synchronous ipsilateral breast cancer
(invasive carcinoma or DCIS) were excluded if the
definitive excision was not yet performed prior to the
index CNB showing atypia (ADH, FADH, or FEA)
because we would be unable to determine whether a
finding of invasive cancer or DCIS on the excision repre-
sented a true upgrade.
Cases with ADH, FADH, and FEA as most significant

diagnosis were correlated with findings on EXC. The
pathology report from the corresponding EXC
performed at our institution was reviewed and type of
EXC (mastectomy vs. partial mastectomy), surgeon, and
diagnosis was noted. Rate of upgrade was calculated for
each CNB diagnostic category. An upgrade was defined
as the presence of DCIS or invasive carcinoma identified
in the EXC. The histologic slides from the CNB and
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EXC were re-reviewed in all upgraded cases. In EXC
without upgrade, the presence of residual atypia (ADH
or FEA) was recorded. Rate of excision was calculated
for each CNB diagnosis category. If no EXC was per-
formed, the reason was determined from the electronic
medical record. Clinical followup was obtained for all by
review of the pathology database.
Correlation between upgrade and excision rates versus

diagnostic category was calculated via chi-square test.
Significance of excision rates and rates of no residual
atypia by diagnostic category were done by 3 × 2 chi-
square test. Comparison of excision rates by surgeon
and upgrade rates by pathologist were calculated by
logistic regression with deviation from means coding.
The significance of the association between upgrade rate
to clinical and preclinical variables was evaluated by a
logistic regression model using the diagnostic category
and independent variable to predict upgrade. A p-value
of ≤0.05 was considered statistically significant.

Results
From 2009 to 2015, we identified 413 breast CNB speci-
mens with ADH, FADH, or FEA as the most significant
diagnosis. 79% (n = 327) had a subsequent EXC speci-
men at our institution [Table 1]. The mean age for the
cohort was 54.8 years. Of those cases with EXC, the indi-
cations for CNB included mammographically detected
microcalcifications (66%, n = 216), mass (28%, n = 92),
MRI enhancement (4%, n = 14), and distortion/asym-
metry (2%, n = 5). A total of 8 different pathologists
reviewed either CNB or EXC specimens, with the major-
ity of CNB (93%, n = 385) reviewed by 6 pathologists. A
total of 6 different breast surgeons performed EXC.

Diagnostic category versus excision rate and upgrade rate
In this series, the overall excision rate for all categor-
ies of atypia was 79%. [Table 1]. There was no signifi-
cant difference in the excision rate between ADH and
FADH (82% vs. 78%, p = 0.4), or between the com-
bined category of ADH/FADH and FEA (81% vs. 72%,
p = 0.09).
The overall frequency of upgrade to malignancy was

10% (33/327) [Table 1]. The majority of upgrades were
to DCIS (7%, 23/327) [Figs. 1, 2, 3, and 4], with one third
of the upgrades to invasive carcinoma (3%, 10/327)
[Figs. 5 and 6]. There was no significant difference

between the upgrade rates of FADH (13%, 13/101) ver-
sus ADH (10%, 17/169) (p = 0.55). ADH and FADH
upgraded at approximately twice the rate of FEA (5%, 3/
57), however the difference was not significant (p = 0.23)
[Table 1]. Among EXC, a lack of residual atypia (absence
of ADH or FEA, as well as no upgrade to invasive car-
cinoma or DCIS) indicating complete excision of the
index lesion by the preceding CNB procedure was seen
in 36% of cases, with no significant difference observed
among the diagnostic categories (p = 0.46).

Other variables versus excision rate and upgrade rate
Excision rate was significantly correlated with younger
patient age. The mean age for patients who underwent
EXC was 54.2 years (range: 30–79), was significantly
younger than the mean of age of patients who did not
receive an EXC (57.6 years, range: 25–89, p = 0.007).
Patient age ≥ 50 status was not significantly different in
patients who underwent EXC versus those who did not
(65% vs. 72%, (p = 0.20). The incidence of family history
of breast cancer was similar between patients who
underwent EXC and those who did not (53% vs. 50%,
p = 0.62). Rate of personal history of breast cancer was
also similar between EXC vs. non-EXC cohorts (18%
vs.12%, p = 0.19).. Among patients who underwent EXC,
5% (n = 15) had a personal history of breast atypia
(ADH, ALH, or FEA), compared to 7% (n = 6) in patients
who did not undergo EXC (p = 0.41). Radiology-
pathology correlation was comparable for both patients
who had EXC and those which did not (98% vs. 95%,
p = 0.28).
Excision rates for each category of atypia were com-

pared between surgeons. The average excision rate for
all categories of atypia among all 6 surgeons was 79%,
with a range of 71–94% We found significant individ-
ual variability in excision rates among the surgeons
(p = 0.0002), with one surgeon showing significantly
higher rate of EXC (p = 0.001), and another surgeon
showing comparatively lower EXC rate compared to
group (p = 0.001). Of 86 cases which were not excised,
the reasons provided include: patient opted for close
follow-up (n = 41), patient lost to follow-up (n = 21),
physician recommendation of close clinical follow-up
(n = 12), patient went to outside hospital for 2nd
opinion (n = 6), non-specified (n = 4), and medical co-
morbidities precluding surgery (n = 2). Only one reason

Table 1 Excision, upgrade and residual atypia rates by diagnostic category

Diagnosis on CNB Total n Excised n (%) P-value Residual Atypia, No DCIS or IDC Upgrade to DCIS Upgrade to IDC Overall Upgrade P-value

ADH 205 169 (82) – 93 (55) 13 (8) 4 (2) 17 (10) –

FADH 129 101 (78) – 47 (47) 8 (8) 5 (5) 13 (13) –

FEA 79 57 (72) – 34 (60) 2 (4) 1 (2) 3 (5) –

Total 413 327 (79) 0.15 174 (54) 23 (7) 10 (3) 33 (10) 0.30

Tozbikian et al. Diagnostic Pathology           (2019) 14:69 Page 3 of 7



for non-excision (patient opted for close followup) showed
a correlation with surgeon provider, with 32/41cases from
one surgeon (p = < 0.0001).
Upgrade rates were correlated with the presence or ab-

sence of clinical variables for all categories of atypia.
Older patient age (≥50 years vs. < 50 years) was signifi-
cantly associated with a higher upgrade rate (15% vs. 3%,
p = < 0.001). Positive family history was also found to
significantly increase the upgrade rate for all atypia (14%
vs. 5%, p = 0.01). However, neither a personal history of
breast cancer nor a history of prior diagnosis of atypia
significantly correlated with upgrade rate. Neither radio-
logic target nor needle size (8–11 gauge vs. > 11 gauge)
correlated with upgrade rate. Radiology-pathology
correlation was achieved in the majority of cases (97%),
and lack of radiology-pathology correlation was not
significantly correlated with upgrade rate.

The use of CK5 or CK5/6 immunohistochemistry was
utilized in 55% of cases and correlated with a
significantly higher upgrade rate (24% vs. 9%, p = 0.01).
Many of the CNB in this series were associated with
background pathologic lesions (ALH in 8% and IDP in
8%), however the presence of these lesions was not sig-
nificantly correlated with upgrade. The case pathologist
that diagnosed the CNB did not impact the upgrade rate
(p = 0.7).
Clinical followup was obtained on all patients.

Synchronous contralateral carcinoma (invasive carcin-
oma or DCIS) was observed in 3% (n = 12) of patients.
Metachronous carcinoma (invasive carcinoma, DCIS, or
LCIS) was observed in 3% (n = 14) of patients. All
metachronous carcinomas occurred between 1 to 4 years
after an index diagnosis of either ADH (n = 13) or FADH
(n = 1). Contralateral metachronous carcinoma (3 cases
of invasive carcinoma, 3 cases of DCIS, and 2 cases of

Fig. 2 Patient #1 (H&E, 20x) the excision (EXC) showed ductal
carcinoma in situ (DCIS)

Fig. 3 Patient #2 (H&E, 20x) a 52 year old woman with an
ultrasound-guided CNB with atypical ductal hyperplasia (ADH)

Fig. 4 Patient #2 (H&E, 10x) EXC showed ductal carcinoma in situ (DCIS)

Fig. 1 Patient #1 (H&E, 20x) a 59 year old woman with an ultrasound-
guided core needle biopsy (CNB) with focal atypical ductal
hyperplasia (FADH)
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LCIS) was slightly more frequent than ipsilateral meta-
chronous carcinoma (3 cases of invasive carcinoma and
3 cases of DCIS). The majority of metachronous carcin-
oma (n = 11) occurred in patients who underwent EXC
for their index atypical lesion, whereas 3 cases of meta-
chronous carcinoma (1 contralateral, 2 ipsilateral) oc-
curred in patients who did not undergo EXC of their
index atypical lesion.

Discussion
Patients who have ADH diagnosed on CNB are recom-
mended to undergo EXC due to the high risk of upgrade
to malignancy. This approach to the management of pa-
tients with ADH is supported by the American College
of Radiology Breast Imaging Reporting and Data Systems
(BIRAD) Atlas which recommends followup for breast
imaging findings with a risk of malignancy of less than
2% (BIRADS 3) [26]. Since all studies have shown that
the risk of upgrade of ADH lesions is greater than this

2% threshold, EXC is generally warranted [11–16]. How-
ever, the majority of patients who undergo EXC for
ADH do not upgrade. Due to the morbidity of EXC
many investigators have examined various clinical, radio-
logic, and pathologic variables to identify those with dis-
criminatory power to risk stratify patients and identify a
low risk subset who can safely avoid EXC. Multiple stud-
ies have retrospectively analyzed CNB specimens with a
diagnosis of ADH and correlated the quantitative extent
of atypia present with the risk of upgrade on subsequent
EXC and have found comparatively higher upgrade rates
in more extensive ADH lesions [11, 12, 19, 24, 25].
Several measures of the quantitative extent of atypia are
included in a recently published nomogram that risk-
stratifies patients with ADH on CNB as a clinical tool to
assist treating surgeons considering EXC. [15] However
in routine clinical practice, most pathology reports of
atypical ductal hyperplasia do not provide specific details
regarding the extent of atypia (e.g. number of involved
tissue cores, number of involved ducts, or linear extent
of atypia) thus limiting the practical utility of such
nomograms outside of the scope of a research setting. In
routine practice, pathologists may provide more general-
ized descriptions of the quantitative extent of atypia by
using summative diagnostic descriptors such as “focal”
to describe ADH lesions seen on CNB. To date, no stud-
ies have correlated diagnostic descriptors used in clinical
practice with risk of upgrade of atypical breast lesions,
nor examined the potential impact of such descriptive
terminology on clinician decision-making, and specific-
ally the surgical EXC for these patients.
We did not identify that FADH was excised at a lower

rate than ADH in our institution. Therefore, our cohort
is appropriate to compare upgrade risks between these
groups. In our series, we observed no significant
difference in upgrade risk for ADH lesions which were
qualified as being focal (13%) vs. non-focal (9%). Our re-
sults are similar to several other studies which demon-
strate a risk of upgrade for all ADH lesions, regardless if
the lesion was noted to be limited in quantitative extent
(< 3 foci) [11, 12, 24, 25, 27] or microscopic span [28,
29], that is too high to avoid surgical excision. Our study
also underscores the findings of the recent Nurses
Health Studies that demonstrated that patients with
ADH of limited extent (defined as < 3 foci) showed simi-
lar lifetime risk of developing subsequent breast cancer
compared to women with more extensive ADH lesions
[30]. This inability to identify a quantitative threshold
that reduces risk of upgrade below 2%, as well as lack
of demonstrable dose-response relationship between
extent of atypia and risk of breast cancer, indicate
that the histopathologic extent of atypia should not
be used to inform clinical management decisions for
patient diagnosed with ADH. Descriptive terminology

Fig. 6 Patient #3 (H&E, 10x) EXC showed invasive ductal carcinoma

Fig. 5 Patient #3 (H&E, 10x) a 52 year old woman with an
ultrasound-guided CNB with focal atypical ductal hyperplasia (FADH)
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such as “focal” to qualify ADH lesions found on CNB
should be avoided in clinical practice, as it could be
incorrectly interpreted as a lower risk lesion.
Lack of interobserver reproducibility between patholo-

gists diagnosing ADH has been reported, with upgrade
rates and diagnostic concordance shown to correlate with
pathologists’ level of expertise, case volume, and practice
setting [16, 31]. The study pathologists participating in
this investigation were from a fully subspecialized, high-
volume academic medical center, and upgrade rates were
similar among all pathologists, indicating minimal clinic-
ally impactful analytical variability. We also noted a sig-
nificant correlation of upgrade rate with older age and
family history of breast cancer in our study population.
The increasing risk of atypia upgrade with patient age and
family history of breast cancer that we noted is consistent
with well-established published data [29, 32, 33]. Other
findings in our analysis are interesting to note. The exci-
sion rate was higher among younger patients in our series,
despite a significantly lower upgrade risk. While multiple
reasons could potentially explain this trend, (e.g. patient
co-morbidities and other clinical factors limiting surgical
options) the majority reason for non- EXC was due to the
patients’ desire to pursue close clinical followup. We also
noted significant variation in the EXC rates among the 6
surgeons in our series. Our data does suggests a large role
of individual differences in practice patterns and patient
counseling by the surgeon, as some surgeons had very
high EXC rates, while the majority of patients electing for
close clincial followup were concentrated from a single
surgeon.

Conclusions
Pathologists should limit the use of qualitative descrip-
tors when describing atypical lesions on core biopsy.
The extent of atypia does not influence upgrade rate in a
meaningful way, while this terminology did not appear
to impact surgical decision-making in our study, the
potential for such terminology to cause confusion to
surgeons and improperly influence decision-making
argues against the use of this diagnostic phrasing in
routine pathology practice.

Abbreviations
ADH: Atypical ductal hyperplasia; ALH: Atypical lobular hyperplasia;
BIRAD: Breast Imaging Reporting and Data Systems; CNB: Core needle
biopsy; DCIS: Ductal carcinoma in situ; EXC: Excision; FEA: Flat epithelial
atypia; IDP: Intraductal papilloma; MRI: Magnetic resonance imaging

Acknowledgements
Not applicable.

Authors’ contributions
GT and MG conducted the literature review, reviewed clinical records,
reviewed histological and immunohistochemical materials, and collected the
data. GT participated with the corresponding, reviewing, editing the drafted
manuscript as per journal policy, and submission of the article. All authors

participated in the design of the study. All authors participated drafted the
manuscript. All authors read and approved the final manuscript.

Funding
No financial support was provided for this study.

Availability of data and materials
Data and materials of this work are available from the corresponding author
on reasonable request.

Ethics approval and consent to participate
All procedures performed on patient tumor samples in this study were in
accordance with the ethical standards of the Office of Responsible Research
Practices and Institution Review Board at the Ohio State University
(2015C0094).

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details
1Division of Breast Pathology, Department of Pathology, Wexner Medical
Center at The Ohio State University, E414 Doan Hall, 410 W. 10th Ave,
Columbus, OH 43210, USA. 2Department of Medicine, University of
Pittsburgh, Pittsburgh, PA, USA. 3Division of Genitourinary Pathology,
Department of Pathology, The Ohio State University Wexner Medical Center,
E401 Doan Hall, 410 W 10th Ave, Columbus, OH 43210, USA.

Received: 25 March 2019 Accepted: 11 June 2019

References
1. Page DL, Rogers LW. Combined histologic and cytologic criteria for the

diagnosis of mammary atypical ductal hyperplasia. Hum Pathol.
1992;23(10):1095–7.

2. Tavassoli FA, Norris HJ. A comparison of the results of long-term follow-up
for atypical intraductal hyperplasia and intraductal hyperplasia of the breast.
Cancer. 1990;65(3):518–29.

3. Page DL, Dupont WD, Rogers LW, Rados MS. Atypical hyperplastic lesions of
the female breast. A long-term follow-up study. Cancer. 1985;55(11):2698–708.

4. Lennington WJ, Jensen RA, Dalton LW, Page DL. Ductal carcinoma in situ of
the breast. Heterogeneity of individual lesions. Cancer. 1994;73(1):118–24.

5. Fitzgibbons PL, Henson DE, Hutter RV. Benign breast changes and the risk
for subsequent breast cancer: an update of the 1985 consensus statement.
Cancer Committee of the College of American pathologists. Arch Pathol
Lab Med. 1998;122(12):1053–5.

6. Lakhani SR, Collins N, Stratton MR, Sloane JP. Atypical ductal hyperplasia of
the breast: clonal proliferation with loss of heterozygosity on chromosomes
16q and 17p. J Clin Pathol. 1995;48(7):611–5.

7. Jackman RJ, Birdwell RL, Ikeda DM. Atypical ductal hyperplasia: can some
lesions be defined as probably benign after stereotactic 11-gauge vacuum-
assisted biopsy, eliminating the recommendation for surgical excision?
Radiology. 2002;224(2):548–54.

8. Jackman RJ, Nowels KW, Shepard MJ, Finkelstein SI. Marzoni Fibroadipose
tissue, negative for neoplasia Jr. stereotaxic large-core needle biopsy of 450
nonpalpable breast lesions with surgical correlation in lesions with cancer
or atypical hyperplasia. Radiology. 1994;193(1):91–5.

9. Liberman L, Dershaw DD, Rosen PP, Giess CS, Cohen MA, Abramson AF,
Hann LE. Stereotaxic core biopsy of breast carcinoma: accuracy at
predicting invasion. Radiology. 1995;194(2):379–81.

10. Gradishar WJ, Gradishar WJ, Anderson BO, Balassanian R, Blair SL, Burstein
HJ, Cyr A, Elias AD, Farrar WB, Forero A, Giordano SH, Goetz MP, Goldstein
LJ, Isakoff SJ, Lyons J, Marcom PK, Mayer IA, McCormick B, Moran MS,
O'Regan RM, Patel SA, Pierce LJ, Reed EC, Salerno KE, Schwartzberg LS,
Sitapati A, Smith KL, Smith ML, Soliman H, Somlo G, Telli M, Ward JH, Shead
DA, Kumar R. NCCN guidelines insights: breast Cancer, version 1.2017.
J Natl Compr Cancer Netw. 2017;15(4):433–51.

Tozbikian et al. Diagnostic Pathology           (2019) 14:69 Page 6 of 7



11. Ely KA, Carter BA, Jensen RA, Simpson JF, Page DL. Core biopsy of the
breast with atypical ductal hyperplasia: a probabilistic approach to
reporting. Am J Surg Pathol. 2001;25(8):1017–21.

12. Kohr JR, Eby PR, Allison KH, DeMartini WB, Gutierrez RL, Peacock S, Lehman
CD. Risk of upgrade of atypical ductal hyperplasia after stereotactic breast
biopsy: effects of number of foci and complete removal of calcifications.
Radiology. 2010;255(3):723–30.

13. Lin PH, Clyde JC, Bates DM, Garcia JM, Matsumoto GH, Girvin GW. Accuracy
of stereotactic core-needle breast biopsy in atypical ductal hyperplasia. Am
J Surg. 1998;175(5):380–2.

14. Dahlstrom JE, Sutton S, Jain S. Histological precision of stereotactic core
biopsy in diagnosis of malignant and premalignant breast lesions.
Histopathology. 1996;28(6):537–41.

15. Khoury T, Chen X, Wang D, Kumar P, Qin M, Liu S, Turner B. Nomogram to
predict the likelihood of upgrade of atypical ductal hyperplasia diagnosed
on a core needle biopsy in mammographically detected lesions.
Histopathology. 2015;67(1):106–20.

16. Deshaies I, Provencher L, Jacob S, Côté G, Robert J, Desbiens C, Poirier B,
Hogue JC, Vachon E, Diorio C. Factors associated with upgrading to
malignancy at surgery of atypical ductal hyperplasia diagnosed on core
biopsy. Breast. 2011;20(1):50–5.

17. Fisher B, Costantino JP, Wickerham DL, Cecchini RS, Cronin WM, Robidoux
A, Bevers TB, Kavanah MT, Atkins JN, Margolese RG, Runowicz CD, James JM,
Ford LG, Wolmark N. Tamoxifen for prevention of breast cancer: report of
the National Surgical Adjuvant Breast and bowel project P-1 study.
J Natl Cancer Inst. 1998;90(18):1371–88.

18. Cuzick J, Sestak I, Bonanni B, Costantino JP, Cummings S, DeCensi A,
Dowsett M, Forbes JF, Ford L, LaCroix AZ, Mershon J, Mitlak BH, Powles T,
Veronesi U, Vogel V, Wickerham DL. SERM chemoprevention of breast
Cancer overview group. Selective oestrogen receptor modulators in
prevention of breast cancer: an updated meta-analysis of individual
participant data. Lancet. 2013;381(9880):1827–34.

19. Allison KH, Eby PR, Kohr J, DeMartini WB, Lehman CD. Atypical ductal
hyperplasia on vacuum-assisted breast biopsy: suspicion for ductal
carcinoma in situ can stratify patients at high risk for upgrade. Hum Pathol.
2011;42(1):41–50.

20. Vandenbussche CJ, Khouri N, Sbaity E, Tsangaris TN, Vang R, Tatsas A,
Cimino-Mathews A, Argani P. Borderline atypical ductal hyperplasia/low-
grade ductal carcinoma in situ on breast needle core biopsy should be
managed conservatively. Am J Surg Pathol. 2013;37(6):913–23.

21. Bijker N, Peterse JL, Duchateau L, Julien JP, Fentiman IS, Duval C, Di Palma S,
Simony-Lafontaine J, de Mascarel I, van de Vijver MJ. Risk factors for
recurrence and metastasis after breast-conserving therapy for ductal
carcinoma-in-situ: analysis of European Organization for Research and
Treatment of Cancer trial 10853. J Clin Oncol. 2001;19(8):2263–71.

22. Jain RK, Mehta R, Dimitrov R, Larsson LG, Musto PM, Hodges KB, Ulbright
TM, Hattab EM, Agaram N, Idrees MT, Badve S. Atypical ductal hyperplasia:
interobserver and intraobserver variability. Mod Pathol. 2011;24(7):917–23.

23. McLaughlin CT, Neal CH, Helvie MA. Is the upgrade rate of atypical ductal
hyperplasia diagnosed by core needle biopsy of calcifications different for
digital and film-screen mammography? AJR Am J Roentgenol.
2014;203(4):917–22.

24. Bonnett M, Wallis T, Rossmann M, Pernick NL, Bouwman D, Carolin KA,
Visscher D. Histopathologic analysis of atypical lesions in image-guided core
breast biopsies. Mod Pathol. 2003;16(2):154–60.

25. Forgeard C, Benchaib M, Guerin N, Thiesse P, Mignotte H, Faure C, Clement-
Chassagne C, Treilleux I. Is surgical biopsy mandatory in case of atypical
ductal hyperplasia on 11-gauge core needle biopsy? A retrospective study
of 300 patients. Am J Surg. 2008;196(3):339–45.

26. D'Orsi CJ, Bassett LW, Berg WA, et al. Breast imaging reporting and data
system: ACR BI-RADS-mammography. 4th ed. American College of
Radiology: Reston, VA; 2003.

27. Sneige N, Lim SC, Whitman GJ, Krishnamurthy S, Sahin AA, Smith TL,
Stelling CB. Atypical ductal hyperplasia diagnosis by directional vacuum-
assisted stereotactic biopsy of breast microcalcifications. Considerations for
surgical excision. Am J Clin Pathol. 2003;119(2):248–53.

28. Wagoner MJ, Laronga C, Acs G. Extent and histologic pattern of atypical
ductal hyperplasia present on core needle biopsy specimens of the breast
can predict ductal carcinoma in situ in subsequent excision. Am J Clin
Pathol. 2009;131(1):112–21.

29. Ko E, Han W, Lee JW, Cho J, Kim EK, Jung SY, Kang MJ, Moon WK, Park IA,
Kim SW, Kim KS, Lee ES, Min KH, Kim SW, Noh DY. Scoring system for
predicting malignancy in patients diagnosed with atypical ductal
hyperplasia at ultrasound-guided core needle biopsy. Breast Cancer Res
Treat. 2008;112(1):189–95.

30. Collins LC, Aroner SA, Connolly JL, Colditz GA, Schnitt SJ, Tamimi RM. Breast
cancer risk by extent and type of atypical hyperplasia: an update from the
Nurses' health studies. Cancer. 2016;122(4):515–20.

31. Elmore JG, Longton GM, Carney PA, Geller BM, Onega T, Tosteson AN,
Nelson HD, Pepe MS, Allison KH, Schnitt SJ, O'Malley FP, Weaver DL.
Diagnostic concordance among pathologists interpreting breast biopsy
specimens. JAMA. 2015;313(11):1122–32.

32. Chae BJ, Lee A, Song BJ, Jung SS. Predictive factors for breast cancer in
patients diagnosed atypical ductal hyperplasia at core needle biopsy.
World J Surg Oncol. 2009;7:77.

33. Menes TS, Rosenberg R, Balch S, Jaffer S, Kerlikowske K, Miglioretti DL.
Upgrade of high-risk breast lesions detected on mammography in the
breast Cancer surveillance consortium. Am J Surg. 2014;207(1):24–31.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tozbikian et al. Diagnostic Pathology           (2019) 14:69 Page 7 of 7


	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Results
	Diagnostic category versus excision rate and upgrade rate
	Other variables versus excision rate and upgrade rate

	Discussion
	Conclusions
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Availability of data and materials
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

