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Abstract

Purpose Atypical ductal hyperplasia (ADH) identified on
percutaneous breast biopsy represents a high-risk lesion,
upgrading to cancer with surgical excision in ~7-45.8%
of cases. Routine excision is questioned due to potential
overtreatment and cost. This study evaluates clinical,
imaging, and histologic features to predict the risk of
upgrade.

Methods With IRB approval, a single-institution retro-
spective review was performed of patients who underwent
surgical excision of ADH diagnosed by core biopsy from
June 2005 to June 2013. We reviewed electronic medical
records, breast imaging, and biopsy slides. Multiple
imputation was used for missing data. Association of var-
ious features with cancer upgrade was assessed using
logistic regression.

Results Among 399 cases, the upgrade rate to cancer was
16.0%, (95% CI: 12.8-20.0%), with nine invasive cancers
and 55 ductal carcinoma in situ (DCIS) only. Via a logistic
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regression approach, we defined a subgroup with low risk
for upgrade: women whose biopsies showed no individual
cell necrosis, and either a) 1 focus of ADH with >50%
removal, or b) 2-3 foci with >90% removal. Cases meeting
these criteria had an upgrade rate of 4.9% (95% CI:
1.0-8.9%), compared to 21.4% (16.4-26.3%) in cases that
did not meet this low-risk definition.

Conclusions ADH on core biopsy with low risk of upgrade
to cancer is defined by lack of individual cell necrosis,
number of foci of ADH, and percent of imaging lesion
removed. If these findings are validated, women whose
biopsies meet low-risk criteria might be considered for
prevention therapy and surveillance without surgical
excision.

Keywords Atypical ductal hyperplasia - Breast cancer -
Upgrade - Core needle biopsy

Introduction

With increased utilization of mammographic screening and
percutaneous needle biopsy of screen-detected lesions, the
diagnosis of high-risk breast lesions has increased [1-4].
Atypical ductal hyperplasia (ADH) is identified in
approximately 8-17% of all core needle breast biopsies
[1, 5]. ADH is considered a high-risk breast lesion due to
both a long-term increase in breast cancer risk [6—-10] and
also risk of “upgrade” to cancer at surgical excision in
7-45.8% of cases [2, 11-17].

Therefore, the standard of care is surgical excision when
a core needle biopsy site demonstrates ADH. However,
given that the majority of ADH cases diagnosed percuta-
neously are not upgraded to cancer, routine excision may
represent overtreatment. Therefore, recent research efforts
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have attempted to identify factors associated with a low
risk of cancer upgrade, in order to select women who may
avoid surgical excision with minimal risk of missed cancer
[18]. The goal of this study was to identify a subgroup of
women with ADH on needle biopsy with low risk of
upgrade to cancer, who may not require surgical excision
of the biopsy site. Clinical, imaging, and histologic features
of ADH were evaluated to characterize this low-risk
subgroup.

Methods
Study population

Institutional Review Board was obtained. A combined
search of our prospective breast surgery registry and
institutional pathology database identified women with
ADH by core needle biopsy, who were treated at Mayo
Clinic Rochester from June 2005 to June 2013. Some data
on pathology and radiology features were missing for
patients whose core biopsy was performed elsewhere. To
be included in the analysis, either core biopsy pathology
slides or pre-biopsy radiographic images were required for
review; remaining data elements were collected from
clinical reports or were imputed. The majority (69%) had
complete pre-excision data on radiographic and core
biopsy pathology features by study team review of original
imaging and biopsy slides; multiple imputation was used
for missing data elements that could not be obtained from
reports. Patients without surgical excision were excluded
from multivariate modeling, but their follow-up data were
collected and reported. Exclusion criteria included con-
current or prior diagnosis of ipsilateral breast cancer,
multiple biopsy sites in the same breast (if final pathology
outcomes for each distinct site could not be discriminated),
or core biopsy performed elsewhere with neither images
nor slides available for review.

Data collection

Subjects’ clinical features were abstracted from the elec-
tronic medical record. Imaging and histologic features were
collected with blinding to the outcome of cancer upgrade.
For each case, pre- and post-biopsy mammograms were
reviewed by a single breast radiologist (RF) for the fol-
lowing imaging features: breast density (BIRADS), size of
target lesion before biopsy; calcification features (extent,
distribution, and morphology); size of biopsy needle; use of
vacuum assistance; number of cores retrieved; and per-
centage of target lesion removed. Percentage of lesion
removed was estimated visually by comparing pre- and
post-biopsy mammograms and was grouped into categories
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of half or less removed (<50%), nearly all removed
(>90%), or majority removed (by default approximately
50-89%). Original slides from the core needle biopsy were
reviewed by a single pathologist (SS) for the following
histologic features: number of foci of ADH, individual cell
necrosis (Fig. 1), micropapillary pattern, and presence of
other lesions with possible high risk of upgrade [ALH
(Atypical Lobular Hyperplasia), LCIS (Lobular Carcinoma
in Situ), and FEA (Flat Epithelial Atypia)] [2, 18, 19]. In
patients with core biopsy performed elsewhere, pathology
features were collected from outside pathology reports, and
study features not mentioned were treated as missing.
Upgrade to cancer (DCIS or invasive cancer) was deter-
mined by final pathology reports from surgical excision.

Statistical approach

Multiple imputation was used for missing data. Specifi-
cally, twenty imputed datasets were created using the
multiple imputation by chained equations approach
implemented in the package mice for R statistical software
[20-23]. Functions within this package were used to pool
results across the 20 imputed datasets using the method
described by Rubin [20]. The chained equations approach
was chosen because of the mix of variable types (contin-
uous, ordinal, nominal) that needed imputing; this
approach allowed us to choose an appropriate model for
each variable type. Continuous variables were imputed
using the predictive mean matching method, ordinal vari-
ables using the linear discriminant analysis method, and
nominal variables using the logistic method. Imputation
was done under the assumption of missing at random
because missingness was primarily due to core biopsies

Fig. 1 Photomicrograph demonstrating individual cell necrosis.
Atypical ductal hyperplasia characterized by epithelial proliferation
of small, monomorphic, and uniform cells with cribriform growth
pattern and focus of individual cell necrosis (arrow, H&E x400)
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performed elsewhere. Variables included in the imputation
model were upgrade outcome as well as covariates listed in
Table 1 [21]. The model was then evaluated in both the
imputed data as well as the complete case data, in order to
assess the sensitivity of conclusions to imputation.

Association of potential predictors with the outcome of
upgrade to cancer at excision was assessed with univariate
and multivariate logistic regression. In developing a multi-
variate model, we followed the recommendation of >10
events per variable to avoid overfitting and to optimize
generalizability to other settings [24, 25]. The multivariable
logistic regression coefficients were used to estimate the
predicted probability of upgrade for each factor combina-
tion, and those combinations with the lowest predicted
probabilities (~5% or less) were identified as low risk of
upgrade. Percentages with upgrade were estimated with 95%
Wilson score confidence intervals for the complete case data;
this was also estimated for the imputed data by pooling the
intercept estimate from generalized linear models fit with the
identity link across multiple imputations for imputed data.
Analyses were performed using SAS (Version 9.3, SAS
Institute Inc, Cary, NC) and R (Version 3.0.2, R Foundation
for Statistical Computing, Vienna, Austria).

Results
Study population

We identified 485 women with 506 ADH lesions diagnosed
by core biopsy between June 2005 and June 2013. Among
the initial 506 lesions, 85 lesions in 80 patients were
excluded for the following reasons: core biopsy elsewhere
with neither mammograms nor pathology slides available
(n = 37), subject had ipsilateral breast cancer previously
(n = 16) or concurrent with the ADH biopsy (n = 31), and
outcomes for multiple lesions in the same quadrant could
not be distinguished (n = 1). An additional 22 lesions in 22
patients were not excised due to severe co-morbid condi-
tions (n = 6), patient choice (n = 7), and reason not doc-
umented (n = 9). Among the 22 not excised, three died
during follow-up (all from pre-existing conditions—car-
diac/hepatic disease or melanoma), 13 (68%) had no fol-
low-up documented, and six had a median mammographic
follow-up of 3.7 years (range: 6 months—9 years) with no
ipsilateral breast cancer. Thus, the final analysis dataset
comprised 383 women with 399 biopsy sites excised at our
institution.

Patient characteristics

Median age at breast biopsy was 58 years (range 36-86);
median BMI was 27. First-degree family history of breast

cancer was present in 29% of cases. Table 1 summarizes
patient characteristics (clinical, radiological, and patho-
logical), and association with upgrade.

Imaging and pathology findings

In 83% of cases, the initial clinical presentation was a
screening mammographic abnormality; 10% presented
with clinical symptoms (palpable mass or nipple dis-
charge), and 7% were suspicious findings on supplemental
screening modalities. Most cases (72%) demonstrated
calcifications only, were biopsied with stereotactic guid-
ance (74%), and vacuum assisted (86%) with 11G or larger
needle (84%). Median number of cores per biopsy was 10
(range 1-24).

Regarding pathology findings in the core biopsies, the
majority showed either one (38%), or 2-3 foci of ADH
(43%). A minority of samples demonstrated other high-risk
lesions (31%), had individual cell necrosis (28%), or
micropapillary features (15%). Of 123 with additional
high-risk lesions, 33 were ALH only, 74 FEA only, 1 LCIS
only, 14 with both ALH and FEA, and 1 ALH and LCIS.

Upgrade rate and cancer characteristics

We found cancer at surgical excision in 64/399 cases for an
overall upgrade rate of 16.0% (95% CI: 12.8-20.0%). Final
pathology demonstrated nine invasive cancers (4 with
DCIS) and 55 DCIS only. Of the nine invasive cancers, all
were stage 1 invasive ductal (3 Tla, 5 Tlb, and 1 Tlc).
Only one case was node positive with micrometastasis. All
invasive cancers were ER+ , with one case also HER-2+.

Predictors of upgrade

Table 1 shows distributions of potential predictor variables
and univariate associations with upgrade for cases with
complete data. The strongest associations were for the
estimated percent of lesion removed, the number of foci of
ADH, and the presence of individual cell necrosis in the
core biopsy specimen. Table 2 shows univariate analysis
results after imputation for variables that had substantial
missing data. Compared to the complete case data, the
imputed data show a similar distribution for each variable
and similar measures of univariate association with cancer
upgrade (i.e., similar odds ratios for complete case data and
imputed data), demonstrating the success of the imputation
approach.

Multivariate model

To create a multivariate model for identifying a group with
low risk of upgrade, our approach was to balance clinical
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Table 1 Patient characteristics and the association with upgrade (complete case analysis without imputation)

N (%) of total N (%) with upgrade OR (95% CI) p-value3
Baseline characteristics

Age 0.44
<45 years 35 (8.8%) 7 (20.0%) 1.4 (0.5, 3.4)
45-55 years 163 (40.9%) 27 (16.6%) 1.1 (0.6, 2.0)
>55 years 201 (50.4%) 30 (14.9%) Reference

BMI 0.97
<25 150 (37.6%) 24 (16.0%) Reference
25-29.99 119 (29.8%) 19 (16.0%) 1.0 (0.5, 1.9)
>30 130 (32.6%) 21 (16.2%) 1.0 (0.5, 1.9)

First-degree family history of breast cancer, n (%) 0.74
No 281 (71.3%) 46 (16.4%) Reference
Yes 113 (28.7%) 17 (15.0%) 0.9 (0.5,1.6)
Unknown 5 1 (20%)

Past or present contralateral breast cancer, n (%) 0.16
No 349 (87.5%) 55 (15.8%) Reference
Yes 50 (12.5%) 9 (18.0%) 1.2 (0.5, 2.5)

Radiologic features

Breast density, n (%) 0.15
1 26 (6.5%) 2 (7.7%) Reference
2 142 (35.6%) 23 (16.2%) 2.3 (0.6, 15.0)
3 187 (46.9%) 28 (15.0%) 2.1 (0.6, 13.6)
4 44 (11.0%) 11 (25.0%) 4.0 (1.0, 27.4)

Morphology, n (%) 0.40
Calcifications only 288 (72.2%) 41 (14.2%) Reference
Mass lesion 82 (20.6%) 16 (19.5%) 1.5 (0.8, 2.7)
Asymmetry or architectural distortion 14 (3.5%) 4 (28.6%) 2.4 (0.6, 7.6)
Negative MMG/other 15 (3.8%) 3 (20.0%) 1.5 (0.3, 5.0)

Lesion size, n (%) 0.0002
<5 mm 47 (12.3%) 4 (8.5%) Reference
>5 mm and <10 mm 159 (41.6%) 18 (11.3%) 1.4 (0.5, 4.9)
>10 mm and <15 mm 81(21.2%) 13 (16.0%) 2.1(0.7,7.7)
>15 mm 95 (24.9%) 27 (28.4%) 4.3 (1.5, 15.2)
Missing 17 2 (11.8%)

Biopsy needle gage, n (%) 0.002
9/10 G 79 (26.0%) 6 (7.6%) Reference
11 G 177 (58.2%) 28 (15.8%) 2.3 (1.0, 6.3)
14/16/18 G 48 (15.8%) 15 (31.3%) 5.5 (2.1, 16.7)
Missing 95 15 (15.8%)

Biopsy imaging modality, n (%) 0.08
Stereotactic 295 (74.1%) 43 (14.6%) Reference
Ultrasound 88 (22.1%) 20 (22.7%) 1.7 (0.9, 3.1)
MRI 15 (3.8%) 1 (6.7%) 0.4 (0.02, 2.2)
Missing 1 0 (0%)

Biopsy device, n (%) 0.11
Spring loaded 42 (13.5%) 10 (23.8%) 2.0 (0.9, 4.2)
Vacuum assisted 268 (86.5%) 37 (13.8%) Reference
Missing 89 17 (19.1%)

Estimated % of lesion removed, n (%) <0.0001
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Table 1 continued
N (%) of total N (%) with upgrade OR (95% CI) p-valuc—:3
<50% 108 (28.7%) 30 (27.8%) 4.0 (2.0, 8.8)
50-89% 142 (37.8%) 20 (14.1%) 1.7 (0.8, 3.9)
>90% 126 (33.5%) 11 (8.7%) Reference
Missing 23 3 (13.0%)
Pathology features (core biopsy)’
Number of cores seen at pathology review 0.03
1-6 43 (15.2%) 10 (23.3%) 2.4 (1.0, 5.8)
6-11 97 (34.3%) 19 (19.6%) 1.9 (0.9, 4.0)
>11 143 (50.5%) 16 (11.2%) Reference
Missing 116 19 (16.4%)
Number of foci ADH, n (%) <0.0001
1 110 (38.5%) 8 (7.3%) Reference
2-3 125 (43.7%) 20 (16.0%) 24 (1.1, 6.1)
>3 51 (17.8%) 17 (33.3%) 6.4 (2.6, 16.9)
Missing 113 19 (16.8%)
Micropapillary ADH, n (%) 0.005
No 253 (87.2%) 33 (13.0%) Reference
Yes 37 (12.8%) 12 (32.4%) 32 (14,69
Missing 109 19 (17.4%)
Cribriform ADH, n (%) 0.52
No 36 (12.6%) 7 (19.4%) Reference
Yes 250 (87.4%) 38 (15.2%) 0.7 (0.3, 2.0)
Missing 113 19 (16.8%)
Individual cell necrosis, n (%) <0.0001
No 212 (73.6%) 19 (9.0%) Reference
Yes 76 (26.4%) 26 (34.2%) 5.3 (2.7, 104)
Missing 111 19 (17.1%)
Presence of any other high-risk lesion” 0.55
No 190 (60.7%) 31 (16.3%) Reference
Yes 123 (39.3%) 17 (13.8%) 0.8 (04, 1.5)
Missing 86 16 (18.6%)

! Core biopsy pathology slides were available for review in n = 286 and not available in n = 113; features were abstracted from pathology

reports when mentioned in those without slides to review

2 Other lesions with possible high risk of upgrade included ALH, LCIS, FEA

3 P-values are from the Cochran-Armitage trend test in the case of ordinal variables and a likelihood ratio Chi square test in the case of nominal
variables; p-values were calculated excluding missing values where applicable

simplicity (i.e., fewer variables) with good performance.
While we identified several potentially important variables,
with 64 events, the model should include <6 degrees of
freedom to avoid overfitting and improve generalizability
[24, 25]. A simple model including the three variables (5
degrees of freedom) with the strongest univariate associa-
tions is shown in Table 3. Each of the variables (individual
cell necrosis, estimated percent of lesion removed, and
number of foci of ADH) remained strongly significant in

multivariate analysis. The median C-statistic for this model
across imputations was 0.78. While we did not have an
external validation sample available for this study, 10-fold
cross-validation analyses showed continued good perfor-
mance with a cross-validation C-statistic of 0.77.
Secondary approaches to model choice, including step-
wise variable selection and also a model including all
univariately significant variables, were explored but
rejected due to concerns regarding multicollinearity of
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Table 2 Imputed data

distributions and univariate % of total % with upgrade OR (95% CD
results presented for radiology Lesion size
and pathology variables with
missing data; values represent <5 mm 124 8.2 Reference
the pooled results across n = 20 >5 mm and <10 mm 41.7 1.1 1.4 (0.4, 4.4)
imputations >10 mm and <15 mm 21.1 15.6 2.1 (0.6, 6.8)
>15 mm 24.8 28.7 4.5 (1.5, 13.8)
Biopsy needle gage
9/10 G 26.3 10.7 Reference
11 G 58.1 15.6 1.6 (0.7, 3.4)
14/16/18 G 15.6 26.6 3.0(1.2,7.5)
Biopsy device
Spring loaded 16.1 25.7 2.1 (1.1,4.1)
Vacuum assisted 83.9 14.2 Reference
Estimated % of lesion removed
<50% 29.0 26.4 3.7(1.8,7.7)
50-89% 37.9 144 1.7 (0.8, 3.8)
>90% 33.1 8.9 Reference
Number of cores seen at pathology review
1-6 13.1 25.6 2.7 (1.2, 6.3)
6-11 37.6 19.1 1.9 (1.0, 3.7)
>11 49.3 11.2 Reference
Number of foci ADH
1 38.8 7.8 Reference
2-3 43.0 15.7 22 (1.0,5.1)
>3 18.2 344 6.3 (2.5, 15.3)
Micropapillary ADH
No 84.8 13.1 Reference
Yes 15.2 32.5 3.2 (1.4,7.0)
Cribriform ADH
No 15.6 19.8 Reference
Yes 84.4 154 0.7 (0.3, 2.0)
Individual cell necrosis
No 71.7 9.2 Reference
Yes 28.3 333 4.9 (2.6, 9.2)
Presence of other high-risk lesion
No 69.2 17.0 Reference
Yes 30.8 13.8 0.8 (0.4, 1.4)

predictor variables, overfitting, and increased complexity
for clinical use without substantial improvement in per-
formance. Therefore, we opted for the original three-vari-
able model as our final model (Fig. 2).

Low-risk definition

Using the model in Table 3 to estimate the predicted
probability of upgrade for each factor combination, we
identified the lowest risk categories (predicted probability
~5% or less) and developed a definition of low risk for
upgrade, defined as women with (1) no individual cell
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necrosis, and (2) either 1 focus with >50% removal, or 2-3
foci with >90% removal. This represented an estimated
32% (95% CI. 27-38%) of the entire study set (using
imputed data) with an upgrade risk of 4.9% (95% CI:
1.0-8.9%). In contrast, the remainder of the sample not
meeting this definition of low risk had an estimated
upgrade rate of 21.4% (95% CI: 16.4-26.3%). The upgrade
risk findings from the imputed data (n = 20 datasets) are
similar to the upgrade risk found when applying the low-
risk criteria to the complete case data (N = 276), where
5/96 (5.2%) patients classified as low risk were upgraded to
cancer at excision, compared to 39/180 (21.7%) patients
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Table 3 Multivariate model for

outcome of upgrade to cancer Variable Odd Ratio (95% CI) p—value1
with esti.mates pooled across Estimated percent of lesion removed <0.001
n = 20 imputed datasets
>90% Reference
50-89% 1.4 (0.6, 3.3)
<50% 3.8 (1.7, 8.6)
Individual cell necrosis <0.001
No Reference
Yes 4.3 (2.0, 8.9)
Number of foci of ADH on core biopsy 0.009
1 focus Reference
2-3 foci 2.1 (0.9, 4.9)
>3 foci 3.6 (1.4,9.6)

! P-value was calculated for a linear trend across levels in the case or ordinal variables (estimated percent
of lesion removed and number of foci of ADH on core biopsy)

Fig. 2 Odds ratios with 95%
confidence intervals for features
associated with upgrade to
cancer in multivariate analysis

Percent removed, <50% vs = 90% ©

Percent removed, 50-89% vs = 90% ——
Individual cell necrosis, yes vs no ®
# foci ADH, 2-3 vs 1 —.——————
# foci ADH, >3 vs 1 o
I \'
0 1 2 3 4 5 6 7 8 9 10

classified as higher risk. This similarity between results for
the imputed data and complete case data supports the
validity of the imputation approach and findings.

Discussion
In this large single-institution study of ADH diagnosed on

core needle biopsy, we found that the strongest factors
affecting upgrade to cancer were percentage of lesion

Odds Ratio (95% CI) for Upgrade

removed, number of foci of ADH, and the presence of
individual cell necrosis in the core biopsy. With multivariate
modeling, we identified a subgroup of women with ADH on
core biopsy who have low risk (4.9%) of harboring cancer, in
whom surgical excision might be avoided. Approximately
one-third of the series met the low-risk criteria, defined as (1)
no individual cell necrosis, and (2) either 1 focus with >50%
removal, or 2-3 foci with >90% removal.

The overall upgrade rate in our large series was 16.0%,
in the middle of the reported range in the literature
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(~7-37%) [2, 11-16]. Although we found many features
associated with cancer upgrade by univariate analysis,
several were redundant and not significant on multivariate
analysis. The final three criteria in our model consist of
radiographic and histologic factors that have all been
associated with upgrade in prior studies. The radiographic
percentage of the lesion removed has been associated with
ADH upgrade to cancer in two prior studies [18, 26].
Nguyen et al. found that upgrade occurred in <3% of
women who had >95% of the lesion removed, and Jack-
man et al. reported upgrade in only 8% of women who had
100% of the lesion removed. Increasing number of foci of
ADH seen on core biopsy also has been associated with
more frequent upgrade in several prior studies on this topic,
using a cutoff of either >2 foci [2, 13, 18] or >3 foci
[12, 15, 27]. The third factor in our model—individual cell
necrosis—was suggested by two prior studies showing its
association with cancer upgrade [18, 28].

Two prior multivariable predictive models have been
developed to identify subsets of women with ADH who
have a low risk of upgrade. In a paper by Ko et al., a model
was created from 74 cases of ADH to predict upgrade,
using the following features: age >50 years, palpable
lesion, microcalcifications on mammogram, imaging
size >15 mm, and multiple foci on core biopsy [17].
Applying this model to our dataset, we find that 13.2% of
our subjects fit their defined low-risk criteria, and among
these women, the actual upgrade rate was 2/36 (5.6%). In a
more recent model from MD Anderson Cancer Center [18],
140 women with ADH were studied, creating low-risk
criteria defined as calcifications only, >90% removal of
calcifications, <3 foci of ADH, and no necrosis. Applying
these low-risk criteria to our dataset, only 13.5% of women
in our dataset would be classified as low risk, with 6% of
them actually upgrading to cancer at surgical excision.
Thus, both models successfully identify a subset with
<10% risk of upgrade (~6% in each case), but both
models apply to only ~ 13% of patients among the larger
group of women who actually require surgical excision for
ADH. One advantage of our model is that it may identify a
larger proportion of women with ADH (32%) who have a
low risk of upgrade (5%).

Our model and that of Nguyen et al. both include the
presence of necrosis as a factor associated with increased
risk of upgrade. Individual cell necrosis, also termed sin-
gle-cell necrosis, likely represents the presence of apoptotic
bodies [29]. Although the etiology of these cells is unclear,
their presence may reflect alterations associated with neo-
plastic status, such as genetic instability or abnormal cell
proliferation. As such, individual cell necrosis in histo-
logically benign or atypical appearing proliferations may
represent an early manifestation of malignancy. However,
individual cell necrosis is neither a diagnostic criterion for
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ADH nor unique to ADH, as it is also a manifestation of
normal, physiological cell turnover. Apoptosis can also be
seen in columnar cell change or usual ductal hyperplasia,
although it is more common in neoplastic lesions. We plan
to further evaluate immunohistochemical stains to high-
light apoptotic bodies and the utility of this approach in
enhancing identification of individual cell necrosis in ADH
lesions.

The current standard of care for core biopsies with
ADH is to perform surgical excision, although NCCN
guidelines do endorse omitting surgical excision in
selected patients with other types of benign lesions (ALH,
LCIS, FEA, papillomas, etc.) [30]. Due to overall higher
upgrade risks for ADH in multiple published papers, ADH
is not included in this list. However, we and others believe
that some women with ADH are low risk and may safely
avoid surgical excision. Furthermore, the small risk of
upgrade to immediate cancer (usually DCIS) may be less
clinically significant than their long-term breast cancer
risk (usually invasive), which affects both breasts and is in
the range of ~1-2% per year, also stratified by the
number of foci of ADH [8, 31-33]. Thus for many women
with ADH, addressing long-term breast cancer risk with
prevention medications is the most important aspect of
management, rather than surgical excision of the ADH
site [32, 34-37].

For women with a low risk of upgrade, short-term
radiographic follow-up should be adequate to detect pro-
gression. In the uncommon situation that an early malig-
nancy is present at the ADH core biopsy site, prevention
medications would likely be effective at treating it. This is
supported by the fact that all the upgraded lesions in our
study were ER+, with the majority being in situ disease
(also consistent with prior studies), which has been shown
to respond to endocrine therapy [38]. In situations where no
excision is performed, short-term follow-up imaging would
appear reasonable to establish a new baseline and would
identify the unlikely event of radiographic progression. In
fact, this has been confirmed in a recent paper by Menen
et al., where 125 women with low-risk ADH (using criteria
of Nguyen et al. above) were observed without surgical
excision [39]. With a median follow-up of 3 years (and
chemoprevention use by 23% of women), only seven breast
cancers occurred (5.6%).

A major strength of our study is the large sample size,
which allowed for multivariate analysis. Of the multiple
prior studies on this topic, most have substantially smaller
numbers of women with ADH who underwent surgical
excision, with evaluation of a limited number of variables.
The next largest sample size previously reported with
multivariate analysis consists of 422 ADH core biopsies
that were surgically excised [40]. In that report, 30% of
women in the sample had no features associated with
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upgrade, yet carcinoma was identified in 17% of these low-
risk women, leading the authors to conclude that a sub-
group could not be identified with risk low enough to avoid
excision. However, they did not evaluate several of the
features that were important in our and others’ models
(percentage of lesion removed and number of foci of
ADH). With a larger sample size and multivariate analysis,
we have identified features of a low-risk subgroup that may
be more inclusive compared to prior models. Furthermore,
the fact that our final model includes radiographic and
histologic features that were previously associated with
upgrade in both the Ko and Nguyen studies lends support
to the likely validity of these low-risk features [17, 18].

Limitations of our study include the retrospective design
which has inherent selection bias and some missing data.
Selection bias is minimized by our routine clinical practice
of performing surgical excision of ADH identified on core
needle biopsy. We included some subjects who had
imaging but not needle biopsy tissues available for re-re-
view, which increased our sample size and power but
resulted in missing data and imputation. However, impu-
tation is an acceptable and established method, and con-
sistent findings across both the complete case and imputed
data support the robustness of the imputation approach
[20, 21]. Although the features most strongly associated
with upgrade are not currently standard components of
radiology and pathology reports, they have all been pro-
posed in prior studies and their utility is being increasingly
recognized based on accumulating publications on this
topic.

Conclusions

In summary, we describe a model incorporating pathology
and imaging findings that identified a group of women
diagnosed with ADH on percutaneous needle biopsy at low
risk (<5%) of upgrade to cancer. However, prior to initi-
ating use of low-risk criteria in clinical practice to avoid
surgical excision, validation is desirable in other retro-
spective (and ideally prospective) cohorts. Such validation
could lead to a new clinical management paradigm for
women diagnosed with ADH on core needle biopsy.
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