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Background: Patients treated with neoadjuvant chemotherapy (NAC) who achieve a pathologic complete
response (pCR) can be identified preoperatively and can potentially be spared the morbidity of surgery.
The objective of this retrospective study was to estimate the diagnostic accuracy of preoperative magnetic
resonance imaging (MRI) in predicting pCR in patients with different molecular subtypes of breast cancer
and to provide a basis for the selection of surgical methods.

Methods: We retrospectively reviewed breast MRI data from August 2015 to December 2018 of patients
who underwent four or more cycles of NAC. Factors associated with radiological complete response (rCR)
and pCR were analyzed in univariable and multivariable settings. The accuracy of MRI and the correlation
between rCR and pCR were also analyzed in each tumor subtype.

Results: A total of 177 women with a primary tumor fulfilled the study criteria; 18 of these patients (10.2%)
achieved rCR, and 21 (11.9%) achieved a pCR. MRI diagnosis of rCR was significantly correlated with
pCR with a Spearman’s correlation coefficient of 0.686 in the entire population. The sensitivity, specificity,
accuracy, pCR predictive value (PPV), and non-pCR predictive value (NPV) were estimated to be 66.67%,
97.44%, 93.79%, 77.78%, and 95.60%, respectively. Statistically significant correlations between rCR and
pCR were found in Luminal B high Ki67% (P<0.001), HER2-positive (P=0.0035), and triple-negative
(P<0.001) subtypes, but not in Luminal A and Luminal B low Ki67% subtypes. On univariate analysis,
the tumor characteristics significantly associated with both rCR and pCR were small tumor, lymph node
metastasis (LNM) negativity, early clinical stage, high grade, high Ki67% index, and different molecular
subtype. On multivariate logistic regression analysis, grade 3 tumors (P=0.013), Ki67% >40% (P<0.000), and
stage I tumor (P=0.006) were independently associated with rCR. However, grade 3 tumors (P=0.001), triple-
negative breast cancer (TNBC), and clinical stages I and II tumors (P=0.003; P=0.030) were independently
associated with the likelihood of attaining a pCR.

Conclusions: The overall accuracy of MRI in predicting pCR in invasive breast cancer patients who
received NAC was 93.8%. The performance of MRI differed among molecular subtypes, and the highest
PPV was found in TNBC (100%) and Luminal B high Ki67% (75%) subtypes.
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Introduction

Breast cancer is still the most common cancer in the
Chinese female population, with around 279,000 new
patients diagnosed each year in China (1). Neoadjuvant
chemotherapy (NAC) is one of the most commonly
recommended treatments for local regionally advanced
breast cancer, as it can improve the surgical outcomes
among the patients in whom a primary surgical approach
is technically not feasible. It can also avoid a poor cosmetic
outcome for patients who desire breast conservation but
in whom a mastectomy or a partial mastectomy is required
due to an operable breast cancer (2). According to previous
reports, the use of effective first-line chemotherapeutic
agents and targeted therapies has yielded high rates of
pathologic complete response (pCR) (3-6). However, it is
still unknown whether excision of the tumor in the setting
of pCR improves the risk of locoregional recurrence.
Therefore, there is a keen interest in determining whether
negative imaging results after systemic therapy might help
identify a patient subset that could be treated safely with
radiation alone without surgery. Prior studies that evaluated
radiotherapy as the definitive modality for treating breast
cancer patients with clinical complete response to NAC have
shown high locoregional failure rates (7-9). This may be
attributed to poor patient selection, as clinical examination
for detecting residual disease or response is limited (10-12).
Breast magnetic resonance imaging (MRI) is a more
sensitive modality to detect benign and malignant breast
lesions compared with mammography and ultrasound,
especially in young patients with a dense mammary gland
(13,14). In patients undergoing NAC, breast MRI is also
an efficient noninvasive method in evaluating the efficacy
of chemotherapy (15). Previous studies have suggested
that a radiological complete response (rCR) has a certain
correlation with pCR (16) However, there is limited
research that has studied the correlation between rCR and
pCR in different molecular subtypes, especially with the
inclusion of the proliferation index Ki67% in the study
cohort (17). Ideally, if MRI is able to accurately distinguish

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

pCR from non-pCR in some specific molecular subtypes,
additional mastectomy can be avoided (18). Therefore, in
the current study, we sought to determine the performance
of MRI after NAC in a large single-center data set to
better define the accuracy of post-treatment breast MRI
in the prediction of pCR. Moreover, we wanted to identify
the tumor-related variables that were associated with the
highest correlation between an rCR and a pCR, along
with a patient population that may be most amenable to
treatment without surgery based on showing an rCR.

Methods
Patients and systemic treatment

We retrospectively reviewed the breast MR imaging data
from patients who underwent four or more cycles of NAC
from August 2015 to December 2018, after we received
approval from the Liaoning Cancer Hospital and Institute.
All patients had histologically confirmed invasive breast
cancer before treatment by core needle biopsy and had
received NAC. Patients who underwent serial breast MRI
for follow-up of the tumor response to NAC were included.
Each patient received at least two MRI evaluations, one
before core needle biopsy and NAC treatment, and the
other at follow-up within 40 days of definitive surgery. No
additional NAC treatments were performed during the
period of the follow-up MRI scan and definitive surgery.

Experienced oncologists determined the regimens of
chemotherapy after reviewing the clinical information of
patients. Most of the patients received the anthracycline
regimen with epirubicin and cyclophosphamide followed
or combined with the taxane-based regimen docetaxel.
HER2-positive breast cancer patients also received targeted
therapy with trastuzumab. Some triple-negative breast
cancer (INBC) patients received docetaxel combined with
carboplatin regimen chemotherapy. For patients who had a
poor physical condition and heart disease, the docetaxel and
cyclophosphamide regimen were also chosen to decrease
the toxicity of chemotherapy.
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Pathological classification

All histopathology and biomarker assessments were
performed by two pathologists who had at least five years’
experience. The tumor specimens were fixed in formalin and
stained with H&E to evaluate the characteristics of tumors.
Tumors were classified as estrogen receptor (ER) positive or
progesterone receptor (PR) positive if immunohistochemical
(IHC) staining showed stained tumor cell nuclei >1%. HER?2
status (positive or negative) was determined by IHC and/
or fluorescence in situ hybridization (FISH) analysis of the
biopsied tissue. On IHC analysis, 3+ was considered positive,
and 0 to 1+ was considered negative. If a 2+ result was
obtained, the tissue was subsequently evaluated by FISH for
HER? gene amplification. When the HER2 to chromosome
17 centromere ratio was >2.0, or the mean HER2 copy
number was >6, the result was defined as positive. The
proliferative index (Ki67%) immunostaining was confined
to the nucleus, five different views of the microscope were
selected, and the result was obtained by averaging these five
different views. We classified the Ki67% index into three
groups by values of less than 15% and more than 40%.
Tumors were stratified into molecular subtypes using IHC
surrogate markers. The subtypes were Luminal A (ER positive,
PR >20% positive, HER2 negative, Ki67% <15%), Luminal
B (ER positive, and/or PR <20% positive, HER2 negative or
ER/PR/HER?2 positive, or ER and PR positive but Ki67%
>15%), HER?2 positive (ER and PR negative HER2 positive),
and triple-negative (ER/PR/HER2 negative) groups. We also
stratified Luminal B into two different groups according to the
Ki67% index, which was defined as the Luminal B low Ki67%
group by Ki67% <40% and the Luminal B high Ki67%
group by Ki67% >40%. After surgery, we used the Miller-
Payne grading system to evaluate the response to NAC (6).
Grades 1 and 2 were categorized as stable. Grades 3 and 4
were categorized as a partial pathological response (pPR), and
grade 5 was categorized as pCR. Residual ductal carcinoma in
situ was excluded from pCR regardless of whether lymph node
(LN) metastasis was present.

Breast MRI and interpretation

Patients were scanned with the 1.5-Tesla MRI system (Sigma
Excite HD; GE Healthcare, USA) with a resolute 8-channel
high-definition breast coil. The patient was placed in the
prone position on the examination bed, with bilateral breasts
naturally hanging in two circles of the breast coil during
the examination. First, sagittal fat-saturated T2-weighted
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fast-spin echo images of the bilateral breasts were recorded
using the following parameters: repetition time/echo time,
4,040 ms/81 ms; echo train length, 19; slice thickness,
5 mmy; slice gap, 1 mm; field of view, 220 mm; matrix size,
320x224; number of excitations, 2; imaging time, 1 min
41 s. Then, unenhanced and enhanced sequences of axial
fat-saturated gradient recalled echo T1-weighted images
were acquired with the following parameters: repetition
time/echo time/inversion time, 6.1 ms/2.9 ms/13 ms; flip
angle, 10°; slice thickness, 3.2 mmy; slice gap, 0 mm; field of
view, 360 mm; matrix size, 350x350; number of excitations,
0.8; imaging time, 58 s per phase; 8 phases of enhancement.
Gadopentetate dimeglumine was administered at a dose of
15 mL and a rate of 2.5 mL/s, followed by a 20-mL saline
flush given with an automatic injector.

Two radiologists with at least 5 years’ experience in
interpreting breast MRI, performed the MRI tumor size
measurement using the same measurement standard. The
two radiologists independently reviewed the MRI image, and
they were blinded to the pathology results. The baseline size
of a lesion was defined as the maximal diameter in a single
dimension measured by pretreatment MRI, the residual
tumor size on the final MRI was measured by subtracting
the pre-contrast images from the post-contrast images, and
the maximum intensity projections were generated from the
subtraction images. MRI measured the tumor size in three
dimensions for each case. When there was no discernible
enhancement or faint enhancement equal to the background
of normal breast tissue at the earlier lesion site, the case was
determined as showing an rCR on MRI.

Statistical analysis

SPSS Statistics (version 22.0) was used for all analyses.
Continuous variables such as age, physical examination
tumor size, baseline and final MRI tumor size, and final
pathologic tumor size, and categorical variables, including
tumor grade, and molecular subtype, were separately
calculated. Continuous variables were expressed as mean and
standard deviation, and categorical variables were expressed
as absolute values and percentages which were used by
the Chi-square test or Fisher’s exact test respectively,
to determine the statistical significance. Pearson and
Spearman’s correlation coefficients between the tumor
size on MRI and pathological tumor size were estimated.
Basic statistical indicators, such as accuracy, sensitivity, and
specificity, used to assess the accuracy of MRI in detecting
rCR after NAC, were calculated. The efficacy of MRI was
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Table 1 Clinical and tumor characteristics

Characteristics Number, n (%)

Age (y), mean + SD 50.8+9.2
Menopause

Yes 87 (49.2)

No 90 (50.8)
Regimens of chemotherapy

Inclusion of anthracyclines 143 (80.8)

Non-inclusion of anthracyclines 34 (19.2)
Surgery

Modified radical mastectomy 169 (95.5)

Breast-conserving surgery 2(1.1)

Others 6 (3.4)
Pathological classification

Invasive ductal carcinoma 135 (76.3)

Mix 29 (16.4)

Other 13 (7.3)
Miller classification

G1 3(1.7)

G2 38 (21.5)

G3 72 (40.7)

G4 43 (24.3)

G5 21 (11.9)

measured by predictive values, including PPV and NPV.
Multivariable logistic regression was used to examine
the simultaneous effects of multiple factors. P<0.05 was
considered to indicate statistical significance.

Results
Patients’ characteristics

A total of 223 patients with invasive breast cancer who received
NAC treatment at Liaoning Cancer Hospital & Institute
from 2015 to 2018 were included. Among them, 177 patients
with an evaluable primary endpoint, including MRI and final
pathology, were studied. The mean age of the study cohort was
51 years (range, 25-68 years) at baseline. A summary of patient
and tumor characteristics is shown in Zable 1.

Pathological classification

Most tumors were diagnosed as stage II (54.2%) or stage 111
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(42.9%). Only 5 (2.8%) patients were diagnosed with stage I.
Hormone receptor, and HER2 were positive in 65.5% and
38.4% of patients, respectively. Luminal A, Luminal B low
Ki67% (<40%), Luminal B high Ki67% (=40%), HER2
positive, and triple-negative were found in 6.2%, 27.1%,
33.9%, 17.5%, and 15.3% of patients, respectively.

Systemic treatment and primary endpoints

The anthracycline regimen with epirubicin and
cyclophosphamide and a taxane was completed in 143
(80.8%) patients with an average of at least four cycles, and
the other regimens included taxane and carboplatin (15.8%),
and taxane and cyclophosphamide (3.4%). We used
different chemotherapy regimens for the patients who had
different molecular subgroups in terms for individualized
treatments (P=0.002). However, there was no significant
difference between the pCR group and the non-pCR group
(P=0.617). In addition, among the 68 HER2-positive breast
tumors, 33 (48.5%) received trastuzumab. After NAC, all
patients underwent surgery. The total clinical response
rate was 75.2%, 22.1% of patients achieved stable disease,
65.0% of patients achieved a PR, and the remaining 10.2%
of patients achieved a CR. The total pathological response
rate was 76.9%, which included > G3 pathological response.

Performance of breast MIRI

The primary tumor size assessed by MRI before treatment
was 4.03£1.86 cm (range, 1.3-11.6 cm). After completion
of NAC, the residual tumor size measured by MRI was
2.29+1.41 cm (range, 0-6.3 cm). The final residual tumor size
measured by pathology was 2.02+1.42 cm (range, 0-8 cm).

Of the 177 patients, a pCR was achieved in 21 (11.9%)
patients, and 14 (66.7%) patients were correctly diagnosed
by MRI (Figure I). Of the 159 patients who showed
non-rCR, 152 (95.6%) also showed non-pCR, but the
remaining 7 (4.4%) showed a pCR (Figure 2). Thus, rCR
was significantly correlated with pCR in the whole cohort
(P<0.001, Table 2). Sensitivity, specificity, accuracy (ACC),
pCR predictive value (PPV), and non-pCR predictive value
(NPV) were estimated to be 66.67%, 97.44%, 93.79%,
77.78%, and 95.60%, respectively (Table 2).

We also performed a comparison between pCR and rCR
in each subtype group. Statistically significant correlations
between rCR and pCR were found in Luminal B high
Ki67% (P<0.001), HER2-positive (P=0.0035), and triple-
negative (P<0.001) subtypes, but not in Luminal A, and
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Figure 1 Images of a 68-year-old woman with a diagnosis of Luminal B High Ki67% breast cancer before and after treatment. MR images
and pathological findings of a case with a rCR and pCR. Baseline MRI scan before (A, DCE image; B, MIP; and C, the DWI sequence)
and after completion of NAC treatment (D, DCE image; E, MIP; and F, the DWI sequence). No enhancement was detected by MRI after

NAC. Core needle biopsy confirmed invasive ductal carcinoma (G). After 6 cycles of NAC, histopathologic examination confirmed a pCR

(H). rCR, radiographic complete response; pCR, pathologic complete response; MRI, magnetic resonance imaging; NAC, neoadjuvant

chemotherapy; DCE, dynamic contrast-enhanced; MIP, maximum intensity projection; DWI, diffusion-weighted imaging.

Luminal B low Ki67% subtypes. The sensitivity, specificity,
ACC, PPV, and NPV for correlations between rCR and
pCR for each subtype are shown in Tuble 2.

For the Luminal A subtype, the NPV was 100%, with a

perfect concordance in all 10 patients with non-rCR, which
was pathologically diagnosed as non-pCR. In contrast to
the Luminal subtype, the PPV and specificity for the triple-
negative subtype were both 100%. The sensitivity was
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Figure 2 Images of a 65-year-old woman with a diagnosis of HER2-positive breast cancer before and after treatment. Core needle biopsy
confirmed invasive ductal carcinoma (E). After 6 cycles of NAC, histopathologic examination confirmed a pCR. Note residual fibrosis,
inflammatory changes, and the complete absence of malignant cells (F). Baseline (A,B,C,D) MR images of a HER2-positive breast
cancer before (A, DCE image; B, DWI sequence) and after (C, DCE image; D, DWI sequence) NAC. After NAC, no mass was detected
but scattered dendritic enhancement was noted, which predicted non-rCR. pCR, pathologic complete response; NAC, neoadjuvant
chemotherapy; DCE, dynamic contrast-enhanced; DWI, diffusion-weighted imaging.

Table 2 Comparison of breast MRI performance among tumor subtypes after NAC

Molecular subtype Accuracy Sensitivity Specificity PPV NPV P value
All patients 93.79 (166/177) 66.67 (14/21) 97.44 (152/156) 77.78 (14/18) 95.60 (152/159) <0.000
Luminal A 90.91 (10/11) 0 (0/0) 90.91 (10/11) 0 (0/11) 100 (10/10) NS

Luminal B low Ki67% 97.92 (47/48) 0 (0/1) 100 (47/47) 0 (0/0) 97.92 (47/48) NS

Luminal B high Ki67% 93.33 (56/60) 75.00 (6/8) 96.15 (50/52) 75.00 (6/8) 96.15 (50/52) <0.000
HER2 positive 90.32 (28/31) 50.00 (2/4) 96.30 (26/27) 66.67 (2/3) 92.86 (26/28) 0.0035
Triple negative 92.59 (25/27) 75.00 (6/8) 100 (19/19) 100 (6/6) 90.48 (19/21) <0.000

The data are shown as % (No. of patients/total No.). HER2, human epidermal growth factor receptor; NPV, negative predictive value; NS,
nonsignificant; PPV, positive predictive value. P values were calculated by comparing the 5 molecular subtypes for each performance
measure (sensitivity, specificity, NPV, PPV, and accuracy) with magnetic resonance breast imaging using the Chi-square test.
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Figure 3 Images of a 68-year-old woman with a diagnosis of HER2-positive breast cancer before and after treatment. MR images of HER2-
positive breast cancer before (A, DCE image; B, MIP; and C, DWI sequence) and after (D, DCE image; E, MIP; and F, DWI sequence)
NAG; the tumor was no longer enhanced, yielding a rCR. Pre-NAC pathologically confirmed invasive ductal carcinoma (G). Post-NAC
pathological examination showed residual disease with DCIS and some carcinoma cells invading out of the duct (H). rCR, radiographic
complete response; NAC, neoadjuvant chemotherapy; DCE, dynamic contrast-enhanced; MIP, maximum intensity projection; DWI,
diffusion-weighted imaging.

75.0%, which was the highest score among all the subtypes, sensitivity (50.0%), specificity (96.3%), ACC (90.32%),
suggesting that MRI is a valuable modality for predicting PPV (66.67%), and NPV (92.86%) were relatively low
pCR in this subtype. For the HER2 enriched subtype, (Figure 3). In contrast, sensitivity (75.0%), specificity
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(96.15%), ACC (93.33%), PPV (75.0%), and NPV (96.15%)
were relatively high for the Luminal B high Ki67% subtype.

Univariate and multivariate regression analyses of
covariates affecting MRI accuracy

Among all 177 patients, 18 (10.2%) achieved an rCR,
and 21 (11.9%) achieved a pCR. Tumor characteristics
(lower tumor diameters, LN metastasis negativity on MRI,
low clinical stage of the tumor, high grade, high Ki67%
index, and different molecular subtypes) were significantly
associated with both rCR and pCR (7able 3).

On univariate analysis, hormone receptor (HR) negativity
was associated with pCR but not with rCR. MRI diagnosis of
rCR was significantly correlated with pCR with a Spearman’s
correlation coefficient of 0.686 for the entire population
(P<0.001). Variables that were associated with rCR included
primary tumor diameters measured by hand and MRI
(P=0.008, P=0.005), tumor diameter after NAC measured
by MRI (P<0.001), clinical stage (P=0.027), Ki67% index
(P=0.005), tumor grade (P=0.020), and molecular subtype
(P=0.010). In addition to the above factors, variables that
were associated with pCR included primary LNM by MRI
(P=0.003) and HR status (P=0.020) (Table 4).

Multivariate logistic regression analysis of variables that
significantly influenced rCR and pCR was performed with
a final model that included clinical stage, Ki67% index,
tumor grade, and molecular subtype. Variables that were
independently associated with rCR included grade 3 tumor
(P=0.013), Ki67% >40% (P<0.000), and stage I tumor
(P=0.006). Variables that were independently associated
with the likelihood of attaining a pCR were grade 3 tumors
(P=0.001), TNBC and clinical stages I and II tumors
(P=0.003; P=0.030) (7uble 5).

Discussion

NAC plays an especially key role in routine breast cancer
treatment. A pCR after NAC has been accepted practice
since the earliest neoadjuvant trials. A meta-analysis clearly
demonstrated that pCR resulted in improved survival,
irrespective of the treatment received, and it is a critically
important surrogate endpoint for better prognosis (19).
However, the definition of pCR is still controversial, and
there appears to be substantial heterogeneity in the definition
across different trials, leading to difficulty in comparing
the outcomes. We used G5 as a standard for pCR, which
indicated that DCIS or malignant cells are not visualized in
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sections from the site of the tumor. Thus, we obtained a low
pCR rate of about 11.9%, compared to the other research
(20-22). One of the reasons for this occurrence is that we used
a more stringent pCR standard, and the other reason for this
occurrence is that only a few patients were subjected to the
anti-HER? target therapy, even though, in those who used
the targeted therapy, a low pCR rate (12.9%) was achieved.
However, the rCR results were found to significantly
correlate with pCR. These results are consistent with the
previously reported data (23,24). In our study, we wanted
not only to ensure that rCR was significantly correlated
with pCR but also identify the factors that can maximally
influence the rCR and pCR rates. We obtained a conclusion
from 7Table 4 that tumor diameter measured by MRI after
NAC was the most important factor correlated with rCR
and pCR. Although the other factors, such as primary tumor
diameter measured by hand and MRI, clinical-stage, Ki67%
index, tumor grade, and molecular subtype, were significantly
correlated with rCR and pCR, the statistical significance was
relatively low. This may be because of the small tumor size
and early tumor clinical classification, and a stronger ability
for proliferation being able to display a high probability of
response and a higher chance to achieve an rCR and pCR
after NAC (25,26). Primary LNM by MRI and hormone
receptor can also influence the pCR, and patients with non-
metastatic LNs and HR negativity can easily achieve a pCR.
These results are consistent with the univariate analysis,
which can cause rCR and pCR.

We also investigated the accuracy of MRI in predicting
pCR among breast cancer patients after NAC, especially
with a focus on its value with respect to each tumor subtype.
In 2013, the St. Gallen Expert Consensus recommended
the classification based on IHC markers (27). We made a
slight change, and we divided Luminal B breast cancer into
two different groups, high Ki67%, and low Ki67% groups.
We found out that the accuracy of rCR was significantly
correlated with pCR, especially in Luminal B high Ki67%,
HER2-positive, and triple-negative subtypes. However,
there are still some differences between these three groups.

On the one hand, Luminal B high Ki67% and HER2
positive subtypes had a high NPV, but the PPV was low.
This suggests that remnant lesions found by MRI are
reliable markers of non-pCR for these two subtypes.
However, rCR diagnosed by MRI in these subtypes may
have been overestimated.

On the other hand, MRI accurately predicted pCR in
the triple-negative subtype with a high degree of sensitivity,
specificity, accuracy, PPV, and NPV, compared to the
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Table 3 Patient characteristics in breast radiographic and pathologic complete response

Patient characteristics No. of p?atients in the roR PCR
entire cohort No. (%) P value No. (%) P value
Age 0.300 0.414
<50 78 10 (12.8) 11 (14.1)
>50 99 8(8.1) 10 (10.1)
Tumor diameter measured by hand 0.046 0.024
<2cm 20 4(20.0) 6 (30.0)
2.1-5cm 130 14 (10.8) 14 (10.8)
>5cm 27 0 (0) 13.7)
Tumor diameter measured by MRI 0.006 0.023
<2cm 18 5(27.8) 6 (33.3)
2.1-4 cm 98 12 (12.2) 12 (12.2)
4.1-6 cm 38 0 (0) 2 (5.3
>6 cm 23 14.3) 1(4.3)
LN metastasis by MRI 0.024 0.003
Positive 103 6 (5.8) 5 (4.9)
Negative 74 12 (16.2) 16 (21.6)
Tumor grade 0.038 0.001
1 11 1(9.1) 19.1)
2 88 4 (4.5) 3(3.4)
3 78 13 (16.7) 17 (21.8)
Clinical stage 0.022 0.015
I 5 2 (40.0) 2 (40.0)
I 96 12 (12.5) 15 (15.6)
M 76 4 (5.3) 4 (5.3)
Receptor status
HR 0.143 0.020
Positive 116 9(7.8) 9(7.8)
Negative 61 9(14.8) 12 (19.7)
HER2 0.640 0.610
Positive 68 6 (8.8) 7(10.3)
Negative 109 12 (11.0) 14 (12.8)
Ki67% 0.009 0.004
<15% 19 1(5.3) 0(0)
16-39% 57 1(1.8) 2 (3.5)
>40% 101 16 (15.8) 19 (18.8)
Molecular subtype 0.010 0.007
Luminal A 11 1(9.1) 0(0)
Luminal B low Ki67% 48 0 (0) 1(@2.1)
Luminal B high Ki67% 60 8 (13.3) 8(13.3)
HER2 positive 31 3(9.7) 4(12.9)
Triple negative 27 6 (22.2) 8 (29.6)
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Table 4 The correlation coefficient according to the clinical and tumor characteristics

rCR pCR
Variables
IR P value IR| P value

Age 0.049 0.513 0.058 0.445
Menopause (yes/no) 0.032 0.676 0.011 0.882
Primary tumor diameter by hand 0.200 0.008 0.184 0.014
Primary tumor diameter by MRI 0.218 0.005 0.214 0.006
Primary LNM by MRI (yes/no) 0.110 0.146 0.220 0.003
After NAC tumor diameter by MRI 0.457 <0.000 0.426 <0.000
Tumor grade 0.175 0.020 0.253 0.001
Clinical stage 0.166 0.027 0.197 0.009
Receptor status

HR (positive/negative) 0.110 0.145 0.175 0.020

HER2 (positive/negative) 0.035 0.642 0.038 0.612

Ki67% (low/medium/high) 0.209 0.005 0.239 0.001
Molecular subtype 0.193 0.010 0.260 <0.000
MRI, magnetic resonance imaging; NAC, neoadjuvant chemotherapy.
Table 5 Multivariate regression analysis according to the clinical and tumor characteristics

rCR pCR
Variables
B value P value B value P value

Tumor grade

1 -0.94 0.419 -1.25 0.303

2 -1.73 0.013 -2.71 0.001

3 0 - 0 -
Clinical stage

I 3.60 0.006 4.27 0.003

Il 1.06 0.103 1.446 0.030

1] 0 - 0 -
Ki67 %

<15% -18.70 0.000 -19.9 0.998

16-39% -1.52 0.215 -2.13 0.085

=40% 0 - 0 -
Molecular subtype

Luminal A 17.76 - -0.316 -

Luminal B low Ki67% -18.23 0.997 -0.98 0.524

Luminal B high Ki67% —-0.945 0.162 -1.61 0.022

HER2 positive -1.38 0.114 -1.71 0.045

Triple negative 0 - 0 -

rCR, radiological complete response; pCR, pathologic complete response.
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other subtypes. These results are consistent with earlier
reports (23,28-30). In our cohort, Luminal A and Luminal
B low Ki67% breast cancers were less likely to show an
rCR or pCR to neoadjuvant therapy, as no Luminal A
patients achieved a pCR, and no Luminal B low Ki67%
patients achieved an rCR; even though they obtained a
high specificity, ACC, and NPV, they obtained a 0% for
sensitivity and PPV. These results are consistent with
those in the study by Dave (31). A larger cohort is needed
before drawing any definitive conclusions, especially for the
Luminal A and Luminal B low Ki67% subtypes. However,
MRI still obtained a good NPV for these two molecular
subgroups. This means that if the MRI shows a residual
tumor, the accuracy is still high. Some studies (32,33)
have shown that rCR is not accurate enough to serve as a
surrogate marker for pCR on MRI after NAC. The major
difference between our study and those studies was that we
used the modified molecular classification methods, which is
consistent with the clinical consensus. In addition, we used
a stricter diagnosis standard for rCR patients. An rCR was
defined as the absence of any enhancement in the tumor
zone on both DCE-MRI and DWI-MRI images. This
might have caused a major difference between our results
and the results of those studies. However, those studies also
found that ER-negative or HER2-positive breast cancer
was more accurate than ER-positive breast cancer, which is
consistent with our result.

Furthermore, although pCR is still the gold standard
for NAC, rCR can inform the clinician that this type of
patient may achieve a good prognosis (34). In our study,
different clinical and tumor characteristics influenced the
patients’ chances of achieving rCR and pCR. Smaller tumor
burden and stronger tumor proliferative ability made it
easier to achieve pCR after NAC and diagnosis by MRI. It
is easier to achieve pCR in patients with negative hormone
receptors, but it is not very helpful in the diagnosis of
rCR after NAC. NAC might also induce reactive changes,
such as fibrosis and inflammation, and may result in non-
specific contrast enhancement leading to an underestimated
or overestimated tumor size by MRI (35). In addition, the
ability of different molecular subtypes of breast cancer to
achieve a pCR is also different. The correlation between
pathologic response and molecular subtypes in patients with
breast cancer was strongest in the triple-negative subtype,
lower in the Luminal B high Ki67% and HER2-positive
subtypes, and lowest in the Luminal B low Ki67% and
Luminal A subtypes. This result was similar to that found in
the study by Bufi et 4/., in which an adequate performance in

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

predicting a pCR in the triple-negative subtype and a lower
performance in the Luminal A subtype were found (36).
Ki67% is another important finding of this study. When
Ki67% was more than 40%, the pCR rate after NAC
increased significantly, and the diagnostic rate of rCR also
increased significantly. When Ki67% >40% was introduced
in Luminal B typing, it was found that pCR was more easily
achieved in the high Ki67% Luminal B subtype, and its
pCR rate was almost the same as that in HER2-positive
breast cancer. From the multivariate analysis, we also
observed that grade 3 compared with grade 2, stages I and
II compared with stage 111, and the triple-negative subtype
compared with the Luminal B high Ki67% and HER2-
positive subtypes more easily achieved pCR. Although the
difference in the molecular subtype was not significant
in the diagnosis of rCR, high Ki67% was an important
predictor of rCR compared with low Ki67%.

There are several limitations to our study. The number
of cases in our study was small, especially the number
of patients with pCR and rCR. However, since this was
a single-center study, we could ensure consistent study
procedures (treatment regimen and imaging follow-up), and
standardized data analysis methods were used for imaging
and pathological evaluation. Despite the small number of
subjects, we could thoroughly investigate the predictive role
of all considered variables, and our results were consistent
with those in the literature. In addition, our patients had
17.5% HER?2 positivity rates, but only 45.6% of them
used trastuzumab target therapy, and this would decrease
the pCR rates in the HER2 positive subtype. Finally, the
specificities of the MR contrast type and infusion protocol
were not determined in this retrospective study.

In conclusion, with a strict standard for diagnosing rCR
and pCR, the accuracy of breast MRI was high for predicting
a pCR in patients who received NAC for invasive breast
cancer. Sensitivity, NPV, PPV, and accuracy of MRI in
predicting a pCR differed significantly among breast cancer
molecular subtypes, and the highest PPV was found in
TNBC (100%) and Luminal B high Ki67% (75%) subtypes.
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