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Abstract: The incidence and mortality rate of breast cancer (BC) in women currently ranks
first worldwide, and neoadjuvant chemotherapy (NAC) is widely used in patients with BC.
A variety of imaging assessment methods have been used to predict and evaluate the response
to NAC. Ultrasound (US) has many advantages, such as being inexpensive and offering
a convenient modality for follow-up detection without radiation emission. Although conven-
tional grayscale US is typically used to predict the response to NAC, this approach is limited in
its ability to distinguish viable tumor tissue from fibrotic scar tissue. Contrast-enhanced
ultrasound (CEUS) combined with a time-intensity curve (TIC) not only provides information
on blood perfusion but also reveals a variety of quantitative parameters; elastography has the
potential capacity to predict NAC efficiency by evaluating tissue stiffhess. Both CEUS and
clastography can greatly improve the accuracy of predicting NAC responses. Other US
techniques, including three-dimensional (3D) techniques, quantitative ultrasound (QUS) and
US-guided near-infrared (NIR) diffuse optical tomography (DOT) systems, also have advan-
tages in assessing NAC response. This paper reviews the different US technologies used for
predicting NAC response in BC patients based on the previous literature.
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Introduction

The incidence and mortality rate of breast cancer (BC) in women currently ranks
first worldwide,' and based on current NCCN guidelines, patients with different
molecular types of BC should undergo neoadjuvant chemotherapy (NAC) regard-
less of their primary stage or aim of surgery.” NAC not only reduces tumor grade
and improves patients’ opportunities for surgery, but also allows new advances in
cancer management by identifying new genetic pathways and drugs involved in
cancer and improving patient survival.>’ However, some patients receiving NAC
may gradually develop resistance to drugs during the process of chemotherapy,
which limits its clinical efficacy and leads to treatment failure. These patients would
benefit from planning treatment and surgery methods by assessing the response to
NAC considering new treatment methods.® Chemotherapy can produce physiologi-
cal and psychological side effects of varying degrees. Non-responders need to be
accurately and promptly identified to avoid ineffective chemotherapy and side
effects.”'” As a result, accurately monitoring and evaluating the efficacy of NAC

is becoming increasingly crucial.
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At present, the gold standard for evaluating the
" and the
relevant methods include the residual cancer burden

response to NAC is pathological assessment,

score (RCB)'? and Miller-Payne system.'® As pathological
assessment requires breast tumor specimens after surgery,
it is not suitable for dynamically monitoring the efficacy of
NAC. In fact, imaging assessments are used primarily to
monitor and evaluate the response to NAC. In addition,
accurate imaging assessment of the residual tumor after
NAC can provide important information for selecting the
most appropriate surgical procedure and for predicting
patient prognosis.

A variety of imaging assessment methods, including
magnetic resonance imaging (MRI), computed tomogra-
phy (CT), positron emission tomography (PET), ultra-
sound (US), mammography (MM) and so on, have been
used to predict and evaluate the response to NAC. Each
imaging assessment method has unique advantages and
disadvantages according to the different imaging princi-
ples, expenditure and safety. Many studies maintain that
MRI and PET exhibit higher accuracy in predicting the
efficacy of NAC.'"*'® Changes in tumor size are typically
used to monitor the efficacy of NAC by palpation and
imaging methods. According to Response Evaluation
Criteria in Solid Tumors (RECIST) criteria, US is not
suitable for monitoring tumor size due to high operator
dependence and low reproducibility.'® However, with the
development of new techniques, such as contrast-enhanced
imaging, elastography, and 3D imaging, US is increasingly
applied to predicting the efficacy of NAC. The objective of
this paper is to review the role of US in monitoring the
response to NAC in BC patients. According to a PubMed

CLINNT3

search, using the search terms “breast cancer”, “neoadju-
vant chemotherapy” and “ultrasound” and screening the
search results, this paper reviews the previous literature

and summarizes these studies.

Grayscale US for Assessing
Response to NAC

US imaging is based on the conduction and reflection of
high-frequency mechanical sound waves in the tissue, and
the information of ultrasonic impulses and their reflections
as echoes are converted and processed into real-time
images.?’ Grayscale US has been widely used to distin-
guish malignant from benign breast tumors, and it has also
been applied to predict the response to NAC. Grayscale
US is primarily applied to measure changes in tumor size

after NAC. Most researchers have demonstrated that US
underestimates breast tumor size.?'2* However, it was
reported that US overestimates BC tumor size. Vriens
et al examined 182 patients with BC and found that US
overestimated size in 20% of patients.”> Whether US has
an advantage in estimating tumor size compared with other
imaging methods has not been determined. Stein et al
measured 6543 primary BC patients and found that the
correlation with histology was 0.61 for MM and 0.60 for
US.?® They demonstrated that the prediction of tumor size
by US and MM was coincident. The result was the same as
that of Chagpar et al study.”’” However, Keune et al
reported that US correctly measures residual tumor size
in response to NAC more often than MM (91.3% vs
51.9%).”® Both Vriens et al*® and Choi et al® study
compared the role of MRI and US in measuring tumor
size and found that both were consistent in estimating size.
The sensitivity, specificity, accuracy, positive predictive
value (PPV), negative predictive value (NPV), false-
negative rates (FNR) and false-positive rates (FPR) were
36-61%, 78-90%, 71-74%, 60-67%, 29-75%, 20-38%,
35-60%, respectively, for US-predicted remission in BC
after NAC.**>3 The reason for the lower prediction effi-
ciency might be due to the potential limitation of the
ability of US to distinguish viable tumor tissue from fibro-

tic scar tissue.>>?

Contrast-Enhanced Ultrasound
(CEUS) for Assessing Response to
NAC

There is currently increasing awareness that anatomical
approaches based on measuring tumor size have substan-
tial limitations and that morphological changes often man-
ifest later than functional changes.36 As a result, CEUS,
dynamic contrast-enhanced MRI (DCE-MRI) and fluoro-
deoxyglucose positron emission tomography and com-
puted tomography (FDG-PET/CT), which can quantify
tumor functions, are playing increasingly larger roles in
evaluating and predicting the response to NAC. CEUS
might be one of the most direct imaging tools for visualiz-
ing perfusion changes in tumors.>’ In fact, the develop-
ment of contrast agents has improved the diagnostic
accuracy of US over the past decade.*® Sonovue, a second-
generation US contrast agent, has a microbubble diameter
of 2 to 4 mm. It can remain within the blood pool because
it is close to the diameter of blood cells and cannot diffuse
into the interstitial space. CEUS has been widely used in
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the ultrasonic diagnosis of diseases of various organs
throughout the body. In recent years, CEUS has also
been used to evaluate the efficacy of NAC, and it was
demonstrated to be effective for assessing the response to
NAC in BC patients compared to other methods.>>*"
Previous studies showed that the sensitivity, specificity,
accuracy, PPV, NPV, area under the curve (AUC), positive
and negative likelihood ratios (LR+ and LR-) and diag-
nostic odds ratios (ORs) of CEUS imaging for predicting
response to NAC were 85-96%, 78-87%, 84-86%, 92%,
78%, 0.71-0.92, 4.49-5.5, 0.15-0.16 and 32.21-36,
respectively.'**** Currently, CEUS is recommended for
the evaluation of the efficacy of NAC and may be
a promising tool for the evaluation of NAC response.*’

Imaging may underestimate or overestimate the size of
breast tumors, as mentioned above. It was found that the
tumor sizes measured both before and after NAC by
CEUS were larger than those measured by conventional
grayscale US.*° Although CEUS has no significant advan-
tage in the accuracy of tumor size measurement before
NAC, it has a higher correlation with pathological results
after NAC, and the measurement accuracy is higher than
that of other imaging methods.*> In addition, necrosis at
the tumor center was found to be detected early by CEUS,
which showed a local blood perfusion defect, whereas
conventional grayscale US was unable to detect whether
there was necrosis unless there was a fluid area.*

The TIC of CEUS reflects the speed and quantity of the
contrast agent in the tumor microvasculature. TIC analysis
is a state-of-the-art technique for CEUS video quantifica-
tion that contains a variety of blood perfusion quantitative
parameters.*>*®*’ The quantitative parameters of blood
perfusion are slightly different according to different TIC
analysis software. Generally, blood perfusion quantitative
parameters mainly include PI (peak intensity, the maxi-
mum intensity of the time-intensity curve during bolus
transit), TTP (time to peak, time needed to reach peak
intensity), RT (rise time, the difference between TTP and
the time the first microbubble reached the lesion), MTT
(mean transit time, circulation time of contrast agent in the
area under investigation), WIS (wash-in slope, the ratio of
PI to TTP), AS (ascending slope, the slope of the ascend-
ing branch of TIC, which showed mean perfusion speed
after presence of the contrast agent and reflected local
tissue perfusion rate), AUC and so on. TIC analyses
of BC usually show shortening of RT and TTP and
increasing PI and AS. Chemotherapy causes cytotoxic
tumor cell death, resulting in reduced tissue vascular

endothelial growth factor levels, apoptosis of immature
endothelial cells with secondary vascular shutdown, and
decreased blood perfusion, which in turn leads to slower
wash-in of contrast agents.*® However, a poor response to
NAC results in ongoing production of angiogenic factors
that might maintain or increase the proportion of immature
vessels.*”>® According to the changes in blood vessels in
the tumor after NAC PCR, PL'®*%* WIS * AS '© and
AUC”' were found to be significantly decreased, and
TTP,**** MTT* and RT* were significantly increased.
Although multiple logistic regression analysis revealed
that changes in quantitative parameters of TIC and dia-
meter of the tumor were significant independent predictors
of pCR, the parameters of TIC, which are used as
a functional technique to evaluate tumor response to
NAC, were superior and predicted earlier in response to
NAC than changes in tumor size.* In fact, placement of
the regions of interest (ROIs) in CEUS research is also
crucial for quantitative TIC analysis.’>** TIC parameters
were analyzed for different ROIs in Lee et al research.>*
ROI 1, ROI 2, ROI 3, and ROI 4 targeted the hotspot area
of greatest enhancement, area of hyperenhancement, entire
tumor on grayscale ultrasound and normal parenchyma,
respectively, and the results led to a recommendation for
the less subjective ROI 2 or ROI 3. Studies have con-
firmed that breast CEUS combined with TIC curve analy-
sis not only provides information about blood perfusion
but also provides a variety of quantitative parameters that
greatly improve the accuracy of predicting the response
to NAC.

Elastography for Assessing the
Response to NAC

Elastography, which is similar to palpation but more sen-
sitive and objective, can assess tissue stiffness.
Elastography is a recently developed, convenient and non-
invasive imaging technique. There are two types of tech-
niques in elastography: strain elastography and shear wave
elastography. The strain elastography technique includes
strain elastography (SE) and acoustic radiation force
impulse (ARFI), while the shear wave elastography tech-
nique includes transient elastography (TE), point shear
wave elastography (pSWE) and shear wave elastography
(SWE). The most common methods that are widely used
in the clinic are SE and SWE. In general, the ability of
elastography to predict the efficacy of NAC was signifi-

cantly higher than that of grayscale ultrasound and
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comparable to that of CEUS and MRI.***>° The sensi-
tivity, specificity, accuracy, PPV, NPV and AUC of pre-
dicting the efficacy of NAC by elastography were found to
be 59-100%, 63-100%, 74-83%, 71-79%, 66—86% and
0.75-0.88, respectively, in previous studies.**>¢>°

SE is an imaging modality based on mechanical prop-
erties that uses manual compression and measures the
degree of tissue deformation.’® The Tsukuba elasticity
score (TES) can be used for scoring according to different
colors, which represent the different stiffnesses of the
tissue.’’ In addition to the elastography score, the strain
rate (SR) can be calculated by software that measures the
strain rate ratio of elastography according to the ratio of
stiffness between the lesion area and the surrounding nor-
mal tissue.’>% Stiffer masses are more likely to represent
malignancies.® Hayashi et al first reported tumor stiffness
assessed using SE.°> They examined the correlation
between elasticity scores and treatment responses. The
results demonstrated that stiffer tumors were less likely
to exhibit clinical responses and pCR than more compliant
tumors. However, other research demonstrated that SE
imaging before NAC had no relationship with pathological
complete response.** The change in score and SR of
elastography after NAC can be acquired by evaluating
the score and SR of elastography before and after NAC.
The score and SR of elastography of the tumors obtaining
PCR were found to be decreased, and the degree of reduc-
tion was higher than those without pCR.>’® SE can pre-
dict the efficacy of NAC earlier. Falou et al found that SE
can predict the response of tumors to NAC in the medium
term (4 weeks) by using SR, and the sensitivity and
specificity were 100%.°” Fernandes et al demonstrated
that SR can predict the pCR of tumors in the early stage
(2 weeks)® with a sensitivity and specificity of 84% and
85%, respectively. Wang et al analyzed the parameters of
CUES and SE before and after NAC for BC, and the
results showed that the AUCs of CEUS and SE in predict-
ing the efficacy of NAC were 0.86 and 0.72, respectively,
and the predictive accuracies were 89% and 91%,
respectively.*? They indicated that CEUS and SE had
equal advantages in predicting the response to NAC,
which was the same conclusion as that of the Gu et al
study.®* However, SE also has certain limitations. First, SE
is highly dependent on the operators due to manual pres-
surization. As a result, human error can occur due to the
difference in the measurement by different operators.
Second, the elastography score is based on the visual

observation of the color of the ROI, which is highly sub-
jective and may also introduce human error.

SWE, which uses acoustic radiation force to introduce
a disturbance and measures the speed of propagation of
shear waves, can be used in conjunction with Hooke’s law
to derive the Young’s modulus of tissue.°**” The para-
meter maximum stiffness (Emax), mean stiffness (Emean),
and standard deviation (SD), where E is defined by
Young’s modulus and measured in kilopascals and SD
gives an indication of heterogeneity, refer to the elasticity
values of the tissue within an ROI outlined on the US
image. High mean stiffness values are more likely to be
malignant.®*’° SWE can play a complementary role to
conventional US.%*®7 Stiffer tumors were found to be less
likely to exhibit clinical responses and pCR.”" Young’s
modulus of tumors with pCR after NAC was lower than
that of tumors without pCR.>® The change in Young’s
modulus before and after NAC could be calculated, and
the larger the change was, the more likely was the indica-
tion of a response to NAC.’*>%" SWE is also believed to
be an effective early predictor of pCR after NAC. Evans
et al demonstrated that the changes in tumor stiffness after
3 weeks of NAC were closely related to pCR.>® Jing et al
showed that the response to NAC could be predicted by
the change in Young’s modulus two weeks after NAC, and
the predictive sensitivity and specificity were 73% and
86%, respectively.”” One advantage of SWE is that resi-
dual fibrous masses with no residual cancer tend to appear
compliant in SWE, so that assessment by SWE is less
prone to errors. However, there are a few limitations of
SWE. It is difficult to assess deep lesions in BC patents,
and the technique is influenced by patients’ breathing.>®

Three-Dimensional (3D) Techniques
for Assessing Response to NAC

A 3D automated breast volume scanner (ABVS) is another
novel and innovative imaging technique in breast ultra-
sound. ABVS is not only an observer-independent, auto-
mated and standardized method but also provides a large
field of view using high-frequency transducers, and com-
puter-aided detection software significantly reduces inter-
pretation time.”> ABVS has the ability to calculate volume
using 3D imaging software, and multiple studies have
shown a higher correlation with histopathological tumor
response than conventional US.”® van Egdom et al com-
pared the efficacy of ABVS and MRI in predicting the
efficacy of NAC.”* In the study, MRI and ABVS showed
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absolute concordance in 73% of patients for mid-NAC
evaluation. Tumor response to NAC in midtreatment was
evaluated using the product change in the two largest
perpendicular diameters (PC) or the longest diameter
change (LDC) in the study by Wang et al.”” All four
prediction methods (PC on axial planes, LDC on axial
planes, PC on coronal planes and LDC on coronal planes)
displayed high AUCs (0.83—0.89), and the sensitivity, spe-
cificity, PPV, and NPV were 86—88%, 62-85%, 28-51%,
96-98%, respectively. ABVS was used to predict final
pCR after 4 cycles of chemotherapy. The results demon-
strated that the ABVS is a useful tool for the evaluation of
pCR after NAC.

There are also additional 3D technologies applied in
US, such as 3D power color US and 3D CEUS. Folkman
et al emphasized the importance of angiogenesis in tumor
growth.”® Vascular endothelial growth factors (VEGFs) are
important regulatory cytokines, and microvessel density
(MVD) has been the gold standard for assessing tumor
angiogenesis. 3D power color flow with high-definition
flow (HDF) technology facilitates the detection of vascular
morphology imaging and better discriminates malignant
breast tumors from benign lesions than 2D Doppler US.
3D power Doppler US provides high-resolution Doppler
signal reflection and is not limited by the angle of the
vessel, allowing 3D imaging of relevant vessels and obser-
vation of a tumor vascular mass by comparing perfusion
changes and vessel density before and after NAC.””" 3D
power Doppler US with HDF was considered to accurately
predict response according to determination of changes in
vascularity after NAC. The vascularization index (VI, the
ratio between the color boxes and the total number of
voxels in the volume of interest, representing the vessel
density in the defined volume), flow index (FI, the mean
energy of the voxel per color, representing the average
intensity of flow), and vascularization-flow index (VFI,
mean color value for all voxels in the volume, representing
the intensity of both vascularization and flow) were
extracted for estimation of vascularization and flow
index. It was demonstrated that the most accurate predic-
tion of pCR was achieved after the second chemotherapy
treatment, with an accuracy of 88% and an AUC of 0.76.%°
The combined advantages of CEUS and 3D-US, 3D-
CEUS, can evaluate tumor vascularity in a three-
dimensional field. In Jia’s research, the 3D-CEUS score
and DCE-MRI score were calculated according to the
distribution and shape of breast tumor blood vessels in 3D-
CEUS, and the enhancement pattern and index of tumor

blood vessels in DCE-MRI, MVD and VEGF were also
calculated.®' The results showed that the 3D-CEUS score,
DCE-MRI score, MVD and VEGF were significantly
decreased after NAC. It was also shown that the efficacy
of 3D-CEUS and DCE-MRI in predicting pCR after NAC
was consistent. The sensitivity, specificity, PPV, NPV, and
AUC were 88% and 88%, 100% and 100%, 100% and
100%, 98% and 98% and 0.93 and 0.99, respectively,
when the 3D-CEUS score was <1 and A3D-CEUS score
was >6 after NAC. The study also demonstrated that the
3D-CEUS score was significantly correlated with MVD
and VEGF both before and after NAC, while DCE-MRI
was not correlated with MVD or VEGF. These results
showed that 3D-CEUS is effective for assessing the
response to NAC. Although 3D power color US and 3D-
CEUS are rarely used in the clinic, they have a high
accuracy in predicting the efficacy of NAC and are related
to angiogenic factors, and 3D techniques still have certain
development prospects.

Other US Techniques for Assessing
Response to NAC

Changes in tumor echogenicity have also been applied to
predict the response to NAC. Matsuda et al retrospectively
examined 52 patients with triple-negative BC who received
NAC and calculated changes in echogenicity.®* Pixel values
are represented in black to white as different numeric values.
It was demonstrated that the echogenicity changes (ratio and
difference) in tumor and fat regions before and after NAC
would predict pCR. The sensitivity, specificity and AUC
were 70-74%, 81-82% and 0.78-0.80, respectively.
Dobruch-Sobczak et al found that the changes in the echo-
genicity of tumors after 3 courses of NAC exhibited the
strongest statistical correlation with the percentage of resi-
dual malignant cells used in histopathology to assess the
response to treatment (odds ratio=60).**> Changes in tumor
echogenicity were demonstrated to predict response with
satisfactory accuracy and may be considered for early NAC
monitoring. Assessing changes in echogenicity is based on
the backscattered spectrum of QUS.** NAC can induce
microstructural transformation, cell death, heterogeneous
tumor morphology and edema. These cellular organizational
US backscatter
Conventional US

changes alter and increase tumor

echogenicity.® imaging involves
“B-mode” images and loses much of the frequency-
dependent information with the conversion of radiofre-

quency (RF) data. Compared to conventional US, QUS
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Table | Accuracy, Sensitivity, Specificity, Accuracy, PPV, and NPV of Different Assessment Methods for the Prediction of Neoadjuvant
Chemotherapy Response in Breast Cancer

Sen(%) Spe(%) Accuracy(%) PPV (%) NPV (%)
Grayscale US 3661 78-90 71-74 60-67 29-75
CEUS 85-96 78-87 84-86 92 78
Elastography 59-100 63-100 74-83 71-79 66-86
ABVS 86-88 62-85 - 28-51 96-98
3D power Doppler US(HDF) - - 88 - -
3D-CEUS 88 100 - 100 98
QUS(ANN) 89 85 87 - -
DOT 74 77 77 93 74

Abbreviations: Sen, sensitivity; Spe, specificity; PPV, positive predictive value; NPV, negative predictive value; CEUS, contrast-enhanced ultrasound; ABVS, automated breast
volume scanner; HDF, high-definition flow; QUS, quantitative ultrasound; ANN, artificial neural network; DOT, diffuse optical tomography.
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Figure | (D Representative ultrasound B-mode images and elastography images for a nonresponder and a responder acquired before and after treatment. (A)
Nonresponders typically exhibited no change in tumor elasticity during treatment for several weeks (average strain ratios ranged from 1.29+0.04 before treatment to
1.23£0.1 1 at week 8). (B) Responders exhibited visibly detectable changes in tumor stiffness (average strain ratios ranged from 1.2620.1 | before treatment to 1.04+0.05 at
week 8). Reprinted from Translational Oncology, Vol é/edition number |, Falou O, Sadeghi-Naini A, Prematilake S, et al, Evaluation of neoadjuvant chemotherapy response in
women with locally advanced breast cancer using ultrasound elastography, Pages No.|7-24, Copyright (2013), with permission from Elsevier. >’ 2 SWE and corresponding
pathologic images from a complete response patient after NAC. (A) The mean tumor stiffness value as determined at baseline was 223.1 kPa. (B) After the second cycle of
chemotherapy, the mean tumor stiffness value was 44.7 kPa, and A-stiffness was 77.9%. (C and D) Pathological results before chemotherapy and after surgery. Reproduced
with permission from Jing H, Cheng W, Li ZY, et al, Early evaluation of relative changes in tumor stiffness by shear wave elastography predicts the response to neoadjuvant
chemotherapy in patients with breast cancer and John Wiley & Sons, Inc. © 2016 by the American Institute of Ultrasound in Medicine.”* @ CEUS and TIC images from
a complete response patient after NAC. Before NAC, (A) grayscale US showed a hypoechoic lesion with an irregularly shaped and distinct margin. (A) A CEUS image
obtained 39 s after contrast agent injection showed an inhomogeneous hyperenhancement lesion with an indistinct margin. (B) The TIC on CEUS shows strong and rapid
perfusion. After NAC, (C) US showed a decrease in the tumor size. (C) CEUS showed hypo-enhancement. (D) The TIC at CEUS shows weak and slow enhancement.
Reprinted from European Journal of Radiology, Vol 103, Wan CF, Liu XS, Wang L, Zhang }, Lu JS, Li FH, Quantitative contrast-enhanced ultrasound evaluation of pathological
complete response in patients with locally advanced breast cancer receiving neoadjuvant chemotherapy, Pages No. 118-123, Copyright (2018), with permission from
Elsevier *° @) Example of the ABVS used for response evaluation. Frontal view (anterior-posterior) of the right breast. The left picture shows the tumor (upper left corner)
pre-NAC. The right picture shows the same patients mid-NAC with a smaller tumor (upper left corner). Adapted from European Journal of Radiology, Vol 104, van Egdom
LSE, Lagendijk M, Heijkoop EHM, et al, Threedimensional ultrasonography of the breast; An adequate replacement for MRI in neoadjuvant chemotherapy tumour response
evaluation? - RESPONDER trial, Pages No. 94—100, Copyright (2018), with permission from Elsevier.”*
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imaging retains these RF data and displays the data as
a frequency spectrum using a fast Fourier transform (FFT)
algorithm.*® As a result, QUS was found to predict the
response to NAC more accurately by supplying more infor-
mation from US images. QUS uses variation in the acoustic
property within tissues to characterize microstructural fea-
tures and has been used in the detection of tumor response to
chemotherapy of cancer.®” QUS parameters include MBF
(midband fit), SS (spectral slope), SI (spectral intercept),
ACE (attenuation coefficient estimate), SAS (spacing
among scatterers), ASD (acoustic-scatterer diameter) and

AAC (average acoustic-scatterer concentration). Sannachi

et al analyzed QUS parameters and texture features extracted
from QUS parameters.®” The accuracies ranged from 68% to
92% according to different multifeature response classifica-
tion algorithms (a linear discriminant analysis (LDA),
a k-nearest-neighbor classifier (KNN), and a radial-basis-
function support vector machine classifier (SVM-RBF)) to
differentiate treatment responders. Tadayyon et al analyzed
the capacity for predicting the response to NAC with QUS
and an artificial neural network (ANN) classifier.*® They
found that the sensitivity, specificity, accuracy, and AUC of
the QUS model with an ANN classifier for predicting
response were 89%, 85%, 87%, and 0.90, respectively.

&b bbow
S (GBMMz)

Figure 2 ® Tumor margin obtained on 3D-HDF US images and an established 3D contour. (A) The tumor margin was sketched on a 2D slice B-mode US image, and the
3D contours were then established. The sketched margin is indicated with a blue dotted line. (B) Full image of 3D contours and vascular flow direction of the tumor.
Reproduced from Shia WC, Huang YL, Wu HK, Chen DR, Using flow characteristics in three-dimensional power Doppler ultrasound imaging to predict complete responses
in patients undergoing necadjuvant chemotherapy and John Wiley and Sons. © 2017 by the American Institute of Ultrasound in Medicine.2® 6) Image of a responder case
obtained by using ultrasound-guided diffuse optical tomography. (A and B) US images show US measuring a presize of 3.6 cm and a postsize of 0.7 cm in diameter. (C and D)
Pre- and posttreatment reconstructed optical absorption maps show that the lesion was resolved in slices from | (top left, left to right) to 7 (bottom left, left to right) and
from 2 to 4 (top row, left to right). The pre- and posttreatment THCs were 279.0 umol/L and 128.0 pmol/L, respectively. The vertical color scale from blue to red is the
THC in micromoles per liter from low to high. Reprinted from Translational Oncology, Vol | /edition number I, Zhi W, Liu G, Chang C, et al, Predicting treatment response of
breast cancer to neoadjuvant chemotherapy using ultrasound-guided diffuse optical tomography, Pages No.56-64, Copyright (2018), with permission from Elsevier.”' @
Changes in peripheral vessels before and after completion of NAC in breast cancer patients displayed by 3D-CEUS. (A) Before NAC, the 3D-CEUS image showed coarse
peripheral vessels with radial distribution (arrow) at the strongest stage of perfusion. (B) After completion of NAC, radial peripheral vessels (arrow) disappeared at the
strongest stage of perfusion. Reproduced from Jia WR, Tang L,Wang DB, et al. Three-dimensional contrast-enhanced ultrasound in response assessment for breast cancer: a
comparison with dynamic contrast-enhanced magnetic resonance imaging and pathology. Sci Rep. 2016;6:33832.%' 8 Changes in rim perfusion displayed by 3D-CEUS before
and after completion of NAC for another breast cancer patient. (A) Before NAC, 3D-CEUS image showed coarse rim perfusion (arrow) at the strongest stage of perfusion.
(B) After completion of NAC, rim perfusion (arrow) disappeared at the strongest stage of perfusion. Reproduced from Jia WR, Tang L,Wang DB, et al. Three-dimensional
contrast-enhanced ultrasound in response assessment for breast cancer: a comparison with dynamic contrast-enhanced magnetic resonance imaging and pathology. Sci Rep.
2016;6:33832.8' @ QUS images from a representative non-responder (NR2) patient and a representative responder patient with outlines of core and margin ROIs. (A)
B-mode images, (B) SS image, (C) Sl images, (D) MBF images, (E) SAS images, (F) ASD, and (G) AAC images obtained prior to chemotherapy treatment initiation.
Reproduced from Tadayyon H, Gangeh M, Sannachi L, et al. A priori prediction of breast tumour response to chemotherapy using quantitative ultrasound imaging and
artificial neural networks. Oncotarget. 2019;10 (39):3910-3923.%8
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Changes in QUS parameters, particularly ultrasound back-
scatter intensity-based parameters, could distinguish respon-
ders and nonresponders at a later stage (week 8), while
texture features could distinguish responders and nonrespon-
ders at early stages (weeks 1 and 4). The authors demon-
strated an early-stage treatment response prediction model
developed by combining QUS with texture analysis.®’
Another study by Piotrzkowska-Wréblewska et al demon-
strated that an integrated backscatter marker of QUS can
better characterize the tumor pathological response and at
an earlier stage (after the second and third NAC courses) of
therapy with AUCs of 0.69 and 0.82, respectively.®
Recently, it was reported that the NIR technique utilizes
intrinsic hemoglobin contrast, which is directly related to
tumor angiogenesis and has shown great potential for evalu-
ating tumor vasculature and oxygen consumption responses
to NAC by optical tomography and optical spectroscopy.”®
DOT is an optical imaging technique that uses near-infrared
light to probe the absorption and scattering properties of
biological tissues and to acquire information on tumor phy-
siology, biochemistry, angiogenesis, and hypoxia.”’ > DOT
combined with US has been explored for breast cancer
in BC.
Combining pretreatment hemoglobin content and hemoglo-

diagnosis and monitoring NAC responses
bin changes measured at early treatment cycles with standard
pathological variables improves the predictive accuracy of
NAC.?® The size and total hemoglobin concentration (THC)
of the lesions were measured 1 day before biopsy and 1 to 2
days before surgery to predict BC response to NAC using
US-guided DOT in the research of Zhi et al.”' The sensitivity,
specificity, accuracy, PPV, NPV, and AUC were 74% and
80%, 77% and 53%, 77% and 38%, 93% and 88%, 74% and
77%., 0.75 and 0.69, respectively, when ATHC was 23.9%
and ASIZE was 42.6%. Moreover, ATHC and ASIZE can be
used for response evaluation and earlier prediction of the
response after three rounds of NAC. The authors considered
US-guided DOT to be useful for early evaluation and pre-
diction of the response to NAC.

The sensitivity, specificity, accuracy, PPV, and NPV of
different US assessment methods for the prediction of
neoadjuvant chemotherapy response in BC according to
the results of the literature review are shown in Table 1. In
addition, Figures 1 and 2 show US manifestations of
different assessment methods in BC after NAC.

Conclusions
The goals of NAC have anecdotally been to enable breast
conservation and prognostic information. US enables the

advantages of portability, low cost, convenient follow-up
detection without radiation emission and so on. In general,
grayscale US has a low accuracy in the evaluation of the
efficacy of NAC, while CEUS, elastography, 3D techniques,
and other US techniques (QUS, DOT) can improve the
accuracy of prediction. US technology combined with func-
tional examination would be a great development prospect in
assessing the response to NAC, and US is expected to be
increasingly accepted to predict the efficacy of NAC in the
future. However, this paper reviewed only the changes in BC
mass after NAC by US and did not examine changes in
lymph nodes in the corresponding region. A more detailed
review would incorporate the changes in BC masses and
lymph nodes observed by US after NAC.
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