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INTRODUCTION
Breast cancer is the most common malignancy in females 
globally. The age standardized incidence rate for breast 
cancer in the world is reported to be 46.3 per 100,000 
females and in the year 2018, the mortality was estimated at 
13.0 per 100,000 females.1 Locally advanced breast cancer 
(LABC) is one of the common presentations of breast 
cancer, and refers to a subset of Stage IIB (T3N0) and Stage 
III. LABC is frequently characterized by a much poorer 
prognosis as compared to early stage breast cancer, due 
of its high rate of its locoregional recurrence (10–20%).2 

Currently, the recommended protocol for management 
of LABC is an initial neoadjuvant chemotherapy (NACT) 
regime, followed by lumpectomy or mastectomy with 
axillary nodal clearance, which is subsequently supple-
mented by radiation therapy, adjuvant chemotherapy 
and/or immunotherapy depending on ER/PR status. The 
reference standard for patient outcome is based on deter-
mining pathological complete response (pCR).3,4 The 
assessment of tumor response to ongoing NACT, which 
allows for timely modification of regime and contributes to 
improving patient prognosis, remains a crucial factor in the 
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Objectives: To evaluate the role of contrast-enhanced 
ultrasound (CEUS) quantitative parameters in predicting 
neoadjuvant chemotherapy (NACT) response in patients 
with locally advanced breast cancer (LABC).
Methods: 30 patients with histologically proven LABC 
scheduled for NACT were recruited. CEUS was performed 
using a contrast bolus of 4.8 ml and time intensity curves 
(TICs) were obtained by contrast dynamics software. 
CEUS quantitative parameters assessed were peak 
enhancement (PE), time-to-peak (TTP), area under the 
curve (AUC) and mean transit time (MTT). The param-
eters were documented on four consecutive instances: 
before NACT and 3 weeks after each of the three cycles. 
The gold-standard was pathological response using 
Miller Payne Score obtained pre NACT and post-surgery.
Results: A decrease in mean values of PE and an increase 
in mean values of TTP and MTT was observed with each 

cycle of NACT among responders. Post each cycle of 
NACT (compared with baseline pre-NACT), there was a 
statistically significant difference in % change of mean 
values of PE, TTP and MTT between good responders 
and poor responders (p-value < 0.05). The diagnostic 
accuracy of TTP post-third cycle was 87.2% (p = 0.03), 
and MTT post--second and third cycle was 76.7% (p = 
0.004) and 86.7% (p = 0.006) respectively.
Conclusion: In responders, a decrease in the tumor 
vascularity was reflected in the CEUS quantitative 
parameters as a reduction in PE, and a prolongation in 
TTP, MTT.
Advances in knowledge: Prediction of NACT response 
by CEUS has the potential to serve as a diagnostic 
modality for modification of chemotherapy regimens 
during ongoing NACT among patients with LABC, thus 
affecting patient prognosis.
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management cycle. Therefore, there is a need for development 
of reliable non-invasive methods to determine tumor response 
early in the course of NACT, during the pre-operative stage.

Conventional methods for assessing response to NACT include 
physical examination, mammography and ultrasonography. Each 
of these modalities have their known limitations.5–7 Ultrasound 
elastography, both strain and shear wave, have also been explored 
by few investigators, however, the reported results show a vari-
able accuracy.8,9 Modalities such as dynamic contrast-enhanced 
MRI (DCE-MRI), positron emission tomography (PET) CT 
reflecting neo-angiogenesis and providing functional informa-
tion of the tumors, do hold a potential in NACT response evalua-
tion. Although DCE-MRI is the current standard for assessment 
of response to NACT, it has inherent limitations of contrain-
dication in patients with metallic implants and deranged renal 
functions. PET-CT is limited by poor spatial resolution.5 There-
fore, color Doppler although appearing relevant in assessing 
neo-angiogenesis, is restricted by the ability to explore low flow 

microvasculature.10 The constraints of these modalities can be 
effectively overcome by contrast-enhanced ultrasound (CEUS). 
Ultrasound contrast agents are exclusively blood pool agents, 
owing to the minute size of microbubbles (2–4 microns), and 
therefore effectively assess microvascular status of cancers and 
provide functional information. Furthermore, as these contrast 
agents are excreted through the lungs, they can be safely used 
even in patients with compromised renal function.11

Although the studies using CEUS for assessing NACT response 
are few, those reported by Saracco et al12 in 2016, and Wan et al13 
in 2018, have shown encouraging results. Based on these studies, 
we hypothesized that alterations in CEUS quantitative param-
eters would serve as objective data for indicating a decrease in 
tumor vascularity (or otherwise) in patients undergoing NACT, 
therefore facilitating effective differentiation of responders from 
non-responders amongst breast cancer patients. The present 
study was designed to evaluate the role of CEUS quantitative 
parameters in predicting NACT response in LABC patients. We 
believe that the present study is amongst the very few in which 
a sequential quantitative CEUS evaluation has been performed 
before NACT, and after each NACT cycle, comprising a total of 
four instances.

METHODS AND MATERIALS
Patients and neoadjuvant chemotherapy
This Institutional Review Board approved prospective observa-
tional study was aimed at determining the role of CEUS quan-
titative parameters in assessing the response to NACT. The 
quantitative parameters were documented on four consecutive 
instances: before NACT, and 3 weeks after each of the three 
cycles. The gold-standard was pathological response using Miller 
Payne Score obtained pre-NACT and post-surgery. The calcu-
lated sample size for our study was 30, based on the study by 
Lee et al14. 30 patients with biopsy-proven LABC, planned for 
NACT were recruited in the study, between October 2018 and 
March 2020. Patients with prior history of breast surgery, chemo-
therapy, allergic drug reaction, poor pulmonary or cardiac func-
tion or a poor Karnofsky’s performance status were excluded 
from the study. All the patients received three cycles of NACT 
which consisted of Cyclophosphamide (500 mg m−2), Adria-
mycin (50 mg m−2) and 5 Fluorouracil (500 mg m−2).

Contrast-enhanced ultrasound examination and 
image analysis
The CEUS study was performed by Author 2, who has more than 
20 years of experience in breast imaging and more than 3 years 
of experience in CEUS imaging of other organs. Author 2 was 
ably assisted by Author 1, who had undergone one year of super-
vised training in breast imaging and CEUS. Any disagreements 
between the investigators on region of interest (ROI) selection, 
were resolved by discussion. For the CEUS study, patients were 
instructed to abstain from oral intake for 4 h, in order to prevent 
emetic side-effects. An intravenous cannula was inserted in the 
antecubital vein and fixed in position prior to the procedure. The 
equipment used was Siemens ACUSON S-3000 with contrast 
capability. A linear-array transducer L9-5 MHz was used for all 
examinations, and low mechanical index settings was chosen 

Table 1. Clinical profile of patients included in the study

Basic details Number of patients || Frequency (%)
Age (Years) 49.37 ± 7 (Mean)

Side

 � Left 19 (63.3%)

 � Right 11 (36.7%)

Quadrant Involved

 � Upper outer 12 (40.0%)

 � Upper inner 7 (23.3%)

 � Lower outer 5 (16.7%)

 � Lower inner 2 (6.7%)

 � Retroareolar 4 (13.3%)

T stage

 � 2 2 (6.7%)

 � 3 15 (50.0%)

 � 4a 2 (6.7%)

 � 4b 11 (36.7%)

N stage

 � 0 9 (30.0%)

 � 1 12 (40.0%)

 � 2 9 (30.0%)

 � ER (Positive) 17 (56.7%)

 � PR (Positive) 11 (36.7%)

 � Her2neu 
(Positive)

5 (16.7%)

 � Luminal A 13 (43.3%)

 � Luminal B 5 (16.7%)

 � Her2 Type 5 (16.7%)

 � Triple Negative 7 (23.3%)
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for the CEUS procedure. The contrast agent used was a second 
generation ultrasonography contrast, sulphur hexafluoride 
(SonoVue; Bracco, Milano, Italy) in a dose of 4.8 ml as recom-
mended by Cao et al15. The ultrasound procedure was initiated 
with grayscale ultrasonography to localize the most homoge-
neous solid part of the tumor, avoiding necrotic areas for the 
CEUS study. After identifying the best view in split mode for the 
CEUS study, the tumor area being interrogated was fixed under 
the transducer (using minimal hand pressure by the examiner), 
in order to eliminate motion artifacts. As soon as the area of 
interest was satisfactorily immobilized, the contrast agent was 
injected, followed by a flush of 10 ml normal saline, and the video 
clips were recorded for 4 min. The patients were instructed to 
shallow breathe, in order to reduce the breathing artifacts during 
the video recording. A ROI was selected by placing the cursor 
on the most homogeneous part of the tumor showing maximum 
enhancement and TICs were obtained by contrast dynamics soft-
ware. Quantitative parameters generated by the equipment’s soft-
ware, were PE (%), TTP (s), AUC (%s) and MTT (s).

Pathological examination and response evaluation
Following NACT, all patients underwent modified radical 
mastectomy, and specimens were examined by the pathologist 
of our team. Information regarding tumor grade, histologic 

subtype, size, and pathological response was recorded. Patholog-
ical response was graded according to the Miller-Payne system 
of five grades.14 A good histological response had a grade score 
of 4–5 and a poor histological response had a grade score of 1–3. 
Changes in the Miller Payne score (pre-NACT and post-surgery), 
were correlated with trends in the CEUS quantitative parameters 
documented at each cycle, to determine response to NACT.

Statistical analysis
The changes in the values of quantitative parameters were used 
as predictors in the analysis, which examined the best separation 
between the two groups. The data were entered in MS EXCEL 
spreadsheet and analysis was done using Statistical Package for 
Social Sciences (SPSS) v. 22.0. Normality of data was tested by 
Kolmogorov–Smirnov test. If the normality was rejected, then 
non-parametric test was used. Quantitative variables between 
the two groups (good responders and poor responders), were 
compared using Unpaired t-test, Mann–Whitney est and 
Wilcoxon test. A p < 0.05 was considered statistically significant.

Table 2. Comparison of good responders and poor responders, in terms of change in mean PE (E1%), post each cycle of NACT 
compared with baseline (pre-NACT)

Time point comparison

Change in PE (E1%) from pre-NACT to third cycle of NACT Comparison of the two 
groups in terms of difference 
of PE (E1%) from pre-NACT 

to follow-up NACT cyclesGood responder Poor responder

Mean (SD) 
of absolute 

change
Mean (SD) of 

% change

Mean (SD) 
of absolute 

change
Mean (SD) 
of % change

p-value of 
absolute 
change

p-value of 
% change

Post first cycle - Pre-NACT −0.71 (1.03) −8.0% (19.5) 0.65 (1.07) 18.5% (31.2) <0.001 <0.001

Post second cycle - Pre-NACT −1.52 (1.34) −19.8% (21.7) 1.06 (1.36) 30.1% (38.7) <0.001 <0.001

Post third cycle - Pre-NACT −2.03 (1.24) −28.5% (20.4) 0.98 (1.84) 29.2% (49.1) <0.001 <0.001

NACT, neoadjuvant chemotherapy; PE, peak enhancement; SD, standard deviation.

Table 3. Comparison of good responders and poor responders, in terms of change in mean TTP (E1s), post each cycle of NACT 
compared with baseline (pre-NACT)

Time point comparison

Change in TTP (E1s) from pre-NACT to third cycle of NACT Comparison of the 
two groups in terms of 
difference of TTP (E1s) 

from pre-NACT to 
follow-up NACT cyclesGood responder Poor responder

Mean (SD) 
of absolute 

change
Mean (SD) of 

% change

Mean (SD) 
of absolute 

change
Mean (SD) 
of % change

p-value of 
absolute 
change

p-value of 
% change

Post first cycle - pre-NACT 0.75 (1.02) 38.4% (55.5) −0.16 (3.36) 7.6% (55.9) 0.054 0.031

Post second cycle - pre-NACT 1.72 (1.90) 83.6% (89.4) 0.14 (4.11) 22.3% (100.1) 0.014 0.013

Post third cycle - pre-NACT 5.19 (4.04) 205.0% (151.2) 0.26 (6.09) 38.1% (153.8) 0.008 0.004

NACT, neoadjuvant chemotherapy; SD, standard deviation; TTP, time-to-peak.
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RESULTS
Clinical profile and pathological profile
The clinical profile of the patients included in the study is summa-
rized in Table  1. The mean age in years was 49, and majority 
(46.7%) of the patients were in the age Group 41–50 Years. More 
than half (63.3%) of the patients had a left sided breast tumor, 
with the upper outer quadrant being most commonly involved 
(40%). Luminal A (43.3%) and triple negative (23.3%) were the 
most common molecular classes. All of the patients had infil-
trating ductal carcinoma (IDC) on histopathology.

Statistical analysis of CEUS quantitative parameters 
before and after each NACT cycle
The comparison of the change in quantitative parameters, between 
good and poor responders was computed using Wilcoxon test. 
The Tables 2–5 show the p values for the change in PE (Table 2), 
TTP (Table 3), AUC (Table 4) and MTT (Table 5) compared pre-
NACT and post each cycle of NACT. Green background denotes 
statistically significant difference at p < 0.05. Figures 1 and 2 are 
representative consecutive CEUS studies (four instances) in two 
different patients with LABC.

Histopathological response assessment post-
surgery
Post-operative histopathological response was determined by the 
Miller Payne scoring system, with a good response score range of 
4–5 and a poor response score range of 1–3. The distribution of 
patients showing good response and poor response, is depicted 
in Table 6. Based on the Miller Payne scoring system, 43.3% of 
the participants had good response, and 56.7% of the participants 
had poor response. Figures 3 and 4 illustrate the histopatholog-
ical changes in pre- and post-NACT Miller Payne score, for the 
patients illustrated in Figures 1 and 2 respectively.

Statistical correlation of histopathological response 
with CEUS quantitative parameters
A decrease in mean values of PE and an increase in mean values 
of TTP and MTT was observed with each cycle of NACT among 
responders. PE, TTP and MTT had a p-value < 0.05 in assessing 
response to NACT (as shown in Tables  2, 3 and 5). The AUC 
was found to decrease following the first cycle and increase post-
second and third cycles of NACT, among responders and had a 

Table 4. Comparison of good responders and poor responders, in terms of change in mean AUC (E3%s), post each cycle of NACT 
compared with baseline (pre-NACT)

Time point comparison

Change in AUC (E3%s) from pre-NACT to third cycle of 
NACT

Comparison of the 
two groups in terms of 

difference of AUC (E3%s) 
from pre-NACT to follow-

up NACT cyclesGood responder Poor responder

Mean (SD) 
of absolute 

change
Mean (SD) of 

% change

Mean (SD) 
of absolute 

change
Mean (SD) 
of % change

p-value of 
absolute 
change

p-value 
of % 

Change
Post first cycle - pre-NACT −2.15 (3.61) −1.1% (85.9) −1.29 (4.87) 45.0% (130.0) 0.752 0.411

Post second Cycle - pre-NACT 0.12 (3.99) 53.3% (114.8) −0.37 (3.93) 67.9% (121.7) 0.916 0.689

Post third cycle - pre-NACT 2.77 (6.35) 103.4% (139.0) 1.41 (2.51) 96.1% (95.4) 0.784 0.817

AUC, area under the curve; NACT, neoadjuvant chemotherapy; SD, standard deviation.

Table 5. Comparison of good responders and poor responders, in terms of change in mean MTT (E1s), post each cycle of NACT 
compared with baseline (pre-NACT)

Time point comparison

Change in MTT (E1s) from pre-NACT to third cycle of NACT Comparison of the 
two groups in terms of 

difference of MTT (E1s) 
from pre-NACT to follow-

up NACT cyclesGood responder Poor responder

Mean (SD) 
of absolute 

change
Mean (SD) of 

% change

Mean (SD) 
of absolute 

change
Mean (SD) of 

% change

p-value of 
absolute 
change

p-value 
of % 

change
Post first cycle - pre-NACT 0.75 (0.95) 24.1% (26.9) −3.44 (3.59) −25.8% (36.7) <0.001 0.001

Post second cycle - pre-NACT 5.35 (3.96) 148.0% (139.9) −3.26 (6.50) 3.2% (130.4) <0.001 <0.001

Post third cycle - pre-NACT 8.08 (4.91) 209.8% (133.6) −1.96 (7.99) 12.5% (130.0) 0.001 <0.001

MTT, mean transit time; NACT, neoadjuvant chemotherapy; SD, standard deviation.
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p > 0.05. There was no significant trend of CEUS quantitative 
parameters observed in non-responders.

The cyclewise diagnostic accuracy of CEUS quantitative param-
eters in predicting response to NACT is shown in Table 7. The 
diagnostic accuracy of TTP post third cycle was 87.2% (p = 0.03), 
MTT post second and third cycles 76.7% (p = 0.004) and 86.7% 
(p = 0.006) respectively. Hence, tumors showing good response 
to NACT revealed a decrease in the tumor vascularity reflected 
in the CEUS quantitative parameters as a reduction in PE, a 
prolongation in TTP and MTT.

DISCUSSION
The standard protocol for management of LABC includes, 
NACT followed by Modified Radical Mastectomy with axillary 
nodal clearance, radiation therapy and adjuvant chemotherapy. 
The effects of NACT are downsizing the tumor, enabling more 
conservative breast surgery techniques and reducing distant 
metastasis. The ideal outcome of NACT is a pCR, which is known 
to be associated with better long-term survival rates. When the 
response is poor, second line therapies such as monoclonal 
antibodies/hormonal therapy depending upon receptor status, 
or immediate surgery have to be considered.16 Furthermore, it 
has been documented in various studies that the response to 
NACT can be improved by adjusting the ongoing therapy and 
instituting early change in chemotherapy in the non-responders, 
so as to achieve better results prior to surgery.12,16 The critical 
issue in being able to achieve ideal response to NACT, is the 
opportunity for early assessment of the tumor characteristics. 
Therefore, there is a necessity to explore modalities which can 
achieve this goal during the course of NACT, rather than being 
able to achieve only a post-NACT pathology evaluation. Ideally, 

Figure 1. (a-h) are the sequential CEUS studies in a 46 years 
female with biopsy proven IDC located at 11-12 o’clock posi-
tion in the left breast (a). Pre NACT CEUS (b) reveals PE 70%, 
TTP 26s, AUC 1800%s and MTT 30s. Post 1st cycle CEUS (d) 
shows PE 62%, TTP 38s, AUC 3100%s and MTT 48s. Post 2nd 
cycle CEUS (f) shows PE 31%, TTP 39s, AUC 10000%s and 
MTT 100s. Post 3rd cycle CEUS (h) shows PE 30%, TTP 170s, 
AUC 14000%s and MTT 220s. The CEUS studies post 1st, 2nd 
and 3rd cycles of NACT show a progressive decrease in peak 
enhancement and an increase in AUC, TTP and MTT, indicat-
ing a good response to NACT. The correlating histopathologi-
cal outcome is shown in fig 2.

Figure 2. (a-b) Histopathological outcome of patient 1, (shown in fig 1) revealed that the patient was a good responder with loss 
of more than 90% malignant cells (Miller Payne Score of 4).

Table 6. Pathological response of patients according to MPS

Response Frequency Percentage
Good (MPS score 4–5) 13 43.3%

Poor (MPS score 1–3) 17 56.7%

Total 30 100.0%

MPS, Miller Payne Score.
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the modality for intra-NACT assessment should be capable of 
providing objective parameters.

Since conventional methods utilizing changes in size, docu-
mented by clinical, mammography or grayscale ultrasound 
examination have already been proven to have their limitations, 
techniques providing functional assessment of neovascularity 

are now considered more accurate. The imaging modalities 
which are capable of providing tumor neovascularity and func-
tional information are DCE MRI (which provides contrast flow 
dynamics) and PET CT (which provides information of tumor 
glucose metabolism), respectively.17–19 While MRI is a superior 
modality, its contraindication in patients with deranged renal 
function and metallic implants precludes its routine use as a 

Figure 3. (a-h) are the sequential CEUS studies in a 50years’ female with biopsy proven IDC at 5-7 o’clock position in the right-
breast. Pre NACT CEUS (b) reveals PE 64%, TTP 27s, AUC 2200%s and MTT 34s. Post1st cycle CEUS (d) shows PE 76%, TTP 120s, 
AUC 9200%s and MTT 140s.Post 2nd cycle CEUS (f) shows PE 29%, TTP 46s, AUC 3900%s and MTT59s. Post 3rd cycle CEUS (h) 
shows PE 65%, TTP 16s, AUC 1100%s andMTT 19s. Pre NACT and post 2nd cycle of NACT, CEUS (d, h) revealed no significant change 
in Peak Enhancement. The TTP and MTT increased post 1st cycle, then decreased subsequently post 2nd and 3rd cycles. The CEUS 
parameters show a non-responder trend. The correlating histopathological outcome is shown in fig 4.

http://birpublications.org/bjr
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modality for detection of response to NACT. Various studies 
have been performed evaluating FDG PET/CT for predicting 
pathologic response to NACT, and a few have reported false-
negative results in small residual tumors measuring <1 cm, due 
to the limited spatial resolution of PET scanners.19 Moreover, 
biologic factors affecting tumor glucose metabolism, which is 
the basis of using FDG PET as an early indicator of response, 
may result in false-positive uptake from inflammatory changes 
if repeat tissue biopsy is obtained for histopathological response 
evaluation.20The pooled data analysis of a few recent studies on 
the role of CEUS in assessing chemotherapy response had been 
reported as demonstrating a positive trend, with conclusions to 
further explore the technique.21 22

We hypothesized that CEUS studies utilizing second generation 
of contrast media which are pure intravascular agents, would 
provide a true reflection of tumor vascularity and alterations in 
tumor vasculature before and after NACT. The change in vascu-
larity assessed as a change in CEUS quantitative parameters 
would serve as objective data for indicating a decrease in tumor 
vascularity in patients undergoing NACT, therefore facilitating 

effective differentiation of responders from non-responders 
amongst breast cancer patients.

We conducted a prospective study on 30 patients to assess the 
role of CEUS in the evaluation of response to NACT in patients 
with LABC. Consecutive CEUS examinations were performed 
prior to NACT and post each of the three cycles of NACT. 
Post-surgical histopathological response was assessed by Miller 
Payne Score. CEUS qualitative parameters were not assessed in 
the study as they are operator-dependant and do not provide 
reproducible information. Therefore, in the current study quan-
titative parameters were used, which are objective, and were 
self-generated by the equipment: PE, TTP, AUC and MTT. As 
highlighted above, these parameters were obtained pre-NACT 
and 3 weeks post each of the three cycles of NACT. The results 
of the study revealed that PE, TTP and MTT had a p-value of 
< 0.05 in assessing response to NACT. The highest diagnostic 
accuracy amongst the quantitative parameters, was that of TTP 
post third cycle (87.2%, p = 0.003) and MTT post second and 
third cycles (76.7%, p = 0.004 and 86.7%, p = 0.006) respectively. 
The AUC was found to decrease among responders following 

Figure 4. (a-b) Histopathological outcome of patient 2(shown in figure 3), revealed that the patient was a poor responder with 
loss of less than 30% malignant cells (Miller Payne Score of 2).

Table 7. NACT cycle-wise diagnostic accuracy of CEUS quantitative parameters in predicting response to NACT

Variable Instance Sensitivity Specificity PPV NPV Diagnostic Accuracy p-value
 � PE (E1%)  � Post first cycle 88.2% 38.5% 65.2% 71.4% 66.7% 0.152

 � Post second cycle 52.9% 76.9% 75.0% 55.6% 63.3% 0.414

 � Post third cycle 47.1% 100.0% 100.0% 59.1% 70.0% 0.106

 � TTP (E1s)  � Post first cycle 41.2% 76.9% 70.0% 50.0% 56.7% 0.950

 � Post second cycle 58.8% 76.9% 76.9% 58.8% 66.7% 0.124

 � Post third cycle 84.2% 94.5% 93.7% 81.0% 87.2% 0.003

 � AUC 
(E3%s)

 � Post first cycle 82.4% 38.5% 63.6% 62.5% 63.3% 0.720

 � Post second cycle 82.4% 38.5% 63.6% 62.5% 63.3% 0.933

 � Post third cycle 64.7% 69.2% 73.3% 60.0% 66.7% 0.212

 � MTT (E1s)  � Post first cycle 41.2% 84.6% 77.8% 52.4% 60.0% 0.513

 � Post second cycle 70.6% 84.6% 85.7% 68.8% 76.7% 0.004

 � Post third cycle 82.4% 92.3% 93.3% 80.0% 86.7% 0.006

AUC, area under the curve; CEUS, contrast-enhanced ultrasound; NACT, neoadjuvant chemotherapy; NPV, negative predictive value; PE, peak 
enhancement; PPV, positive predictive value; TTP, time-to-peak.
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the first cycle and increase post second and third cycle of NACT 
(p > 0.05).

There are a few studies in the literature reporting the role of CEUS 
in assessing NACT response among breast cancer patients. The 
notable ones amongst these are by Cao et al15, Saracco et al12, 
Amioka et al23 and Wan et al13.

Amongst the earliest studies reporting CEUS quantitative 
parameters as a reliable modality are attributed to Cao et al15 in 
2012, who evaluated 31 patients. They showed that the CEUS 
TIC obtained prior to NACT, presented a steep rising period and 
a smooth descent period, indicating a blood perfusion process 
of a rapid rise and a slow fall. After NACT, CEUS quantitative 
parameters: TTP increased, peak intensity (PI) decreased, and 
wash in slope (WIS) decreased. The differences in the rising time 
and MTT were not statistically significant in the two groups (p 
> 0.05). However, CEUS was performed only on two instances, 
before NACT and after completion of three cycles of NACT.

The study done by Amioka et al23 comprised of 63 patients, 
who were also evaluated after completion of 4 cycles of NACT. 
Their results showed PI to have the highest diagnostic accuracy 
for predicting pCR with a sensitivity, specificity and accuracy of 
95.7%, 77.5 and 84.1% respectively. PI and Ascending slope (AS) 
were smaller and TTP was longer in patients who achieved pCR 
than in those who did not; with both PI (13.9 ± 8.0 vs 38.0 ± 19.6, 
p value < 0.001) and AS (1.0 ± 0.7 vs 3.7 ± 2.8, p value < 0.001) 
being significantly lower in responders. The TTP of pCR and 
non-pCR did not significantly differ among tumors (16.6 ± 8.1 vs 
15.3 ± 11.5 s; p-value 0.65). The sensitivity of CEUS for predicting 
pCR was significantly greater than that of MRI (95.7% vs 69.6%, 
p-value 0.047). The specificity and accuracy for predicting pCR 
were significantly greater and tended to be greater, respectively, 
for CEUS than PET/CT (specificity 77.5% vs 52.5%, p = 0.02; 
accuracy 84.1% vs 69.8% and p-value 0.057).23

Wan et al13 recorded CEUS quantitative parameters at baseline, 
after NACT and 1 week before surgery. After four cycles of the 
NAC, compared with non-pCR tumors, the kinetic parameters 
PE and Regional Blood Flow were lower, and TTP, MTT were 
higher in pCR tumors. The area under the ROC curve for quan-
titative parameters peak and TTP, was 0.927, and the sensitivity 
and specificity to predict pCR were 81.2 and 94.3%, respectively.

There are few studies which have evaluated the CEUS quantita-
tive parameters intra NACT. The study conducted by Saracco et 
al12 in 2016 is probably one of the few studies which is similar 
to ours, in which CEUS was performed intra-NACT, however 
with a smaller sample size of 19 patients. In the study, data was 
collected at weeks 2 and 5, after the first cycle of NACT. A signif-
icant increase in TTP was observed among the responders, when 
compared with non-responders (p = 0.027). The increase in TTP 

in responders was attributed to a decrease in blood perfusion, 
which in turn lead to a slower wash-in of contrast agent indi-
cating good efficacy of NACT. However, Saracco et al12 found no 
statistical difference between responders and non-responders for 
AUC, Cmax (PE), MTT, and wash-out parameters.

The results of the present study are largely in agreement with 
that of those enumerated above and a decrease in PE and prolon-
gation in TTP, have been found to be reproducible quantitative 
parameters for assessing NACT response. Although the studies 
by Cao et al15, Amioka et al23, Wan et al13 and Sarcco et al12, have 
not found MTT to be a reliable parameter, in contradistinction, 
the results in our study show a statistically significant prolonga-
tion of MTT post second and third cycles. Of the enumerated 
studies, the only one which evaluated CEUS quantitative param-
eters intra NACT was by Saracco et al12. In their study, MTT at 
week 2 (comparable to evaluation post first cycle of NACT, of 
our study) showed a p-value of 0.629 and data collected at week 
5 (comparable with evaluation post second cycle of NACT, in 
our study) showed a p-value of 0.027. The statistical significance 
for evaluation of MTT at the corresponding intra NACT cycles 
in the present study, were reflected as p-value 0.513 and 0.004 
respectively. Furthermore, an additional evaluation of MTT post 
third cycle had a p-value of 0.006 in our study.

The results of our study show that PE, TTP and MTT show statis-
tically significant change following second cycle of NACT. There-
fore, if the test has to be performed minimum number of times 
intra-NACT and compared to the pre-NACT, then post second 
cycle is probably the best time to evaluate response to NACT and 
continue or alter the treatment regime, if necessary.

The unique feature whereby our study scores over previous 
studies is that the data were recorded after each of the three 
cycles, whereas most other studies have the data only on comple-
tion of NACT, when it is obviously too late to alter the NACT 
regime. The limitations of our study were a small sample size 
and a relatively short time span available to recruit patients and 
complete the project. It would be useful to perform the study in 
larger cohorts and perhaps at multiple Institutions so as to try and 
establish guidelines for the minimum alterations in the CEUS 
parameters which could be considered clinically significant.

CONCLUSION
The results of our study highlight that the documentation of 
intra  NACT changes in CEUS quantitative parameters can 
significantly contribute to assessment of response to NACT in 
LABC patients. The results of our study show that post second 
cycle is probably the best time to assess with CEUS. Since timely 
alteration of the NACT regime is known to impact prognosis 
of LABC patients, the clinical importance of further exploring 
CEUS as a reliable technique is aptly justified by the results of 
our study.

http://birpublications.org/bjr
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