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Purpose:  In  (3D)  ultrasound,  accurate  discrimination  of small  solid  masses  is difficult,  resulting  in a  high
frequency  of biopsies  for benign  lesions.  In this  study,  we  investigate  whether  3D  quantitative  breast
ultrasound  (3DQBUS)  analysis  can be  used  for improving  non-invasive  discrimination  between  benign
and  malignant  lesions.
Methods  and  materials:  3D US  studies  of  112  biopsied  solid  breast  lesions  (size  <1  cm),  were  included  (34
fibroadenomas  and  78  invasive  ductal  carcinomas).  The  lesions  were  manually  delineated  and,  based  on
sonographic  criteria  used  by  radiologists,  3  regions  of interest  were  defined  in 3D  for  analysis:  ROI  (ellip-
soid  covering  the inside  of  the  lesion),  PER  (peritumoural  surrounding:  0.5 mm  around  the  lesion),  and
POS (posterior-tumoural  acoustic  phenomena:  region  below  the lesion  with  the  same  size  as  delineated
for  the  lesion).  After  automatic  gain  correction  (AGC),  the  mean  and  standard  deviation  of  the  echo  level
within  the  regions  were  calculated.  For  the  ROI  and POS  also  the  residual  attenuation  coefficient  was
estimated  in  decibel  per  cm  [dB/cm].

The resulting  eight  features  were used  for classification  of the lesions  by  a  logistic  regression  anal-
ysis.  The  classification  accuracy  was  evaluated  by  leave-one-out  cross-validation.  Receiver  operating
characteristic  (ROC)  curves  were  constructed  to assess  the  performance  of  the  classification.

All  lesions  were  delineated  by  two  readers  and  results  were  compared  to  assess  the  effect  of  the manual
delineation.
Results:  The  area  under  the ROC  curve  was  0.86  for both  readers.  At 100%  sensitivity,  a  specificity  of 26%
and  50%  was  achieved  for reader  1 and  2, respectively.  Inter-reader  variability  in lesion  delineation  was
marginal  and  did  not  affect the accuracy  of  the technique.  The  area  under  the  ROC  curve  of  0.86  was

reached  for  the  second  reader  when  the  results  of the  first reader  were  used  as  training  set yielding  a
sensitivity  of  100%  and  a specificity  of  40%.  Consequently,  3DQBUS  would  have  achieved  a  40%  reduction
in  biopsies  for benign  lesions  for reader  2, without  a decrease  in sensitivity.
Conclusion:  This  study  shows  that  3DQBUS  is a promising  technique  to classify  suspicious  breast  lesions
as  benign,  potentially  preventing  unnecessary  biopsies.

©  2017  Elsevier  B.V.  All  rights  reserved.
. Introduction
Breast cancer is one of the three most commonly diagnosed
ypes of cancer among women [1]. During the past three decades,
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both X-ray mammographic screening for early stages of breast
cancer and improvement in treatment options have significantly
reduced breast cancer mortality and improved quality of life [2].
However, the sensitivity of mammography in women with dense
breasts is seriously impaired [3], due to the fact that fibroglandular
and stromal tissues (dense tissues) have the same X-ray attenuation

properties as tumours and thus show equally bright on mammo-
graphic images. For extremely dense breasts, a sensitivity as low as
36% has been reported [3]. Therefore, more and more screening pro-
grams offer additional ultrasound breast screening to women  with
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ig. 1. Representative coronal 2D plane of two  3D ABVS scans of breasts containing
 = invasive ductal carcinoma).

ense breasts. It has been shown that this additional ultrasound
reast screening yields an additional 1.9–5.2 detected cancers per
000 women [3–5].

Breast ultrasound has been performed for over 60 years [6].
onventional handheld ultrasound (HHUS) is the gold standard for
erforming the examination. However, HHUS of the whole breast

s time consuming and as it is operator-dependent, it should be
erformed by a trained physician. Thanks to recent advances in
omputer technology and 3D visualisation techniques, an auto-
ated breast volume scanner (ABUS), which is more operator

ndependent, has been developed. The ABUS allows an automated
ssessment of a complete 3D breast volume and provides the pos-
ibility of an evaluation of the reconstructed breast in multiple
rientations, including the standard transverse, sagittal and coro-
al planes. The ABUS has shown to have a high sensitivity for breast

esions [7]. However, a high number of false positives, due to con-
iderable overlap in echographic appearance between benign and
alignant masses, limits the use of ABUS for screening. The high

umber of false positives results in an excessive recall rate and a
arge number of biopsies of benign lesions [7]. This in turn yields
dverse effects such as an increased anxiety among patients [8],
nd higher costs of the screening and clinical work-up procedures
tself.

Quantitative analysis of echograms for the improvement (sup-
ort) of medical diagnosis has received broad interest over the past
0 years. By analysing the texture of echographic images, additional

nformation is gathered on the tissue type [9,10]. Quantitative
nalysis can be based on the spectral analysis of radio frequency
chograms [11,12] or on the analysis of B-mode image statis-
ics and texture characteristics [13,14]. In the present paper, we
nvestigated whether 3D quantitative breast ultrasound (3DQBUS)
nalysis of B-mode images can be used for improving non-invasive
iscrimination of benign and malignant lesions.

. Material and methods

The use of ABUS exams in this retrospective study has been
pproved by the institutions’ local ethics committees and the need
or informed consent was waived.

.1. Equipment
The ABUS is an ultrasound system combining automation and
D scanning of the breast. The ABUS used in this study was the
CUSON S2000 ABUS system (Siemens Medical Solutions, Moun-

ain View, CA, USA) and consists of a scanning unit and diagnostic
cted masses. Yellow arrow points towards the suspected lesion (A = fibroadenoma;

workstation. The scanning unit contains a high-frequency linear
transducer (14L5BV linear array transducer), which is able to cap-
ture a maximum volume of 17 × 15 × 6 cm3 in one scan. The ABUS
provides optimized imaging pre-sets for volume acquisition based
on the estimated size of the breast (A is the smallest size; D+ is
the largest size). The central frequency of the transducer varies
from 9 to 11 MHz. During imaging a frontal compression is per-
formed on the breast by a membrane, this allows the transducer to
move smoothly with a constant speed over the breast surface. In the
course of a single scan the ABUS generates 318 two-dimensional
slices with a layer thickness of 0.5 mm in the axial direction, of
which a 3D image can be generated. Fig. 1 shows a representative
coronal 2D plane of two  3D ABUS scans of breasts containing sus-
pected masses. Technical details of the ABUS have already been
described previously [7,15].

2.2. Datasets

The 3D ABUS images used in this study are a consecutive series
of diagnostic cases obtained in routine clinical care at the Radiology
department of the Radboud University Medical Centre (Nijmegen,
The Netherlands) between October 2010 and February 2015. The
whole series contains a total of 2241 studies of patients of which
423 studies contain a biopsy-confirmed mass. Biopsy confirma-
tion was  only performed by the radiologist when there was any
doubt, and a reasonable suspicion of a potential malignancy, even
after target ultrasound. All biopsied lesions were annotated in the
3D ABUS images using the primary radiology images and reports
and biopsy results from the pathology reports. The annotation
was performed by a clinical researcher (vJZ) with 3-years’ experi-
ence with ABUS. Only benign fibroadenomas (n = 34) and invasive
ductal carcinomas (IDC) (n = 78) appearing smaller than 1 cm on
the ABUS image (as found by manual delineation of two read-
ers; see section Quantitative analysis) were included for this initial
study. We  recorded Breast Imaging Reporting and Data System (BI-
RADS), tumour grade, immunohistochemistry results for hormonal
receptors, and the results from in-situ hybridisation for human epi-
dermal growth factor receptor 2 (HER2) expression performed on
surgical specimens. Tumour grade was  assessed according to the
Nottingham grading system (Bloom-Richardson-Elston). All data
were anonymised. For each lesion, one single volumetric view was

randomly selected. Only one dataset of a patient was  used in this
study if there were multiple volume data sets acquired per exami-
nation. The final outcome measure of the study was  the histological
diagnosis after biopsy.
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Fig. 2. Estimation of AGC. Black solid line: grey level depth profile, averaged over
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Fig. 3. Representative example of transverse (A) and coronal (B) reconstruction
plane of the breast of a patient with an invasive ductal carcinoma. Scales are in
cm. Ellipses in blue show the tumour delineated by Reader 1 in both the planes.

Fig. 4. Schematic view of regions of which quantitative ultrasound parameters are
obtained. Blue shows the inside of the lesion (ROI) obtained by recombining the two
ellipses delineated by the reader. Orange shows the peritumoural surrounding (PER)
defined as a region covering 0.5 mm around the ROI. Green shows the posterior-
0 breast images; grey line polynomial fit (11th order) to this profile; black dashed
ine: AGC correction curve derived from mean depth profile.

.3. Image pre-processing

A problem with the analysis of echographic images is the depth
ependence of the grey level, due to beam diffraction and focusing,
s well as to the attenuation within the tissues [16]. Therefore, a
alibration of the images to correct for this depth dependence is
ecessary. For each patient undergoing a scan with the ABUS, the
S settings of the ABUS are, depending on the size of the breast of

he patient, set to one of the predefined cup size settings: setting
, B, C, D, and D+.

As the main difference in cup size settings is the depth range over
hich the scan is taken (2.5, 3.5, 4.5, 5.0, and 5.5 cm respectively),

he calibration of the images for depth dependence was done for
ach cup size separately. Per cup size, 20 reference ABUS images
f breasts without abnormalities were used. The grey levels were
lotted vs. pixel position for each reference measurement and an
mpirically chosen 11th-order polynomial was fitted to this curve
nd averaged over all reference measurements [16]. The resulting
urve is called automatic gain compensation (AGC) curve.

Fig. 2 shows the AGC curve for the A cup. The scan lines of the
ltrasound images used in this study are AGC corrected by sub-
racting the corresponding AGC curve. This results in images that
o longer have an overall echo level depth dependence.

In addition to the depth dependence, the number of image grey
evels per dB of the ultrasound equipment (Gamma, �) was  esti-

ated using a tissue mimicking phantom with nominal contrast
bjects and was found to be 4.4 grey levels per dB. This Gamma  is
sed to convert the grey levels of the images to echo levels (dB).

.4. Quantitative analysis

In the past, many research groups have attempted to define
eliable sonographic criteria for malignancy and benignancy. Most
xaminers analysed image parameters such as shape, intensity, and
rey level co-occurrence matrix (GLCM) textural features of the
esion [17,18] and the coronal retraction patterns [19] around the
esion. Our 3DQBUS analysis is based on four commonly reported
onographic features for visual interpretation of lesions on breast
S: internal echo pattern, echogenicity, posterior features, and the
resence or absence of an echogenic halo [20–22]. To analyse these
eatures, a custom-written Matlab (The MathWorks Inc., Natick,

assachusetts, USA) algorithm was used. The suspected mass was

overed with an ellipsoid region of interest (ROI). This ellipsoid
as manually chosen, by positioning two ellipses covering the sus-
ected mass (one in the transverse plane and one in the coronal
tumoural acoustic phenomena (POS), a cylindrical region (having the same diameter
as  the corresponding ROI) centrally below the ROI.

reconstruction plane; Fig. 3) and recombining these into an ellip-
soid.

Next, a region covering 0.5 mm around the ROI (peritumoural
surrounding (PER)), was taken as the region in which a possible
echogenic halo may  be present (Fig. 4). Furthermore, a cylindri-
cal region (having the same diameter as the corresponding ROI)
centrally below the ROI was  analysed as the posterior-tumoural
acoustic phenomena (POS).

Eight 3DQBUS parameters were derived using the three above
mentioned regions: the mean US grey level (MU  [dB]) and amount
of variation (VAR [dB]) in grey levels inside ellipsoid, PER, and POS,
plus the residual attenuation coefficient (ATT [dB/cm]) [16] within
the ellipsoid ROI and POS. After AGC correction, the attenuation

coefficient was  determined by the inverse slope of the linear fit
through the US grey level vs. depth profile obtained by laterally
averaging the grey level depth profiles within ROI and RET.
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Table 1
Lesion characteristics.

Item Fibroadenoma Invasive ductal carcinoma

Number of lesions 34 78
Number of patients 20 55
Mean age of patient (y ± SD) 43 ± 9 57 ± 12*
Size lesion† (cm ± SD)
Reader 1 0.59 ± 0.2 0.65 ± 0.2
Reader 2 0.61 ± 0.2 0.68 ± 0.2

BIRADS (n)
2 1 1
3  18 2
4  14 28
5  1 43
6  0 1

Grade (n)
I 14
II  39
III  23
X  3
ER  positive 57
HER2 positive 15

† Size refers to the longest diameter of the mass in cm found by the delineation of
the reader. ER = estrogen receptor. HER2 = human epidermal growth factor receptor
2. X is not present or not reported.

Fig. 5. Receiver operating characteristic curve (ROC) of the predictive value for the
probability of malignancy. For the first reader (black line), the area under the curve
equals 0.86; 95% confidence interval is 0.78–0.94; p < 0.01. The second reader (grey
line) shows an area under the curve of 0.86; 95% confidence interval is 0.78–0.94;
p  < 0.01.
44 A.S.S. Meel-van den Abeelen et al. / Euro

. Comparative performance analysis

Two readers (authors AM and GW)  delineated the lesions inde-
endently from each other to investigate the influence of the
elineation. The performance measures reported for each reader
re the area under the ROC curve (AUC), the best classification
ccuracy (set at no false negatives; no case labelled as benign
hile being malignant) (TP + TN)/(TP + TN + FP + FN) along with the

ssociated specificity TN/(TN + FP), and positive predictive value
P/(TP + FP). TP is the number of true-positive findings (malignant
esions which are considered to be malignant), TN is the number of
rue-negative findings, FP is the number of false-positive findings,
nd FN the number of false-negative findings.

. Statistics

Descriptive statistics (mean, SD, minimum, and maximum) of
he 3DQBUS parameters were estimated for both groups (the
enign and malignant lesions) and both readers using SPSS (SPSS
2, IBM Inc., Somers, NY, USA). Bar graphs with 95% confidence

ntervals, correlation coefficients, and t-tests were obtained using
he same statistical package.

A logistic regression model was constructed to obtain a value
or the probability of malignancy. This was done by leave-one-out
ross validation, where the logistic regression model-fit procedure
as iteratively applied to all samples minus the left-out sample.
sing the logistic regression model outcome of the left-out sam-
le of each iteration, sensitivity and specificity pairs for different
alues for the probability of malignancy were determined. These
ensitivity and specificity values were used to construct a receiver
perating characteristic (ROC) curve, in which the optimal sensitiv-
ty and specificity combination is visualized. An optimal threshold
or the logistic regression model was set at 100% sensitivity (no
alse negatives allowed).

To investigate whether results are dependent on the delineation
f the reader, results were validated using leave-one-out cross-
alidation in which the model again was trained using N-1 lesions
elineated by Reader 1, but tested on the lesions as delineated
y Reader 2. Statistical analysis on differences between Reader 1
nd Reader 2 were carried out using the Paired-Samples t-test for
arametric and Wilcoxon Matched-Pairs test for non-parametric
ata. A p value < 0.01, instead of 0.05, was considered statistically
ignificant to correct for multiple testing.

. Results

Table 1 summarizes the characteristics of the lesions. No differ-
nces were found in size of the lesion between the fibroadenomas
nd invasive ductal carcinomas. The average age of the patient hav-
ng the suspected lesion did differ between the fibroadenomas and
DCs (p < 0.01).

Descriptive statistics of 3DQBUS parameters found by Reader 1
nd Reader 2 are shown in Table 2. Paired-samples t-test did not
eveal any significant differences in 3DQBUS parameters between
eader 1 and Reader 2. Differences were found in three of the
DQBUS parameters: VAR of the ROI, ATT of the POS, and VAR of
he PER, respectively (p < 0.01).

Logistic regression revealed an AUC for the discrimination
etween fibroadenomas and invasive ductal carcinomas of 0.86
or the first reader (Fig. 5, black line). When no false negative was

llowed a specificity 26% was reached.

A weak correlation was  found between the BI-RADS score and
he 3DQBUS model outcome probability of malignancy (spearman’s
ho = 0.33, p < 0.01) (Fig. 6).
Fig. 6. Probability of malignancy for different BI-RADS classifications. Dots show
group median and bars show 95% confidence intervals.
Both subgroups (the fibroadenomas and IDCs) showed no cor-
relations between the 3DQBUS parameters and the size of the
delineated lesion or age of the patient, nor was a correlation found
between with the probability of having a malignant breast tumour
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Table  2
Descriptive statistics of the quantitative ultrasound parameters.

ROI POS PER

Item N MU [dB] VAR [dB] ATT [dB/cm] MU  [dB] VAR [dB] ATT [dB/cm] MU [dB] VAR  [dB]

Reader 1 Fibroadenoma 34
Mean −5.1 17.1 −11.9 −0.4 26.9 19.4 −0.9 33.0
SD  4.4 6.3 23.4 6.2 13.4 19.8 5.2 15.3
Minimum −12.5 7.4 −120.7 −8.3 5.8 −14.9 −9.4 9.3
Maximum 3.6 30.7 32.0 13.4 60.1 99.7 8.5 61.7

Invasive ductal carcinomas 78
Mean −6.5 11.8 −9.3 −4.1 21.5 3.7 −3.9 19.9
SD  5.5 4.4 10.0 6.5 15.8 17.0 5.6 9.8
Minimum −16.0 4.2 −41.3 −15.5 4.3 −29.6 −14.3 6.0
Maximum 8.8 23.4 13.3 7.8 73.3 47.1 10.6 52.8

Independent samples t-test of mean (Reader 1:
fibroadenomas vs. invasive ductal carcinomas)

0.19 0.00* 0.40 0.01 0.09 0.00* 0.01 0.00*

Reader 2 Fibroadenoma 34
Mean −1.3 −3.6 −4.9 −0.1 −3.3 −3.1 −0.3 −3.2
SD  1.1 0.2 0.8 1.6 0.3 1.4 1.3 0.3
Minimum −3.1 −4.0 −6.5 −2.7 −3.9 −4.4 −2.3 −3.8
Maximum 1.0 −3.1 −3.3 4.4 −2.7 2.4 3.3 −2.5

Invasive ductal carcinomas 78
Mean −1.7 −3.7 −5.1 −1.0 −3.5 −4.3 −1.0 −3.4
SD  1.4 0.2 0.5 1.6 0.4 0.8 1.4 0.3
Minimum −4.0 −4.0 −6.8 −4.5 −4.0 −6.4 −3.4 −3.9
Maximum 1.8 −3.1 −4.1 2.2 −2.4 −1.9 2.3 −2.8

Independent samples t-test of mean (Reader 2:
fibroadenomas vs. invasive ductal carcinomas)

0.40 0.01* 0.36 0.02 0.09 0.00* 0.05 0.00*

Paired samples t-test of mean (Reader1 vs. Reader 2) 0.97 0.34 0.81 0.78 0.76 0.43 0.87 0.61

ROI = Ellipsoid region of interest, covering the inside of the lesion. POS = posterior-tumoural acoustic phenomena. PER = peritumoural surrounding. * indicate p < 0.01.

Table  3
Correlations of quantitative ultrasound parameters with modelled probability of malignancy.

ROI POS PER

Item mu [dB] sd [dB] att [dB/cm] mu [dB] sd [dB] att [dB/cm] mu [dB] sd [dB]

Spearman’s rho −0.17 −0.48 0.09 −0.29 −0.28 −0.49 −0.30 −0.51
Significance (two-tailed) 0.07 0.00* 0.34 

ROI = Ellipsoid region of interest, covering the inside of the lesion. POS = posterior-tumour
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the high rate of false positives is also a big limitation of the ABUS.
ig. 7. Probability of malignancy for different grades of IDC and for estrogen receptor
tatus. Dots show group median and bars show 95% confidence intervals.

nd the size of the delineated lesion or age of the patient (p > 0.01).
elationships of the 3DQBUS parameters to the probability of hav-

ng a malignant breast tumour according to the logistic regression
odel are shown in Table 3.
Fig. 7 shows the median and 95% confidence intervals of the

odel outcome probability of malignancy for IDC’s of different
rade and for different estrogen receptor status. No significant dif-
erences were found between the different grades nor the estrogen
eceptor status.

When leave-one-out cross-validation was performed in which

he model was trained using N-1 lesions delineated by Reader 1 and
ested on the remaining lesion delineated by Reader 2 a similar AUC
f 0.86 was reached (Fig. 5, grey line). When the optimal cut-off for
0.00* 0.00* 0.00* 0.00* 0.00*

al acoustic phenomena. PER = peritumoural surrounding. * indicate p < 0.01.

no false negatives by Reader 1 was used for Reader 2, a sensitivity
of 100% and a specificity of 40% was  obtained.

Table 4 shows the best classification accuracy when no false
negatives are allowed (sensitivity of 100%). Differences induced by
the subjectivity of the delineation by Reader 2 did not result in a
change of the performance.

6. Discussion

This study shows that 3DQBUS is a promising technique to re-
classify a proportion of suspicious breast lesions as benign so that
biopsy can be avoided. In fact, the discriminative value of the logis-
tic regression model formed out of the 3DQBUS parameters is so
strong that it would have been possible to reduce the number of
biopsies of benign lesion with at least 26%, without causing a single
false negative case.

The large amount of biopsies for benign lesions after breast
ultrasound is a serious problem. Berg et al. showed in a review of the
literature that an average of 4.5% of women  was  recommended for
biopsy after physician-performed handheld screening with breast
US and that only 5.8% of the biopsies actually showed malignancy
(ductal carcinoma in situ or invasive cancer) [23]. Different studies
have shown that the ABUS is similar to handheld screening with US
in terms of sensitivity, specificity, and accuracy [7,24]. Therefore,
This is caused by the fact that in (3D) ultrasound, accurate discrim-
ination of benign from malignant solid masses is difficult because
of the considerable overlap of the sonographic findings [25]. To
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Table  4
Classification results when no false negatives are allowed.

Model prediction

Fibroadenoma Invasive ductal carcinoma Accuracy Specificity PPV

Reader 1
Histology outcome Fibroadenoma 9 25 70% 26% 76%

Invasive ductal carcinoma 0 78
Reader 2
Histology outcome Fibroadenoma 17 17 70% 50% 82%
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Invasive ductal carcinoma 0 

PV = positive predictive value.

xclude malignancy it has even been recommended that biopsies
hould be performed on all solid masses seen on sonography [26].

These biopsies of benign lesions are a known harm of breast
ancer screening (by evoking pain, fear and anxiety) [27,28], and
ead to significant health care spendings. This study aimed to eval-
ate whether quantitative ultrasound parameters can be used to
educe the number of biopsies taken from fibroadenomas (the
ost common benign breast tumour). Considerable effort is being

evoted to improve breast ultrasound for detecting solid malig-
ant and benign masses [17–19,29,30]. Our study adds to these
ublished systems by not focusing on the detection but on reduc-

ng the number of false-positives of suspected lesions annotated by
he radiologist. Furthermore, quantitative evaluation of the peritu-

oural surrounding and posterior-tumoural acoustic phenomena
ere not included in analyses before.

For daily clinical practice, one of the great advantages of 3DQBUS
s that it is non-invasive and does not require complicated analy-
es. It is a simple method which can be easily integrated into the
orkflow of a breast cancer centre with access to an ABUS. When a

uspected lesion is seen on the 3D US images, only an ellipsoid has
o be drawn covering the inside of lesion and the model will provide

 probability for the lesion to be malignant or not. The value for this
robability varies between 0 and 1. A value close to 0 means that
he lesion is very unlikely to be malignant, and a value close to 1

eans that the lesion is very likely to be malignant. To make it even
asier, this probability can already be translated to a dichotomous
lassification tool for biopsy. Using the 3DQBUS analysis directly
fter the ABUS of the breast, it will provide extra information in
ust a few seconds which can be used by the radiologist for his/her
ecision on taking a biopsy.

There are several limitations to our study. First, only a limited
umber of fibroadenomas and invasive ductal carcinomas were

ncluded. As many other kinds of benign and malignant breast
esions exist, the logistic model, as presented in this paper, cannot
et be generalized for the whole range of breast cancer. However, as
broadenomas account for a significant number of breast biopsies
nd invasive ductal carcinoma is the most common type of breast
ancer, extending the model to other kinds of lesions will proba-
ly still allow a strong reduction of the number of biopsies. Further
tudy with more and different kinds of malignant breast lesions is
equired in order to incorporate 3DQBUS in clinical practice as a
omplementary tool for diagnoses.

Second, breast density wasn’t included in our study. As the age of
he patients diagnosed with a fibroadenoma was significantly lower
han those diagnosed with IDC, there is a change that the patients
iagnosed with fibroadenoma also had denser breast tissue which
ay affect the entire echopattern surrounding the lesion. However,

s no correlations were found between age and any of the 3DQBUS
arameters, breast density would probably have not influenced the
esults of this study.
Third, it was not investigated whether the 3DQBUSUS param-
ters incorporated in the logistic regression model are the best
hoice or combination for the discrimination of fibroadenomas
78

from IDCs. As the regions of interest were based on four often
reported sonographic features for visual interpretation of breast
US, we believe that the chosen 3DQBUS parameters are a good first
step to extend the clinical visual interpretation. However, further
study is needed to investigate whether other 3DQBUS parameters
provide even better results.

Fourth, the minimal size of an ROI yielding a particular accuracy
and precision for the 3DQBUS parameters was not determined. As
the ROI becomes smaller also the number of independent samples
that can be measured decreases, possibly reducing the accuracy
and precision of the quantified 3DQBUS parameters. However, with
this uncertainty it was  still possible to reduce the number of biop-
sies using logistic regression modelling. Further study on optimal
resolution for obtaining 3DQBUS may  even improve the results.

Fifth, in our study the ellipses of the suspected lesions are drawn
manually, the induced effect of subjectivity may reduce the accu-
racy and reproducibility of the model. However, both readers in our
study showed good results, and the effect of manual segmentation
was only marginal. On the basis of this result, the proposed model
potentially may  be capable of tolerating the variations in ellipsoid
definition due to manual delineation by different persons.

Sixth, for this study we only used annotated suspected lesions.
As literature shows that 10% to 30% of breast cancers is missed
by the radiologist [31–33], detection of the lesion is also impor-
tant. Further study should point out whether 3DQBUS can also be
used for the detection of breast cancer or could be combined with
a computer-aided detection system as described in literature [34].

Finally, the retrospective design of the study made that ABUS
settings could not be modified to minimize bias due to influences of
the breast size settings on the US images. While we tried to reduce
this bias by including breast size as a categorical covariate (A, B,
C, D, D+) in the logistic regression model, it is still possible that
not all influences of the settings hereby are corrected. However,
generalizing the US settings would probably only lead to a higher
specificity.

7. Conclusion

This study shows that 3D QBUS is a promising technique to
classify suspicious breast lesions as benign, paving the road to
decreasing the number of unnecessary biopsies. It is a simple
method which can be easily integrated into the workflow of a
breast cancer centre with access to an ABUS. Further study on dif-
ferent kinds of breast lesions and extension of the model with other
quantitative parameters (i.e. speckle size) may  improve the biopsy
reduction rate even further.
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