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Background: Ko’s scoring system was developed to predict malignancy upgrades in patients
diagnosed with atypical ductal hyperplasia by core needle biopsy. The Ko algorithm was
able to identify a subset of patients who were eligible for exclusively clinical follow-up.
The current study statistically investigated the patient outcomes to determine whether this
scoring system could be translated and used safely in clinical practice.
Methods: We tested the statistical performance of the Ko scoring system against an exter-
nal independent multicentre population. One hundred and seven cases of atypical ductal
hyperplasia diagnosed by an 11-gauge biopsy needle were available for inclusion in this
study. The discrimination, calibration and clinical utility of the scoring system were quan-
tified. In addition, we tested the underestimation rate, sensitivity, specificity, and positive
and negative predictive values according to the score threshold.
Results: The overall underestimation rate was 19% (20/107). The area under the receiver
operating characteristic curve for the logistic regression model was 0.51 (95% confidence
interval: 0.47-0.53). The model was not well calibrated. The lowest predicted underestima-
tion rate was 11%. The sensitivity, specificity, positive predictive value, and negative predic-
tive values were 90%, 22%, 20%, and 89%, respectively, according to the most accurate
threshold proposed in the original study.
Conclusion: The scoring system was not sufficiently accurate to safely define a subset of
patients who would be eligible for follow-up only and no additional treatment. These
results demonstrate a lack of reproducibility in an external population. A multidisciplinary
approach that correlates clinicopathological and mammographic features should be rec-
ommended for the management of these patients.
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1. Introduction

Population-based mammography screening has resulted in
increased detection of suspicious, non-palpable lesions that
require further histopathological assessment. Ultrasound-
guided needle biopsy (14-16 gauge) or vacuum-assisted
(11-14 gauge) breast biopsy (VABB) systems have become
widely-used alternatives to open surgical biopsy.’ Atypical
ductal hyperplasia (ADH) of the breast, which is discovered
in 2-11%*> of cases, is histopathologically defined as either
(i) a hyperplastic lesion with some cytological features of
low-grade ductal carcinoma in situ (DCIS) that lacks the over-
all characteristic architectural growth pattern of DCIS, or (ii) a
lesion with the classic cytological and architectural features
of low-grade DCIS that is confined to ducts and measures less
than 2 mm.® The difficulty in achieving acceptable levels of
concordance between pathology results from image-guided
biopsy (IGB) and surgical excision is a major practical con-
cern.”® Due to the risk of underestimating or upgrading the
diagnosis (meaning that DCIS or invasive cancer are present),
surgical excision is an accepted option for all women diag-
nosed with ADH. Various strategies have been unsuccessfully
developed to improve cancer detection and the risk of under-
estimation, including revising the definition criteria, chang-
ing the device size, and testing clinical, radiological or
pathological factors.®™*? A risk of upgrade of 2% or less has
been suggested by the American College of Radiology™* to be
safe for proposing exclusive follow-up breast imaging in cer-
tain cases. Based on a population of ADH cases diagnosed
by ultrasound-guided core needle biopsy (CNB), in 2007, Ko
et al.'®> developed a logistic regression model as an algorithm
for scoring the possibility of predicting malignancy upgrade
using a combination of five independent factors. The accu-
racy of the model was tested. The area under (AUC) the recei-
ver operating characteristic (ROC) curve was 0.90 (95%
confidence interval, 0.83-0.97) and 0.85 (95% CI, 0.74-0.95) in
the study (74 patients) and validation datasets (54 patients),
respectively. Because the study indicated a reported sensitiv-
ity and negative predictive value of 100% and no cases were
upgraded amongst those with a score of 3.5 or less, the
authors concluded that this subset of patients should be eligi-
ble for non-invasive management.”® These relevant findings
support the hypothesis that the scoring system should be
applicable to another population. To our knowledge, no exter-
nal validation of this tool has been published. Therefore, in
the current report, we evaluated the performance and clinical
utility of Ko’s scoring system™ in our population of samples
from 11-gauge VABB to determine whether this system could
be used in clinical practice.

2. Materials and methods

2.1. Data selection

A multicentre search of the medical databases at Tenon APHP
University Hospital and the Institute Alix de Champagne
University Hospital to identify only ADH cases diagnosed by
imaging-guided biopsies (11-gauge vacuum-assisted biopsy

device) and followed by surgical excision between January
2003 and December 2010 revealed 229 cases. Amongst these,
13 cases in which the ADH was associated with malignant le-
sions (i.e. invasive carcinoma or DCIS) upon biopsy and 109
cases in which the absence of one relevant (radiographic,
pathological or clinical) criterion prevented the use of the
Ko nomogram for scoring were excluded. The details regard-
ing the missing parameters are reported in Fig. 1. Therefore,
107 (46.7%) cases were eligible for the current validation
study. Demographical data, imaging, biopsy and open surgical
pathology results were collected for each patient (Table 1).

2.2. Mammography and biopsy evaluation

Biopsy procedures were performed for mammographically
detected microcalcifications (n=100), architectural distor-
tions and/or suspicious asymmetric densities (n=6) and
palpable mass lesions (n = 1) by breast intervention radiolo-
gists using an 11-gauge vacuum-assisted biopsy device
(Mammotome; Ethicon Endo-Surgery, Cincinnati, Ohio). Each
pre-biopsy mammogram was independently reviewed to cat-
egorise the lesions according to the mammographic BI-RADS
category'® (categories 3-5) and to measure the maximum
mammographic lesion diameter. The percutaneous biopsy
specimens and surgery slides of the 107 cases were collected
from the electronic medical records and specifically
re-reviewed for this analysis. The histological slides were
interpreted at either Tenon’s University Hospital or at the
Institute Alix de Champagne University Hospital by experi-
enced pathologists, and were diagnosed according to the
diagnostic criteria of the revised 2003 World Health Organiza-
tion guidelines and classification.’ Lesions yielding ADH at
biopsy and DCIS or carcinoma at surgery were recorded as
ADH underestimations.

All excisions were guided by preoperative wire-localisa-
tion, and pathological analysis was performed on the re-
trieved vacuum cavity. The absence of malignancy was
considered to be coincidental and therefore predictable by
the Ko model. This consideration does not warrant the con-
tinuum between ADH and malignancy but is important to test
the accuracy of the Ko model.

2.3. Development of the Ko scoring system

The five independent predictors of malignancy included in
the scoring system were selected based on P values <0.05 in
the multivariate analyses. The multiple of 0.5 nearest to the
S coefficient obtained for each significant factor from the mul-
tivariate logistic regression model was assigned for each fac-
tor to build the algorithm. A score of 2.0 was assigned for a
palpable lesion and microcalcification on mammography;
3.5 was assigned for calcifications >1.5 cm, focal ADH (<1 duct
and <1 mm), and age >50 years. The scores for each signifi-
cant factor were then added, resulting in a total score for each
patient. The final scores ranged from 0 to 14.5. A score <3.5
designated a subset of patients with ADH lesions that were
defined as ‘probably benign’ and could be safely followed
non-operatively rather than surgically excised.™
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ADH cases diagnosed with 11 gauge VABB

n= 229

Exclusion criteria ( ber of cases)

1. ADH was associated with DCIS or invasive

cancer at the biopsy (n=13)

[ 5]

One or more of the Ko scoring criteria was
not available (n=109)

- microcalcification on mammography (n=13)
- size of microcalcification (n=16)
- clinical palpability of the lesion (n=27)

focal ADH (n=53)
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Fig. 1 - Process for data selection from atypical ductal hyperplasia (ADH) cases diagnosed between January 2003 and

December 2010.

2.4.  Performance of the logistic regression model (LRM)

To test the performance of the LRM in our population of 107
patients, we used the following validated statistical tools: dis-
crimination, calibration, and clinical utility.*®

Discrimination (i.e. whether the relative ranking of individ-
ual predictions was in the correct order) was quantified using
the AUC, which can range from 0 to 1 (1 indicating perfect
concordance, 0.5 indicating no association, and 0 indicating
perfect discordance), and its 95% CL.'” The ROC curves were
constructed using the Hanley and McNeil method and
showed the relationship between the sensitivity and false-
positive rate (1-specificity) of a test across all possible thresh-
old values."

Calibration (i.e. the agreement between the observed
outcome frequencies and the predicted probabilities) was ana-
lysed from the graphical representation of the relationship be-
tween the observed outcome frequencies and the predicted
probabilities (calibration curves). A calibration curve can be
approximated by a regression line with intercept o and slope
B. Well-calibrated models have « = 0 and f = 1. Therefore, a sen-
sible measure of calibration is a likelihood ratio statistic that
tests the null hypothesis that « =0 and f = 1. The statistic has
a ;2 distribution with 2 df (unreliability [U] statistic).’® We also
evaluated the average (E average [Eaver]) errors between the pre-
dictions and observations obtained from the calibration curve.

Clinical utility of the model allows the identification of the
largest subgroup of patients with the lowest underestimation
rate according to the score value.®

2.5. Performance of the scoring system

In addition, we tested the underestimation rate, sensitivity,
specificity, and positive and negative predictive values accord-
ing to the different threshold values defined by Ko et al.”®

The data were analysed with R package version 2.10.1
using the Design, Hmisc and Verification libraries (http://lib.
stat.cmu.edu/R/CRANY/).

3. Results

The surgical excision samples were pathologically diagnosed
as ADH or benign tumours in 81% of patients (n =87) and as
malignancy in 19% of patients (n =20). Amongst the malig-
nant cases, the histological results revealed the presence of
invasive carcinoma and DCIS in 11% of cases (n=12) and 8%
of cases (n = 8), respectively. Table 1 summarises the underes-
timation rates according to the clinical, radiological and path-
ological factors. Important differences are noted between this
validation dataset and the training set used by Ko et al.’®
Table 2 summarises the comparison based on the scoring sys-
tem variables. The observed odds ratios (OR) and P values in
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Table 1 - Pathological results after surgical excision according to clinical, radiological and pathological characteristics of 107

cases of atypical ductal hyperplasia (ADH).

Characteristics Number of biopsies® Pathology after Underestimation P value
(n (%)) surgical excision rate (%) (Chi-square)
ADH (n) Malignancy (n)

Number of cases 107 (100) 87 20 18.7
Age (years)

<50 37 (35) 28 9 24

>50 70 (65) 59 11 16 0.48
Palpability

Impalpable lesion 106 (99) 86 20 19

Palpable lesion 1(1) 1 0 0 0.41
Menopausal status

No 42 (39) 33 9 21

Yes 64 (61) 54 10 16 0.61
Menopausal hormone therapy use

No 89 (83) 73 16 18

Yes 16 (17) 13 3 19 0.78
Personal history of breast carcinoma

No 89 (87) 74 15 17

Yes 13 (13) 10 3 23 0.87
Family history of breast carcinoma

No 75 () 65 10 13

Yes 29 () 20 9 31 0.07
Size of calcifications (cm)

<15 56 (53) 47 9 16

>1.5 51 (47) 40 11 22 0.63
BI-RADS

C3 10(10) 8 2 20

c4 88 (85) 73 15 17

Cs5 5 (5) 2 3 60 =
Focal (ADH) (<1 duct and <1 mm) 38 (35) 32 6 16
Extensive ADH 69 (65) 55 14 20 0.75
Microcalcification on mammography

No 10 (9) 9 1 10

Yes 97 (91) 78 19 20 0.75

@ The total number of biopsies was lower than 107 if the data were missing from the hospital records.

the multivariate analysis of these criteria were as follows: age
>50 years, OR = 0.50 (95% CI, 0.18-1.45, P = 0.21); microcalcifi-
cation on mammography, OR=2.07 (95% CI, 0.23-18.32,
P =0.51); lesion size >1.5 cm, OR = 1.53 (95% CI, 0.52-4.45, P =
0.43); and focal ADH, OR=1.79 (95% CI, 0.55-5.79, P =0.32).
The following additional variables (which were not included
in the Ko nomogram) were not statistically significant: meno-
pausal status, OR=1.22 (95% CI, 0.17-8.61, P =0.83); meno-
pausal hormone therapy use, OR=1.33 (95% CI, 0.22-7.90,
P=0.75); personal history of breast carcinoma, OR=1.25
(95% CI, 0.25-6.27, P = 0.77); and family history of breast carci-
noma, OR =2.82. (95% CI, 0.90-8.89, P = 0.07).

3.1. Performance of the logistic regression model in
predicting invasive carcinoma

Discrimination: The discrimination ability of the scoring sys-
tem, which was measured using the area under the ROC

curve (AUC), was 0.51 (95% CI, 0.47-0.53); this value reflected
a poor discrimination performance.

Calibration: The calibration plot is shown in Fig. 2. The
model is not well calibrated, and a significant difference
was detected between the predicted and the observed proba-
bility (P < 107%). The average difference (E,ye;) between the pre-
dicted and calibrated probabilities was 44%; this difference
reflected a poor calibration performance.

3.2 Performance of the scoring system in predicting
invasive carcinoma (Table 3)

Clinical utility: 18% of the samples received a score of <3.5 and
were defined as low-risk cases. The underestimation rate
observed in this group was 11%. The performance of this
threshold for sensitivity, specificity, positive predictive value,
and negative predictive value was 90%, 22%, 20%, and 89%,
respectively.
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Table 2 - Comparison of the current and Ko population studies according to the scoring system criteria.

Variables

Current study (n (%))

Ko study (n (%)) P value (Chi-square)

Number of cases

Age (years)
<50
>50

Palpability
Impalpable lesion
Palpable lesion

Size of calcifications (cm)
<15
>1.5

Focal atypical ductal hyperplasia (ADH) (<1 duct and <1 mm)

Extensive ADH

Microcalcification on mammography
No
Yes

107 (100) 74 (100)

37 (35) 52 (70)

70 (65) 22 (30) <0.001
106 (99) 54 (73)

1(1) 20 (27) <0.001
56 (53) 42 (57)

51 (47) 32 (43) 0.66
38 (35) 8 (11)

69 (65) 66 (89) <0.001
10 (9) 42 (57) <0.001
97 (91) 32 (43)

1.0

0.8

Actual Probability
0.4

0.2

0.0 0.2 0.4 0.6 0.8 1.0
Predicted Probability

Fig. 2 - Calibration plot for the entire cohort of 107 patients.
(E, difference in predicted and calibrated probabilities
between the calibration and the area under the receiver
operating characteristic curve; E,yer, average error = 44%;

P <1073. Ideal calibration line - - - -; Ko calibration line __).

4, Discussion

External validation, which is more revealing than internal val-
idation, is required to evaluate the performance and general
applicability of a model before its implementation in clinical
practice.’®?! This study used validated statistical methods
to assess the performance’® of Ko’s LRM and scoring system'”
in an independent multicentre population diagnosed with
ADH by 11-gauge VABB. We observed an underestimation rate
of 19% (20/109). Comparatively, Ko et al.'®> have reported an
overall underestimation rate of 45.9% and 31.5% for the study

(74 cases) and validation datasets (54 cases), respectively,
from 11-14 vacuum-assisted CNB. The specific underestima-
tion rate related to the 11-gauge VABB in the Ko et al. study
was 37.5% (9/24). A variation between 4 and 33% is classically
observed with 11-gauge VABB.?>?® Several explanations for
the low level of concordance (i.e. high rate of underestima-
tion) between the pathology results from image-guided
biopsy (IGB) and surgical excision can be proposed. The sam-
pling method (needle gauge, number of cores obtained, use of
vacuum assistance) for collecting small amounts of tissue
causes the distinction between ADH and DCIS grade I in core
biopsies to be problematic. Second, the high degree of inter-
observer variability between pathologists due to the morpho-
logical continuum of intraductal proliferations from ADH to
DCIS and the uncertainty related to the diagnostic thresholds
can also contribute to exceedingly difficult and highly subjec-
tive distinctions. The use of a scoring system (integrating
imaging data, history, etc.) is intended to overcome this diffi-
culty and to select the patients that require surgery. Such a
scoring system must indeed integrate both uncertainty from
sampling and variability in the pathologic diagnosis (inter-
observer variability); our study suggests that the criteria in-
cluded in the Ko score are insufficient to define a subgroup
with a less than 2% underestimation rate.

The multivariate logistic regression model and the scoring
system were built using five variables, which can be separated
into the following three categories: (i) clinical factors (age at
biopsy and the palpability of the lesion), (ii) imaging factors
(microcalcification on mammography and size of calcifica-
tions), and (iii) pathology results at biopsy (focal ADH). We ob-
served a discrimination ability of the LRM using the AUC
value of 0.51 (95% CI, 0.48-0.53) compared to 0.90 (95% CI,
0.83-0.97) in the Ko et al.”® training set. A downgrade of the
AUC value had already been observed between the training
set and the validation dataset (0.85, 95% CI, 0.74-0.95) within
the Ko study.’ This trend suggested the possibility of overfit-
ting.?>*° The lack of accuracy could be due to the choice of
predictors, which were selected only for their significant
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Table 3 - Underestimation rate, sensitivity, specificity, and positive predictive and negative predictive values according to

Score Benign (n) Malignancy (n) Underestimation rate (%) Sensitivity Specificity PPV NPV

<35 17 2 11 0.90 0.22 0.20 0.89
70 18

5.5-7.5 24 8 25 0.60 0.27 0.16 0.75
63 12

=9 46 10 18 0.50 0.53 0.20 0.82
41 10

Total 87 20 19 - - - -

PPV: positive predictive value.
NPV: negative predictive value.

associations (based on P values) with histological underesti-
mation in a multivariate analysis. Within our data, no factor
was found to be independently predictive. In addition, the
discrepancy between the studies could be explained by signif-
icant clinical, imaging and pathological differences between
the two populations (Table 2). However, a robust nomogram
must still have greater accuracy than that observed in this
study. In theory, the performance of the nomogram (accord-
ing to the discrimination criteria) must not be affected by
these differences. Apart from the discrimination, which is
limited by a poor clinical significance, we used the calibration
measurements (Fig. 2) to provide better information regarding
the true accuracy of the model. The scoring system was not
well calibrated because the predicted percentages were
unsatisfactory when both low- and high-risk patients were
studied. In addition, we calculated the average error (E.yer) be-
tween the predictions and the observations obtained from the
calibration curve. This value provides an idea of model perfor-
mance when extrapolated to new patient populations. Our re-
sults indicated that this probability (44%) was not sufficiently
accurate to be used for patient education. Aside from the cal-
ibration and discrimination, the clinical utility of the model
may help clinicians. Ko et al.»® have reported that a score
<3.5 allows a subset of patients to be designated as ‘probably
benign’ and, thus, eligible for exclusively non-invasive follow-
up. In the Ko study, the subset that corresponded to the clin-
ical utility was 21.6% and 27.8% of the patients in the study
and validation datasets, respectively.” In the current study,
the largest low-risk subgroup observed was 18%, indicating
that the Ko et al. scoring system assigned one fifth of the pa-
tients to the low-risk group. According to the conclusions of
Ko et al,, this subset should be eligible for non-invasive man-
agement based on sensitivity and negative predictive values
of 100% and an underestimation rate of 0%. Thus, we applied
this scoring to our population to test the score of <3.5. Unfor-
tunately, we were not able to reproduce these findings. We re-
ported sensitivity and negative predictive values of 90% and
89%, respectively. The upgrading rate related to this score
was 11%, indicating that two patients could not be well dis-
criminated and this could lead to the possibility of under-
treatment. This underestimation in clinical practice
reflected the limits of the scoring system in external data.
To conclude, using our data, the LRM was not sufficiently
accurate for individual predictions of malignancy, and the
scoring system was not able to safely define the subset of pa-
tients with a risk of less than 2%, which represents the group

of patients who would be eligible for exclusively non-invasive
follow-up. Therefore, our findings underline the lack of repro-
ducibility and show the difficulty in the general application of
the nomogram to another study group. The lack of accuracy
and inability of this model and other published models, such
as those of Gail** and Cusik,*? to safely define a subgroup of
patients who could be managed non-operatively emphasises
the importance of a multidisciplinary approach. The applica-
tion of some principles of multidisciplinary care correlated
with clinicopathological and mammographic features could
be the best practice recommendations to improve the man-
agement (diagnosis, treatment, and follow-up) of these pa-
tients. In addition, the lack of performance of these
nomograms suggests the difficulty in predicting invasive can-
cer in ADH cases diagnosed by VABB. Other predictive meth-
ods must be actively investigated. Thus, improvements in
predictions will likely be contingent upon further investiga-
tion of the molecular mechanism of ADH.
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