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Abstract
BACKGROUND 
Several studies have reported the prognostic value of ultrasound elastography 
(UE) in patients receiving neoadjuvant chemotherapy (NACT) for breast cancer. 
However, the assessment of parameters differed between shear-wave elasto-
graphy and strain elastography in terms of measured elasticity parameter and 
mode of imaging. It is important, therefore, to assess the accuracy of the two 
modes of elastography.

AIM 
To assess the accuracy of UE for predicting the pathologic complete response 
(pCR) in breast cancer patients following NACT.

METHODS 
A comprehensive and systematic search was performed in the databases of 
MEDLINE, EMBASE, SCOPUS, PubMed Central, CINAHL, Web of Science and 
Cochrane library from inception until December 2020. Meta-analysis was per-
formed using STATA software “Midas” package.

RESULTS 
A total of 14 studies with 989 patients were included. The pooled sensitivities 
were 86% [95% confidence interval (CI): 76%-92%] for UE, 77% (95%CI: 68%-84%) 
for shear-wave elasto-graphy, and 92% (95%CI: 73%-98%) for strain-wave 
elastography. The pooled score specificities were 86% (95%CI: 80%-90%) for UE, 
84% (95%CI: 72%-91%) for shear-wave elasticity, and 87% (95%CI: 81%-92%) for 
strain-wave elastography. A significant heterogeneity was found among studies 
based on the chi-square test results and an I2 statistic > 75%.

CONCLUSION 
Strain-wave type of UE can accurately predict the pCR following NACT amongst 

https://www.f6publishing.com
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breast cancer patients. Studies exploring its accuracy in different ethnic populations are required 
to strengthen the evidence.
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Core Tip: Several studies have reported the prognostic value of ultrasound elastography (UE) in patients 
receiving neoadjuvant chemotherapy (NACT) for breast cancer. However, the assessment of parameters 
differed between shear-wave elastography and strain elastography in terms of measured elasticity 
parameter and mode of imaging. It is important, therefore, to assess the accuracy of the two modes of 
elastography. We assessed the accuracy of UE for predicting the pathologic complete response (pCR) in 
breast cancer patients following NACT. Strain-wave type of UE can accurately predict the pCR following 
NACT amongst breast cancer patients. Studies exploring its accuracy in different ethnic populations are 
required to strengthen the evidence.
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INTRODUCTION
Neoadjuvant chemotherapy (NACT) has been established as the standard mode of treatment for inflam-
matory or locally advanced breast cancer. Pathologic complete response (pCR) has been utilized as a 
surrogate marker for detecting the prognosis or long-term survival following NACT in breast cancer 
patients[1], with several studies showing a response rate of almost 70% and pCR rate of about 30%[1,2]. 
Some factors were found to be associated with an increased risk of developing resistance to 
chemotherapy[3]. Hence, early prediction of the response to NACT in patients with breast cancer is 
critical.

Ultrasonic elastography (UE) is one of the most commonly used non-invasive imaging methods based 
on the mechanical properties of the tissue to assess the differences in breast lesion stiffness and elasticity 
(both quantitatively and qualitatively)[4]. It detects and quantifies the differences in tissue stiffness. 
Therefore, it can be used as an excellent imaging technique to differentiate benign and malignant breast 
masses[4]. There are two types of UE employed currently for examining the breast lesions, i.e., shear-
wave elastography and strain elastography. Both techniques characterize the breast lesions based on the 
level of stiffness. Mean stiffness can be used as an effective preoperative predictor of progression of the 
disease in invasive breast cancer, and maximal stiffness has been used as a predictor of histopatho-
logical severity of breast lesions[4].

Breast cancer treatment with NACT might increase the probability of down-staging of the tumors. 
However, pCR to NACT is highly variable, and the current protocols to predict pCR to NACT are not 
sensitive enough. Formulating a tailored strategy using validated biomarkers to predict the degree of 
response to NACT has become a priority nowadays in the research of breast cancer. Several studies 
have reported the prognostic value of UE in patients receiving NACT for breast cancer. Breast masses 
with higher aggressive pathological properties can have higher stiffness value, suggesting that UE 
might provide very useful information to determine the prognosis of the patient[5]. However, the 
assessment of parameters is different for shear-wave elastography and strain elastography in terms of 
measured elasticity parameter and mode of imaging. To the best of our knowledge, no meta-analysis 
has yet assessed the accuracy of the two modes of elastography in predicting the response to NACT in 
breast cancer patients. The aim of the current study was to systematically search the literature for all 
studies assessing the accuracy of UE for predicting response to NACT in breast cancer, and pool the 
data for meta-analysis.

MATERIALS AND METHODS
Inclusion and exclusion criteria
The inclusion criteria were as follows: Studies evaluating the predictive accuracy of UE for pCR 

https://www.wjgnet.com/2307-8960/full/v10/i11/3436.htm
https://dx.doi.org/10.12998/wjcc.v10.i11.3436
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Figure 1 Search strategy.

following NACT in breast cancer patients; studies using histopathological examination as the reference 
standards for finding the pCR for inclusion in our review; prospective and retrospective studies.

The exclusion criteria were as follows: Studies not reporting the values necessary for pooling the 
sensitivity and specificity; unpublished studies.

Search strategy
We had a comprehensive search strategy to screen the databases such as MEDLINE, EMBASE, SCOPUS, 
PubMed Central, CINAHL, Web of Science, and Cochrane library. We did not have any language 
restriction and time limit for the search was between the inception of database till December 2020. The 
following search terms were used: “Ultrasound Elastography”, “Neoadjuvant Chemotherapy”, “Breast 
Cancer”, “Breast Carcinoma”, “Validation Studies”, “Diagnostic Accuracy Studies”, “Pathologic 
Complete Response”, and “Remission”. We also hand-searched the bibliographies of the included 
studies and checked for any missed-out studies matching our eligibility criteria. The details for different 
search strategies employed for different databases are provided in the Supplementary Material.

Study selection process
Two investigators (LF and HC) were responsible for performing the primary search of the articles by 
screening the title and abstract, and downloading the relevant full-text publications. The same set of 
investigators also independently read the retrieved full-texts and checked whether the studies were 
meeting the eligibility criteria of our review. Disagreements were resolved with assistance from a third 
author (WC), which helped in reaching a consensus for study selection. We achieved an overall 
agreement of 97% with a kappa statistic of 0.87.

Data extraction
The responsibility of data extraction from the final included full-text articles was assigned to the 
primary investigator. Data was extracted using a structured pre-defined form and directly transferred to 
the STATA software (StataCorp, CollegeStation, TX, United States). This data extraction form consists of 
the following components: Author and year of publication, country, design, participants, total sample 
size, study setting, details of UE, reference test, average age, cut-off (mean stiffness/strain ratio), 
sensitivity, and specificity. The third investigator ensured the data quality by double-checking data 
entries before performing the meta-analysis.

Risk of bias assessment
Two independent investigators (LF and HC) rated the included studies based on the level of bias risk 
using the quality assessment of diagnostic accuracy studies-2 (QUADAS-2) tool. The studies were rated 
for the following domains: Patient selection, conduct & interpretation of the index and reference tests, 
and flow and timing of outcome assessment[6]. Discrepancies and disagreements during the rating of 
studies were resolved by the third investigator who helped in achieving the consensus and rated all the 
studies as unclear, low, or high quality (based on the risk of bias).

https://f6publishing.blob.core.windows.net/c5fbd8bc-cc9c-4068-9578-3303ce2dc744/WJCC-10-3436-supplementary-material.pdf
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Figure 2 Quality assessment of the included studies based on quality assessment of diagnostic accuracy studies-2 tool (n = 19).

Statistical analysis
Meta-analysis was performed using the STATA version 14 software (StataCorp, TX, United States). 
Sensitivity and specificity were pooled by bivariate method for predicting the pCR following NACT in 
breast cancer patients using UE. We also estimated other important accuracy parameters such as 
positive and negative likelihood ratios (LRP and LRN, respectively) and diagnostic odds ratio (DOR) for 
the predictive utility of UE. We also reported these results separately for shear wave and strain wave 
elastography. We have reported these results using the following plots: Forest plot to depict pooled 
specificity and sensitivity, LR scattergram to depict the LRP and LRN, and Fagan plot to depict the pre- 
and post-test probabilities. LR scattergram consists of the following four quadrants with its 
interpretation: Left upper quadrant (LRP value > 10, LRN value < 0.1) indicative of confirmation & 
exclusion diagnostic criterion, right upper quadrant (LRP value > 10, LRN value > 0.1) indicative of 
confirmation diagnostic criterion, left lower quadrant (LRP value < 10, LRN value < 0.1) indicative of 
exclusion diagnostic criterion, and right lower quadrant (LRP value < 10, LRN value > 0.1) indicative of 
neither confirmation nor exclusion diagnostic criterion. “Summary receiver operator characteristic curve” 
(sROC) was used to report the summary predictive accuracy of UE for pCR.

Evaluation of heterogeneity was done by chi-square and I2 statistic. It is represented graphically by a 
bivariate box plot. Additional meta-regression analysis was performed to identify the source of the high 
heterogeneity found in our results. The covariates used in the meta-regression were study design, 
sample size, mean age, shear or strain wave UE, country, cut-off, and quality related factors. Deeks’ test 
was performed to assess the possibility of publication bias and it is graphically represented by funnel 
plot.

RESULTS
Study selection
We found a total of 754 records, amongst which 36 were found to be relevant for the full-text retrieval. 
Full-texts of two additional articles were retrieved after going through the bibliography of the selected 
articles. Finally, 14 studies with 989 participants have met the eligibility criteria and were included in 
our review (Figure 1)[7-20].

Characteristics of the studies included
Of 14 studies included in the analysis, 12 were prospective in nature. Six studies were conducted in 
China. The average age of the patients was 39 to 55 years. We analyzed data from 989 patients to assess 
the predictive accuracy of UE for pCR after receiving NACT (samples size of individual studies ranged 
from 15 to 134 patients). In total, seven studies assessed the accuracy of only shear wave elastography, 
six assessed the accuracy of only strain wave elastography, while only one assessed the accuracy of both 
shear wave and strain wave elastography. All the studies performed histopathological examination 
following surgical resection as the reference standard (Table 1).
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Table 1 Characteristics of the included studies (n = 14)

No Ref. Country Study 
design

Sample 
size Study participants

Type of 
ultrasound 
elastography

Cut-off Reference standard
Mean 
age (in 
years)

1 Evans et al
[7], 2018

United 
Kingdom

Prospective 64 Patients with breast cancer 
receiving NACT

Shear wave 
elastography

Mean stiffness = 50 
kPA

Assessment of any invasive cancer cells in the tumour bed at surgical resection after 
6 cycles of NACT and an assessment of nodal metastases at axillary surgery

52

2 Evans et al
[8], 2018

United 
Kingdom

Prospective 80 Patients with breast cancer 
receiving NACT

Shear wave 
elastography

Mean stiffness = 83 
kPA

Assessment of any invasive cancer cells in the tumour bed at surgical resection after 
6 cycles of NACT and an assessment of nodal metastases at axillary surgery

53

3 Falou et al
[9], 2013

Canada Prospective 15 Locally advanced breast cancer 
patients receiving NACT

Strain wave 
elastography

Mean strain ratio = 
81

Histopathological examination following mastectomy 45

4 Fang et al
[10], 2019

China Prospective 60 Breast cancer patients with stage 
IIa-IIIc (T1-T4; N0-N3; M0) and 
underwent surgery after receiving 
NACT

Strain wave 
elastography

Mean strain ratio = 
5.4

Pathological examination after surgical resection 39

5 Fernandes 
et al[11], 
2019

Canada Prospective 92 Patients with biopsy confirmed 
locally advanced breast cancer 
receiving NACT

Strain wave 
elastography

Elastography score 
= 4

Histopathological examination 55

6 Hayashi et 
al[12], 2012

Japan Retrospective 55 Histologically confirmed invasive 
breast cancer before NACT, and 
they underwent surgery after 
completion of NACT

Strain wave 
elastography

Elastography score 
= 4

Pathologic response was assessed in surgical specimens of the breast with reference 
to the standards of the Japanese Breast Cancer Society

52

7 Jing et al
[13], 2016

China Prospective 62 Patients with diagnosis of breast 
carcinoma by ultrasound-guided 
core needle biopsy who received 
neoadjuvant chemotherapy 
followed by surgical excision

Shear wave 
elastography

Stiffness threshold-
36.1%

Pathologic assessments involved a 2-step process. First, samples from core needle 
biopsies were examined to record the histologic and biologic characteristics of the 
tumours. These findings were usually combined with the clinical features of the 
patients to predict the response to neoadjuvant chemotherapy. Second, pathologic 
responses to neoadjuvant chemotherapy were evaluated according to the Miller-
Payne grading criteria

49

8 Katyan et al
[14], 2019

India Prospective 86 TNM stage III and T3N0 subset of 
stage IIb breast cancer patients 
receiving NACT

Strain wave 
elastography

Strain ratio = 0.1 Histopathological examination NA

9 Lee et al
[15], 2015

Korea Retrospective 71 Women with stage II-III invasive 
breast cancers who received NACT

Shear wave 
elastography

Mean stiffness = 
98.1 kPA

Histopathological examination NA

10 Ma et al
[16], 2017

China Prospective 71 Women confirmed with invasive 
breast cancer by ultrasound guided 
core needle biopsy and underwent 
NACT and subsequent surgical 
excision

Shear and strain 
wave 
eastography

Stiffness threshold-
30.4%; Strain ratio = 
6.7

Histopathological examination 47.3

11 Ma et al
[17], 2020

China Prospective 43 Breast cancer patients who were 
confirmed to be HER-2 positive by 
biopsy and puncture and 
underwent NACT

Shear wave 
elastography

Mean stiffness = 30 
kPA

Histopathological examination after surgical resection NA
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12 Maier et al
[18], 2020

Germany Prospective 134 Histologically confirmed unilateral 
or bilateral breast cancer and 
indication for NACT

Shear wave 
elastography

Shear wave velocity 
= 3.35

Pathological examinations and immunohistochemistry from the core-cut biopsy 
before and from the surgical specimen after NACT

52.1

13 Wang et al
[19], 2019

China Prospective 65 Patients confirmed via biopsy to 
have breast cancer prior to 
receiving NACT treatment and 
they received no other treatment

Strain wave 
elastography

Strain ratio = 8 Histopathology results of the lesion samples isolated in the surgery were compared 
with those of the biopsy specimens obtained prior to treatment to determine the 
response to NACT

48.3

14 Zhang et al
[20], 2020

China Prospective 91 Patients diagnosed with invasive 
breast cancer by ultrasound-guided 
core needle biopsy and received 
NACT and subsequent surgical 
intervention

Shear wave 
elastography

Stiffness 
threshold–41.4%

Histopathological examination 46.9

HER: Human epidermal growth factor receptor; kPA: Kilopascals; NA: Not available; NACT: Neoadjuvant chemotherapy; TNM: Tumour node metastasis.

Risk of bias assessment
Risk of bias according to the QUADAS tool is shown in Figure 2. Five out of fourteen studies had a high 
risk with respect to patient selection domain, eight had a high risk of conduct and interpretation of 
index test bias, and seven had a high risk of patient flow and interval between index tests and reference 
standards bias. None of the studies had a high risk of bias with respect to the conduct and interpretation 
of reference standard.

Predictive accuracy of UE for pCR following NACT
As shown in Figures 3 and 4, the pooled sensitivity and specificity of UE for pCR amongst patients with 
breast cancer following NACT were 86% [95% confidence interval (CI): 76%-92%] and 86% (95%CI: 80%-
90%), respectively. The DOR was 37 (95%CI: 17-77). The LRP was 6 (95%CI: 4-9) and the LRN 0.16 (0.09-
0.30). The LRP and LRN in the right lower quadrant of the LR scattergram (Figure 5) indicate that UE 
cannot be used for confirmation or exclusion of pCR following NACT. As shown in Fagan’s nomogram 
(Figure 6), UE had a good clinical utility for predicting pCR following NACT (positive = 74%; negative = 
7%), as it differs significantly from the pre-test probability (32%). Significant heterogeneity was found 
with a chi-square P < 0.001 and I2 > 75%. Bivariate box plot further confirmed the presence of hetero-
geneity (Figure 7).

Deek’s test for publication bias indicated the absence of publication bias (P = 0.59). This was further 
confirmed by the symmetrically shaped funnel plot (Figure 8). Meta-regression analysis was performed 
to assess the source of heterogeneity using the covariates. As shown in Figure 9, in the sensitivity model, 
patient selection (P < 0.05) (P < 0.05) could be a source of heterogeneity. Patient selection (P < 0.05) as 
well as flow and timing of tests (P < 0.001) were potential sources of heterogeneity in the specificity 
model, and the mean age was responsible for heterogeneity in the joint model (P < 0.001).

We next performed a subgroup analysis based on the type of elastography used for predicting pCR 
after NACT. Eight studies used shear-wave elastography for assessing its prognostic utility. Our results 
show a pooled sensitivity of 77% and pooled specificity of 84% with a DOR of 17, LRP of 4.8, and LRN 
of 0.27. Seven studies used strain-wave elastography for assessing its prognostic utility. Our results 
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Figure 3 Forest plot showing pooled sensitivity and specificity of ultrasound elastography for predicting pathological complete response 
following neoadjuvant chemotherapy amongst breast cancer patients. Q: Q statistic; df: Degree of freedom; I2: I2 statistic for heterogeneity; CI: 
Confidence interval.

indicate a pooled sensitivity of 93% and pooled specificity of 87% with a DOR of 87, LRP of 7.4, and 
LRN of 0.08.

DISCUSSION
Major objectives of performing the NACT are to attain operability, and ensure breast conservation and 
historical prognostic information. In recent years, the approach shifted towards personalization of the 
therapy, investigation of new therapies, and identification of response biomarkers. More advanced and 
accurate prediction of pCR will allow to identify high-risk groups and prevent adverse outcomes by 
providing more specific management. Developing a fast, easy, and effective screening tool will reduce 
the financial burden on healthcare system, prevent life-threatening complications, and reduce mortality. 
However, the utility of UE has not been synthesized to predict the risk of pCR. The main goal of this 
review was to determine the predictive performance of shear and strain wave ultrasound elastography 
for the pCR.

A total of 14 studies reporting the utility of UE for predicting pCR following NACT were identified 
by our systematic search strategy. Most of the studies were prospective and had a low risk of bias. UE 
had an equal pooled sensitivity and specificity of 86%. Other diagnostic accuracy parameters also were 
moderate. LR scattergram showed that, since LRN and LRP occupied the right lower quadrant, UE 
cannot be used for confirming or excluding SAP. The clinical utility of UE was relatively acceptable, 
with a significant rise in the post-imaging probability compared to the pre-imaging probability on 
Fagan’s nomogram.

Since there are two techniques of UE (shear and strain wave elastography), we determined the better 
technique by performing a separate subgroup analysis and calculating pooled sensitivity and specificity 
for each of them. We found strain wave elastography as the better technique with a pooled sensitivity of 
93% and specificity of 87% compared to shear wave elastography (77% and 84%). This means that strain 
elastography can help in effectively ruling out the pCR patients correctly as it had a sensitivity more 
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Figure 4 Summary receiver operator characteristic curve of ultrasound elastography for predicting pathological complete response 
following neoadjuvant chemotherapy amongst breast cancer patients.

Figure 5 Likelihood scattergram of ultrasound elastography. 

than 90%. Strain elastography, therefore, has a major advantage over shear wave elastography, as 
studies report its good predictive performance for ruling out the patients with pCR.

The accuracy parameters obtained in this review could not be compared, since no similar reviews 
were conducted in the past. Nevertheless, our results are almost similar to the accuracy of UE in 
predicting malignant liver lesions or axillary lesions[21,22]. There is a need for additional studies 
comparing the prognostic performance of this imaging technique with magnetic resonance imaging and 
other forms of ultrasonography, in order to identify the method with the highest accuracy that can be 
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Figure 6 Fagan nomogram of ultrasound elastography.

Figure 7 Bivariate boxplot of the sensitivity and specificity of ultrasound elastography.

used in the clinical practice. Further large-scale longitudinal studies are also needed to assess the 
predictive accuracy of strain wave elastography as only few studies reported this outcome.

It is important to interpret these results with caution, as there are several differences in the methods 
and quality of our included studies, which can ultimately affect the final pooled estimates. First, we 
evaluated and found a significant heterogeneity (significant chi-square test and higher I2 statistic 
values). Hence, we performed meta-regression and found the factors responsible for this higher hetero-
geneity. Quality related factors and mean age were found to be the significant covariates responsible for 
such heterogeneity. We confirmed that there was no publication bias in the studies reporting our study 
outcome using Deek’s test and funnel plot.

Our study has certain strengths. This is the first meta-analysis assessing the predictive ability of UE 
for pCR amongst breast cancer patients, with a larger number of studies (14 studies) included. Lack of 
significant publication bias adds credibility of the results in the meta-analysis. However, there are 
several limitations to our study. First, there was a significant between-study variability in our analysis. 
This can limit the prospect to infer or interpret the pooled findings. However, we explored the source of 
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Figure 8 Funnel plot for publication bias. 

Figure 9 Univariable and multivariable meta-regression results for ultrasound elastography for predicting pathological complete 
response following neoadjuvant chemotherapy amongst breast cancer patients. CI: Confidence interval.

heterogeneity using meta-regression analysis to overcome this limitation. Second, the predictive 
accuracy of UE depends on several other factors such as the ethnicity, timing of the index test and 
outcome assessment, and disease severity. However, we could not evaluate their influence in our 
analysis. We have also not pre-registered this review online. Finally, the number of 
subjects/participants included was relatively small.
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CONCLUSION
Despite these limitations, our study findings provide useful information for the clinicians and 
oncologists and may have significant implications for developing treatment strategies for breast cancer 
patients following NACT. Although UE had moderate sensitivity and specificity, strain-wave type of 
UE had a very high accuracy to rule out the patients with pCR. It should be useful, therefore, as an 
effective prognostic tool following the administration of NACT, because it may allow for identification 
of the patients at risk of developing incomplete pathological response. Applying this imaging technique 
could reduce the time spent undertaking various invasive diagnostic procedures and could also reduce 
the healthcare costs involved in the process. However, ultrasonography-based imaging techniques have 
substantial overlap between benign and malignant features, mainly for small lesions. A palpation 
imaging technique could help compensate for this deficiency by comprehensively analyzing the 2-D and 
3-D tumor characteristics[23]. At the same time, it may be difficult to diagnose intraductal lesions and 
calcification in breast masses using palpation imaging. This, in turn, can be overcome via ultrasound or 
mammography. Hence, future studies perhaps should attempt to combine palpation imaging, 
ultrasonography, and mammography to analyze ambiguous clinical cases in order to improve breast 
lesion diagnosis. Additional large-scale setting-specific longitudinal studies are merited to establish the 
best imaging methods to assess all the patients administered with NACT.

ARTICLE HIGHLIGHTS
Research background
Several studies have reported the prognostic value of ultrasound elastography (UE) in patients receiving 
neoadjuvant chemotherapy (NACT) for breast cancer. However, the assessment of parameters is 
different for shear-wave elastography and strain elastography in terms of measured elasticity parameter 
and mode of imaging.

Research motivation
To the best of our knowledge, no meta-analysis has been conducted to assess the accuracy of the two 
modes of elastography in predicting the response to NACT.

Research objectives
The aim of the current study was to systematically search the literature for all studies assessing the 
accuracy of UE for predicting response to NACT in breast cancer, and pool the data for meta-analysis.

Research methods
A comprehensive and systematic search was performed in the databases of MEDLINE, EMBASE, 
SCOPUS, PubMed Central, CINAHL, Web of Science, and Cochrane library from inception until 
December 2020.

Research results
We found that UE had an equal pooled sensitivity and specificity of 86% for predicting the pathologic 
complete response (pCR) in breast cancer patients following NACT. We also found that strain wave 
elastography was the better technique with a pooled sensitivity of 93% and specificity of 87% compared 
to shear wave elastography (77% and 84%). This means that strain elastography can help in effectively 
ruling out the patients correctly as it had a sensitivity more than 90%.

Research conclusions
Strain-wave type of UE can accurately predict the pCR following NACT amongst breast cancer patients.

Research perspectives
Additional large-scale setting-specific longitudinal studies are merited to establish the best imaging 
methods to assess all the patients administered with NACT.
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