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Abstract

Rationale and objectives Our multicentric study analysed clinical, radiologic and pathologic features in patients with atypi-
cal ductal hyperplasia (ADH) diagnosed with vacuum-assisted biopsy (VAB), to identify factors associated with the risk of
upgrade, to develop a scoring system to support decision making.

Materials and methods Patients with ADH on VAB under stereotactic/tomosynthesis guidance (2012-2022) were eligible.
Inclusion criteria were availability of surgical histopathological examination of the entire lesion or radiologic follow-up
(FUP) > 24 months. VAB results were compared with surgical pathological results or with imaging FUP evolution to assess
upgrade. A backward stepwise linear regression was used to identify predictors of upgrade. The discriminatory power of the
model was calculated through the area under the receiver operating curve (ROC-AUC); the Hosmer-Lemeshow test was
used to assess model calibration. The points system was developed based on the selected risk factors, and the probability of
upgrade associated with each point total was determined.

Results 112 ADH lesions were included: 91 (91/112, 81.3%) underwent surgical excision with 20 diagnosis of malignancy,
while 21 (21/112, 18.7%) underwent imaging FUP with one interval change (mean FUP time 48 months). Overall upgrade
rate was 18.7% (21/112). Age, menopausal status, concurrent breast cancer, BIRADS classification and number of foci of
ADH were identified as risk factors for upgrade. Our model showed an AUC=0.85 (95% CI 0.76-0.94). The points system
showed that the risk of upgrade is < 2% when the total score is <1.

Conclusion Our scoring system seemed a promising easy-to-use decision support tool for management of ADH, decreasing
unnecessary surgeries, reducing patients’ overtreatment and healthcare costs.
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Introduction

Atypical ductal hyperplasia (ADH) is an intraductal
clonal epithelial cell proliferation which involves the ter-
minal ductal lobular units (TDLUs). ADH shares with
low-grade ductal carcinoma in situ (DCIS) the same his-
tological and architectural features but, when no more
than one TDLU is involved and the size of the low-grade
intraductal proliferation is less than 2 mm, a diagnosis of
ADH is made [1]. ADH usually presents as microcalcifi-
cations on mammograms, So its incidence increased after
the introduction of population-based screening mammog-
raphy [2] and it accounts about 15% of pathologic finding
of minimally invasive breast biopsies [3, 4].

ADH is classified as lesion “with uncertain malignant
potential”, or a “B3" lesion and it is considered a direct
but nonobligate precursor as well as an independent risk
factor for breast cancer [1]. To date, the last consensus
conference on B3 lesions recommends surgical excision
of ADH cases (considering follow-up only in special
situations after multidisciplinary discussion) [5] due to
its risk of upgrade at surgical excision of approximately
25% [6-9]. Therefore, the majority of surgical biopsies
for ADH results in benign findings and in a substantially
unnecessary surgical procedure. This emphasizes the need
to identify women who are more likely to have a cancer
and really need surgical excision, avoiding unnecessary
surgical breast biopsies with surgical risk for the patient
and healthcare costs.

In recent years, there has been an increasing debate over
whether selected cases of ADH could receive only follow-up
and many studies examined the radiological and histologic
characteristics of ADH on percutaneous breast biopsies to
determine features that would predict the risk of upgrade
at surgical excision [10, 11]. Previous studies and a recent
meta-analysis reported that the upgrade rate is lower when
stereotactic biopsy is performed, a larger calliper of needle
is used and targeted lesion is completely removed [12-15].
However, all data in literature are from single-institution
studies.

Our multicentric study analysed clinical, radiologic
and pathologic features in a large cohort of patients with
ADH diagnosed with VAB under stereotactic/tomosyn-
thesis (DBT) guidance, to identify factors associated with
the risk of upgrade to cancer to develop a scoring system
to support risk—benefit-based decision making.
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Materials and methods
Study population

This is a multicentric observational retrospective study.
Data were collected at three sites in Italy, and each single-
centre study was approved by the local Institutional Review
Board (IRB) (Protocol number 0078775/2023, 21/04/2023).
Informed consent was obtained from all individual partici-
pants included in the study. Data collection and aggrega-
tion were performed in a fully anonymized way and in line
with international legislation. The study was performed in
accordance with the Declaration of Helsinki statement for
medical research involving human subjects.

Patients with a diagnosis of ADH on VAB under ste-
reotactic/tomosynthesis guidance from 2012 to 2022 were
eligible for this study. Inclusion criteria were: availabil-
ity of diagnostic surgical excision with histopathological
examination of the entire lesion or radiologic follow-up
(FUP) > 24 months. A total of 146 women with 148 ADH
lesions diagnosed by VAB under stereotactic/DBT guid-
ance were initially identified. Pregnant women (1 of 146
patients, 0.7%), women with breast cancer gene muta-
tions (2 of 146 patients, 1.7%), women who underwent
surgery in another institution (13 of 146 patients, 8.9%),
those with missing mammographic data (5 of 146 patients,
3.4%) or those without data about FUP (15 of 146, 10.3%)
and those with multiple lesions in the same quadrant with
outcomes not distinguishable (1 of 146 patients, 0.7%)
were excluded. Patients with concurrent ipsilateral breast
cancer were included when the sites of BC and ADH were
separate, with the possibility to identify the surgical his-
topathological examination of ADH lesion. Finally, 109
patients with 112 ADH lesions were included in the analy-
sis. The data selection process is given in Fig. 1.

Biopsy procedure

All stereotactic or DBT-guided breast biopsies were per-
formed using 9G (Eviva or Suros ATEC® by Hologic, Mar-
Iborough, MA) or 11G (Mammotome® by Devicor Medical
Products, Cincinnati, OH, USA) VAB devices, with 6—-12
cores obtained from each biopsy site. When more than one
target lesion in the same patient was identified, each one of
them was biopsied and individually analysed.
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Fig. 1 Flow chart diagram of
patient selection

146 patients with 148 ADH lesions diagnosed by VAB
under stereotactic/DBT guidance between 2012 and
2022

Exclusion:
Pregnancy (1/146 patients, 0.7%)
Breast cancer gene mutations (2/146,
1.7%),

Surgery in another Institution (13/146,

8.9%),

Multiple lesions in the same quadrant

with outcomes not distinguishable

(1/146, 0.7%)

Missing mammographic data (5/146,
3.4%)

Missing data about FUP (15/146, 10.3%)/

109 patients with 112 ADH lesions finally included in
the study

Data collection

Clinical analysed data were abstracted from the electronic
medical record and comprised age, premenopausal or post-
menopausal status, family history of breast cancer, hormo-
nal therapy, prior malignancy of the breast and concurrent
ipsilateral or contralateral breast cancer.

Imaging and histologic features were collected with blind-
ing to the outcome of cancer upgrade. The readings were
performed by on-site readers. For each case, the pre-VAB
magnified views (if target lesion was microcalcifications)
and the pre- and post-biopsy mammograms were reviewed
by two breast radiologist for Institution (with > 5 years’
experience in breast imaging) for the following imaging fea-
tures: breast density, size of target lesion (maximum diam-
eter), lesion type (opacity, microcalcifications, architectural
distortion, asymmetry), American College of Radiology
Breast Imaging Reporting and Data Systems (BI-RADS)
Sth edition assessment category [16], microcalcifications in
the retrieved cores (if target lesion was microcalcifications),
complete removal of target lesion (checked with mammo-
gram performed immediately after the biopsy) and radiol-
ogy—pathology correlation. Mammographic breast density,
Breast Imaging Reporting and Data System (BIRADS)
category of suspicion and radiology—pathology correlation
were assigned by the two breast radiologists in consensus.

Original slides from the VAB were reviewed by a pathol-
ogist of each Institution (all with more than 20 years’ experi-
ence and with special interest in breast pathology), for the
following histologic features: number of foci of ADH, ADH
pattern (solid, cribriform, micropapillary, other), ADH only
in cores with microcalcifications (if target lesion was micro-
calcifications) and presence of any other B3 lesion.

Statistical analysis

The VAB examination results were compared with the surgi-
cal pathological results or with the imaging follow-up evo-
lution to assess upgrade. The finding of cancer at surgical
excision or during FUP is termed “upgrade”.

A backward stepwise linear regression was used to iden-
tify possible predictors of the outcome (ADH upgrade). At
each step, variables were eliminated based on p values. The
discriminatory power of the model was calculated through
the ROC AUC. The Hosmer-Lemeshow test was used to
assess model calibration.

To adapt the model to clinical work, a procedure simi-
lar to the development of the Framingham Risk Score [17]
was applied. The points system was developed based on
the risk factors of the multivariate model. The risk factors
were organized into categories; if a risk factor is continu-
ous (e.g. age), contiguous classes were set up. Reference
values for each category were determined. A base cate-
gory for each risk factor was chosen and the base category
is the category assigned O points in the scoring system
while categories reflecting worse (higher risk of upgrade)
states of the risk factor were assigned positive points and
categories reflecting better (lower risk of upgrade) states
were assigned negative points. How far each category is
from the base category was computed first in terms of
regression units and then in points dividing the result by
a constant (B, arbitrarily chosen). Finally, the risks (prob-
ability of upgrade) associated with each point total were
determined [17].

Statistical analyses were performed using SPSS version
12.0 software (SPSS, Chicago, IL).
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Results
Study population

One hundred and nine patients with 112 ADH lesions were
included in the analysis. The mean age at diagnosis was
54 +9 (SD) years (range 39-83 years), and the mean lesion
size was 19.6 + 17.8 mm (SD). Figure 1 shows the flow chart
of the study.

Of those 112 lesions, 91 (91/112, 81.3%) underwent sur-
gical excision and 20 were diagnosed with a malignancy.
Final pathology demonstrated 5 invasive cancers and 15
DCIS only. Of the five invasive cancers, two were tubular
carcinomas and three were grade 1 invasive ductal carcino-
mas (one microinvasive). The remaining 21 ADH lesions
(21/112, 18.7%) underwent surveillance by annual follow-
up with mammogram and ultrasound (mean follow-up time
48 months), due to patient’s preference or patient’s comor-
bidities. Further sampling with VAB was performed in 1
cases with confirmation of ADH diagnosis. During follow-
up, changes in mammographic findings leading to surgical
excision were found in only one patient and pathological
analysis of surgical excision revealed a malignant lesion
(intermediate-grade invasive ductal carcinoma).

The overall upgrade rate was 18.7% (21/112), with a 5.3%
(6/112) upgrade rate to invasive cancer and 13.4% (15/112)
upgrade rate to DCIS only. Upgrade rates for surgically
excised lesions and lesions treated with follow-up were
22.0% (20/91) and 4.8% (1/21), respectively.

Predictors of upgrade

Table 1 summarizes patient characteristics (clinical, radi-
ologic and histopathologic factors). Backward stepwise
regression analysis identified age, menopausal status,
concurrent breast cancer, BIRADS classification and the
number of foci of ADH as risk factors for subsequent ADH
upgrade (Table 2). Our model showed an AUC =0.85 (95%
CI10.76-0.94) (Fig. 2).

Scoring system

Based on the selected independent risk factors, we devel-
oped a points system to predict the probability of upgrade.
The reference values, beta coefficients and points of each
category of the significant factors in the multivariate model
are shown in Table 3. Table 4 shows the estimated prob-
abilities of upgrade associated with each point total, with
increasing risk when the score increases (Fig. 3). Based on

@ Springer

these results, a nomogram was created (Fig. 4). When the
total score is < 1, the risk of upgrade is less than 2% (Fig. 5).

Discussion

The present study is the first to develop a scoring system
to predict the probability of upgrade in patients diagnosed
with ADH at stereotactic/DBT-guided VAB. ADH is still
a challenge for breast specialists: although most ADH is
benign, surgical excision is still recommended because in
the impossibility of identifying a subgroup of these lesions
with a sufficiently low upgrade rate to obviate surgery [11,
15]. This leads to a huge number of unnecessary surgical
excisions that represent an overtreatment, especially in the
era of de-escalation where even for DCIS there is growing
evidence that monitoring select cases is a safe alternative to
standard surgical therapy [18, 19].

We selected only ADH diagnosed with stereotactic/DBT-
guided VAB to reduce heterogeneity of data. Moreover, pre-
vious studies and a recent meta-analysis demonstrated that
upgrade rate is significantly lower (about half) in this type
of biopsy if compared to US-guided or MRI-guided biop-
sies [12—15], probably related to lesion type (prevalence of
microcalcifications), larger core specimens and using the
vacuum-assisted device, so a part of these lesions could be
potentially suitable for follow-up instead of surgical exci-
sion, if correctly identified. We also decided to exclude
mutations carrier patients, due to the high malignancy asso-
ciation of B3 lesions in this category of patients, which sug-
gests that these lesions must always be surgically excised in
high-risk women [20].

In our study, the underestimation rate was 18.7%, in line
with previously published results [9, 10, 15, 21] and, even
when only upgrade rate to invasive cancers is considered, a
5.3% of underestimation was found, indicating a too high
percentage to safely avoid surgery. The present study identi-
fied higher age, concurrent breast cancer, 4b/4c/5 BIRADS
classification and multiple foci of ADH as independent pre-
dictors of upgrade, while post-menopausal status was a neg-
ative predictor. We found that younger and pre-menopausal
women are at higher risk of upgrade, as previously found
by several studies [22-24]. Also, BIRADS classification
of the lesion was confirmed to be a factor associated with
upgrade [11]. The presence of an ipsilateral or contralateral
BC resulted significantly associated with the risk of upgrade,
justifying the simultaneous excision of both the breast can-
cer and the site of ADH (with one large lumpectomy or two
separate lumpectomies) to accomplish the goal of removing
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Table 1 Patient characteristics
and cancer upgrade

N (%) of total (n=112) N (%) with
upgrade
(n=21)

Clinical features
Age 54+8.79 59+9.93
Menopausal status

Premenopausal 55 (49.1) 10 (18.2)

Postmenopausal 57 (50.9) 11 (19.3)
Family history of breast cancer

Yes 33 (29.5) 6(18.2)

No 79 (70.5) 15 (19.0)
Hormone therapy

Yes 33 (29.5) 6(18.2)

No 79 (70.5) 15 (19.0)
History of breast cancer

Yes 4(3.6) 1(25.0)

No 108 (96.4) 20 (18.5)
Concurrent breast cancer (ipsi or controlateral)

Yes 4(3.6) 3 (75.0)

No 108 (96.4) 18 (16.7)
Radiologic features
Breast density

ACR category a-b 48 (42.9) 11 (22.9)

ACR category c—d 64 (57.1) 10 (15.6)
Type of mammographic lesion

Calcifications 98 (87.5) 17 (17.3)

Others (mass, architectural distortion, asymmetry) 14 (12.5) 4 (28.6)
Lesion size (maximum diameter)

<2cm 75 (67.0) 9 (12.0)

>2cm 37 (33.0) 12 (32.4)
BIRADS classification

3-4A 42 (37.5) 4(9.5)

4B-4C-5 70 (62.5) 17 (24.3)
Guidance

Stereotactic

Tomosynthesis
Biopsy needle gauge

11G 57 (50.9) 7 (12.3)

9G 55 (49.1) 14 (25.4)
Post-biopsy residual lesion

Yes 66 (58.9) 15 (22.7)

No 46 (41.1) 6 (13.0)
Histopathological variables
Number of foci ADH

Single 65 (58.0) 4(6.1)

Multiple 47 (42.0) 17 (36.2)
Pattern of ADH

Micropapillary 9 (8.0) 2(22.2)

Other 57 (50.9) 15 (26.3)

Missing 46 (41.1) 4(8.7)
ADH only in cores with microcalcifications

Yes 51 (45.5) 11 (52.4)
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Table 1 (continued)

N (%) of total (n=112) N (%) with
upgrade
(n=21)
No 61 (54.5) 10 (47.6)
Presence of any other high-risk lesion
Yes 76 (67.9) 14 (18.4)
No 36 (32.1) 7(19.4)
Radio-pathological discordance
Yes 9 (8.0) 3(33.3)
No 103 (92.0) 18 (17.5)

Numeric data are presented as mean =+ standard deviation. Nonnumeric data are presented as numbers of
lesions with percentages in parentheses

ACR, American College of Radiology; ADH, atypical ductal hyperplasia; BIRADS, Breast Imaging

Reporting and Data System

Table 2 Multivariate logistic regression model

Variables OR 95% CI P value
Age 2.54 1.05-6.16 0.038
Menopausal status

Premenopausal Reference

Postmenopausal 0.18 0.033-0.99 0.049
Concurrent breast cancer (ipsi or controlateral)

Yes 31.82 1.20-843.81 0.039

No Reference
BIRADS classification

3-4A Reference

4B-4C-5 5.60 1.06-29.52 0.042
Number of foci ADH

Single Reference

Multiple 7.48 2.11-26.60 0.002

ADH, atypical ductal hyperplasia; BIRADS, Breast Imaging Report-
ing and Data System; CI, confidence interval; OR, odds ratio

Sensitivity
0.50 075 1.00
) | )

0.25
L

0.00

T

0.00 0.25 0.50 0.75 1.00
1 - Specificity
Area under ROC curve = 0.8522

Fig.2 The receiver operating characteristic (ROC) curve for the scor-
ing system. Area under the ROC curve=0.85 (95% confidence inter-
val 0.76-0.94)
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the known cancer and ruling out additional malignancy at
the site of ADH. Our results also confirmed that multiple
foci of ADH on biopsy are associated with more frequent
upgrade, as previously reported in several previous studies,
using a cut-off of either <2 foci [25, 26] or <3 foci [27, 28].
We did not found a statistically significant difference in the
upgrade rate between stereotactic and DBT guidance: most
of ADH lesions (87.5% in our cohort) present as microcalci-
fications that can be correctly identified and biopsied under
stereotactic guidance, without a significant improvement
when DBT guidance is used (as we would expect for archi-
tectural distortions, better depicted with DBT). The com-
plete removal of the target lesion did not enter our model.
This factor was first considered as a safe condition to jus-
tify follow-up, but was subsequently demonstrated that the
upgrade rate (also in cases with complete removal of target
lesion) was still too high and the recommendation for follow-
up in these cases was removed from the second edition of
the consensus conference on B3 lesions [5]. The dimension
of the lesion was not identified as a predictor of upgrade,
too, while most of the previously published studies found a
significant association between residual lesion and upgrade
[11,25,26] and also the univariate analysis of our data dem-
onstrated an association between diameter of the lesion and
upgrade (p=0.012, data not shown). However, since the
purpose of our study is to identify possible predictors of
the outcome (ADH upgrade) to build a scoring system, we
used a backward stepwise linear regression, which builds a
regression model from a set of candidate predictor variables
by removing predictors based on p values, in a stepwise
manner, using an automated method. Stepwise regression
did not confirm the results of univariate analysis, probably
because the diameter of the lesion has a less significant
impact on upgrade if compared to the other predictors that
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Table 3 Reference values,

beta coefficients and points of
each category of the significant
factors in the multivariate model

Table 4 Estimated probabilities
of upgrade of each point total of
the scoring system

Risk factor Categories Reference Beta Beta (Wi-Wref) B Beta
value (Wi) (Wi-
Wref)/B
Age < =45 42,5 0,093424 0 0,467120 0
>45-50 47,5 0,093424 0,46712 0,467120 1
>50-55 52,5 0,093424 0,93424 0,467120 2
>55-60 57,5 0,093424 1,40136 0,467120 3
> 60-65 62,5 0,093424 1,86848 0,467120 4
>65-70 67,5 0,093424 2,3356 0,467120 5
>70 72,5 0,093424 2,80272 0,467120 6
Menopausal status Pre 0 —1,714877 0 0,467120 0
Post 0 —1,714877 —1,714877 0,467120 —4
Concurrent breast cancer No 0 3,460178 0 0,467120 0
Yes 0 3,460178 3,460178 0,467120 7
BIRADS classification 3-4A 0 1,723341 0 0,467120 0
4B4C-5 0 1,723341 1,723341 0,467120 4
N° of foci ADH Single 0 2,012696 0 0,467120 0
Multiple 0 2,012696 2,012696 0,467120 4

ADH, atypical ductal hyperplasia; BIRADS, Breast Imaging Reporting and Data System; CI, confidence
interval; OR, odds ratio

Points

Estimated
probabili-

ties

0 NN A W= O |
—

— m e m e e e \O
AN R W= O

17

0004
0007
0011
0018
0028
0044
0068
0105
0158
0230
0323
0432
0548
0659
0755
0831
0887
0926
0952
0970

The estimated probabilities are
expressed as decimal

entered the model. About ADH pattern, contrasting results
have been published [25, 27] and our results did not find
that micropapillary pattern significantly increased the risk
of malignancy. Previous studies reported that the upgrade
rate is significantly reduced when ADH is found only in
specimens showing microcalcifications [11], while our data
did not confirm this association. Finally, our data confirmed
previously published results which showed that there is no
association between ADH upgrade and the presence of other
B3 lesions [12, 29-32]; it seems that, when ADH is present,
its own risk of upgrade overwhelms the risk associated with
other B3 lesions such as FEA, LN, papilloma or RS.

Our model showed an AUC =0.85 (95% CI 0.76-0.94),
indicating a good discriminatory power. A scoring systems
was then developed as a statistical tool to predict the prob-
ability of upgrade and assist clinicians in decision-making.
Ko et al. [33] previously proposed a scoring system for
ADH diagnosed at ultrasound-guided CNB based on clini-
cal, imaging and pathologic features, but they tested this
score in only 34 patients and a subsequent validation study
[34] demonstrated the low reproducibility of this score.
The present scoring system demonstrated a high diagnos-
tic performance to identify women at low risk (<2%) of
malignant upgrade when the total score is <1, thus this
cut-off value can be used to define a subset of “probably
benign” lesions, corresponding to a BIRADS category 3.
These lesions could be safely sent to follow-up, reducing
over-treatment and consequently morbidity and economic
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Fig.3 Line graph showing the
relationship between the point
total (x-axis) and the risk of

upgrade (y-axis) 90
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Fig.4 Nomogram for predicting the risk of ADH upgrade

burden. Even if novel approaches, such as artificial intel-
ligence [35, 36] or molecular markers [37, 38], seem to
be promising ways forward, our tool, based on clinical,
radiological and histopathological data, easy to retrieve in
any reality, can be a useful tool in daily practice.
Limitations of the present study include its retrospective
design and lack of a dataset to validate the performance
of our model so we are working to validate our work pro-
spectively on a larger, independent cohort. Moreover, our

@ Springer

model is built only on ADH diagnosed with VAB under
stereotactic/DBT guidance so it can be useful for decision-
making only for a subset of ADH diagnosis. Lastly, we
included in the study also women who did not undergo
surgery (21/112, 18.7%) so, even if the median follow-up
time is relatively long (48 months), it could be possible
that indolent low-grade in situ cancer in patients who were
managed conservatively may have not become evident in
the imaging follow-up period.
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Fig.5 An example of the use of
the model. Mediolateral oblique
a, craniocaudal b and magni-
fication ¢ views of the right
breast in a 46 years woman (1
point) in post-menopausal status
(-4 points), without concurrent
breast cancer (0 points), with
microcalcifications classified as
BIRADS 4B (4 points), with flat
epithelial atypia with a single
focus of ADH at VAB histo-
pathological analysis (0 points)
d. Using the developed points
system, a final score of 1 was
assigned with a corresponding
risk <2%. This lesion under-
went surgical excision with only
benign findings

In conclusion, our scoring system, based on clinical,
radiologic and histopathologic parameters, seemed a
promising easy-to-use decision support tool for manage-
ment of ADH, decreasing unnecessary surgeries, reducing
patients’ overtreatment and healthcare costs. Further work
is needed to validate our model on independent datasets.
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