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Purpose: To compare the diagnostic performance for pathologic complete response (pCR)

in breast cancer after neoadjuvant chemotherapy (NAC) between ultrasound (US) and

magnetic resonance imaging (MRI).

Patients and Methods: A total of 1,219 breast cancer patients with 1,232 tumors who

accepted US and/or MRI examination after NAC and before breast surgery were included.

The diagnostic performance of US, MRI, and US plus MRI in predicting pCR was compared.

Results: The sensitivity, specificity, accuracy, positive predictive value (PPV), and negative

predictive value (NPV) of US for pCR were 36.2%, 90.2%, 71.0%, 67.3%, and 71.9%,

respectively, while for MRI they were 44.4%, 92.9%, 75.6%, 77.7%, and 75.0%, respec-

tively. The combination of US and MRI had increased specificity (98.0%) and PPV (86.8%),

decreased sensitivity (22.5%) and NPV (68.8%), but similar accuracy (70.5%) in comparison

with US or MRI alone. The prediction of pCR by imaging differed in different histological,

molecular subtypes and primary tumor size.

Conclusion: Neither US nor MRI could predict a pCR with sufficient accuracy. The

combination of US and MRI could not predict a pCR reliably either. The explanation of

imaging for pCR should take into account histological, molecular subtypes, and primary

tumor size.

Keywords: breast neoplasms, neoadjuvant therapy, pathologic complete response,

ultrasonography, magnetic resonance imaging

Introduction
Neoadjuvant chemotherapy (NAC) is initially recommended as the standard care for

locally advanced inoperable breast cancer. In recent decades, lots of studies have

indicated that preoperative chemotherapy in patients with operable breast cancer was

equally effective as postoperative chemotherapy in terms of disease free and overall

survival.1–4 Therefore, nowadays NAC is widely used in patients with breast cancer.5,6

The traditional roles of NAC include downstaging,2 eradicating possible micrometastatic

lesions,7 and detecting in vivo responsiveness to chosen chemotherapeutic agents.8 In

addition, several studies have demonstrated the association between pathologic complete

response (pCR) after NAC and improved survival in certain patients. A pooled analysis

by Cortazar et al9 proved that patients who attained pCR (eradication of tumor from both

breast and lymph nodes) had improved survival, especially in aggressive tumor subtypes
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(triple-negative and HER2-positive, hormone-receptor-

negative). The meta-analysis presented by Broglio et al-
10 indicated that pCR in HER2-positive breast cancer was

associated with substantially longer times to recurrence and

death. The result of a recent study by LeVasseur et al11 also

supports the above findings.

As complete resection of residual tumor is a recommended

care after NAC,12 it is significant to preoperatively delineate

the residual disease with high accuracy in order to prevent

incomplete resection. The most often used methods to deter-

mine tumor extent after NAC in patients with breast cancer

include mammography, ultrasound (US), and magnetic reso-

nance imaging (MRI), among which MRI was commonly

recognized as themost effective way.13 However, the accuracy

ofMRI in predicting pCR in breast cancer after NAC varied in

different researches.14–17 Furthermore, the accuracy between

MRI and US is uncertain,18 though the latter is often an

alternative tool to evaluate tumor response. Therefore, the

purpose of this retrospective study was to compare the diag-

nostic performance of US, MRI, and the combination of US

and MRI in predicting pCR in primary breast cancer after

NAC. Meanwhile, factors that affect their predicting power

were also analyzed.

Patients and Methods
Patients Enrollment
Consecutive patients were selected from the digital medical

data system of our hospital by limiting the search terms to

“breast cancer” AND “chemotherapy” AND “surgery” dur-

ing November 2013 and March 2018. Then patients were

screened on the basis of the following criteria. The inclusion

criteria included: 1) initially pathological diagnosis of

breast cancer, 2) receiving NAC and subsequent mastect-

omy or breast-conserving surgery, and 3) evaluating tumor

response after NAC and before surgery with US or MRI.

Exclusion criteria included: 1) open surgical biopsy for

breast cancer diagnosis, 2) breast cancer with skin involve-

ment and metastasis, 3) accompanied with other malignant

tumors, and 4) more than 30 days between US or MRI

assessment immediately after NAC and surgery.

Pathological Examination and Assessment
The diagnosis of breast cancer for all patients was based

on percutaneous core needle biopsy. The expression status

of estrogen receptor (ER), progesterone receptor (PR), and

HER2 were determined with immunohistochemical (IHC)

staining. Hormone receptor (HR) positivity was defined as

>1% of cells staining for ER and/or PR.19 Otherwise

tumors were defined as HR negative. HER2 was scored

according to the American Society of Clinical Oncology

(ASCO)/College of American Pathologists (CAP) guide-

line recommendations for HER2 testing in breast cancer.20

Tumors with HER2 scores of 3+ were considered positive,

scores of 1+ or 0 considered negative. In tumors with 2+

scores, fluorescence in situ hybridization was used to

determine HER2 amplification. Based on the IHC results

tumors were classified into four molecular subtypes: HR

+/HER2+, HR-/HER2+, HR+/HER2-, and HR-/HER2-

(triple negative). The AJCC manual 8 was the reference

for clinical stages of tumors. For patients who suffered

from multifocal breast cancer, only the largest lesion was

analyzed. Tumors of bilateral breast cancer were consid-

ered separately. Two definitions of pCR were applied and

analyzed in this study: complete disappearance of invasive

carcinoma in primary tumor area at microscopic study,

regardless of the presence of carcinoma in situ (ypT0/is),

and complete disappearance of any carcinoma in primary

tumor area (ypT0). Nodal status was not considered for

this study.

Chemotherapy Regimens
NAC regimens were made according to the local standard

based on the latest National Comprehensive Cancer

Network (NCCN) guidelines. The regimens included

CEF (cyclophosphamide 600 mg/m2 on day 1, epirubicin

60 mg/m2 on day 1, and 5-fluorouracil 600 mg/m2 on day

1 every 3 weeks), PC (paclitaxel 80 mg/m2 and carboplatin

AUC 2 mg min/mL on days 1, 8, and 15 of a 28-day

cycle), PE (paclitaxel 80 mg/m2 on days 1, 8, and 15,

epirubicin 60 mg/m2 on day 1 every 3 weeks) and TEC

(Taxotere 75 mg/m2, epirubicin 60 mg/m2, cyclophospha-

mide 600 mg/m2 on day 1 of a 21-day cycle) for a median

of six cycles (range=1–8 cycles). For HER2 positive

tumors, Trastuzumab was added as a 4 mg/kg loading

dose followed by 2 mg/kg weekly combined with che-

motherapy. US and/or MRI were used to assess the

tumor extent before, during every other cycle of, and

after NAC. After the last imaging examination, patients

had mastectomy or breast-conserving surgery based on the

physical examination, imaging findings, and discussion

between the surgeon and patient.

US Examination and Assessment
US examinations were conducted by experienced doctors

specialized in ultrasonic diagnosis. All examinations were
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performed with Logic E9 (GE Healthcare, Kretz, Zipf,

Austria), IU22 (Philips Medical Systems, Bothell, WA),

Aixplorer (Supersonic Imaging, Aix-en-Provence, France),

Aplio 500 (Toshiba medical system, Japan), and Mylab90

(Esaote, Genoa, Italy) equipped with a 5–14-MHz linear-

array transducer. Patients with no signs of residual disease

and parenchymal distortion in US after completing NAC in

the primary tumor area were considered as US complete

response (uCR). Otherwise the case was considered as

non-uCR.

MRI Examination and Assessment
Dynamic contrast-enhanced MRI was performed with

a 1.5-T Dedicated spiral breast MRI System (Aurora

Imaging Technology, Aurora Systems, Inc., Canada) with

a breast coil. The following sequences were acquired while

patients were in a prone position: a precontrast axial

T2-weighted fat-suppressed sequence (TR 6,680 ms, TE 29

ms, thickness 3 mm) and axial T1-weighted fat-suppressed

sequences (TR 4.8 ms, TE 29 ms, thickness 1.1 mm, FOV

360 mm, matrix 360×360×128) before and after a bolus of

a gadolinium-based contrast agent (gadopentetate dimeglu-

mine, 0.1 mmol/kg) was injected at a rate of 2 mL/s.

Postcontrast images were obtained at 90, 180, 270, and 360

seconds after the injection.

Images were reviewed by two dedicated radiolo-

gists, who were blinded to the results of US and surgi-

cal data. MRI complete response (mCR) was defined as

no enhanced tumor visible on any serial images of

dynamic contrast-enhanced T1-weighted images. If

MRI showed any amount of enhancement in primary

tumor area, the case was diagnosed as non-mCR in this

study.

Statistical Analysis
Quantitative data was presented as median with the first

and third quartile (Q1, Q3) and compared with Kruskal–

Wallis test. Qualitative data was shown as frequencies with

percentages. True positive (TP) was defined as a complete

response on both US or MRI and pathology, false positive

(FP) as a complete response on US or MRI (Figure 1), but

presentation of a residual tumor on pathology, true nega-

tive (TN) as presentation of a residual tumor on both US

or MRI and pathology, and false negative (FN) as presen-

tation of a residual tumor on US or MRI, but complete

response on pathology (Figure 2). For the combination of

US and MRI, cases were considered as clinical complete

response (cCR) only when both of them presented com-

plete response. Other forms of combinations were consid-

ered non-cCR. The following formulas were used to

calculate the sensitivity, specificity, accuracy, positive pre-

dictive value (PPV), and negative predictive value (NPV)

of US and MRI in predicting pCR in breast after NAC.

Sensitivity was equal to the percentage result of TP/(TP

+FN), specificity the result of TN/(TN+FP), accuracy the

result of (TP+TN)/total, PPV the result of TP/(TP+FP),

and NPV the result of TN/(TN+FN). The 95% confidence

intervals were estimated according to the normal approx-

imation method for sensitivity, specificity, accuracy, PPV,

and NPV. The difference of proportions between groups

Figure 1 Case of false positive in MRI. A young woman of 29 years old was diagnosed as primary invasive ductal cancer in the right breast with core needle biopsy, themaximal size

of which was 47 mm in US. CE-MRI before neoadjuvant chemotherapy showed large non-mass enhancement in the right breast, especially in the upper of the breast (A). After

neoadjuvant chemotherapy with four cycles of PCH (paclitaxel, carboplatin, and Trastuzumab) and four cycles of ECH (epirubicin, cyclophosphamide, and Trastuzumab), no

enhancement could be detected in the CE-MRI (B). Final pathological assessment after mastectomy showed residual invasive carcinoma of 3 mm in the primary tumor site.
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were compared with z test or χ2 test, as appropriate. A two-

sided P-value was calculated for each comparison and

P<0.05 was considered statistically significant. The signif-

icance threshold for a difference was adjusted by

Bonferroni method when multiple comparisons were con-

ducted. All the statistical analyses were performed by

SPSS 19 (IBM, Armonk, NY) and EXCEL within

Microsoft Office 2016.

Results
Patient Characteristics
A total of 1219 eligible patients with 1232 tumors (13 patients

suffered from bilateral breast cancer) were screened out from

the 2367consecutive patients which were retrieved from the

data system (Figure 3). Among them, 1150 patients with 1162

tumors (12 bilateral breast cancers) had US assessment

(US group) after NAC and before surgery, 1021 patients with

Figure 2 Case of false negative in US. A tumor of 26mm was detected with US (A) in the upper lateral quadrant of the left breast in a 66-year-old woman. Core needle

biopsy demonstrated it as primary invasive ductal cancer. After neoadjuvant chemotherapy with four cycles of PCH (paclitaxel, carboplatin, and Trastuzumab), US still could

detect a residual disease of 10 mm in primary tumor site (B). Final pathological assessment after mastectomy showed ypT0 for this case.

1219 eligible patients

2367 patients

Duplicates, without NAC, open surgical 
biopsy, skin involvement, combined with 
other MTs: 1120 patients

1247 patients

Without US and/or MRI examination 
after NAC and before surgery within 30 
days: 28 patients

US group
patients/tumors: 1150/1162

MRI group
patients/tumors: 1021/1031

US+MRI group
patients/tumors: 953/962

pCR
414 tumors

Non-pCR
748 tumors

Non-pCR
662 tumors

Non-pCR
611 tumors

pCR
369 tumors

pCR
351 tumors

Figure 3 Patient screening flow. NAC, neoadjuvant chemotherapy; MT, malignant tumor; pCR, pathologic complete response, that is absence of invasive carcinoma in

primary cancer area (ypT0/is).
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1031tumors (10 bilateral breast cancers) had MRI assessment

(MRI group), while 953 patients with 962 tumors (9 bilateral

breast cancers) had both US and MRI assessment (US+MRI

group). The clinicopathologic characteristics of patients were

comparable among these three groups, as well as the pCR rates

regardless of its definitions (Table 1). The median ages for all

the three groups were about 50 years. All patients were female,

except one male patient who was allocated to unknown

Table 1 The Clinicopathologic Characteristics of Patients in the Three Groups

Characteristics US MRI US+MRI χ2/H pa

Number Patients/tumors 1150/1162 1021/1031 953/962 - -

Age, years Median (Q1, Q3) 50 (43, 58) 50 (42, 58) 50 (43, 58) 0.2 0.889

Surgery MST 979 (84.3) 870 (84.4) 812 (84.4) 0.0 0.994

BCS 183 (15.7) 161 (15.6) 150 (15.6)

Menopause Yes 663 (57.1) 591 (57.3) 556 (57.8) 0.9 0.929

No 431 (37.1) 388 (37.6) 356 (37.0)

Unknown 68 (5.8) 52 (5.1) 50 (5.2)

Pathology IDC 1014 (87.3) 898 (87.1) 841 (87.4) 0.05 0.977

Else 148 (12.7) 133 (12.9) 121 (12.6)

ER Negative 507 (43.6) 448 (43.5) 431 (44.8) 0.4 0.805

Positive 655 (56.4) 583 (56.5) 531 (55.2)

PR Negative 642 (55.2) 575 (55.8) 548 (57.0) 0.7 0.724

Positive 520 (44.8) 456 (44.2) 414 (43.0)

HER2 Negative 691 (59.5) 612 (59.4) 564 (58.6) 0.2 0.916

Positive 471 (40.5) 419 (40.6) 398 (41.4)

Subtypes HR+/HER2+ 215 (18.5) 197 (19.1) 184 (19.1) 1.1 0.980

HR-/HER2+ 256 (22.0) 222 (21.5) 214 (22.2)

HR+/HER2- 459 (39.5) 400 (38.9) 361 (37.6)

TN 232 (20.0) 212 (20.5) 203 (21.1)

Sizeb, mm Median (Q1, Q3) 32 (23, 42) 33 (24, 42) 33 (24, 42) 0.1 0.963

cT stage 1 185 (15.9) 152 (14.8) 144 (19.9) 1.0 0.987

2 758 (65.2) 683 (66.2) 641 (66.6)

3 150 (12.9) 133 (12.9) 123 (11.9)

Unknown 69 (5.9) 63 (6.1) 54 (5.6)

cN stage 0 446 (38.4) 384 (37.3) 358 (37.2) 0.7 0.995

1 501 (43.1) 458 (44.4) 421 (43.8)

2 112 (9.6) 97 (9.4) 94 (9.8)

3 103 (8.9) 92 (8.9) 89 (9.2)

Grade 1 8 (0.7) 9 (0.9) 8 (0.9) 0.5 0.998

2 186 (16.0) 170 (16.5) 160 (16.6)

3 125 (10.8) 112 (10.9) 106 (11.0)

Unknown 843 (72.5) 740 (71.7) 688 (71.5)

pCR(ypT0/is) Yes 414 (35.6) 369 (35.8) 351 (36.5) 0.2 0.912

No 748 (64.4) 662 (64.2) 611 (63.5)

pCR(ypT0) Yes 351 (30.2) 309 (30.0) 296 (30.8) 0.2 0.924

No 811 (69.8) 722 (70.0) 666 (69.2)

Notes: Data were summarized and calculated based on tumors unless otherwise specified. a. Except for age and size which were compared with Kruskal-Wails test, all the

comparisons were performed with χ2 test; b. Analyzed with exclusion of 69, 63 and 54 tumors with unknown size in US, MRI and US+MRI group, respectively.

Abbreviations: BCS, breast conservative surgery; IDC, invasive ductal carcinoma; MST, mastectomy; Q1/3, the first/third quartile; TN, triple negative.
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menstrual status in each group. The median maximum sizes of

tumors before treatment were 32mm, 33mm and 33mm in the

US, MRI and US+MRI group, respectively. In this order,

patients who had incorporated trastuzumab into their NAC

regimens accounted for 94.1% (443/471), 94.5% (396/419)

and 94.7% (377/398) of total patients with HER2 positive in

each group. The median intervals between the last imaging

examination and surgery were seven (4, 11) and eight (6, 13)

days for US and MRI group, respectively. In US+MRI group,

the median intervals were 7.5 (5, 12) days for US and eight (6,

13) days for MRI, and median interval between the last US and

MRI examinationwas one day. The numbers of tumors that had

a pCR (ypT0) were 351 (30.2%), 309 (30.0%) and 296 (30.8%)

in US, MRI and US+MRI group respectively. Residual carci-

noma in situ (ypTis) was found in 63 (5.4% of 1162) tumors in

the US group, 60 (5.8% of 1031) tumors in MRI group, and 55

(5.7% of 962) tumors in US+MRI group. Thus, in terms of the

alternative definition of pCR (ypT0/is), the pCR rates of these

groups increased to 35.6% (414 of 1162), 35.8% (369 of 1031)

and 36.5% (351 of 962) respectively. However, the pCR rate

was always highest in HR-/HER2+ subtype followed by triple

negative subtype, while the HR+/HER2- subtype had the low-

est pCR rate no matter what definition of pCR was applied

(Supplemental Table S1–4).

Prediction of pCR in Terms of Different

Definitions
Of the 223 tumors that displayed as uCR in the US group, 134

tumors had a pCR (ypT0) and 151 tumors had a pCR (ypT0/is)

(TP). Of the 211 tumors that exhibited mCR in the MRI group,

146 tumors had a pCR (ypT0) and 165 tumors had a pCR

(ypT0/is) (TP). In the US+MRI group, 192 tumors showed

uCR and 201 tumors were diagnosed as mCR. Only 91 tumors

that presented as both uCR and mCR were considered as cCR,

inwhich 73 tumors had a pCR (ypT0) and 79 tumors had a pCR

(ypT0/is) (TP). Of the 351 tumors that had a pCR (ypT0/is) in

the US+MRI group, 35 tumors showed uCR and non-mCR,

while 37 tumors showed non-uCR and mCR. Under the defini-

tion of pCR (ypT0/is), the sensitivity, specificity, accuracy, PPV,

and NPV were 36.5%, 90.4%, 71.2%, 67.7%, and 72.0% for

US, 44.7%, 93.1%, 75.8%, 78.2%, and 75.1% for MRI, and

20.5%, 98.0%, 69.8%, 85.7%, and 68.2% for US+MRI, respec-

tively (Table 2). For US, the sensitivity (P=0.627), specificity

(P=0.382), accuracy (P=0.178), and PPV (P=0.097) were simi-

lar between the two definitions of pCR, whereas it had slightly

increasedNPV (P=0.015) under the alternative definition (Table

2). For MRI, there was no difference in sensitivity (P=0.510),

specificity (P=0.160), and accuracy (P=0.251), except the PPV

(P=0.036) and NPV (P=0.015), between the two definitions

(Table 2). For US+MRI, the sensitivity (P=0.586), specificity

(P=0.302), and PPV (P=0.167) were comparable between the

two definitions, while it had slightly increased accuracy

(P=0.036) and NPV (P=0.011) under the alternative definition

(Table 2).

Comparison of Prediction of pCR by US,

MRI, and US+MRI
There was a difference among US, MRI, and US+MRI

in sensitivity (P<0.001), specificity (P<0.001), accuracy

(P=0.018), PPV (P<0.001), and NPV (P=0.017) (Table

3). Specifically, US+MRI had the highest specificity, but

lowest sensitivity in comparison with the other two

modalities (P<0.001 for all comparisons) (Table 4).

MRI had the highest accuracy among the three

Table 2 The Diagnostic Performance of US, MRI, and US+MRI Under Different Definitions of pCR

Measures pCR Sensitivity (95% CI) Specificity (95% CI) Accuracy (95% CI) PPV (95% CI) NPV (95% CI)

US ypT0/is 36.2 (31.6–40.9) 90.2 (88.1–92.4) 71.2 (68.6–73.8) 67.3 (61.1–73.4) 71.9 (69.0–74.8)

ypT0 38.2 (33.1–43.3) 89.0 (86.9–91.2) 73.7 (71.1–76.2) 60.1 (53.7–66.5) 76.9 (74.2–79.6)

z 0.5 0.9 1.4 1.7 2.4

p 0.627 0.382 0.178 0.094 0.015

MRI ypT0/is 44.4 (39.4–49.5) 92.9 (90.9–94.9) 75.6 (72.9–78.2) 77.7 (72.1–83.3) 75.0 (72.0–78.0)

ypT0 47.2 (41.7–52.8) 91.0 (88.9–93.1) 77.9 (75.4–80.4) 69.2 (63.0–75.4) 80.1 (77.4–82.9)

z 0.7 1.4 1.2 2.1 2.4

p 0.510 0.160 0.251 0.036 0.015

US+MRI ypT0/is 22.5 (18.1–26.9) 98.0 (96.9–99.1) 70.5 (67.6–73.4) 86.8 (79.9–93.8) 68.8 (65.7–71.8)

ypT0 24.3 (16.4–29.2) 97.1 (95.9–98.4) 74.7 (72.0–77.5) 79.1 (70.8–87.5) 74.3 (71.4–77.2)

z 0.5 1.0 2.1 1.4 2.5

p 0.586 0.302 0.036 0.167 0.011
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modalities (P=0.016 for comparison with US, P=0.011

for comparison with US+MRI). In addition, US+MRI

had higher PPV than US (P<0.001), but lower NPV

than MRI (P=0.004).

Factors Affecting the Prediction of pCR
Factors including histological types, primary tumor size, and

molecular subtypes that would affect the prediction of pCR by

imagingmodalities were analyzed. The diagnostic performance

of US varied in different histological types, molecular subtypes,

and primary tumor size (Table 5). To be specific, the accuracy

and NPVwere significantly lower in invasive ductal carcinoma

(IDC) than non-IDC (69.8% vs 80.4%, P=0.007 for accuracy,

69.5% vs 86.9%, P<0.001 for NPV), while PPV was signifi-

cantly higher in IDC than non-IDC (70.2%vs 26.7%,P<0.001).

The sensitivity (P=0.070) and specificity (P=0.669) were com-

parable between IDC and non-IDC. Similar to pathology, the

molecular subtypes influenced the accuracy (P<0.001), PPV

Table 3 Comparison of Prediction of pCR by US, MRI, and US+MRI

Groups N Sensitivity (95% CI) Specificity (95% CI) Accuracy (95% CI) PPV (95% CI) NPV (95% CI)

US 1162 36.2 (31.6–40.9) 90.2 (88.1–92.4) 71.0 (68.4–73.6) 67.3 (61.1–73.4) 71.9 (69.0–74.8)

MRI 1031 44.4 (39.4–49.5) 92.9 (90.9–94.9) 75.6 (72.9–78.2) 77.7 (62.1–83.3) 75.0 (72.0–78.0)

US+MRI 962 22.5 (18.1–26.9) 98.0 (96.9–99.1) 70.5 (67.6–73.4) 86.8 (79.9–93.8) 68.8 (65.7–71.8)

χ2 23.3 34.0 8.0 14.7 8.1

P <0.001 <0.001 0.018 <0.001 0.017

Table 4 Multiple Comparisons of Prediction of pCR by US, MRI, and US+MRI (Significance Threshold, P<0.017)

Groups Sensitivity Specificity Accuracy PPV NPV

χ2 P χ2 P χ2 P χ2 P χ2 P

1 vs 2 2.1 0.148 3.2 0.074 5.8 0.016 5.9 0.015 2.2 0.141

1 vs 3 12.3 <0.001 34.9 <0.001 0.1 0.793 12.5 <0.001 2.1 0.147

2 vs 3 23.1 <0.001 19.0 <0.001 6.5 0.011 3.3 0.068 8.1 0.004

Notes: 1, US; 2, MRI; 3, US+MRI.

Table 5 Factors Affecting the Prediction of pCR by US

Factors N Sensitivity (95% CI) Specificity 95% CI) Accuracy (95% CI) PPV (95% CI) NPV (95% CI)

Pathology

IDC 1014 37.2 (32.5–42.0) 90.0 (87.7–92.4) 69.6 (66.8–72.5) 70.2 (64.0–76.4) 69.5 (66.3–72.7)

Non-IDC 148 18.2 (2.1–34.3) 91.3 (86.3–96.2) 80.4 (74.0–86.8) 26.7 (4.3–49.0) 86.5 (80.7–92.3)

z/χ2 3.3 0.4 2.7 12.0 4.0

P 0.070 0.669 0.007 <0.001 <0.001

Subtypes

HR+/HER2+ 215 38.8 (28.1–49.4) 86.7 (80.9–92.4) 68.8 (62.6–75.0) 63.3 (49.8–76.8) 70.5 (63.5–77.4)

HR-/HER2+ 256 35.9 (28.3–43.6) 89.3 (83.4–95.3) 57.4 (51.4–63.5) 83.3 (74.3–92.3) 48.4 (41.3–55.5)

HR+/HER2- 459 30.6 (19.9–41.2) 92.0 (89.3–94.7) 82.4 (78.9–85.8) 41.5 (28.2–54.8) 87.7 (84.5–90.9)

Triple negative 232 38.5 (29.4–47.7) 89.4 (84.0–94.9) 65.5 (59.4–71.6) 76.4 (65.1–87.6) 62.1 (55.0–69.3)

χ2 1.5 3.5 55.5 26.1 110.4

P 0.687 0.321 <0.001 0.001 <0.001

Size

≤33 mm 588 42.7 (36.4–48.9) 89.4 (86.2–92.6) 70.4 (66.7–74.1) 73.4 (66.0–80.7) 69.5 (65.2–73.7)

>33 mm 505 23.0 (16.2–29.8) 92.7 (90.0–95.4) 72.3 (58.4–76.2) 56.7 (44.1–69.2) 74.4 (70.3–78.4)

z 4.0 1.6 0.7 2.3 1.6

P <0.001 0.122 0.496 0.020 0.103
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(P=0.001), and NPV (P<0.001), but not the sensitivity

(P=0.687) or specificity (P=0.321). Among the four molecular

subtypes, accuracy (82.4%) and NPV (87.7%) were signifi-

cantly higher in the HR+/HER2- subtype than any other sub-

types (P<0.001 for all comparisons) (Table 6). The PPVinHR-/

HER2+ subtype was significantly higher than any other sub-

types except the triple negative one (Table 6). Besides, the

sensitivity and PPVwere significantly higher in smaller tumors

than larger ones (42.7% vs 23.0%, P<0.001 for sensitivity,

73.4% vs 56.7%, P=0.020 for PPV). Tumor size had no effect

on the specificity (P=0.122), accuracy (P=0.496), and NPV

(P=0.103). As for MRI, the aforementioned factors had similar

influences on the diagnostic performance in predicting pCR

(Supplemental Table S5, S6). Nevertheless, the diagnostic per-

formance of US+MRI in predicting pCR was not affected by

histological types, primary tumor size, or molecular subtypes

(Supplemental Table S7).

Discussion
Numerous studies on the diagnostic performance of imaging to

evaluate the primary tumor response to NAC in breast cancer

have been published. However, the definitions of pCR varied

from the absence of residual invasive cancer with or without

cancer in situ (ypT0/is)14,17,21,24 to the absence of residual

invasive and noninvasive cancer (ypT0)15,16,25 in the primary

tumor area.What is more, some studies defined the presence of

a pCR as positivity,16,17,21 whereas others considered the pre-

sence of residual tumor as positivity14,15,22,23,25 when they ana-

lyzed the diagnostic performance of imaging with sensitivity,

specificity, accuracy, PPV, and NPV, and so on. A recent study

has reported that there was little difference between different

pCR definitions in the diagnostic performance of MRI.17

However, our present study found that different definitions of

pCR led to differences in some diagnostic indicators for US,

MRI, and US+MRI. Thus, these discrepancies should be noted

when it comes to comparisons between these studies.

Some previous studies have supported that MRI was super-

ior to other methods such as physical examination, mammogra-

phy, and US in evaluating tumor response in the neoadjuvant

setting.13,26,27Nevertheless,US is used to assess tumor response

to NAC in breast cancer as often asMRI, if not more, due to its

convenience and less contraindication. And later researches did

not achieve a consistent conclusion on which one of US and

MRI could be better to assess tumor response to NAC in breast

cancer. Nakahara et al28 reported that correlation of US to

pathological tumor size was lower than that of MRI in triple

negative breast cancer. ButVriens et al29 concluded thatUSwas

at least as good as MRI in predicting tumor size after NAC in

breast cancer. A recent study also suggested that contrast

enhanced US was as effective as MRI (75% accuracy for

both) in predicting pCR based on a group of 15 patients.30 In

this study, we found that US and MRI were comparable in

predicting pCR in terms of sensitivity, specificity, and NPV,

though MRI had slightly higher accuracy and PPV than US. It

should be noted that US+MRI had extremely high specificity

and PPV, which were comparable with that reported in a recent

study that showed MRI combined with second-look US was

useful in predicting pCR with specificity and PPV as high as

97.3% and 86.8%.31 However, the sensitivity was much lower

in our study (22.5%) than in the above research (66.6%). It is

also noteworthy that all the three imaging modalities had rela-

tively high specificity and low sensitivity in predicting pCR,

which may be a result of the generally conservative attitude of

doctors thatwould tend to overestimate the residual disease after

NAC. The relatively high specificity and low sensitivity suggest

that all three measures could detect most residual tumors, but

were less sensitive to pCR. The moderate accuracy of all three

imagingmodalities indicates that they are not reliable enough to

predict pCR in a clinical setting, as was concluded in previous

studies.22,25,32

As is indicated in other studies,15,17,21,28,33 this study

showed that the diagnostic performance of US or MRI varied

between different histological and molecular subtypes. This

may be correlated with the different pCR rates between these

groups.34,35 In other words, HR-/HER2+ and triple negative

tumors had higher PPVs with higher pCR rates, whereas HR

+/HER2- tumors had higher NPV and accuracy with a lower

pCR rate. Also, maximum primary tumor size before NAC also

had a significant impact on the diagnostic performance of US

and MRI. Interestingly, these factors did not affect the diagnos-

tic performance of US+MRI.

Table 6 Multiple Comparisons of Prediction of pCR by US

Between Different Subtypes (Significance Threshold, P <0.008)

Subtypes Accuracy PPV NPV

χ2 P χ2 P χ2 P

1 vs 2 6.5 0.011 6.0 0.014 17.8 <0.001

1 vs 3 15.6 <0.001 4.8 0.028 24.4 <0.001

1 vs 4 0.6 0.455 2.1 0.145 2.7 0.103

2 vs 3 52.4 <0.001 22.5 <0.001 106.9 <0.001

2 vs 4 3.4 0.067 0.9 0.338 7.0 0.008

3 vs 4 24.4 <0.001 13.6 <0.001 50.1 <0.001

Notes: 1, HR+/HER2+; 2, HR-/HER2+; 3, HR+/HER2-; 4, TN (triple negative).
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Several limitations of this study should be noted. First of all,

the nature of retrospective design and single center research

might be an inevitable defect. Second, though we had MRI

reviewed by two experienced doctors, theUS assessment of this

study was based on the US reports from the medical records

and therefore to a great extent relied on personal experience.

Finally, the non-IDC group included in situ carcinoma and

other invasive cancer except for IDC. But we could not analyze

them separately because of the small number.

Conclusion
The diagnostic performance of US, MRI, and US+MRI to

predict pCR was different in different definitions of pCR. The

US and MRI had comparable diagnostic performance, but

neither of them could predict pCR with sufficient accuracy.

The combination of US and MRI had increased specificity

and PPV but decreased sensitivity and NPV compared to US

or MRI alone. Still it could not predict pCR with sufficient

accuracy. So, other assistant examination, such as vacuum-

assisted biopsymentioned in a recent study,31may be combined

with imaging to increase accuracy. The histological types,

molecular subtypes and primary tumor size had a significant

impact on the diagnostic performance of imaging for pCR.

Thus, the explanation of imaging results should take into

account these factors.
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