
© Quantitative Imaging in Medicine and Surgery. All rights reserved.   Quant Imaging Med Surg 2024;14(9):6734-6744 | https://dx.doi.org/10.21037/qims-24-447

Original Article

Tumor enhancement and shrinkage pattern in dynamic  
contrast-enhanced magnetic resonance imaging for predicting 
pathologic complete response after human epidermal growth 
factor receptor 2 (HER2)-targeted therapy in breast cancer

Chunyan Yi1^, Lin Li2^, Jie Ma1^

1Department of Radiology, Shenzhen People’s Hospital, Shenzhen, China; 2Department of Radiology, Cancer Hospital Chinese Academy of Medical 

Science, Shenzhen Center, Shenzhen, China

Contributions: (I) Conception and design: C Yi, J Ma; (II) Administrative support: J Ma; (III) Provision of study materials or patients: C Yi, L Li; 

(IV) Collection and assembly of data: C Yi, L Li; (V) Data analysis and interpretation: All authors; (VI) Manuscript writing: All authors; (VII) Final 

approval of manuscript: All authors.

Correspondence to: Jie Ma, BD. Department of Radiology, Shenzhen People’s Hospital, 1017 Dongmen North Street, Shenzhen 518020, China.  

Email: cjr.majie@vip.163.com.

Background: Targeted therapy with neoadjuvant chemotherapy for patients with human epidermal growth 
factor receptor 2 (HER2)-positive breast cancer has increased the rates of pathological complete response 
(pCR) and breast preservation surgery and improved the overall disease-free survival rate. This study aimed 
to determine whether tumor enhancement and shrinkage patterns in dynamic contrast-enhanced magnetic 
resonance imaging (DCE-MRI) can predict the efficacy of targeted therapy in patients with HER2-positive 
breast cancer and differentiate pCR from non-pCR.
Methods: The data of 64 patients with HER2-positive breast cancer who received targeted therapy prior 
to surgery were retrospectively collected. All patients had complete postoperative pathological data. The 
pretreatment evaluation of the tumor enhancement pattern and the shrinkage pattern after two treatment 
cycles were assessed. The difference in the enhancement and shrinkage patterns between the pCR and 
non-pCR groups was evaluated via the χ2 test. Logistic regression analysis was used to assess the value of 
enhancement and shrinkage patterns for predicting pCR in patients with HER2-positive breast cancer.
Results: There were statistically significant differences in tumor size, estrogen receptor (ER) status, lymph 
node metastasis, enhancement pattern, and shrinkage pattern between the pCR and non-pCR cases. Patients 
with a tumor size ≤20 mm were likely to achieve pCR. ER status, lymph node metastasis, and enhancement 
and shrinkage patterns each had good precision for predicting pCR, and the combination of enhancement 
and shrinkage patterns had the highest prediction accuracy. Multivariate logistic regression analysis indicated 
that only enhancement pattern had a significant predictive value. 
Conclusions: Among patients with HER2-positive breast cancer, those with tumor size ≤20 mm, ER-
negative status, no lymph node metastases, and mass enhancement and concentric shrinkage patterns 
are more likely to achieve pCR. Mass enhancement combined with concentric shrinkage had the highest 
accuracy in predicting pCR, indicating that preoperative imaging may be useful for guiding clinical decisions 
regarding targeted treatments. 
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Introduction

In patients with breast cancer, the targeted treatment of 
anti-human epidermal growth factor receptor 2 (HER2) 
antibodies is associated with an increase in the disease-
free survival rate (1). The National Comprehensive Cancer 
Network guidelines include HER2-targeted treatment in 
the standard treatment scheme for HER2-positive breast 
cancer (2). The pathological complete response (pCR) 
rate for patients with HER2-positive after neoadjuvant 
chemotherapy (NAC) and targeted treatment can reach 
40–60% (3-5). In 2014 a large-sample, multicenter study 
found that patients with HER2-positive breast cancer had 
the highest rates of breast preservation surgery and pCR 
after NAC (6). In 2018, Richter et al. (7) raised questions 
about whether patients who achieved pCR needed further 
surgery. Because there is no accurate predictor of pCR, 
an inaccurate diagnosis or inappropriate treatment plan 
could result in local recurrence or overtreatment. Ishitobi 
et al. (8) analyzed 375 patients with breast cancer who had 
undergone breast preservation surgery and found that ER 
status and multifocality of residual tumor after NAC were 
independent predictors of tumor recurrence. Despite these 
findings, there remain questions regarding the treatment 
of breast cancer: What kind of patients can achieve pCR 
after HER2-targeted treatment? How can we predict and 
identify pCR early? Do medical images have a specific 
predictive value? To address these issues, we conducted 
a study to determine whether there was a correlation 
between residual tumor and dynamic contrast-enhanced 
magnetic resonance imaging (DCE-MRI) enhancement and 
shrinkage patterns after targeted treatment of patients with 
HER2-positive breast cancer. We also examined whether 
the enhancement and shrinkage patterns could predict the 
efficacy of targeted therapy and identify pCR and non-pCR 
cases. The findings of this study may help guide clinical 
management. We present this article in accordance with 
the STROBE reporting checklist (available at https://qims.
amegroups.com/article/view/10.21037/qims-24-447/rc).

Methods

Participants

We conducted a retrospective analysis of patients with 
breast cancer treated with NAC in Shenzhen people’s 
hospital between January 2010 and August 2020. The 
inclusion criteria were as follows: (I) HER2 positivity as 
confirmed by pathological immunohistochemistry prior to 
chemotherapy; (II) complete DCE-MRI images obtained 
before biopsy and after two cycles of NAC; (III) HER2-
targeted therapy consisting of trastuzumab, pertuzumab, or 
their combination; and (IV) availability of complete surgical 
and pathological data before August 2020. Meanwhile, the 
exclusion criterion was previous surgery before targeted 
therapy.

This study was conducted in accordance with the 
provisions of the Declaration of Helsinki (as revised in 
2013) and was approved by the Ethics Committee of 
Shenzhen People’s Hospital (No. LL-KY-2022285). The 
requirement for individual consent was waived due to the 
retrospective nature of the analysis.

A total of 64 women aged 27–71 (47.25±10.54) years 
were enrolled in this study. Four types of NAC regimens 
with HER2-targeted therapy were administered to the 
patients:
 Ep i rub i c in  and  cyc lophosphamide  ×  4→ 

taxotere and trastuzumab × 4 (27 cases): four 
cycles of epirubicin (100 mg/m; iv; day 1) and 
cyclophosphamide (600 mg/m2 iv; day 1), followed 
by four cycles of taxotere (100 mg/m2; iv; day 1) 
and trastuzumab (a first dose of 4 mg/kg followed 
by 2 mg/kg on days 1, 8, and 15) administered 
every three weeks.

 Epirubicin and cyclophosphamide × 4→paclitaxel and 
trastuzumab × 4 (16 cases): four cycles of epirubicin 
(100 mg/m2 iv; day 1) and cyclophosphamide  
(600 mg/m2 iv; day 1) every two weeks, followed by 
four cycles of paclitaxel (175 mg/m2 iv for 3 h; day 1) 
every two weeks and simultaneous trastuzumab (a 
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first dose of 4 mg/kg and then 2 mg/kg on day 1) 
every week.

 Taxotere, carboplatin, and trastuzumab (TCbH) × 6 
(18 cases): six cycles of taxotere (75 mg/m2 iv; day 1), 
carboplatin (area under the plasma concentration-
time curve =6 iv; day 1), and trastuzumab (first dose 
of 8 and 6 mg/kg on day 1) every three weeks.

 Taxotere, carboplatin, trastuzumab, pertuzumab × 
6 (3 cases, which were all switched from TCbH × 6 
after two cycles due to unsatisfactory response): six 
cycles of taxotere (75 mg/m2 iv; day 1), carboplatin 
(area under the plasma concentration-time curve =6; 
iv; day 1), trastuzumab (first dose of 8 mg/kg then  
6 mg/kg on day 1), and pertuzumab (first dose of  
850 mg and then 420 mg on day 1) every three weeks.

Preoperative status of lymph node metastasis and 
immunohistochemical evaluation

Preoperative lymph node metastasis status was determined 
according to pathological biopsy. As per the recommended 
guidelines for breast cancer immunohistochemistry 
published by the American Society of Clinical Oncology (9) 
in 2018, if more than 1% of tumor cells are positive for 
estrogen receptor (ER) and progesterone receptor (PR) 
in immunohistochemical staining, this suggests positive 
ER and PR status. HER2 was detected via HercepTest 
immunohistochemical staining (Genentech, San Francisco, 
CA, USA), and the results were scored as 0 (negative), 1+ 
(negative), 2+ (equivocal), or 3+ (positive). For scores of 2+ 
or 3+, HER2 status was confirmed through fluorescence in 
situ hybridization.

Postoperative pathological reactivity assessment

There is no clear consensus regarding the definition of pCR 
after NAC. In this study, similarly to the studies of Krystel-
Whittemore et al. and Bitencourt et al. (10,11), pCR was 
defined as nonresidual invasive cancer in the breast or axillary 
lymph nodes at the time of surgical resection, which could be 
accompanied by residual intraductal cancer components.

Magnetic resonance imaging (MRI)

All patients underwent DCE-MRI of both breasts using 
a four-channel surface breast coil on a 3.0-T MRI device 
(MAGNETOM Skyra, Siemens Healthineers, Erlangen, 
Germany). First, T1- and T2-weighted imaging, T2-

weighted fat suppression imaging, and diffusion-weighted 
imaging (with b-values of 50, 400, 800 s/mm2) were 
performed in the transverse position. In the examination, 
the plain film was first scanned. Subsequently, gadolinium 
diethylenetriamine penta-acetic acid was injected after 
30 seconds of suspension, and five successive scans were 
performed, each lasting 1 minute. The dynamic-enhanced 
scanning parameters were as follows: echo time =1.7 ms, 
repetition time =4.7 ms, scanning field =360 mm, spacing 
=0 mm, layer thickness =1.6 mm, number of layers =72, and 
acquisition matrix =448×372. The examination equipment 
and parameters were the same both before and after 
treatment.

Image evaluation

The size of the lesion, lymph node metastasis status, and 
clinical stage were evaluated according to the American 
Joint Committee on Cancer standards. Two radiologists 
with 3 and 5 years of experience in breast imaging diagnosis, 
respectively, read the films separately and recorded the 
results. If the evaluation results were inconsistent, a 
consensus was reached before recording. The enhancement 
pattern before treatment and the shrinkage pattern after 
two cycles of targeted therapy were observed. According 
to the 2013 American College of Radiology breast imaging 
reporting and data system (12), the enhancement mode was 
classified as mass enhancement or non-mass enhancement. 
Mass enhancement refers to the occupation of a three-
dimensional space with a convex edge, while non-mass 
enhancement refers to the presence of normal glands or 
adipose tissue between punctate or flaky enhancement. 
Shrinkage patterns were classified in accordance with the 
Fukada classification method (13), which defines centripetal 
contraction as the simple centripetal reduction of a lesion 
with decreased volume and no fragmentation. All other 
types of contraction were considered to be noncentripetal 
contractions (Figure 1).

Statistical analysis

SPSS version 22 software (IBM Corp., Armonk, NY, USA) 
was used for statistical analysis, and the Kolmogorov-
Smirnov test was used to determine normal distributions of 
patient age and lesion size. The pCR and non-pCR groups 
were compared using an independent samples t-test or the 
Wilcoxon rank-sum test. The χ2 test was used to compare 
the difference between the enhancement and shrinkage 
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patterns prior to chemotherapy. The interaction between 
enhancement and shrinkage patterns was described by 
the patient subgrouping determined by the four possible 
pattern combinations. A similar approach was adopted 
for the interaction between enhancement pattern and ER 
status. Unconditional logistic regression analysis was used 
to analyze the relevant factors for achieving pCR in HER2-
positive patients after targeted treatment. P value, odds ratio 
(OR), and 95% confidence interval (CI) were calculated, 
with P<0.05 indicating statistical significance.

Results

Comparison of clinical indicators prior to HER2-targeted 
treatment

Among the 64 patients with HER2-positive breast cancer, 
there were 26 cases of pCR and 38 cases of non-pCR. The 
age of non-pCR group (48.42±11.19 years) was slightly 
higher than that of the pCR group (45.54±9.46 years), 
but this difference was not statistically significant. There 
was, however, a significant difference between the groups 
in terms of lesion size (P=0.010), with lesions ≤20 mm 
being associated with pCR (6/7, 86%) and lesions >20 mm 
being associated with non-pCR (37/57, 65%). There was 
a significant difference between groups in terms of ER 
status (P=0.025) but not PR status (P=0.265). After targeted 
treatment, a greater portion of ER-positive patients 
experienced non-pCR (24/33, 73%) as compared to ER-
negative patients. After targeted treatment, the rate of pCR 
in those without lymph node metastasis was 61.1% (22/36) 
and was only 14.3% (4/28) in those with lymph node 

metastasis. No statistically significant difference in NAC 
regimen was found between the pCR and non-pCR groups 
(P=0.496) (Table 1). 

Comparison of DCE-MRI enhancement and shrinkage 
patterns between the pCR and non-pCR groups

Among the 64 patients with HER2-positive breast cancer, 
60.9% (39/64) showed non-mass enhancement. The 
enhancement patterns showed significant differences in 
terms of shrinkage pattern, ER status, and lymph node 
metastasis, as summarized in Table 2. Notably, ER-positive 
lesions were significantly more likely to demonstrate non-
mass enhancements (24/39, 61.5%) as compared to ER-
negative lesions (15/39, 38.5%) (P=0.046), and patients 
with non-mass enhancement lesions had a higher rate of 
lymph node metastasis (23/39, 59.0%). After chemotherapy, 
mass-enhanced lesions were more likely to show centripetal 
shrinking (18/25, 72.0%) than were non-mass-enhanced 
lesions (14/39, 35.9%).

There was a statistically significant difference in the 
enhancement and shrinkage patterns between the pCR 
and non-pCR groups (P<0.050). Among the 26 patients 
who achieved pCR, 19 (73.1%) had mass enhancement 
and 7 (26.9%) had non-mass enhancement; 19 (73.1%) 
also showed centripetal shrinking. There were 18 cases of 
mass enhancement with centripetal shrinking, of whom 16 
(88.9%) reached pCR; 14 cases of non-mass enhancement 
with centripetal shrinking, of whom 3 (21.4%) reached 
pCR; 7 cases of mass enhancement with noncentripetal 
shrinking, of whom 3 (42.9%) reached pCR; and 25 cases 
of non-mass enhancement with noncentripetal shrinking, of 

Centripetal Noncentripetal Centripetal Noncentripetal

A B

Figure 1 Schematic diagrams of the (A) mass enhancement and (B) non-mass enhancement shrinkage patterns.
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Table 1 Comparison of the clinical indicators in the pCR and non-pCR groups 

Group pCR (n=26) Non-pCR (n=38) χ2 P

Age (years) 1.546 0.214

≤50 19 (73.1) 22 (57.9)

>50 7 (26.9) 16 (42.1)

Lesion size (mm) 6.624 0.015

≤20 6 (23.1) 1 (2.6)

>20 20 (76.9) 37 (97.4)

ER 5.036 0.025

Positive 9 (34.6) 24 (63.2)

Negative 17 (65.4) 14 (36.8)

PR 1.245 0.265

Positive 10 (38.5) 20 (52.6)

Negative 16 (61.5) 18 (47.4)

Lymph node metastasis 14.317 <0.001

Absent 22 (84.6) 14 (36.8)

Present 4 (15.4) 24 (63.2)

NAC regimen 2.39 0.496

EC→TH 12 (46.2) 15 (39.5)

EC→P’H 6 (23.1) 10 (26.3)

TCbH 8 (30.7) 10 (26.3)

TCbHP 0 3 (7.9)

Data are presented as n (%). pCR, pathological complete response; ER, estrogen receptor; PR, progesterone receptor; NAC, neoadjuvant 
chemotherapy; E, epirubicin; C, cyclophosphamide; T, taxotere; H, trastuzumab; P’, paclitaxel; Cb, carboplatin; P, pertuzumab. 

Table 2 Comparison of enhancement patterns in relation to shrinkage pattern, ER status, and presence of lymph node metastasis 

Groups
Enhancement pattern

χ2 P
Mass (n=25) NME (n=39)

Shrinkage pattern 7.943 <0.005

Centripetal shrinking 18 (72.0) 14 (35.9)

Noncentripetal shrinking 7 (28.0) 25 (64.1)

ER 3.978 0.046

Positive 9 (36.0) 24 (61.5)

Negative 16 (64.0) 15 (38.5)

Lymph node metastasis 9.403 0.002

Absent 20 (80.0) 16 (41.0)

Present 5 (20.0) 23 (59.0)

Data are presented as n (%). ER, estrogen receptor; NME, non-mass enhancement.
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whom 4 (16.0%) reached pCR (Table 3). The combination 
of ER status and enhancement pattern showed a significant 
correlation with pCR (P<0.001). Specifically, patients with 
ER-negative and mass-enhanced lesions were more likely 
to achieve pCR (13/26, 50.0%) than were those who were 
ER-positive with non-mass enhanced lesions (3/26, 11.5%) 
(Table 3). Typical cases are presented in Figure 2. 

Predictive value of various indicators for pCR 

Among the above-mentioned indicators with significant 
differences across groups, the accuracy of pCR prediction 
was significant for lymph node metastasis, enhancement 
pattern, shrinkage pattern, enhancement + shrinkage 
patterns, and enhancement pattern + ER, with receiver 
operating characteristic (ROC) curves of 0.739, 0.786, 
0.694, 0.825, and 0.823 respectively (Table 4, Figure 3). 
Multivariate logistic regression analysis showed that only 
enhancement pattern was significant among multiple 
parameters (OR =0.051; 95% CI: 0.005–0.551; P=0.014) 
(Table 5).

Discussion

The HER2 protein is a membrane protein that shares 
significant homology with epidermal growth factor 
receptor. It is classified as an epidermal growth factor and 
is expressed at low levels in normal tissues (14). HER2 
gene amplification and protein overexpression are related 
to the growth of malignant tumors in terms of tumor cell 
division, invasion, and angiogenesis (15). The application 
of anti-HER2 antibodies (trastuzumab, pertuzumab) can 
significantly improve the prognosis of patients with HER2-
positive breast cancer. In addition to tumor size, lymph 
node metastasis, tissue grading, and hormone receptor 
status, HER2 gene expression status has been used as an 
independent prognostic indicator in patients with breast 
cancer. The guidelines of the American Society of Clinical 
Oncology and the National Comprehensive Cancer Network 
both recommend HER2 as an immunohistochemical 
indicator that can guide clinical treatment for breast cancer. 
HER2-positive breast cancer accounts for 25% of all breast 
cancers, and its pCR rate after targeted treatment ranges 
from 40% to 60% (3-5). The pCR rate for the 64 HER2-

Table 3 Comparison of the therapeutic effects of targeted therapy in relation to enhancement pattern, shrinkage pattern, the combination of 
enhancement and shrinkage patterns, and the combination of enhancement patterns and ER status 

Group pCR (n=26) Non-pCR (n=38) χ2 P

Enhancement pattern 21.284 <0.001

Mass 19 (73.1) 6 (15.8)

NME 7 (26.9) 32 (84.2)

Shrinkage pattern 9.328 0.002

Centripetal 19 (73.1) 13 (34.2)

Noncentripetal 7 (26.9) 25 (65.8)

Enhancement + shrinkage 25.821 <0.001

Mass + centripetal 16 (61.5) 2 (5.3)

Mass + noncentripetal 3 (11.5) 4 (10.5)

NME + centripetal 3 (11.5) 11 (28.9)

NME + noncentripetal 4 (15.4) 21 (55.3)

Enhancement + ER 22.56 <0.001

Mass + ER negative 13 (50.0) 3 (7.9)

Mass + ER positive 6 (23.1) 3 (7.9)

NME + ER negative 4 (15.4) 11 (28.9)

NME + ER positive 3 (11.5) 21 (55.3)

Data are presented as n (%). ER, estrogen receptor; pCR, pathological complete response; NME, non-mass enhancement.
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Figure 2 Dynamic contrast-enhanced magnetic resonance imaging and hematoxylin and eosin staining (10×) from representative cases. Case 
1 showed (A) mass enhancement before chemotherapy and (B, arrow) a noncentripetal shrinkage pattern appearing at the edge of the lesion 
after two cycles of chemotherapy. (C) Pathological results after chemotherapy showed multiple residual invasive nonspecial-type cancers. 
Case 2 showed (D) mass enhancement before chemotherapy and (E) centripetal shrinkage after chemotherapy. (F) Postoperative pathology 
showed no residual cancer tissue fibrosis. Case 3 showed (G) non-mass enhancement before chemotherapy and (H) noncentripetal shrinking 
after chemotherapy, with (I) postoperative pathology demonstrating a small amount of cancer tissue infiltration. 
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positive cases of breast cancer described in our study 
was 40.6%, which is consistent with that reported in the 
literature. Patients with HER2-positive breast cancer have 
a higher rate of pCR and therefore a higher rate of breast-
conserving surgery. Predicting and evaluating the pCR in 
patients with breast cancer thus hold considerable clinical 
significance.

Age is a critical factor in the prognosis of breast cancer; 
for instance, those patients younger than 35 years have a 
higher mortality rate than do those older than 50 years (16). 
Our study found there to be no significant difference in age 
between the pCR and non-pCR groups of patients with 
HER2-positive breast cancer. However, there were group 

differences in terms of lesion size, lymph node metastasis, 
and ER status. The patients most likely to gain immediate 
benefit from targeted therapy were those with small 
tumors, low ER expression, and no lymph node metastasis. 
These results are consistent with those of Meisel et al. (17). 
Smaller tumors are typically found early and involve a 
lower degree of local invasion and a lower possibility of 
lymph node and distant metastases; therefore, they are 
associated with a good prognosis. After controlling for 
receptor status, a study of 38,864 patients found tumor size 
to be independently associated with pCR, although the 
association with receptor status was stronger (18). Among 
hormone receptor indicators, PR is less valuable than is 
ER for predicting response to hormone therapy. In our 
study, a smaller proportion of ER-positive patients reached 
pCR after targeted therapy compared to their ER-negative 
counterparts. This may be due to the higher activity of 
the G protein-coupled ER in ER-positive cells, which 
stimulates the rapid differentiation of cancer cells and has 
a poor response to HER2-targeted therapy (17,19). It has 
been reported that a high expression of HER2 is associated 
with a higher rate of lymph node metastasis and that a high 
expression of HER2 and lymph node metastasis can be used 
as independent predictors of prognosis (20). In our study, 
only 4 of 28 (14.3%) patients with lymph node metastases 
achieved pCR after targeted treatment.

Breast tumors are heterogeneous and complex. Needle 
biopsies cannot sufficiently capture the heterogeneity of a 
whole tumor prior to the administration of NAC (21). A 
lesion’s patterns of enhancement and shrinkage on MRI 
may reflect its morphological and functional characteristics. 
Mass enhancement and centripetal shrinkage can indicate 
consistency between tumor cytology and molecular 

Table 4 Performance of clinical and radiological indicators in predicting pCR 

Parameter AUC
95% CI

P
Lower limit Upper limit

Lesion size 0.602 0.456 0.748 0.167

ER 0.643 0.504 0.782 0.054

Lymph node metastasis 0.739 0.615 0.863 0.001

Enhancement pattern 0.786 0.665 0.9074 <0.001

Shrinkage pattern 0.694 0.561 0.827 0.009

Enhancement + shrinkage 0.825 0.713 0.938 <0.001

Enhancement + ER 0.823 0.714 0.932 <0.001

pCR, pathological complete response; AUC, area under the curve; CI, confidence interval; ER, estrogen receptor.
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Figure 3 The ROC curves of each parameter in predicting pCR. 
ER, estrogen receptor; ROC, receiver operating characteristic; 
pCR, pathological complete response.
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Table 5 Multivariate logistic regression analysis of clinical and radiological indicators in predicting pCR 

Variable Regression coefficient Standard error Wald OR (95% CI) P

Lesion size −1.151 1.460 0.621 0.316 (0.018–5.534) 0.431

ER −0.496 0.938 0.280 0.609 (0.097–3.826) 0.597

Lymph node metastasis −1.414 0.811 3.044 0.243 (0.050–1.191) 0.081

Enhancement pattern −2.972 1.212 6.011 0.051 (0.005–0.551) 0.014

Shrinkage pattern 0.107 0.937 0.013 1.113 (0.177–6.987) 0.909

Enhancement + shrinkage −1.801 1.465 1.512 0.165 (0.009–2.915) 0.219

Enhancement + ER −0.263 1.488 0.031 0.769 (0.042–14.200) 0.860

pCR, pathological complete response; OR, odds ratio; CI, confidence interval; ER, estrogen receptor. 

behavior, which suggest a high likelihood of pCR after 
targeted treatment, meanwhile, noncentripetal shrinkage 
is related to cell heterogeneity (13,22). Koh et al. (23) 
analyzed the enhancement patterns of 484 cases of breast 
cancer and found that patients with mass enhancement 
had a lower histopathological grade and a lower degree of 
vascular and neural invasion, which may be related to blood 
supply and the tumor’s pattern of growth. Moreover, they 
found that non-mass enhancement is common in HER2-
positive breast cancer. In our study, 60.9% of cases showed 
non-mass enhancement, among whom only 17.9% achieved 
pCR; in contrast, 73.1% of cases with mass enhancement 
achieved pCR. Patients with mass enhancement were also 
more likely to show a centripetal shrinkage pattern, and 
the predictive accuracy of mass enhancement combined 
with centripetal shrinkage was higher than that of any 
other combination of factors. Among the 18 patients with 
mass enhancement and centripetal shrinkage, 16 (88.9%) 
achieved pCR. The two patients who did not achieve 
pCR had lymph node metastasis. Previous studies have 
demonstrated that prechemotherapy enhancement patterns 
and postchemotherapy shrinkage patterns are related to 
pCR in low-grade luminal breast cancer and that shrinkage 
pattern can be used as an independent predictor of pCR (24).  
The results of our study are consistent with those of 
Heacock et al. (22) who reported that the shrinkage pattern 
of HER2-positive breast cancer could predict efficacy 
after targeted treatment and that centripetal shrinkage is 
more predictive of pCR. However, Heacock et al. did not 
conduct a comparative study on enhancement and shrinkage 
patterns and only used preoperative MRI to evaluate the 
shrinkage pattern. In our study, MRI was used to evaluate 
the shrinkage pattern after two treatment cycles. Some 
patients achieved pCR after treatment, and lesions could 

not be detected via MRI. Therefore, the comparative study 
after two treatment cycles may be more accurate because 
it can predict patients’ pCR earlier and guide clinical 
management.

Conclusions

In summary, lesion size, ER status, lymph node metastasis, 
and MRI patterns of enhancement and shrinkage can 
be used to predict pCR in patients with HER2-positive 
breast cancer after targeted treatment, with enhancement 
pattern being an independent predictor of pCR. Targeting 
patients with mass enhancement and centripetal shrinkage 
is the most efficacious approach to achieving pCR, which 
may help clinicians in identifying patients and tailoring 
treatment strategies. However, enhancement patterns 
should be evaluated thoroughly alongside lesion size, ER 
status, and lymph node metastasis.
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