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Abstract. - OBJECTIVE: We investigated the
accuracy of Automated Breast Volume Scan-
ner (ABVS) compared to handheld ultrasound
(HHUS) for monitoring tumor response to neo-
adjuvant treatment (NAT) in breast cancer (BC).

PATIENTS AND METHODS: All the patients
submitted to biopsy in our Institution, from Jan-
uary 2017 to May 2017, proven invasive BC and
eligible for NAT, were enrolled in this prospec-
tive study. The participants underwent ABVS,
HHUS, dynamic contrast-enhanced Magnetic
Resonance Imaging (DCE-MRI) and mammogra-
phy at the beginning of NAT and ABVS, HHUS
and DCE-MRI at the halfway point of therapy
and before the surgery. DCE-MRI was consid-
ered the standard of reference. Two breast ra-
diologists (R1, R2), with fifteen and five years
of experience in breast imaging, independent-
ly assigned a visibility score (ordinal 5-point
scale) to ABVS, HHUS, and DCE-MRI. Diagnostic
performance of ABVS and HHUS as measured
by sensitivity, specificity, positive and negative
predictive values (PPV and NPV) was calculat-
ed. Correlations between ABVS and MRI, and
between HHUS and MRI were analyzed using
Pearson’s correlation test.

RESULTS: A total of 21 patients were enrolled.
189 examinations were performed. The compar-
ison between ABVS and DCE-MRI was similar
for the both readers: ABVS had a sensitivity of
63,16%, specificity of 83,58%, PPV of 76,60%, NPV
of 72,73%, accuracy of 74,19% (R1) and a sensitiv-
ity of 54.54%, specificity of 85.51%, PPV of 75%,
NPV of 70,24%, accuracy of 71.77% (R2). The com-
parison between HHUS and DCE-MRI showed that
HHUS had a sensitivity of 63,16 %, specificity of
83,58%, PPV of 76,60%, NPV of 72,73%, accuracy
of 74,19% (R1) and a sensitivity of 36.84%, spec-
ificity of 85.07%, PPV of 67.74%, NPV of 61.29%,
accuracy of 62.90% (R2). The calculated Pearson’s
correlation coefficient r values were 7.8 for HHUS
vs. DCE-MRI and 28.5 for ABVS vs. DCE-MRI (R1)

and 7.8 for HHUS vs. DCE-MRI and 22.4 for ABVS
vs. DCE-MRI (R2). Statistical significance of ABVS
and HHUS was p < 0.0001 and 0.005 < p < 0.01,
respectively (R1, R2).

CONCLUSIONS: DCE-MRI is recommended for
the tumor response assessment. ABVS, a prod-
uct of the biotechnology development, providing
reproducible images, in addition to DCE-MRI, can
be a potentially useful tool for the monitoring of
response to NAT.
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Introduction

Neoadjuvant treatment (NAT), chemotherapy,
and endocrine therapy, is often the first treatment of
locally advanced breast cancer. It is used to improve
tumor resection, increase the rates of breast conser-
vative surgery, and identify patients with better prog-
noses, who exhibit a pathologic complete response
(pCR). Monitoring treatment response during NAT
is performed using dynamic contrast-enhanced
Magnetic Resonance Imaging (DCE-MRI), ultra-
sound, and clinical examination'2.

Because of its high sensitivity to tumor pres-
ence and angiogenic changes, DCE-MRI is the
preferred imaging modality in the NAT setting*.

DCE-MRI has been demonstrated to be more
accurate than physical examination, ultrasound,
and mammography, in assessing initial disease
extent and response to NAT, although a tendency
for DCE-MRI to slightly overestimate or underes-
timate residual disease’.

Corresponding Author: Anna D’Angelo, MD; e-mail: anna.dangelo05@gmail.com 225



A. D'’Angelo, P. Rinaldi, P. Belli, R. D’Amico, G. Carlino et al

The conventional handheld US (HHUS) alone
is unsuitable for assessing response to NAT ther-
apy owing to high operator dependence and low
reproducibility’.

Automated Breast Volume Scanner (ABVS), a
product of the biotechnology development, aims to
overcome these limitations of HHUS of operator de-
pendence, image variability, and physician time for
acquisition, as all images are acquired by using stan-
dardized views and by non-physician personnel®’.

We investigated the accuracy of ABVS com-
pared to HHUS in the evaluation of tumor re-
sponse to NAT, in addition to DCE-MRI.

Patients and Methods

Study Population

This prospective single-center study was con-
ducted with the approval of the institutional Re-
view Board.

All patients with breast lesions submitted to
histologic biopsy in our Institution, from January
2017 to May 2017, were considered for inclusion
in the study. Among these, we selected lesions of
interest according to the following criteria.

Inclusion criteria were:

1) Percutaneous biopsy-proven primary invasive

BC (cT1-3, ¢cNO-1, M0)

2) Patients eligible for NAT

Exclusion criteria was:

Women with previous breast surgery or had a
history of breast cancer and/or breast cancer treat-
ment during the previous 12 months

Pathological Assessment Criteria

The expression status of the estrogen receptor
(ER), progesterone receptor (PR), Ki67 and human
epidermal growth factor receptor 2 (HER2) was de-
termined from histopathologic reports of core biop-
sies performed before chemotherapy. Hormone recep-
tor positivity was defined as > 1% of cells staining for
ER or PR. Tumors with HER2 scores of 3+ (strong
homogeneous staining) were considered positive. In
tumors with 2+ scores (moderate complete membrane
staining in > 10% of tumor cells), in-situ hybridization
was used to determine HER2 amplification.

Therapy Regimens

Participants were treated with different antineo-
plastic treatment according to the expression of ER
and PR, HER2 and Ki67. Indeed, patients were clas-
sified in LUMINAL A (ER and PR positive, HER2
negative, Ki67 < 30%), LUMINAL B HER2 nega-
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tive (ER and PR positive, HER2 negative, Ki67 >
30%), LUMINAL B HER?2 positive (ER and PR
positive, HER2 positive and any Ki67), HER2 en-
riched (ER and PR negative, HER2 positive, any
Ki67), Triple negative (ER, PR and HER2 negative
with any Ki67). Patients with LUMINAL A or LU-
MINAL B HER2 negative have been treated with
neoadjuvant therapy with or anti-hormonal therapy
with anastrozole (1 mg/die) or chemotherapy with
adriamycin (60 mg/m? every 21 days) cyclophospha-
mide (600 mg/m? every) and docetaxel (80 mg/m?
every 21 days). Patients with HER2 enriched or LU-
MINAL B HER?2 positive patients were treated with
carboplatin (AUC 6 every 21 days), docetaxel (75
mg/m? every 21 days) and trastuzumab (8 and then
6 mg/kg every 21 days). Patients with triple negative
disease were treated with adriamycin (60 mg/m? ev-
ery 21 days), cyclophosphamide (600 mg/m? every)
and docetaxel (80 mg/m? every 21 days)*'°.

The outcome of NAC is the pCR, the absence
of residual invasive tumor cells (ypT0/isNO) or pres-
ence of only a small number of scattered invasive
cells in the breast and nodes resection specimen
(ypTmic/NO) following antineoplastic therapy''2.

Imaging
Each patient underwent breast examinations,

including DCE-MRI, ABVS, HHUS and digi-

tal mammography (DM). Imaging examinations

were performed according to this scheme:

— Time 0 (70, baseline/ before the start of thera-
py) DCE-MRI, ABVS, HHUS, DM

— Time 1 (71, middle/at the halfway point of
therapy) DCE-MRI, ABVS, and HHUS

— Time 2 (72, preoperatively/fifteen days after
the final course of therapy) DCE-MRI, ABVS,
HHUS, DM

ABVS

It was performed using ACUSON S2000™
ABVS (Siemens Medical Solutions, Inc, Mountain
View, CA), a computer-based system for evaluat-
ing the whole breast, with the patient in a supine
position®, The system was used in combination
with 6—-14 MHz broadband mechanical transduc-
ers attached to a rigid compression plate and arm.
A technician maintained appropriate contact pres-
sure and vertical orientation to the breast surface'.
Three image acquisitions (lateral, anteroposterior
and medial) of each breast were usually sufficient to
image virtually all of the breast tissue'®. In women
with larger breasts, four or five acquisitions of each
breast might be needed. The total time to complete
the examination was on average 15 minutes'®. Once
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the imaging data were obtained, the data were pro-
cessed using computer algorithms and stored on a
hard drive. The axial image series are sent to a ded-
icated workstation and combined to form a 3D ul-
trasound image that can be examined in multiplanar
reconstructions, including sagittal and 2-mm-thick
coronal images. The radiologist could then review
the images on a standard workstation'".

HHUS

The ultrasound examinations were performed with
ACUSON S2000™ (Siemens Medical Solutions, Inc,
Mountain View, CA) equipped with a 12-18 MHz lin-
ear transducers, with freehand positioning technique.

MRI

All patients were scanned in the prone posi-
tion using a 1.5 T MRI scanner (Optima MR450w
GEM; GE Medical System, Milwaukee, W1, USA)
with an 8-channel bilateral breast coil. For contrast
administration, an intravenous cannula was placed
in the cubital vein just before the investigation.
During the examination, Gadoteridol (ProHance)
was injected at a dose of 0.2 mmol/kg using a pow-
er injector at a flow rate of 2 mL/s, followed by a
20 mL saline flush. The following sequences were

acquired: propeller axial sequence, DWI axial se-
quence, three-dimensional (3D) VIBRANT axial
sequence, 3D VIBRANT sagittal sequence.

Image Analysis and Assessment
of NAT Response

Qualitative Image Analysis

Two breast radiologists, with fifteen (reader 1,
R1) and five (reader 2, R2) years of experience
in breast imaging, read ABVS (on the transverse
plane), HHUS (on the transverse plane) and DCE-
MRI (on the 3D VIBRANT axial plane) examina-
tions and they independently assigned a visibility
score (ordinal 5-point scales) to the lesions. The
visibility was rated on a 5-point confidence scales
(1 = minimal, 2 = sufficient, 3= good, 4 = very
good, 5 = excellent). The readers assessed the vis-
ibility score to all the examinations regardless of
the time (70, T1, T2). No CAD software was used
for MRI analysis. In the case of uncertain visibili-
ty attribution, a real-time consensus was achieved
with a consultant colleague from a pool of radiol-
ogists of our Institution.

Examples of imaging processing in a patient
are shown in Figures 1, 2, and 3.

Figure 1. A 59-year-old patient with an
invasive ductal cancer in the left breast. At
70, HHUS in the transverse plane reveals
an hypoechoic irregular mass with not
circumscribed margins (A). ABVS in the
transverse plane shows better the architec-
tural distortion associated with the lesion
(B); in (C) an irregular mass with hetero-
geneous enhancement in the axial 3D-VI-
BRANT can be appreciated.
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Figure 2. The same pa-
tient at 77/. The tumor is
slightly reduced in size;
HHUS (A), ABVS (B)
and 3D-VIBRANT (C)
in the axial plane.

Figure 3. At 72, after NAT. The lesion is reduced
to a small hypoechoic lesion (A-B) corresponding to
a small area of faint enhancement on MRI (C). The
visibility of the tumor seems to be the same.
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Quantitative Image Analysis

Moreover, the tumor response to treatment
was evaluated measuring tumor size. Tumor
measurements were performed on the transverse
plane of ABVS, HHUS and on the 3D VIBRANT
axial plane of MRI. In the case of lesion fragmen-
tation after treatment, the diameter of the lesions
is summed. RECIST 1.1% classification was used
to assess the tumor response based on the longest
diameter measure of the target lesion.

Statistical Analysis

DCE-MRI was regarded as reference stan-
dard, in the absence of pathology at 70 and T1.
The agreement between ABVS and MRI, and be-
tween HHUS and MRI was assessed in assigning
the visibility score. For the purpose of analysis,
the visibility assignments were dichotomized as
follows: “0” including 1, 2, 3 values and “1” in-
cluding 4, 5 values. After completing the reading
session, diagnostic accuracy, sensitivity, specific-
ity, positive (PPV) and negative (NPV) predictive
values of ABVS and HHUS were calculated. Cor-
relations between ABVS and MRI, and between
HHUS and MRI were analyzed using Pearson’s
correlation test. All statistical analyses were per-
formed using SPSS (SPSS v22.0, IBM, Chicago,
IL, USA). Between-reader agreement was ana-
lyzed using Cohen £ statistic.

Results

A total of 21 consecutive patients (range, 25
to 65 years; mean age 45 years) with primary in-
vasive breast cancer appropriated for NAT, were
included in the study. 189 examinations were per-
formed. Resulting visibility values dichotomized
“07”, “1” for both methods (ABVS, HHUS) are
given in Tables I, IL. I11, IV.

The diagnostic accuracy of ABVS was 74.19%
and of HHUS was 62.90% for R1 and 71.77%
and 62.90% for R2; the sensitivity of ABVS and
HHUS was 63.16% and 36.84% for R1 and 54.54%
and 36.84% for R2; the specificity of ABVS and

Table I. Visibility assignments to ABVS and DCE-MRI, R1.

DCE-MRI
0 1 Total
ABVS 0 56 21 77
1 11 36 47
Total 67 57 124

Table Il. Visibility assignments to ABVS and DCE-MRI, R2.

DCE-MRI
0 1 Total
ABVS 0 59 25 84
1 10 30 40
Total 69 55 124

HHUS was 83.58% and 85.08% respectively for
R1 and 85.51% and 85.07% respectively for R2.
The PPVs of ABVS and HHUS were 76.60%
and 67.74% for R1 and 75% and 67.74% for R2;
the NPVs of ABVS and HHUS were 72.73%
and 61.29%, respectively for R1 and 70.24% and
61.29% respectively for R2. The main results are
reported in Table V. The calculated Pearson’s cor-
relation coefficient r-values were 7.8 for HHUS
vs. MRI and 28.5 for ABVS vs. MRI respectively
(R1); r-values were 7.8 for HHUS vs. DCE-MRI
and 22.4 for ABVS vs. DCE-MRI respectively
(R2). Statistical significance of ABVS and HHUS
was p < 0.0001 and 0.005 < p < 0.01, respectively
(R1, R2). Inter-reader x agreement was 0.74.

Discussion

Currently, there are no univocally recognized
guidelines for determining tumor response to ther-
apy except for volumetric measurements. MRI is
recommended for the tumor response assessment,
and it has a main role in guiding breast cancer sur-
gical extent by measuring the size of the residual
tumor after NAT*?'. MRI is limited by high cost,
relative lack of availability, variable patient toler-
ance and the injection of contrast medium.

The HHUS is frequently used to monitor tu-
mor response in routine clinical practice because
it is an easily available and non-invasive modality.
In this study, we investigated the ability of ABVS,
compared to HHUS, in monitoring the response
to NAT for breast cancer. ABVS, a product of the
biotechnology development, is a standardized ex-
amination, reproducible, not operator-dependent,

Table Ill. Visibility assignments to HHUS and DCE-MRI, R1.

DCE-MRI
0 1 Total
HHUS 0 57 36 93
1 10 21 31
Total 67 57 124
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Table IV. Visibility assignments to HHUS and DCE-MRI, R2.

DCE-MRI
(0) 1 Total
HHUS 0 60 40 100
1 8 16 24
Total 65 55 124

and it allows a virtual review of the data sets with-
out the patients presence®***. Furthermore, it does
not require the use of ionizing radiation and the
injection of contrast agents. ABVS can be more
complete than HHUS for evaluating breast lesions
because it could improve breast lesion analysis by
an additional coronal-plane image which shows
better observation of lesion margin and each sec-
tional plane of the saved volume can be visualized
avoiding non-standardized documentation?®?.

Our preliminary results showed that ABVS
for the lesions examined in the study was not in-
ferior to HHUS. The diagnostic performance as
assessed by measuring sensitivity, specificity, ac-
curacy, PPV, and NPV was high in ABVS. Spe-
cifically, the accuracy, sensitivity, and specificity
of ABVS were found to be 74.19%, 63.16%, and
83.58% respectively (R1) and 71.77%, 54.54%,
and 85.51% respectively (R2). Whereas the spec-
ificity of ABVS was slightly lower than that of
HHUS, the sensitivity of ABVS was significantly
higher than HHUS (63.16% vs. 36.84%, R1 and
54.54% vs. 36.84%, R2), probably due to the low-
er visibility values assigned to HHUS examina-
tions at 72 (after NAT). It suggests, the potential
of ABVS to effectively compensate for the draw-
backs of HHUS. Cancers visible only through
ABVS were predominantly invasive and small
sized. Moreover, the superior diagnostic perfor-
mance of ABVS than HHUS in multifocal dis-
ease, also depicting satellite lesions smaller than
1 cm. Our data showed that low visibility values
were assigned to ABVS in the evaluation of le-
sions under the nipple. In the cases in which the

Table V. Factors affecting OS.

mammary gland under the nipple is not sufficient-
ly visualized, comprehensive evaluation of all
four quadrant scans may enable an adequate as-
sessment of the mammary gland under the nipple.

The results suggested that there is a much
stronger correlation between ABVS and MRI than
HHUS (»28.5 vs. r 7.8, R1; r 22.4 vs. 7.8, R2) con-
cerning lesion visibility, probably because ABVS
image interpretation is performed at a reading sta-
tion rather than in real time, evaluation of lesions
is less affected by HHUS-related subjectivity.
Moreover, our study demonstrated a lower ability
of both ABVS and HHUS to detect a non-mass le-
sion than a mass-type lesion, which confirms the
known limits of ultrasound examinations.

Furthermore, inter-reader agreement was ex-
cellent (£ = 0.74) and underscores the clinical ap-
plicability of ABVS. ABVS may reduce inter-op-
erator variability, provide greater consistency, and
ensure reproducibility of high-quality images.

There are some limitations of our study. First,
the study is limited by the relatively small sample
size; however, it could be representative for prelim-
inary results. Second, we analyzed all the exam-
inations without considering the different acquisi-
tion time (TO, T1, T2). Finally, participants were
treated with different antineoplastic treatments
(chemotherapy and endocrine therapy) and it could
influence the response obtained after therapy. Fur-
ther study is needed to assess this aspect.

Conclusions

We found that ABVS could be a potential use-
ful tool, in addition to DCE-MRI, for the assess-
ment of response to NAT. This research did not
receive any specific grant from funding agencies
in the public, commercial, or not-for-profit sectors.
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R1 R2
ABVS HHUS ABVS HHUS
Diagnostic accuracy 74.19% 62.90% 71.77% 62.90%
Sensitivity 63.16% 36.84% 54.54% 36.84%
Specificity 83.58% 85.08% 85.51% 85.07%
Positive predictive value 76.60% 67.74% 75% 67.74%
Negative predictive value 72.73% 61.29% 70.24% 61.29%

230




Usefulness of automated breast volume scanner (ABVS)

References

1) SarbaNELLI F, BoeTes C, BoriscH B, Decker T, FEDERICO
M, Giert FJ, HeweicH T, HEYwANG-KOBRUNNER SH,
Kaiser WA, Kerin MJ, ManseL RE, MarotTi L, MAR-
TINCICH L, MAURIAC L, MEeuers-HEUBOER H, ORECCHIA
R, Panizza P, PonTi A, PurusHOTHAM AD, ReGITNIG P,
DeL Turco MR, THiBauLT F, WiLson R. Magnetic res-
onance imaging of the breast: recommendations
from the EUSOMA working group. Eur J Cancer
2010; 46: 1296-1316.

2) Yen E, Stanetz P, Korans DB, RAFFerTY E, GEOR-
GIAN-SMITH D, Moy L, HALPern E, Moore R, KuTer I,
TacHIAN A. MRI in patients undergoing neoadju-
vant chemotherapy for palpable breast cancer.
AJR Am J Roentgenol 2005; 184: 868-877.

3) MarinovicH ML, MAcaskiLL P, IRwiG L, SARDANELLI F, MiNck-
witz G, MAamounas E, BrRennan M, Ciatto S, Houssami
N. Meta-analysis of agreement between MRI and
pathologic breast tumour size after neoadjuvant che-
motherapy. Br J Cancer 2013; 109: 1528-1536.

4) Beu P, Burl E, BuccHerl C, RINALDI P, Giuuant M, Ro-
MANI M, FaBrizi G, D’ANGELO A, BruneLLl C, MULE A,
FrancescHINI G, Corosimo C. Role of DWI assessing
nodal involvement and response to neoadjuvant
chemotherapy in advanced breast cancer. Eur
Rev Med Pharmacol Sci 2017; 21: 695-705.

5) CortaDELLAS T, ARGACHA P, AcosTA J, RABASA J, PEIRO R,
GomEz M, RopeLLAR L, GomEz S, NAVARRO-GOLOBART
A, SANCHEZ-MENDEZ S, MARTINEZ-MEDINA M, BoTtey M,
Murioz-Ramos C, XigertA M. Estimation of tumor
size in breast cancer comparing clinical exam-
ination, mammography, ultrasound and MRI-
correlation with the pathological analysis of the
surgical specimen. Gland Surg 2017; 6: 330-335.

6) BrRem RF, TABAR L, Durry SW, InciarRDI MF, GUINGRICH
JA, HasHimoto BE, LANDER MR, LApiDus RL, PETER-
soN MK, RAPeLYEA JA, Roux S, ScHiLLING KJ, SHAH
BA, Torrente J, WynN RT, MiLer DP. Assessing
improvement in detection of breast cancer with
three-dimensional automated breast us in women
with dense breast tissue: the Somolnsight Study.
Radiology 2015; 274: 663-673.

7) MariNovicH ML, Houssami N, MAcAskiLL P, voN MiNck-
witz G, BLonmer JU, Irwic L. Accuracy of ultrasound
for predicting pathologic response during neo-
adjuvant therapy for breast cancer. Int J Cancer
2015; 136: 2730-2737.

8) Lux MP, Janni W, Hartkorr AD, Nasieva N, TARAN
FA, Overkamp F, KoLBerc HC, Hapi P, TescH H, EtTL
J, Huoser JB, LUFTNER D, WALLWIENER M, MOULLER V,
Beckmann MW, Bertevitte E, FEnm TN, WALLWIENER D,
Brucker SY, ScHNeeweiss A, FascHing PA. Update Breast
Cancer 2017 — Implementation of novel therapies.
Geburtshilfe Frauenheilkd 2017; 77: 1281-1290.

9) GraLow JR, Burstein HJ, Woobp W, HortosaGgyl GN,
GIANNI L, voN MinckwiTz G, Buzpar AU, SmiTH IE, Sym-
maNs WF, SiINGH B, WiNeEr EP. Preoperative therapy
in invasive breast cancer: Pathologic assessment
and systemic therapy issues in operable disease.
J Clin Oncol 2008; 26: 814-819.

10) Liu SV, Mewstrom L, Yao K, Russert CA, Sener SF.
Neoadjuvant therapy for breast cancer. J Surg
Oncol 2010; 101: 283-291.

11) SpriING L, GReenuP R, NIEMIERKO A, SCHAPIRA L, HADDAD
S, JIMeNEZ R, Coorey S, TAGHIAN A, HUGHES KS, ISAKOFF
SJ, ELusen LW, SmitH BL, SpecHT M, Moy B, BarbiA A.
Pathologic complete response after neoadjuvant
chemotherapy and long-term outcomes among
young women with breast cancer. J Natl Compr
Canc Netw 2017; 15: 1216-1223.

CorTAZAR P, ZHANG L, UNTcH M, MEHTA K, COSTANTINO

JP, Wowmark N, Bonneror H, CameroN D, Gianni L,

VALAGUSSA P, SwaIN SM, ProweLL T, LoiBL S, W/CKERHAM

DL, BoGAerts J, BAseLGA J, Perou C, BLUMENTHAL G,

BroHMmER J, MAMOUNAS EP, BErGH J, SEmIGLAZOV V, JusTICE

R, EIDTMANN H, PAIk S, PiccART M, SRIDHARA R, FASCHING

PA, Staets L, TANG S, Gerser B, Gever CE Jr, PAZDUR

R, DirscH N, Rastoal P, EEERMANN W/, voN MinckwiTz G.

Pathological complete response and long-term clin-

ical benefit in breast cancer: the CTNeoBC pooled

analysis. Lancet 2014; 384: 164-172.

13) ZanoTeL M, BeDNAROVA |, LonDErRO V, LINDA A, Lo-
RENZON M, GiromETTI R, Zuiani C. Automated breast
ultrasound: basic principles and emerging clinical
applications. Radiol Med 2018; 123: 1-12.

14) Kim YJ, Kim SH, Jen SK, CHor J, Kang BJ, Sona B. Gel
pad application for automated breast sonography.
J Ultrasound Med 2015; 34: 713-719.

15) CHANG JM, CHa JH, Park JS, Kiv SJ, Moon WK. Au-
tomated breast ultrasound system (ABUS): repro-
ducibility of mass localization, size measurement,
and characterization on serial examinations. Acta
Radiol 2015; 56: 1163-1170.

16) KarLan SS. Automated whole breast ultrasound.
Radiol Clin North Am 2014; 52: 539-546.

17) WanG XL, Tao L, ZHou XL, Wer H, Sun JW. Initial expe-
rience of automated breast volume scanning (ABVS)
and ultrasound elastography in predicting breast can-
cer subtypes and staging. Breast 2016; 30: 130-135.

18) SHiN HJ, Kim HH, CHa JH. Current status of auto-
mated breast ultrasonography. Ultrasonography
2015; 34: 165-172.

19) ReuA R, Bew P Guuani M, Burl E, Caruno G, RINALDI P,
Manrrenl R. Automated breast ultrasonography (ABUS)
in the screening and diagnostic setting: indications and
practical use. Acad Radiol 2018; 25: 1457-1470.

20) Tirkes T, Howar M, Tann M, Kodu M, Axisik F,
SANDRASEGARAN K. Response criteria in oncologic
imaging: review of traditional and new criteria.
RadioGraphics 2013; 33: 1323-1341.

21) ScHmitz AMT, Teixeira SC, PenceL KE, Loo CE, VoGeL
WV, WESSELING J, RutGers EJT, VALDEs OLmos RA,
SoNkE GS, RobenHuis S, VRANCKEN Peeters MUTFD,
GitHus KGA. Monitoring tumor response to neo-
adjuvant chemotherapy using MRI and 18F-FDG
PET/CT in breast cancer subtypes. PLoS One
2017; 12: e0176782.

22) Jen SK, Kim SH, CHor JJ, Jung SS, CHoe BJ, PArk
S, Park MS. Comparison of automated breast
ultrasonography to handheld ultrasonography in
detecting and diagnosing breast lesions. Acta
Radiol 2016; 57: 162-169.

23) WaNG X, Huo L, HE Y, FAN Z, WANG T, Xie Y, LiJ, Ouy-
ANG T. Early prediction of pathological outcomes
to neoadjuvant chemotherapy in breast cancer
patients using automated breast ultrasound. Chi-
nese J Cancer Res 2016; 28: 478-485.

12

~

231



