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Original Article

Value of mammographic microcalcifications and MRI-enhanced 
lesions in the evaluation of residual disease after neoadjuvant 
therapy for breast cancer

Chao Zhu1,2,3#, Minglei Chen1,2,4#, Yulin Liu1,2#, Pinxiong Li1,2, Weitao Ye1,2, Huifen Ye1,2, Yunrui Ye1,2,  
Zaiyi Liu1,2, Changhong Liang1,2*, Chunling Liu1,2*

1Department of Radiology, Guangdong Provincial People’s Hospital (Guangdong Academy of Medical Sciences), Southern Medical University, 

Guangzhou, China; 2Guangdong Provincial Key Laboratory of Artificial Intelligence in Medical Image Analysis and Application, Guangzhou, China; 
3Department of Radiology, Ningyuan County People’s Hospital, Yongzhou, China; 4Shantou University Medical College, Shantou, China

Contributions: (I) Conception and design: C Zhu, M Chen, Y Liu; (II) Administrative support: C Liang, C Liu; (III) Provision of study materials or 

patients: Z Liu; (IV) Collection and assembly of data: H Ye, Y Ye; (V) Data analysis and interpretation: P Li, W Ye; (VI) Manuscript writing: All 

authors; (VII) Final approval of manuscript: All authors 

#These authors contributed equally to this work.

*These authors contributed equally to this work as co-corresponding authors.

Correspondence to: Changhong Liang, MD; Chunling Liu, MD. Department of Radiology, Guangdong Provincial People’s Hospital (Guangdong 

Academy of Medical Sciences), Southern Medical University, No. 106 Zhongshan Er Road, Guangzhou 510080, China; Guangdong Provincial 

Key Laboratory of Artificial Intelligence in Medical Image Analysis and Application, Guangzhou, China. Email: liangchanghong@gdph.org.cn; 

liuchunling79@163.com. 

Background: Microcalcifications persist even if a patient with breast cancer achieves pathologic complete 
response (pCR) as confirmed by surgery after neoadjuvant treatment (NAT). In practice, surgeons tend 
to remove all the microcalcifications. This study aimed to explore the correlation between changes in 
the extent of microcalcification after NAT and pathological tumor response and compare the accuracy of 
mammography (MG) and magnetic resonance imaging (MRI) in predicting the size of residual tumors.
Methods: This was a retrospective study which included a consecutive series of patients in Guangdong 
Provincial People’s Hospital. Between January 2010 and January 2020, 127 patients with breast cancer and 
Breast Imaging Reporting and Data System (BI-RADS) 4–5 microcalcifications were included in this study. 
The maximum diameter of the microcalcifications on MG and lesion enhancement on MRI pre- and post-
NAT were measured. The correlations between the changes in residual microcalcifications on MG and pCR 
were analyzed. Intraclass correlation coefficients (ICCs) were computed between the extent of the residual 
microcalcifications, residual enhancement, and residual tumor size. 
Results: There were no statistically significant differences in the changes in microcalcifications after NAT 
according to the RECIST criteria on MRI (P=0.09) and Miller-Payne grade (P=0.14). MRI showed a higher 
agreement than did residual microcalcifications on MG in predicting residual tumor size (ICC: 0.771 vs. 0.097).
Conclusions: MRI is more accurate for evaluating residual tumor size in breast cancer. In our study, the 
extent of microcalcifications on MG after NAT had nearly no correlation with the pathological size of the 
residual tumor. Therefore, residual tumors with microcalcifications may not necessarily be a contraindication 
to breast-conserving surgery.
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Introduction

Breast cancer has become the foremost leading cancer 
worldwide (1). Approximately 30–50% of cases of 
nonpalpable breast cancer are detected by mammogram 
scans alone due to the appearance of microcalcifications  
(2-4). Neoadjuvant treatment (NAT) has proven effective 
in reducing tumor size, thus enabling surgical intervention 
for initially inoperable patients (5). Accurate assessment 
of residual tumor size after NAT is vital for surgical  
planning (6). However, even if the tumor exhibits pathologic 
complete response (pCR) after NAT, microcalcifications 
can remain on mammography (MG) (7). The removal 
of all residual microcalcifications after NAT remains 
controversial (8). According to the guidelines set forth 
by the National Comprehensive Cancer Network 
(NCCN), diffuse malignant calcification is an absolute 
contraindication for breast-conserving surgery (BCS) (9). 
In modern clinical practice, surgeons tend to remove all 
calcifications (10); however, this approach may potentially 
exclude certain patients with persistent microcalcifications 
who have achieved pCR, thus limiting their eligibility 
for breast conservation therapy. In order to develop 
individualized treatment plans, accurate evaluation of the 
residual lesion size after NAT is essential. Hence, this 
study aimed to investigate the correlation between changes 
in microcalcifications pre- and post-NAT as well as the 
relationship between pCR and these changes. Additionally, 
the study aimed to compare the accuracy of MG and 
magnetic resonance imaging (MRI) in evaluating the size of 
residual tumors. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-22-1170/rc).

Methods

Patients

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013) and was 
approved by the Research Ethics Committee of Guangdong 

Provincial People’s Hospital. Individual consent for this 
retrospective analysis was waived. 

We retrospectively reviewed all patients with pathologically 
confirmed breast cancer with microcalcifications who 
underwent NAT prior to surgery at  our hospital 
between January 2010 and January 2020. The inclusion 
criteria were as follows: (I) MG showing BI-RADS 4–5 
microcalcifications before NAT, but microcalcifications 
not appearing on MRIs; and (II) both MG and MRI 
examinations performed before and after NAT. The 
exclusion criteria were as follows: (I) previous history of 
breast cancer or surgery; (II) presence of distant metastases 
at the time of diagnosis; (III) absence of pathological tumor 
data or other necessary pathological information; and  
(IV) poor image quality. The flowchart of patient inclusion 
is shown in Figure 1.

MG and MRI examinations

MG and MRI examinations were performed on all patients 
before and after the NAT. Standard MG was performed 
using 1 of 2 scanners (Hologic Selenia Dimensions or 
uMammo590i). Craniocaudal and mediolateral oblique 
views were obtained for all patients.

Two different MRI scanners with a 1.5 T system (Optima 
360, GE HealthCare, USA; Achieva, Philips Medical 
System, The Netherlands) were used, with a dedicated 
breast coil for patients in the prone position.

The GE/Philips sequence scan parameters were as 
follows: (I) T1-weighted sequence: repetition time =5.8/4.8, 
echo time =2.7/2.1, acquisition matrix =330/300×330/320, 
and thickness =2/2 mm; (II) fat-suppressed T2-weighted 
sequence: repetition time =5,045/3,400, echo time =102/90, 
acquisition matrix =320/320×320/260, and thickness =3/3 
mm; (III) axial diffusion-weighted sequence (DWI): b values 
=0/0 or 1,000/1,000 s/mm2; and (IV) dynamic contrast 
material-enhanced (DCE) MRI sequence scan parameters: 
axial data obtained with repetition time =5.1/5.1 ms, 
echo time =2.3/2.2 ms, flip angle =10°, acquisition matrix 
=320/320×320/300, pixel size =1.00 mm × 1.00 mm, number 
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of excitations =1, and slice thickness =2.0/1.0 mm. The first 
enhanced sequence image acquisition was started 25 s after 
the contrast agent was injected. The acquisition was repeated 
6 times, and each phase lasted 75/60 s. Both DCE-MRI 
types involved the automatic injection of the contrast agent 
(gadopentetate dimeglumine; BeiLu Healthcare; 0.2 mL/kg  
body weight, flow rate 1.5 mL/s) and then flushing with the 
same total dose of saline solution.

Image analysis

All images were reviewed retrospectively by 2 radiologists 
with 5 and 15 years of experience in breast imaging who 
arrived at a consensus. MG findings were assessed using the 
BI-RADS classification system (11). On each mammogram, 
the morphology and distribution of microcalcifications 
before and after NAT were recorded together with the 
largest extent of microcalcifications in the craniocaudal and 
mediolateral oblique views. After NAT, the calcification 
extent was considered to increase if the calcification 
diameter increased by ≥10% compared with that before 
treatment; if the calcification range decreased by ≥10% 
compared with that before treatment, the calcification range 
was considered to be reduced; and if the calcification range 
after treatment was between the increase and decrease, the 
extent of calcification was considered unchanged.

On DCE-MRI, the greatest tumor diameter before or 
after NAT was measured as the tumor size in early post-

contrast imaging. In the case of multiple lesions, the largest 
tumor was used to define the tumor size. The response 
evaluation on MRI was based on the revised Response 
Evaluation. Criteria in Solid Tumors (RECIST) guidelines 
(version 1.1) (12). Complete response was defined as 
the disappearance of any residual mass or non–mass 
enhancement, partial response was defined as a decrease 
of >30% in the greatest diameter, progressive disease was 
defined as an increase of >20% in the greatest diameter, 
and stable disease was defined as an increase of <20% or a 
decrease of <30% in the largest diameter.

Histopathology analysis

Surgery was performed after the completion of NAT. 
Pathological  tumor s ize was recorded.  The main 
biomarkers, estrogen receptor (ER), progesterone receptor 
(PR), and human epidermal growth factor receptor 2 
(HER2) were assessed using immunohistochemistry (IHC) 
in paraffin-embedded tumor samples before treatment. 
Patients were categorized based on the IHC hormone 
receptor (HR) and HER2 status of their primary tumor. 
Therefore, the tumor subtypes were classified as follows: (I) 
HR-negative/HER2-positive (ER-negative, PR-negative, 
and HER2-positive); (II) HR-positive/HER2-positive (ER-
positive and/or PR-positive, and HER2-positive); (III) 
HR-positive/HER2-negative (ER-positive and/or PR-
positive, and HER2-negative); and (IV) triple-negative 
(TN) (ER-negative, PR-negative, and HER2-negative) (13). 
Histopathological tumor response was assessed using the 
Miller-Payne (MP) grading system (14). MP grade V and 
residual ductal carcinoma in situ (DCIS) were included in 
the pCR category (6).

Statistical methods 

SPSS 26.0 (IBM, Armonk, NY, USA) was used for the 
statistical analysis. Continuous, nonnormally distributed 
variables are expressed as median and interquartile range 
(IQR), and categorical variables as frequencies and 
percentages. Comparisons were performed using the 
Wilcoxon signed-rank test for nonnormally distributed 
continuous variables, and Pearson χ2 test or Fisher exact 
test for categorical variables. The correlation between the 
extent of the residual microcalcifications on MG, the size of 
the residual enhancement on MRI, and the actual residual 
tumor size was assessed based on the intraclass correlation 

Figure 1 Flowchart of patient inclusion and exclusion. NAT, 
neoadjuvant treatment; MG, mammography; MRI, magnetic 
resonance imaging. 

Enrolled in patients who 
underwent NAT before 

surgery for breast cancer 
(N=1,471)

Final study population
(N=127)

Excluded
•  Lack of MG and/or MRI imaging pre- 

and post-NAT (n=995)
•  No microcalcifications on MG before 

NAT (n=289)
• Poor image quality (n=12)
• Metastasis at diagnosis (n=16)
•  Lack of pathological tumor size (n=32)
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coefficient (ICC). Sensitivity, specificity, positive predictive 
value (PPV), negative predictive value (NPV), false-positive 
rate, and false-negative rate of MRI were evaluated for 
diagnosing the residual tumor pCR. A two-tailed P value 
<0.05 was considered as to be statistically significant, and 
the confidence level of CIs was 95%.

Results

Patient clinicopathological characteristics 

Clinicopathological features of the study population are 
described in Table 1. In total, 127 patients were enrolled 
in this study, and the mean patient age was 49.9±9.3 years. 
After NAT, 18.9% (24 of 127) of patients underwent BCS, 
and 81.1% (103 of 127) of patients underwent mastectomy 
(40 of 103 with pCR). In our study, 52 of the 127 patients 
(40.9%) achieved pCR after NAT. Among these, 19 of 52 
(36.5%) were HR-negative/HER2-positive tumors, 21 of 
52 (40.4%) were HR-positive/HER2-positive tumors, 8 of 
52 (15.4%) were HR-positive/HER2-negative tumors, and 
4 of 52 (7.7%) were TN tumors. There was a significant 
difference between tumor subtypes and pCR rates (P<0.001) 
(Table 2).

Mammographic findings 

Table 3 shows the characteristics of microcalcifications. Fine 
pleomorphic (41.7%) and grouped distributions (51.2%) 
were the most common on pre-NAT MG. Among the  
127 patients who underwent NAT, almost no changes were 
observed in the shape or distribution of microcalcifications. 
The shape of the microcalcifications changed in 2 patients, 
including 1 from coarse heterogeneous to amorphous, and 1 
from fine pleomorphic to coarse heterogeneous. Only 1 case 
showed a change in distribution. A decrease in the extent of 
the microcalcifications was observed in 49 patients (38.6%), 
22 (17.3%) patients showed increased calcification after 
treatment (Figure 2), and no interval change was observed in 
56 (44.1%) patients. The median size of microcalcifications 
was 3.3 cm (IQR, 1.5–4.8 cm) before and 2.8 cm (IQR, 
0.9–4.8 cm) after the NAT.

MRI findings

The median size of the tumor mass on MRI before and after 
NAT was 2.9 cm (IQR, 2.3–4.0 cm) and 0.8 cm (IQR, 0–1.5 
cm), respectively. Among 42 patients who showed complete 
response on MRI (no residual enhancement in the tumor 
bed), 6 patients, all of who were ER-positive, failed to 
achieve real pCR. Sixteen patients showed enhanced lesions 
on MRI; however, the final pathological results indicated 
that they achieved pCR. The sensitivity, specificity, PPV, 
NPV, false-positive rate, and false-negative rate of MRI for 

Table 1 Baseline characteristics of all patients

Characteristic Value

Age (years), mean ± SD 49.9±9.3

Neoadjuvant treatment regimen, n (%)

Only neoadjuvant chemotherapy 65 (51.2)

Neoadjuvant chemotherapy + targeted therapy 60 (47.2)

Neoadjuvant chemotherapy + endocrine therapy 1 (0.8)

Neoadjuvant endocrine therapy + targeted therapy 1 (0.8)

Histological type before NAT, n (%)

IDC 116 (91.3)

ILC 1 (0.8)

IDC + DCIS 10 (7.9)

Molecular subtype, n (%) 

HR−/HER2+ 25 (19.7)

HR+/HER2+ 42 (33.1)

HR+/HER2− 47 (37.0)

TN 13 (10.2)

pCR, n (%)

Yes 52 (40.9)

No 75 (59.1)

Type of surgery, n (%)

Breast-conserving surgery 24 (18.9)

Mastectomy 103 (81.1)

Pre-NAT tumor grade, n (%)

1 5 (3.9)

2 74 (58.3)

3 48 (37.8)

SD, standard deviation; NAT, neoadjuvant treatment; IDC, 
invasive duct carcinoma; ILC, invasive lobular carcinoma; DCIS, 
ductal carcinoma in situ; HR, hormone receptor; HER2, human 
epidermal growth factor receptor 2; pCR, pathologic complete 
response; TN, triple negative.



Quantitative Imaging in Medicine and Surgery, Vol 13, No 9 September 2023 5597

© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2023;13(9):5593-5604 | https://dx.doi.org/10.21037/qims-22-1170

diagnosing residual tumor pCR were 92.0%, 69.2%, 81.2%, 
85.7%, 30.8%, and 8.0%, respectively. MRI had the highest 
accuracy in evaluating whether HER2 overexpression and 
TN breast cancer exhibited pCR, with a sensitivity of 100% 
and a false-negative rate of 0%. 

Correlation between change in the extent of 
microcalcifications and responses to NAT

The correlation between microcalcification extent 
change on MG after NAT, MRI radiologic reaction, and 
histopathologic characteristics are presented in Table 4. Of 
the 42 patients who achieved CR on MRI, microcalcifications 
decreased in 15 (35.7%) patients, and 22 (52.4%) 
showed no change in calcifications on MG (Figure 3).  
The change in microcalcifications was not significantly 
different according to the RECIST criteria (P=0.09). 
Similarly, there was no significant difference between the 
change in microcalcifications and the MP grade (P=0.14).

Table 2 Tumor subtype correlated with pathological reaction

pCR
Tumor subtype, n (%)

P value
HR−/HER2+, n=25 (19.7) HR+/HER2+, n=42 (33.1) HR+/HER2−, n=47 (37.0) TN, n=13 (10.2)

Yes (n=52) 19 (36.5) 21 (40.4) 8 (15.4) 4 (7.7) <0.001

No (n=75) 6 (8.0) 21 (28.0) 39 (52.0) 9 (12.0)

pCR, pathologic complete response; HR, hormone receptor; HER2, human epidermal growth factor receptor 2; TN, triple negative. 

Table 3 Mammography and MRI findings before and after NAT

Characteristic Value

MG findings before NAT

Lesion type

Microcalcifications only 36 (28.3)

Microcalcifications with mass 91 (71.7)

Shape of microcalcifications

Amorphous 21 (16.5)

Coarse heterogeneous 15 (11.8)

Fine pleomorphic 53 (41.7)

Fine linear/linear branching 38 (29.9)

Distribution of microcalcifications

Scattered 2 (1.6)

Regional 14 (11.0)

Grouped 65 (51.2)

Segmental 44 (34.6)

Linear 2 (1.6)

Change in extent of microcalcifications

Pre-NAT, cm 3.3 (1.5–4.8)

Post-NAT, cm 2.8 (0.9–4.8)

Changes in the shape and distribution of microcalcifications

Fine pleomorphic—coarse heterogeneous 1 (0.8)

Coarse heterogeneous—amorphous 1 (0.8)

Cluster—scattered 1 (0.8)

MRI findings before NAT

Lesion type

Mass 103 (81.1)

Non-mass 24 (18.9)

Table 3 (continued)

Table 3 (continued)

Characteristic Value

Number of cancer lesions

Single 76 (59.8)

Multiple 51 (40.2)

Tumor size pre-NAT, cm 2.9 (2.3–4.0)

Tumor size post-NAT, cm 0.8 (0–1.5)

Complete response on MRI after NAT

Yes 42 (33.1)

No 85 (66.9)

Data are presented as n (%) or median (IQR). NAT, neoadjuvant 
treatment; MG, mammography; IQR, interquartile range; MRI, 
magnetic resonance imaging.
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The correlation of pathological tumor size, extent of 
residual microcalcification on MG, and size of enhancing 
lesion on MRI

The median size of residual microcalcifications was 2.8 cm  
(IQR, 0.9–4.8), the median size of the residual tumor 
on MRI after NAT was 0.8 cm (IQR, 0–1.5), and the 
median total pathological size was 0.4 cm (IQR, 0–1.5). 
Overall, there was no correlation when comparing the 
agreement between pathologic tumor size and residual 
microcalcifications on MG (ICC =0.097) and a higher 
correlation with enhancing tumors on MRI (ICC =0.771). 
Furthermore, no significant association was found between 
the residual microcalcifications on MG and enhancing 

tumors on MRI (ICC =0.140). In the subgroup analysis 
for TN tumors, MRI enhancement showed the highest 
agreement with the size of the pathological residual tumor 
(ICC =0.883) (Table 5). 

Discussion

We compared the accuracy of residual microcalcifications 
and MRI-enhanced lesions in assessing the residual tumor 
size in breast cancer after NAT. We found that MRI was 
more accurate than was MG in predicting the size of 
the pathological residual tumor and the NAT response. 
Meanwhile, we did not find a significant correlation 

Figure 2 Imaging of a 42-year-old woman in whom a right breast lump was accidentally discovered. (A) Mammogram showing fine 
pleomorphic segmental calcifications in the right upper outer quadrant before NAT (arrows). (B) After NAT, microcalcifications increased 
(5.6 cm) (arrows). (C) MRI showing enhancing mass in the right breast (arrow). (D) After NAT, the right breast mass (arrow) decreased 
remarkably, and the postoperative pathological tumor size was observed to be 1.5 cm. NAT, neoadjuvant treatment; MRI, magnetic 
resonance imaging.

A B

C D
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between changes in the extent of the microcalcifications 
and pathologic response based on the MP grade and the 
RECIST criteria on MRI. Our results indicate that MRI 
could be considered an important auxiliary method for 
evaluating the pathological tumor size of breast cancer with 
residual microcalcifications, and it could provide surgeons 
with useful information for surgical decision-making.

Numerous studies have consistently demonstrated 
that, compared with MG and ultrasound, MRI has 
superior reliability in monitoring pathological response 
and evaluating residual tumor size (15-18). Surgeons’ 
assessment of the tumor relies heavily on post-NAT 
imaging. However, the presence of microcalcifications 
after NAT may affect surgical decision-making. Previous 
studies have suggested that changes in microcalcifications 
are associated with pCR (7,19). Patients with a decrease 

in the extent of microcalcifications post-NAT have 
higher rates of pCR than those with no change or an 
increased extent. In contrast to prior investigations, our 
study included patients who underwent both pre- and 
post-NAT MRI scans, enabling us to not only evaluate 
the correlation between microcalcification changes and 
pathological response but also to examine their association 
with radiological response based on MRI. Interestingly, 
we did not observe a significant relationship between 
changes in microcalcifications and pathological response 
as determined by the MP grade and RECIST criteria on 
MRI (P=0.09 and P=0.14, respectively). Li et al. concluded 
that mammographically detected calcifications had no 
predictive value for tumor response after NAT (20). Most 
studies have reported that microcalcifications may remain 
unchanged, decrease, or even increase in patients after NAT 

Table 4 Correlation of microcalcifications extent change on mammography after NAT with MRI radiologic reaction and histopathologic 
characteristics

Tumor response after NAT
Change in microcalcifications after NAT, n (%)

P value
No change, n=56 (44.1) Decrease, n=49 (38.6) Increase, n=22 (17.3)

RECIST criteria 0.09

Complete response (n=42) 22 (52.4) 15 (35.7) 5 (11.9)

Partial response (n=70) 26 (37.1) 32 (45.7) 12 (17.1)

Stable disease (n=15) 8 (53.3) 2 (13.3) 5 (33.3)

Progressive disease (n=0) – – –

MP grade 0.14

1 (n=1) 1 (100.0) 0 0

2 (n=8) 4 (50.0) 1 (12.5) 3 (37.5)

3 (n=51) 18 (35.3) 20 (39.2) 13 (25.5)

4 (n=15) 8 (53.3) 7 (46.7) 0

5 (n=52) 25 (48.1) 21 (40.4) 6 (11.5)

pCR 0.40

Yes (n=52) 25 (48.1) 21 (40.4) 6 (11.5)

No (n=75) 31 (41.3) 28 (37.3) 16 (21.3)

Postoperative pathological type 0.20

No residual cancer (n=32) 13 (40.6) 15 (46.9) 4 (12.5)

Invasive carcinoma (n=65) 24 (36.9) 27 (41.5) 14 (21.5)

IDC + DCIS (n=10) 7 (70.0) 1 (10.0) 2 (20.0)

DCIS (n=20) 12 (60.0) 6 (30.0) 2 (10.0)

NAT, neoadjuvant treatment; MP grade, Miller-Payne grade; pCR, pathologic complete response; IDC, invasive ductal carcinoma; DCIS, 
ductal carcinoma in situ; MRI, magnetic resonance imaging; RECIST, Response Evaluation Criteria in Solid Tumors.
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(21,22). The persistence of calcification does not invariably 
indicate the presence of residual tumors (23). The decrease 
and disappearance of microcalcifications may be attributed 
to the phagocytosis of multinucleated histiocytes or partial 
removal via biopsy, while the necrotic process of carcinomas 
can be accompanied by calcification formation, which 
may account for the increased degree of calcification in 
some patients (24,25). Previous studies have reported 
microcalcifications in 60–90% of cases of DCIS (26), but 
our study did not find a significant increase in calcification 
in postoperative pathological types of invasive carcinomas 
with or without DCIS. This observation may be attributed 
to the limited sample size in our study.

In our study, we found that the total residual tumor 

sizes on MRI showed higher agreement with the actual 
tumor sizes on histopathologic examination than with 
the extent of residual microcalcifications on MG (ICC: 
0.771 vs. 0.097). The reliability of MRI for the prediction 
of residual tumors was highest for the TN subtype (ICC 
=0.883). Notably, MRI exhibited the highest reliability in 
predicting residual tumors within the TN subtype (ICC 
=0.883). These findings align with those reported by Kim  
et al., who also found moderate agreement between MRI 
and residual microcalcifications on MG in predicting the 
extent of residual tumors across all subtypes (ICC: 0.709 
vs. 0.365) (27). In our study, MRI demonstrated a high 
sensitivity and PPV in evaluating whether breast cancer 
achieved pCR, with a low false-negative rate. However, 

Figure 3 Imaging of a 52-year-old woman with invasive ductal carcinoma. (A) Mammogram showing fine linear segmental calcifications 
(8.6 cm) in the right upper inner quadrant before NAT (arrows). (B) No obvious changes in the size of calcifications after NAT (arrows). 
(C) MRI showing multiple enhancing masses in the right breast (arrows). (D) Lesions on MRI disappeared, and final pathology confirmed 
complete resolution. NAT, neoadjuvant treatment; MRI, magnetic resonance imaging.

A B

C D
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Table 5 The correlation between pathological tumor size, the extent of residual microcalcification on MG, and size of enhancing lesion on MRI

Molecular 
subtype

Extent of residual 
microcalcifications on 
MG (cm), median (IQR)

Size of enhancing 
lesion on MRI (cm), 

median (IQR)

Size of residual 
tumor (cm), 

median (IQR)
ICCa (95% CI) ICCb (95% CI) ICCc (95% CI)

Total (n=127) 2.8 (0.9 to 4.8) 0.8 (0 to 1.5) 0.4 (0 to 1.5) 0.097  
(−0.078 to 0.266)

0.771  
(0.689 to 0.833)

0.140  
(−0.035 to 0.306)

HR−/HER2+ 
(n=25)

3.7 (2.0 to 5.2) 0 (0 to 1.0) 0 (0 to 0.2) 0.161  
(−0.243 to 0.517)

0.757  
(0.522 to 0.885)

0.082  
(−0.316 to 0.456)

HR+/HER2+ 
(n=42)

2.9 (1.0 to 4.5) 0.6 (0 to 1.1) 0.2 (0 to 1.5) 0.134  
(−0.174 to 0.418)

0.717  
(0.531 to 0.837)

0.149  
(−0.159 to 0.430)

HR+/HER2− 
(n=47)

2.4 (0.6 to 4.7) 1.2 (0.6 to 2.2) 1.2 (0.5 to 2.5) 0.175  
(−0.118 to 0.441)

0.736  
(0.570 to 0.844)

0.255  
(−0.032 to 0.503)

TN (n=13) 2.8 (1.5 to 6.1) 1.0 (0.3 to 1.7) 0.8 (0 to 1.6) −0.018  
(−0.545 to 0.519)

0.883  
(0.662 to 0.963)

0.065  
(−0.484 to 0.577)

a, ICC between the extent of residual microcalcifications on MG and histopathology; b, ICC between the extent of enhancing lesion on MRI 
and histopathology; c, ICC between the extent of residual microcalcifications on MG and enhancing lesion on MRI. MG, mammography; 
MRI, magnetic resonance imaging; IQR, interquartile range; ICC, intraclass correlation coefficient; CI, confidence interval; HR, hormone 
receptor; HER2, human epidermal growth factor receptor 2; TN, triple negative.

we observed some variations in the accuracy of MRI in 
assessing treatment responses among different tumor 
types. Specifically, 6 patients with ER-positive tumors 
were misdiagnosed as having achieved complete response 
on MR, despite the presence of invasive residual tumor 
on pathology. This discrepancy may be attributed to the 
tendency of ER-positive tumors to exhibit scattered small 
lesions following NAT (28). 

BCS offers several advantages, including minimal 
incision, reduced intraoperative blood loss, and favorable 
cosmetic outcomes, all of which contribute to a higher 
quality of life for patients (29-31). Previous studies have 
indicated that patients undergoing BCS exhibit comparable 
or even improved survival rates compared to those who 
undergo mastectomy (32-34). 

Some clinicians advocate for the complete removal of 
microcalcifications seen in MG, while others argue that if 
the tumor demonstrates significant shrinkage or achieves 
pCR, the removal of all microcalcifications may not be 
required (20,24,35). We suggest that residual tumors with 
microcalcifications may not necessarily be a contraindication 
to breast conservation. In our study, 81% of patients opted 
for the mastectomy after NAT, nearly 40% of whom had 
pCR. Additionally, only 23% of BCS-eligible patients chose 
BCS after NAT, representing a significantly lower BCS rate 
than in North American patients (55%) (36). These results 
provide valuable insights for surgeons in making informed 
decisions regarding the appropriate surgical approach. 

It is possible that not all lesions exhibiting persistent 
microcalcifications require more extensive surgical 
interventions.

This study had several limitations. First, this was a single-
center study with a relatively small sample size. Second, 
the patients included in the study were treated with diverse 
neoadjuvant regimens and varied treatment cycles prior to 
surgery. Additionally, there was no postoperative follow-up 
conducted for our patients.

Conclusions

Our findings indicate that in patients with persistent 
microcalcifications after NAT, clinicians should evaluate 
both MRI findings and immunohistochemical subtypes 
and should consider the feasibility of BCS when deciding 
on surgery. Further investigations with larger prospective 
cohorts are required to verify these results.
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