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Objective

We aimed to investigate the correlation of the perfusion parameters of dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) with the molecular biological expression of breast infiltrating ductal carcinoma (IDC) in order to guide appropriate therapeutic advice and clinical outcome prediction.



Materials and Methods

In a prospective analysis of 67 patients with breast IDC, preoperative DCE-MRI and routine MRI images were obtained. The double-chamber model (extended Tofts model) was employed to calculate the perfusion parameters. Postoperative pathological immunohistochemistry was examined, including human epidermal growth factor receptor 2 (HER-2), estrogen receptor (ER), progesterone receptor (PR), cell nuclear-associated antigen (Ki-67), cytokeratin 5/6 (CK5/6), and epidermal growth factor receptor (EGFR). Statistical analysis was applied to explore the relationship between the perfusion parameters and the molecular biomarkers of breast cancer.



Results

A total of 67 lesions were included in our study. The mean maximum diameter of lesions was 4.48 ± 1.73 cm. Perfusion parameters had no correlation with tumor diameters (p > 0.05). The volume transfer constant (Ktrans) and the rate constant (kep) had positive correlations with Ki-67 (p < 0.05). The plasma volume ratio (vp) had a statistical difference between CK5/6 positivity and CK5/6 negativity. The maximum rising slope (MAX Slope) was higher in HER-2-enriched tumors than that in luminal A or B tumors (p < 0.05). kep was higher in HER-2-enriched tumors than that in luminal A tumors (p < 0.05). The extravascular extracellular space volume fraction (ve) was higher in triple-negative tumors than that in HER-2-enriched and in luminal A and B tumors (p < 0.05). The time to peak enhancement (TTP) was lower in HER-2-enriched tumors than that in luminal A and B tumors (p < 0.05). Maximum concentration (MAX Conc) was higher in triple-negative tumors than that in luminal B tumors (p < 0.05).



Conclusion

DCE-MRI perfusion parameters can behave as a noninvasive tool to assess the molecular biological expression and the molecular subtypes of breast IDC. They may aid in predicting breast IDC invasiveness, metastasis, and prognosis.
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Introduction

Breast cancer is the most commonly diagnosed malignancy among women, with an incidence rate of 268.6 per 100,000 and a mortality rate of 69.5 per 100,000 in 2015. Breast infiltrating ductal carcinoma (IDC) is the most common type of breast cancer (1).

In clinical practice, there are many widely used methods to diagnose breast cancer, such as palpation, mammography (MM), ultrasonography (US), and magnetic resonance imaging (MRI). With the clinical application of high field intensity MRI and the dedicated breast coil, the sensitivity of breast MRI diagnosis is as high as 88%–100% (2). The conventional breast dynamic contrast-enhanced magnetic resonance imaging (DCE-MRI) is widely employed in clinical practice, which distinguishes malignant tumors of the breast from benign tumors on the basis of the blood flow dynamic curve and calculates the semiquantitative blood flow perfusion parameters. Nevertheless, based on appropriate pharmacokinetic models, DCE-MRI carries the ability to calculate quantitative perfusion parameters, which is of significant value in differentiating malignant lesions from benign lesions and in assessing the response of breast tumors to neoadjuvant chemotherapy (NAC) (3).

Breast IDC with different expression levels of Ki-67, human epidermal growth factor receptor 2 (HER-2), estrogen receptor (ER), and progesterone receptor (PR) may result in remarkably different prognoses, and distinct molecular subtypes need different treatment strategies (4). Hence, evaluating the molecular biological features of breast IDC noninvasively before surgery plays a significant role in guiding personalized treatment.

DCE-MRI reflects the blood perfusion and is related to the biological characteristics of the tumor. Therefore, this technology has great potential in evaluating the molecular biological characteristics of the tumor. Some researchers have used perfusion-weighted images (PWIs) to evaluate the molecular biological characteristics of breast cancer, concluding that the parameters of PWIs are correlated with the molecular biological characteristics of breast cancer. However, the results varied among studies, which could be explained by the samples including different pathological types of breast cancer (5–7). Thus, this study focuses on IDC as it is the most common type.

The purpose of our study was to investigate the correlation between DCE-MRI perfusion parameters and the molecular biological characteristics of breast IDC at the aim of arriving at appropriate therapeutic advice and prognosis prediction.



Materials and Methods


Patients

All 102 patients, clinically diagnosed with suspicious breast cancer in Fudan University Shanghai Cancer Center between May 2018 and May 2019, underwent radical mastectomy or breast-conserving surgery. Patients were excluded if they were diagnosed with non-infiltrating ductal carcinoma; were after percutaneous biopsy, radiation therapy, or chemotherapy; were receiving hormone replacement therapy; or were lactating. Ultimately, 67 consecutive patients pathologically diagnosed with breast IDC after operation (1 male and 66 females, mean age ± standard deviation = 48.7 ± 9.7 years, range = 25–68 years) were enrolled in our study.

This study was approved and reviewed by the Institutional Review Board (IRB) and the requirement of informed patient consent was waived.



Methods


Breast MRI Examination Protocol

The MRI scan time of female patients was selected in the second to the third week of the menstrual cycle, and the time interval between the MRI scan and the surgery was 1–14 days. All breast MR examinations were performed in a unified protocol using a 3-T system (GE SIGNA ExciteHDx3.0 T, Milwaukee, WI, USA) with the use of a dedicated breast coil (eight-channel phased array). Patients were asked to lie prone on the examination table with both breasts placed in the coil. To prevent patients from moving, the straps attached to the MR machine were used to fix the patients.


Routine Scanning

Conventional three-plane localizer images (coronary, sagittal, and transverse) were obtained, followed by the following sequences: 1) T1-weighted (T1W) fast spin echo series with a repetition time (TR)/echo time (TE) of 960/8.9 ms, a field of view (FOV) of 30 cm, 1 NEX, 4-mm slice thickness, no gap, and 352 × 192 matrix; 2) sagittal fat-suppressed T2-weighted (T2W) sequence using a TR/TE of 3,800/85 ms, an FOV of 20 cm, 2 NEX, 4-mm slice thickness, and no gap; 3) transverse T2W fat-suppressed images with a TR/TE of 5,220/48.2 ms, an FOV of 30 cm, 2 NEX, a slice thickness of 4 mm, no gap, and a matrix size of 352 × 192.



T1 Perfusion and Dynamic Scanning

Transverse 3D T1 gradient-echo scans were performed initially before contrast injection using three inversion angles of 5°, 10°, and 15° to obtain a map of the T1 baseline value (T1 map) and calculate the T1 value. Subsequently, gadolinium–diethylenetriaminepentaacetic acid (Magnevist) was injected into an antecubital vein using a high-pressure syringe at a dose of 0.2 mmol/kg of body weight and at a rate of 3 ml/s, followed by a 20-ml saline flush for all patients. After the contrast injection, dynamic contrast-enhanced scanning (pharmacokinetic perfusion scanning) was performed immediately through the entire breast using the same scan parameters as when capturing the baseline T1: volume imaging for breast assessment (VIBRANT) sequence cross-section scanning (TR/TE of 4.4/2.1 ms, layer thickness of 2 mm, no gap, matrix of 416 × 320, NEX 0.75 times, and FOV of 34 cm). A total of five phases were collected.




Calculation of Pharmacokinetic Perfusion Parameters

As a post-processing procedure, the DICOM files from DCE-MRI were transferred to a personal computer and processed to calculate the perfusion parameters using the Omni-Kinetics software (GE Healthcare, Chicago, IL, USA) and the double-chamber model (extended Tofts model). The following perfusion parameters were computed in accordance with the arterial input function (AIF): volume transfer constant (Ktrans), extravascular extracellular space volume fraction (ve), rate constant (kep), plasma volume ratio (vp), and the initial area under the concentration curve in 60 s (iAUC). Semi-quantitative parameters include the time to peak enhancement (TTP), the area under the concentration curve (AUC), maximum concentration (MAX Conc), and maximum rising slope (MAX Slope). These T1 perfusion parameters were all obtained by means of the double-chamber model, the population average AIF, and a linear least-squares fitting algorithm.

All acquired MR images were evaluated by two independent radiologists (BY and WP) with more than 5 years of experience with breast MRI diagnosis. Three imaging levels with the largest lesion including the area with the highest Ktrans were manually selected. The necrotic area for each lesion was discriminated out in reference to the T2W image and enhanced T1W image. The region of interest (ROI) involved the entire lesion and avoided the necrotic area as much as possible. The average of three imaging measurements were then calculated. Each lesion was also reconstructed in multiple planes to measure the maximum diameter.



Pathological Examination

All patients underwent immediate postoperative pathological examination: pathological type, tumor size, and immunohistochemical expressions of ER, PR, HER-2, and Ki-67. Forty-two patients were also tested for the expressions of cytokeratin 5/6 (CK5/6) and epidermal growth factor receptor (EGFR).

The status of ER, PR, and HER-2 was evaluated according to the standards recommended by the American Society of Clinical Oncology/College of American Pathologists (ASCO/CAP) (8). Antibodies used in the Ki-67 test and the buffer were purchased from Dako (Santa Clara, CA, USA). The clone number of the Ki67 immunohistochemistry antibody is MIB-1 (working concentration, 1:1,000). The EnVision secondary antibody detection kit was from EnVision Detection Systems (peroxidase/DAB, rabbit/mouse), and the primary antibody diluent was Antibody Diluent, which was made ready to use. The Ki-67 positivity percentages were calculated according to the percentage of positively stained tumor cells among the total number of cells assessed in the tumor.

Using mouse anti-human CK5/6 protein monoclonal antibody, the hematoxylin/eosin (HE)-stained section was observed under a microscope to determine the cancer nest, and the material was labeled to make a beeswax section. After the sections were deparaffinized and hydrated, they were then thermally repaired with a high-temperature antigen and finally stained. Cells with ≥5% CK5/6 expression were defined as positive and those with <5% were considered negative. The PV-9000 three-step immunohistochemical method was used to detect EGFR. EGFR was considered positive if a weak or strong positive staining was seen on the cytoplasm and membrane of tumor cells and the percentage of positive cells was above 10%.

According to the criterion set by the 12th St Gallen International Breast Cancer Conference (2011) (9), the various subtypes of breast cancer were defined in terms of immunohistochemistry.




Statistical Analysis

All DCE-MRI perfusion parameters were expressed as the mean and standard deviation. The perfusion parameters in different molecular biological expression subtypes were compared using independent samples t-test. Comparisons of the perfusion parameters between different molecular subtypes of breast cancer and the corresponding distinct subgroups were analyzed using one-way analysis of variance (ANOVA) and least significant difference (LSD), respectively. Furthermore, Spearman’s rank correlation analysis was applied for the correlation of the perfusion parameters and the expression status of Ki-67, while Pearson’s correlation analysis was applied for the relevant analyses between tumor size and perfusion parameters. SPSS software (version 13.0) was employed for all statistical analyses. Statistical significance was assigned if the p-value was less than 0.05.




Results


Patient Information

Sixty-seven patients pathologically diagnosed with breast IDC after operation were enrolled in our study, with a total of 67 lesions.



Correlation of DCE-MRI Perfusion Parameters and Tumor Size

In 67 cases, the mean tumor size was 4.48 ± 1.73 cm. It was illustrated by employing Pearson’s correlation analysis that tumor size was not significantly associated with any perfusion parameters (p > 0.05).



Correlation of DCE-MRI Perfusion Parameters and Ki-67

Table 1 shows the relationship between Ki-67 and the MRI perfusion parameters that were analyzed. It is worth noting that Ktrans and kep were positively correlated with the Ki-67 status of the lesions (p < 0.05). Borderline correlations were found between vp, AUC, MAX Slope, and Ki-67 (p = 0.08, 0.09, 0.07, close to 0.05), and there was no correlation between ve, TTP, MAX Conc, and Ki-67 (p > 0.05) (Figures 1, 2).


Table 1 | Correlation of the dynamic contrast-enhanced MRI (DCE-MRI) perfusion parameters and Ki-67.






Figure 1 | A 58-year-old woman postoperatively pathologically diagnosed with right breast infiltrating ductal carcinoma (IDC). (A) Ktrans = 0.28/min. (B) kep = 0.31/min. (C) ve = 0.96. (D) Ki-67 positively stained (15%). Ktrans, volume transfer constant; kep, rate constant; ve, extravascular extracellular space volume fraction.






Figure 2 | A 60-year-old woman postoperatively pathologically diagnosed with left breast infiltrating ductal carcinoma (IDC). (A) Ktrans = 0.76/min. (B) kep = 0.67/min. (C) ve = 1.09. (D) Ki-67 positively stained (30%). Ktrans, volume transfer constant; kep, rate constant; ve, extravascular extracellular space volume fraction.





Correlation of DCE-MRI Perfusion Parameters and CK5/6 and EGFR

Forty-two patients were examined for the immunohistochemical expressions of CK5/6 and EGFR. Among all DCE-MRI perfusion parameters, vp was significantly associated exclusively with CK5/6, while the others showed no statistical differences with either CK5/6 or EGFR (Table 2).


Table 2 | Correlation of the dynamic contrast-enhanced MRI (DCE-MRI) perfusion parameters and CK5/6 and epidermal growth factor receptor (EGFR).





Correlation of DCE-MRI Perfusion Parameters and Breast Cancer Molecular Subtypes

Among the 67 eligible patients, there were 4 with triple-negative, 17 with HER-2-enriched, 7 with luminal A, and 39 with luminal B breast cancer according to the standard devised by the 12th St Gallen International Breast Cancer Conference (2011).

With regard to the Ktrans value, HER-2-enriched tumors had statistical differences with luminal A (p = 0.03) and luminal B (p = 0.04) tumors. The other molecular subtypes did not show any significant differences in terms of Ktrans (Table 3). The kep value of the HER-2-enriched tumors was significantly different from that of luminal A tumors (p = 0.03). In terms of the ve value, triple-negative tumors had statistical differences with HER-2-enriched tumors (p = 0.03), luminal A tumors (p = 0.04), and luminal B tumors (p = 0.01). A borderline statistical difference was revealed for vp between the HER-2-enriched and luminal B lesions (p = 0.055). There were statistical differences in TTP between the HER-2-enriched tumors and luminal A (p = 0.04) or luminal B (p = 0.04) tumors (Table 3).


Table 3 | Correlation of the dynamic contrast-enhanced MRI (DCE-MRI) perfusion parameters and breast cancer molecular subtypes.



When MAX Conc was considered, triple-negative tumors showed a statistical difference with luminal B tumors (p = 0.04) and a borderline statistical difference with luminal A tumors (p = 0.067), while no significant difference was shown between tumors of other molecular subtypes. There was no significant statistical difference in the AUC values between distinct molecular subtypes. The MAX Slope in HER-2-enriched tumors displayed statistical differences with luminal A (p = 0.044) and luminal B (p = 0.007) tumors (see Table 3).




Discussion

The tumor size closely pertains to the grade and outcome of breast cancer. González-Sistal et al. demonstrated that larger breast tumors have an inclination for histological grade 3 (10). A significant association between breast cancer grade and tumor size has also been described by Ruibal et al. (11), who found that a larger size was correlated with a higher histological grade. In the present study, the mean tumor size ± SD was 4.48 ± 1.73 cm, which did not correlate with any DCE-MRI perfusion parameters (p > 0.05). In addition, Schmitz et al. did not find a definite correlation between the breast tumor dimension and the amount of vascularity adjacent to breast cancer (12). Thus, these results led us to the following speculation: the tumor size made no difference to either the tumor angiogenesis factors of invasive breast carcinoma or to blood perfusion.

Ki-67 is closely correlated with tumor cell proliferation and plays an essential role in tumorigenesis, progression, and metastasis. Besides, Ki-67 exerts a vital role in predicting breast cancer outcomes and evaluating the efficacy of NAC. We found that Ktrans and kep had a positive association with Ki-67, mainly because the increase in immature blood vessels resulted in the rate of the contrast agent outflow and backflow between the blood vessels and the surrounding tissues speeding up, causing a higher Ktrans and a higher kep accordingly. Considering the study of Kim et al. based on breast DCE-MRIs, it was shown that Ktrans was higher in tumors with Ki-67 positivity (0.294 ± 0.293) than that in tumors with Ki-67 negativity (0.132 ± 0.047), with a cutoff value of 5% (5). There was statistical significance between Ki-67 positivity and Ki-67 negativity (p = 0.002). Furthermore, kep was higher in tumors with Ki-67 positivity (1.247 ± 1.487) than that in tumors with Ki-67 negativity (0.454 ± 0.310, p = 0.005), with a cutoff value of 5%. This was in agreement with our study results.

Kim et al. included IDC, invasive lobular carcinoma, mucinous carcinoma, and other pathological types of breast cancer (5), whereas we only investigated IDC. The results were consistent, and we speculate that DCE-MRI can be used for evaluating the Ki-67 status in common types of breast cancer.

In our study, it was indicated that vp, AUC, and MAX Slope had borderline correlations with Ki-67 (p = 0.08 and close to 0.05). A high vp denotes an increase in plasma or blood vessel volume and tumor angiogenesis, elucidating its capability to reflect tumor cell proliferation. The quantitative parameter ve and some semiquantitative parameters such as TTP and MAX Conc showed no relationship with Ki-67 (p > 0.05), while some semiquantitative parameters such as AUC and MAX Slope showed positive boundary correlations with Ki67. In a previous research by Kim et al., there was no significant correlation between ve and Ki-67 (5). Lee et al. reported that the time–intensity curves showed an exclusive correlation with MAX Slope, among the semiquantitative parameters, and Ki-67 expression (13). We believe that many factors could influence the semiquantitative perfusion parameters and that the correlation of Ki-67 with the semiquantitative parameters was inferior to that with the quantitative parameters. Therefore, quantitative perfusion parameters were recommended as indicators for evaluating Ki-67.

CK5/6, confirmed as the distinct cytokeratin that breast basal cells express, is related to the invasion, metastasis, and prognosis of breast cancer (14). In our study of 42 patients, the expression status of CK5/6 was significantly associated exclusively with vp. There was no statistical significance between the other perfusion parameters and the expressions of CK5/6 and EGFR. The vp value was higher in tumors with CK5/6 positivity than that in tumors with CK5/6 negativity, suggesting that proliferative or aggressive breast cancer is more likely to have a rich blood supply. Although CK5/6 and EGFR are noticeably associated with breast cancer invasiveness and cell proliferation, tumors with CK5/6 and EGFR positivity characteristically have several mitotic figures, scant stromal content, and frequent apoptotic cells and show apparent central necrosis and the stromal lymphocytic response (15), which may lead to most of the changes in the DCE-MRI perfusion parameters being less obvious.

Regarded as highly heterogenous tumors, breast cancers with the same morphology tend to have different molecular genetic characteristics. Consequently, the molecular subtypes of breast cancer can provide useful references for tumor heterogeneity, staging, new therapeutic targets, prognostic assessment, individualized treatment strategy, etc. According to the clinically widely used criteria formulated by the 12th St Gallen International Breast Cancer Conference (2011), breast cancer can be classified into four subtypes: luminal A, luminal B, triple negative, and HER-2 enriched (9).

Our research illustrated that the Ktrans value was higher in HER-2-enriched lesions than that in luminal A or luminal B lesions (p < 0.05). This is probably because breast cancer with HER-2 overexpression has higher pathological grading, higher pathological staging, and stronger infiltration, which induced the increase in tumor angiogenesis and immature blood vessels, ultimately leading to an increase in the Ktrans value. Van et al. found that tumors that are fast growing and has high grading had high Ktrans values (16). In particular, Han et al. confirmed that the blood vessels of breast cancer with a higher pathological grade were discernibly increased (17).

Similar to the Ktrans value, kep was higher in HER-2-enriched tumors than that in luminal A tumors, for the same reason. Furthermore, the luminal A subtype showed no HER-2 expression. This was consistent with a finding described by Kim et al., that the kep value was higher in breast tumors with HER-2 positivity (1.065) than that in tumors with HER-2 negativity (0.593) (5). Koo et al. also proved that the mean kep was higher in tumors with a high histologic grade than that in tumors with a low histological grade (18).

In the present study, the ve value was more prominent in triple-negative tumors than in HER-2-enriched, luminal A, and luminal B tumors. However, differing from our findings, Li et al. found that the mean ve in tumors of the triple-negative subtype was lower than that in other subtypes (19). Triple-negative breast cancers with rich expressions of CK5/6 and EGFR have insufficient stromal content, frequent apoptotic cells, and apparent central necrosis (13). Likewise, all the patients enrolled into our study were diagnosed as breast IDC with a high level of malignancy, which was also the cause of the increased ve of triple-negative breast cancer. However, the study of Koo et al. discovered that the ve was higher in tumors of the triple-negative subtype than that in tumors of the luminal subtype, which supported our research finding (18).

In a similar mechanism to Ktrans and kep, vp was higher in HER-2-enriched tumors than that in luminal B tumors (p = 0.055), with a borderline statistical difference, and TTP was faster in HER-2-enriched tumors than that in luminal A and B tumors (p < 0.05). Research on the semiquantitative perfusion parameters performed by Kim et al. depicted that TTP had no correlation with HER-2 positivity and HER-2 negativity, which may result from various influencing factors on the semiquantitative perfusion parameters (5).

Necrosis and apoptosis lesions are common in triple-negative breast cancer. Nonetheless, as a subtype with rapid invasion and growth, triple-negative breast cancer has a significantly increased blood supply. Previous research by foreign scholars employing semiquantitative perfusion parameters has reported that the Epeak was higher in ER or HER-2 positivity than that in ER or HER-2 negativity (5), which was consistent with our study.

The MAX Slope value of HER-2-enriched tumors was higher than that of luminal A or B tumors. When the MAX Slope value of breast IDC increases, the tumor shows tendencies of abundant and immature blood supply. Hence, it can be considered as a definite manifestation of the high malignancy level, the same as the fast decline in the dynamic enhancement time–density curve.

Some limitations of our study should be addressed. Firstly, the number of patients included was relatively small. Further research with a large sample size would be undertaken. Besides, in this study, the AIF was calculated based on the population average method, providing a more unified index and model for the clinic. However, as for an individual, the calculation result would be more reliable if the direct blood supply artery of breast cancer was selected as the source of AIF. Nevertheless, in daily clinical practice, it is an uphill struggle to determine the direct blood supply artery precisely, so the population average method is more preferred. With the development of new technology in the future, research methods would be further improved.

In conclusion, as a quantitative perfusion methodology, DCE-MRI is significantly associated with the biological behaviors and biomarkers of breast cancer. It can serve as a complementary and noninvasive tool to assess and predict the invasion, recurrence, metastasis, and prognosis of breast cancer and may aid in directing clinicians to determine appropriate personalized therapy.



Data Availability Statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics Statement

The studies involving human participants were reviewed and approved by Fudan University Shanghai Cancer Center. The patients/participants provided written informed consent to participate in this study.



Author Contributions

LL reviewed and edited the paper and helped with the methodology. NM wrote the original draft. BY curated the data. WP did the investigation. All authors contributed to the article and approved the submitted version.



Funding

This project was supported by the Shanghai Municipal Science and Technology Major Project (no. 2018SHZDZX01) and ZJ Lab, Shanghai Center for Brain-Inspired Technology, Clinical Research Plan of SHDC (no. SHDC2020CR4069).



References

1. Chen, W, Zheng, R, Baade, PD, Zhang, S, Zeng, H, Bray, F, et al. Cancer Statistics in China, 2015. CA Cancer J Clin (2016) 66:115–32. doi: 10.3322/caac.21338

2. Bluemke, DA, Gatsonis, CA, Chen, MH, DeAngelis, GA, DeBruhl, N, Harms, S, et al. Magnetic Resonance Imaging of the Breast Prior to Biopsy. JAMA (2004) 292:2735–42. doi: 10.1001/jama.292.22.2735

3. Li, X, Arlinghaus, LR, Ayers, GD, Chakravarthy, AB, Abramson, RG, Abramson, VG, et al. DCE-MRI Analysis Methods for Predicting the Response of Breast Cancer to Neoadjuvant Chemotherapy: Pilot Study Findings. Magn Reson Med (2014) 71:1592–602. doi: 10.1002/mrm.24782

4. Coates, AS, Winer, EP, Goldhirsch, A, Gelber, RD, Gnant, M, Piccart-Gebhart, M, et al. Tailoring Therapies—Improving the Management of Early Breast Cancer: St Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 2015. Ann Oncol (2015) 26:1533–46. doi: 10.1093/annonc/mdv221

5. Kim, JY, Kim, SH, Kim, YJ, Kang, BJ, An, YY, Lee, AW, et al. Enhancement Parameters on Dynamic Contrast Enhanced Breast MRI: Do They Correlate With Prognostic Factors and Subtypes of Breast Cancers? Magn Reson Imaging (2015) 33:72–80. doi: 10.1016/j.mri.2014.08.034

6. Kang, SR, Kim, HW, and Kim, HS. Evaluating the Relationship Between Dynamic Contrast-Enhanced MRI (DCE-MRI) Parameters and Pathological Characteristics in Breast Cancer. J Magn Reson Imaging (2020) 52:1360–73. doi: 10.1007/s00117-020-00801-3

7. Nagasaka, K, Satake, H, Ishigaki, S, Kawai, H, and Naganawa, S. Histogram Analysis of Quantitative Pharmacokinetic Parameters on DCE-MRI: Correlations with Prognostic Factors and Molecular Subtypes in Breast Cancer. Breast Cancer (2019) 26:113–24. doi: 10.1007/s12282-018-0899-8

8. Hammond, ME, Hayes, DF, Dowsett, M, Allred, DC, Hagerty, KL, Badve, S, et al. American Society of Clinical Oncology/College of American Pathologists Guideline Recommendations for Immunohistochemical Testing of Estrogen and Progesterone Receptors in Breast Cancer. J Clin Oncol (2010) 28:2784–95. doi: 10.1200/JCO.2009.25.6529

9. Goldhirsch, A, Wood, WC, Coates, AS, Gelber, RD, Thürlimann, B, Senn, HJ, et al. Strategies for Subtypes—Dealing With the Diversity of Breast Cancer: Highlights of the St. Gallen International Expert Consensus on the Primary Therapy of Early Breast Cancer 2011. Ann Oncol (2011) 22:1736–47. doi: 10.1093/annonc/mdr304

10. González-Sistal, A, Sánchez, AB, Del Rio, MC, Arias, JI, Herranz, M, and Ruibal, A. Association Between Tumor Size and Immunohistochemical Expression of Ki-67, P53 and BCL2 in a Node-Negative Breast Cancer Population Selected From a Breast Cancer Screening Program. Anticancer Res (2014) 34:269–74.

11. Ruibal, A, Arias, JI, Del Rio, MC, Lapeña, G, Schneider, J, and Tejerina, A. Histological Grade in Breast Cancer: Association With Clinical and Biological Features in a Series of 229 Patients. Int J Biol Markers (2001) 16:56–61. doi: 10.1177/172460080101600108

12. Schmitz, AC, Peters, NH, Veldhuis, WB, Gallardo, AM, van Diest, PJ, Stapper, G, et al. Contrast-Enhanced 3.0-T Breast MRI for Characterization of Breast Lesions: Increased Specificity by Using Vascular Maps. Eur Radiol (2008) 18:355–64. doi: 10.1007/s00330-007-0766-z

13. Lee, SH, Cho, N, Kim, SJ, Cha, JH, Cho, KS, Ko, ES, et al. Correlation Between High Resolution Dynamic MR Features and Prognostic Factors in Breast Cancer. Korean J Radiol (2008) 9:10–8. doi: 10.3348/kjr.2008.9.1.10

14. Ivković-Kapicl, T, Panjković, M, Nikolić, I, Djilas-Ivanović, D, and Knezević-Usaj, S. Expression of Cytokeratins 5/6 and Cytokeratin 17 in Invasive Breast Carcinoma. Vojnosanit Pregl (2012) 69:1031–8. doi: 10.2298/vsp1212031i

15. Cleator, S, and Heller W and Coombes, RC. Triple-Negative Breast Cancer: Therapeutic Options. Lancet Oncol (2007) 8:235–44. doi: 10.1016/S1470-2045(07)70074-8

16. vanDijke, CF, Brasch, RC, Roberts, TP, Weidner, N, Mathur, A, Shames, DM, et al. Mammary Carcinoma Model: Correlation of Macromolecular Contrast-Enhanced MR Imaging Characterizations of Tumor Microvasculature and Histologic Capillary Density. Radiology (1996) 198:813–8. doi: 10.1148/radiology.198.3.8628876

17. Han, M, Kim, TH, Kang, DK, Kim, KS, and Yim, H. Prognostic Role of MRI Enhancement Features in Patients With Breast Cancer: Value of Adjacent Vessel Sign and Increased Ipsilateral Whole-Breast Vascularity. AJR (2012) 199:921–8. doi: 10.2214/AJR.11.7895

18. Koo, HR, Cho, N, Song, IC, Kim, H, Chang, JM, Yi, A, et al. Correlation of Perfusion Parameters on Dynamic Contrast-Enhanced MRI With Prognostic Factors and Subtypes of Breast Cancers. J Magn Reson Imaging (2012) 36:145–51. doi: 10.1002/jmri.23635

19. Li, SP, Padhani, AR, Taylor, NJ, Beresford, MJ, Ah-See, ML, Stirling, JJ, et al. Vascular Characterisation of Triple Negative Breast Carcinomas Using Dynamic MRI. Eur Radiol (2011) 21:1364–73. doi: 10.1007/s00330-011-2061-2




Conflict of Interest: The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.


Publisher’s Note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2021 Liu, Mei, Yin and Peng. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Images/fonc.2021.561735_cover.jpg
’ frontiers
in Oncology

Correlation of DCE-MRI Perfusion
Parameters and Molecular Biology of
Breast Infiltrating Ductal Carcinoma





OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Correlation of DCE-MRI Perfusion Parameters and Molecular Biology of Breast Infiltrating Ductal Carcinoma

      

        		

          Objective

        



        		

          Materials and Methods

        



        		

          Results

        



        		

          Conclusion

        



        		

          Introduction

        



        		

          Materials and Methods

        

          		

            Patients

          



          		

            Methods

          

            		

              Breast MRI Examination Protocol

            

              		

                Routine Scanning

              



              		

                T1 Perfusion and Dynamic Scanning

              



            



            



            		

              Calculation of Pharmacokinetic Perfusion Parameters

            



            		

              Pathological Examination

            



          



          



          		

            Statistical Analysis

          



        



        



        		

          Results

        

          		

            Patient Information

          



          		

            Correlation of DCE-MRI Perfusion Parameters and Tumor Size

          



          		

            Correlation of DCE-MRI Perfusion Parameters and Ki-67

          



          		

            Correlation of DCE-MRI Perfusion Parameters and CK5/6 and EGFR

          



          		

            Correlation of DCE-MRI Perfusion Parameters and Breast Cancer Molecular Subtypes

          



        



        



        		

          Discussion

        



        		

          Data Availability Statement

        



        		

          Ethics Statement

        



        		

          Author Contributions

        



        		

          Funding

        



        		

          References

        



      



      



    



  



OEBPS/Images/fonc-11-561735-g001.jpg





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/table2.jpg
CK5/6 EGFR
Negative Positive p-value Negative Positive p-value
Kane 0.39 +0.21 0.4 +0.29 0.68 0.37 £ 0.25 0.42 £ 0.17 0.51
Kep 0.58 +£0.27 0.70 £ 0.27 0.39 0.58 + 0.31 0.60 + 0.20 0.79
Ve 0.74 £0.33 0.67 +£0.29 0.68 0.68 + 0.30 0.79 £ 0.35 0.29
Vo 0.0029 + 0.001 0.016 £ 0.01 0.03* 0.002 + 0.001 0.006 + 0.005 0.16
TTP 3.81+1.74 3.84 £ 0.75 0.98 412+20 3.48 £ 1.14 0.22
MAX Conc 0.82 +0.35 0.76 + 0.33 0.76 0.75 £ 0.37 0.88 £ 0.31 0.238
AUC 5.24 +2.38 4.59 + 1.50 0.6 5.06 +2.78 5.30 = 1.70 0.74
MAX Slope 0.85 +0.39 0.96 + 0.51 0.6 0.78 + 0.43 0.94 +0.33 0.20

K™, volume transfer constant; kep, rate constant; ve, extravascular extracellular space volume fraction; v,, volume ratio; MAX Conc,

enhancement; MAX Slope, maximum rising slope; AUC, area under the concentration curve.

n < 0.05.

maximum concentration; TTP, time to peak





OEBPS/Images/table3.jpg
dgirans Kep Ve Ve TP MAX Conc AUC MAX Slope
Triple negative 0.44 +0.77 0.51 +0.29 112+056  0.0016 +0.001 4.06+1.74 1.16 + 0.36 6.77 +1.87 0.97 +0.23
HER-2 enriched 0.49 +0.23 0.67 +0.18 0.76+033  0.0075 + 0.006 29207 0.93 +0.40 553+ 2.25 1.14 £ 0.48
Luminal A 0.31+0.09 0.48 £0.17 074021  0.0016 + 0.001 431154 0.77+0.08 475115 0.79 +0.24
Luminal B 0.41 +0.21 0.59 +0.24 0.69 + 0.26 0.002 + 0.0003 3.77 +1.69 0.79+0.33 5.07 +2.29 0.83 +0.38

K", volume transfer constant; kep, rate constant; ve, extravascular extracellular space volume fraction; vp, volume ratio; MAX Conc, maximum concentration; TTP, time to peak
enhancement; MAX Slope, maximum rising slope; AUC, area under the concentration curve.





OEBPS/Images/logo.jpg
’ frontiers
in Oncology





OEBPS/Images/fonc-11-561735-g002.jpg





OEBPS/Images/table1.jpg
Ki67 and perfusion correlation Perfusion parameters

Kens Kep Ve Ve TP MAX Conc AUC MAX Slope
Mean + SD 0.41£0.2 0.59 £ 0.24 0.74 £ 0.3 0.004 + 0.008 3.63 £ 1.52 0.85+0.34 525117 0915+ 0.4
Relevance® 0.31 0.30 0.07 0.21 -0.15 0.18 0.21 0.22
p-value 0.01 0.01 0.59 0.08 0.22 0.15 0.09 0.07

K™, volume transfer constant; kep, rate constant; ve, extravascular extracelular space volume fraction; vp, volume ratio; MAX Conc, maximum concentration; TTP, time to peak
enhancement; MAX Slope, maximum rising slope; AUC, area under the concentration curve.
ASpearman’s correlation coefficient.





