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ABSTRACT 

Introduction: The use of MR imaging in breast cancer is increasing. In recent years, MRI has been 

gaining use as a modality that can provide important information about breast cancer lesions. Our aim 

was to determine if any significant relationship existed between dynamic MRI findings and factors 

which are currently being used to establish prognosis. 

Methods: Eighty-one patients with a diagnosis of invasive breast carcinoma and breast MRI were 

retrospectively reviewed and included in the study. Kinetic MRI features were determined on breast MR 

images, histopathological results were reviewed and prognostic factors were recorded. 

Results: Thirty-five patients’ initial enhancement was lower than fifty percent, while 18 patients were 

between fifty and one hundred percent and 28 patients higher than one hundred percent. Our study is 

one of the latter, we could not identify any significant relationships between initial enhancement 

characteristics and dynamic curve types with any of the analyzed prognostic factors. 

Dıscussion and Conclusion: Although imaging can provide important data in the identification, 

diagnosis, and evaluation of many types of disease; imaging findings do not always correlate with patient 

clinic and prognosis. Up until now, studies on this matter have mostly found nothing of high 

significance; our study was no exception, however some of the data reported in this study can influence 

future studies. 
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ÖZET 

Giriş ve Amaç: MR görüntülemenin meme kanserinde kullanımı artmaktadır. Son yıllarda MRG, meme 

kanseri lezyonları hakkında önemli bilgiler sağlayabilen bir yöntem olarak kullanılmaya başlanmıştır. 

Amacımız, dinamik MRG bulguları ile prognoz belirlemek için kullanılan faktörler arasında önemli bir 

ilişki olup olmadığını saptamaktı. 

Yöntem ve Gereçler: İnvaziv meme kanseri tanısı ve meme MR görüntülemesi olan seksen bir hasta 

retrospektif olarak tarandı ve çalışmaya dahil edildi. Meme MR görüntülerinde kinetik MR özellikleri 

belirlendi ve histopatolojik sonuçları yeniden gözden geçirilerek prognostik faktörleri kaydedildi. 

Bulgular: Kinetik MR özellikleri ilk faz kontrastlanma düzeyine göre gruplandı ve 35 hastada %50’nin 

altında, 18 hastada %50 ile %100 arasında ve 28 hastada %100’den fazlaydı. Çalışmamızda, analiz 
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edilen prognostik faktörlerin herhangi biri ile erken kontrastlanma özellikleri ve dinamik eğri türleri 

arasında herhangi bir anlamlı ilişki tespit edemedik. 

Tartışma ve Sonuç: Görüntüleme birçok hastalık türünün tanısı, teşhisi ve değerlendirilmesinde önemli 

veriler sağlasa da görüntüleme bulguları her zaman hasta kliniği ve prognozu ile ilişkili değildir. 

Şimdiye kadar, bu konudaki çalışmalar çoğunlukla, çalışmamızla benzer şekilde anlamlı bir ilişki 

bulamadı, ancak çalışmamızda bildirilen bazı veriler gelecekteki çalışmaları etkileyebilir. 

 

Anahtar Kelimeler: MRG, Meme görüntüleme, Meme kanseri 

 

Introduction 

The most frequently diagnosed cancer among 

women worldwide is breast cancer; it is also 

the leader among deaths caused by cancer in 

women [1]. Breast cancer awareness and 

consequently the frequency of early diagnosis 

through effective screening and self-

examination is on the rise [2,3]. Also the 

mortality rate of breast cancer has reduced in 

recent years [1]. This progress may be in part 

due to advancements in imaging modalities 

which are used in the screening and diagnosis 

of breast cancer. These imaging methods are: 

mammography (MMG), ultrasonography 

(USG), computed tomography (CT), positron 

emission tomography–CT (PET-CT), and 

magnetic resonance imaging (MRI) [4]. Other 

methods used for diagnosing breast cancer or 

supplementing a diagnosis are: pathologic 

evaluation of tumor biopsy (presence of 

malignant cells), breast cancer receptor 

testing, and genetic marker identification [5]. 

When breast cancer diagnosis is established, 

further evaluations are required to understand 

the extent of the disease and determine 

treatment path(s). 

The determination of prognosis is important 

for informing the patient, deciding on the 

options for treatment and other medical/social 

decisions. Classical guidelines incorporate 

lymph node status and tumor size together 

with pathological findings such as histological 

type and grade of the cancer to determine 

prognosis [6,7]. The results of this approach 

are found to be significantly correlated with 

recurrence-free and overall survival [8]. 

Molecular biomarkers, from blood or biopsy 

material, are another approach. The 

determination of various biomarkers such as 

Ki-67, cerbB2 (HER2 and sHER2), 

aromatase, osteopontin, and CEASCAM6 

have been found to determine prognosis at 

different reliability levels [9]. Steroid 

hormone receptor (estrogen and progesterone 

receptors) expression measurements are also 

important for prognosis due to their influence 

on hormone therapy efficacy [10,11]. 

Magnetic resonance imaging (MRI), as 

previously stated, is one of the imaging 

modalities used in the diagnosis of breast 

cancer. It is also used as a screening tool in 

women who are at higher risk for breast 

cancer [12]. The use of contrast in dynamic 

MRI, namely dynamic contrast-enhanced 

MRI, has emerged as a very high sensitivity 

modality which is effective in the detection 

and staging of invasive breast cancer [13]. 

MRI determines the functional characteristics 

of the tumor, these characteristics were found 

to be an important addition to the diagnostic 

approach in breast cancer [14]. A significant 

relationship between MRI kinetic findings 

and prognosis may exist, identifying this 

relationship would improve the approach to 

breast cancer and may serve as an alternative 

method in determining prognosis. 

We hypothesized that patients with poor 

prognostic factors will exhibit washout type 

(type 3) contrast enhancement pattern. The 

more aggressive malignant lesion will have 

more cell turnover. In addition, neovas-

cularization is increased in the mass. Thus, we 

would expect the mass to lose contrast in a fast 

manner in the early phase (consistent with 
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type 3 curves). Furthermore, various studies 

associate tumor grade with tumor 

angiogenesis [15,16]. As tumor grade is one 

of the classical factors for breast cancer 

prognosis, determining the level of 

angiogenesis (via contrast-enhanced dynamic 

MRI) in the tumor may provide important 

prognostic data. Several studies have 

investigated the relationship between classical 

prognostic factors and kinetic MRI results 

[17-25], these studies yielded conflicting 

results. 

Our aim was to determine if any relationship 

exists between kinetic MRI features and 

classical prognostic factors with a focus on 

dynamic curve types. 

Methods 

The study was designed as a retrospective 

study of invasive breast cancer patients who 

had been treated at our hospital between 2015 

and 2016. Ethical approval was obtained from 

local ethics committee. Additional approval 

was obtained from the hospital board as our 

institution is considered as a reference 

hospital for breast cancer (Decision number 

and date: 2010-04/1116 and 07.04.2021).  

The MRI values and dynamic results of 

patients who had MRI indications and had 

underwent MRI which revealed they had 

BIRADS-4 or BIRADS-5 lesions were 

recorded by searching our MRI archive. 

Inclusion criteria were as follows. (1) Patient 

had to have a histologically proven invasive 

cancer of the breast, (2) patient had to have a 

dynamic MRI conducted for invasive breast 

cancer. Exclusion criteria were as follows. (1) 

History of other cancer, (2) having any 

chronic comorbid condition, (3) missing 

pathological parameters due to insufficient 

tissue material. A total of 98 patients were 

analyzed. Four of these patients who had 

metastasized stage-4 disease diagnosed with 

tru-cut biopsy were excluded due to 

insufficient tissue material for the 

identification of all pathological parameters. 

A further 3 were excluded because their 

pathological examination revealed the tumors 

to be ductal carcinoma in-situ (DCIS). And 10 

were excluded because of benign pathologic 

results. Thus, a final group of 81 patients were 

enrolled in the study. 

MR Imaging 

MR imaging results were acquired with a 1.5 

Tesla scanner (Signa HDx, 1.5 T, GE 

Healthcare) using a dedicated breast coil and 

evaluated according to breast imaging and 

reporting data system (BI-RADS) by three 

breast radiologists with at least 5-year 

experience in breast MRI evaluation. Images 

consisted of: axial T1-weighted fast spin echo 

imaging (TR/TE=400/8.8, a field of view 

(FOV) of 320 mm, a matrix of 448 x 224, 

number of excitations (NEX) of 1, and 5 mm 

slice thickness); axial STIR (TR/TE= 

6500/45, TI=150 ms, FOV of 320 mm, a 

matrix of 416x224, number of excitations 

(NEX) of 1, and 5 mm slice thickness); axial 

dynamic images with pre and post-contrast fat 

saturated gradient T1 sequences (TR/TE= 

4/1.5, a flip angle of 10°, FOV of 320 mm, a 

matrix of 350x350, NEX of 1, and 2.8 mm 

slice thickness). Images were taken once 

before contrast and 5 times after contrast 

injection with 80 second intervals. Contrast 

material was gadobutrol/gadopentetate 

dimeglumine with a dose of 0.1 mmol/kg. Re-

evaluation of imaging data was performed 

when needed.  

Region of interest (ROI) area was designated 

between 36-100 mm2 and further calculations 

were performed automatically by the 

workstation. Formula used for initial 

enhancement calculation was: (Signal 

postcontrast−Signal initial)/ Signal initial × 

100%). We divided our cases into three 

groups in regard to initial enhancement values 

(<50%, 50-100%, >100%) this grouping was 

previously performed by [25]. However, a 

consensus on this matter does not exist. 
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Determination of kinetic curve type was done 

according to post-initial enhancement data; 

type 1 is defined by stable increase of 

enhancement, type 2 is the formation of a 

plateau of signal intensity after contrast 

injection, type 3 is the stable decrease of 

enhancement in the post-initial phase [26]. 

Histopathology 

Pathological evaluations -according to the 

tumour, node and metastasis (TNM) 

classification- and prognosis determinations -

according to the classical guidelines via 

antibody staining- were performed by 

certified pathologists. Tissue obtained in 

surgery was fixed in %10 formalin and was 

processed to paraffin blocks at 5 μm 

thickness; which was the routine protocol. 

Tumor type was determined by the WHO 

classification. Tumor grading (grade 1, 2, and 

3) was accomplished by the modified Bloom-

Richardson protocol. Lymph node 

involvement was assessed by the sentinel 

method. Positive lymph nodes were dissected. 

Lymphovascular invasion (LVI) was assessed 

by hematoxylin-eosin staining. Standardized 

protocols were used in the staining of Ki-67, 

estrogen and progesterone receptors, and C-

erb B2 (Her2/neu) receptor from the invasive 

part of the tumor; and the assessment was 

done by calculating the percentage of stained 

cells. 

Statistical Analysis 

All analyses were performed on SPSS v21. 

For the normality test, Shapiro-Wilk test was 

used. Continuous variables are given as mean 

± standard deviation for normally distributed 

data and median (minimum – maximum) for 

non-normally distributed data. Comparisons 

between groups were made with one-way 

ANOVA for normally distributed data and 

Kruskal Wallis test for non-normally 

distributed data. Pairwise comparisons were 

made with Dunn’s test. Categorical variables 

are given as frequency (percentage). Analysis 

of categorical variables were made with Chi-

square test. p≤0.05 values were accepted as 

statistically significant. 

Results 

We included 81 female patients into our study, 

median age was 47.27 ± 12.13. Sixty-three 

(77.8%) patients had invasive ductal 

carcinoma (IDC) while 9 (11.1%) patients had 

invasive lobular carcinoma (ILC). In addition, 

one of the patients were diagnosed with 

invasive cribriform carcinom, one invasive 

secretory carcinom, two mixed IDC + ILC, 

two invasive medullary carcinom, one tubular 

carcinom and two mucinous carcinom. When 

we evaluated tumor grades there were 11 

(14.9%) patients with Grade 1, 29 (29.2%) 

patients with Grade 2 and 34 (45.9%) patients 

with Grade 3 tumor, while grading for 7 

patients were missing. Forty-five (55.6%) 

patients had DCIS component while 10 

(12.3%) had lobular carcinoma in situ (LCIS) 

component. Twenty patients had LVI and 4 

(4.9%) patients received neoadjuvant 

chemotherapy. 

When we made comparisons in regard to 

tumor grades, Ki-67 percentages were 

significantly higher in patients with Grade 3 

tumor (p<0.001). There were no significant 

differences between these regarding age, ER 

(%) and PR (%). Also we found that 11 of the 

15 (73.3%) patients with 3 C-erb B2 score had 

Grade 3 tumor. This result was also found to 

be significant (p=0.011) (Table 1). 

We divided our patients into three groups 

regarding initial enhancement. Thirty-five 

patients’ initial enhancement was lower than 

fifty percent, while 18 patients were between 

fifty and one hundred percent and 28 patients 

higher than one hundred percent. When we 

compared Ki-67, ER and PR values we found 

no significant difference between our groups 

(Figure 1). When we evaluated tumor types, 

31 (49.2%) of the patients with IDC had lower 

than fifty percent initial enhancement while 5 
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Table 1. Patients' Characteristics Regarding Tumor Grade 

 

  Grade 1 (n=11) Grade 2 (n=29) Grade 3 (n=34) p 

Age, mean ± SD 48.91 ± 10.78 48.66 ± 12.69 44.68 ± 12.25 0.370 

Ki-67 (%), median (min - max) 
8.00  

(2.00 - 21.00)(a) 
10.00  

(2.00 - 80.00) (a) 
40.00  

(5.00 -95.00) (b) 
<0.001** 

ER (%), median (min - max) 
90.00  

(0.00 - 100.00) 
90.00  

(0.00 - 100.00) 
80.00  

(0.00 - 100.00) 
0.078 

PR (%), median (min - max) 
60.00  

(0.00 - 100.00) 
80.00  

(0.00 - 100.00) 
65.00  

(0.00 - 100.00) 
0.396 

Type, n (%)     
IDC 7 (12.3) 22 (38.6) 28 ( 49.1) 

0.320 ILC 1 (11.1) 5 (55.6) 3 (33.3) 

Other 3 (37.5) 2 (25.0) 3 (37.5) 
C-erb-B2, n (%)     

0 10 (24.4) 14 (34.1) 17 (41.5) 

0.011* 
1 0 (0.0) 10 (76.9) 3 (23.1) 

2 0 (0.0) 2 (40.0) 3 (60.0) 

3 1 (6.7) 3 (20) 11 (73.3) 
Lenfovascular Invasion, n (%)     

Negative 6 (16.2) 15 (40.5) 16 (43.2) 
0.291 

Positive 1 (5.3) 6 (31.6) 12 (63.2) 
Neoadjuvant Chemotherapy, n 
(%) 

    

Absent 10 (14.1) 27 (38.0) 34 (47.9) 
0.252 

Present 1 (33.3) 2 (66.7) 0 (0.0) 

Same letter denotes the lack of statistically significant difference between groups 
Ki-67 : Proliferation index ;  ER: Estrogen receptor ;  PR: Progesterone receptor ;  C-erb-B2: Human epidermal growth factor 
receptor 2 ;  IDC: Invasive ductal carcinoma ;  ILC: Invasive lobular carcinoma 

 

 

Figure 1a: Dynamic contrast enhanced breast MRI shows a mass with irregular margins in 37-year-old 

woman. Final pathology showed grade-2 invasive ductal carcinoma. Percentage of Ki-67 were 30%, 

estrogen and progesterone receptors were both 95%, and c-erbb2 receptor score was 1 in the tumor. 

Figure 1b: Kinetic curve analysis shows plateau patterns (type-2) on dynamic CE MR imaging. 
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Table 2. Patients' Characteristics Regarding Initial Enhancement 

  
<50% (n=35) 

50% - 100% 
(n=18) 

>100% (n=28) p 

Ki-67 (%), median (min - max) 
35.00  

(3.00 - 95.00) 
25.00  

(5.00 - 60.00) 
20.00  

(2.00 - 80.00) 
0.069 

ER (%), median (min - max) 
90.00  

(0.00 - 100.00) 
90.00  

(0.00 - 100.00) 
90.00  

(0.00 - 100.00) 
0.806 

PR (%), median (min - max) 
70.00  

(0.00 - 100.00) 
50.00  

(0.00 - 90.00) 
80.00  

(0.00 - 100.00) 
0.272 

Type, n (%)     
IDC 31 (49.2) 13 (20.6) 19 (30.2) 

0.014* ILC 1 (11.1) 5 (55.6) 3 (33.3) 

Other 3 (33.3) 0 (0.0) 6 (66.7) 
Tumor Grade     

Grade 1 4 (36.4) 1 (9.1) 6 (54.5) 

0.454 Grade 2 13 (44.8) 8 (27.6) 8 (27.6) 

Grade 3 17 (50.0) 6 (17.6) 11 (32.4) 
C-erb-B2, n (%)     

0 15 (33.3) 11 (24.4) 19 (42.2) 

0.375 
1 6 (46.2) 3 (23.1) 4 (30.8) 

2 3 (60.0) 0 (0.0) 2 (40.0) 

3 11 (61.1) 4 (22.2) 3 (16.7) 
Lenfovascular Invasion, n (%)     

Negative 15 (37.5) 10 (25.0) 15 (37.5) 
0.230 

Positive 12 (57.1) 2 (9.5) 7 (33.3) 
Neoadjuvant Chemotherapy, n (%)     

Absent 32 (41.6) 18 (23.4) 27 (35.1) 
0.362 

Present 3 (75.0) 0 (0.0) 1 (25.0) 

Ki-67 : Proliferation index ;  ER: Estrogen receptor ;  PR: Progesterone receptor ;  C-erb-B2: Human epidermal growth factor 
receptor 2 ;  IDC: Invasive ductal carcinoma ;  ILC: Invasive lobular carcinoma 
 
 

Table 3. Patients' Characteristics Regarding Dynamic Types 
  Type 1 (n=5) Type 2 (n=40) Type 3 (n=36) p 

Ki-67 (%), median (min - max) 
18.00  

(5.00 - 40.00) 
21.00  

(2.00 - 80.00) 
30.00  

(3.00 - 95.00) 
0.221 

ER (%), median (min - max) 
90.00  

(0.00 - 100.00) 
90.00  

(0.00 - 100.00) 
90.00  

(0.00 - 100.00) 
0.702 

PR (%), median (min - max) 
90.00  

(0.00 - 90.00) 
75.00  

(0.00 - 100.00) 
50.00  

(0.00 - 100.00) 
0.356 

Initial Enhancement, n (%)     
<50% 0 (0.0) 7 (20.0) 28 (80.0) 

<0.001** 50% - 100% 0 (0.0) 13 (72.2) 5 (27.8) 

>100% 5 (17.9) 20 (71.4) 3 (10.7) 
Type, n (%)     

IDC 3 (4.8) 28 (44.4) 32 (50.8) 

0.061 ILC 2 (22.2) 6 (66.7) 1 (11.1) 

Other 0 (0.0) 6 (66.7) 3 (33.3) 
Tumor Grade     

Grade 1 2 (18.2) 5 (45.5) 4 (36.4) 

0.570 Grade 2 1 (3.4) 14 (48.3) 14 (48.3) 

Grade 3 2 (5.9) 17 (50.0) 15 (44.1) 
C-erb-B2, n (%)     

0 4 (8.9) 26 (57.8) 15 (33.3) 

0.318 
1 0 (0.0) 6 (46.2) 7 (53.8) 

2 0 (0.0) 1 (20.0) 4 (80.0) 

3 1 (5.6) 7 (38.9) 10 (55.6) 
Lenfovascular Invasion, n (%)     

Negative 3 (7.5) 21 (52.5) 16 (40.0) 
0.772 

Positive 2 (9.5) 9 (42.9) 10 (47.6) 
Neoadjuvant Chemotherapy, n (%)     

Absent 4 (5.2) 40 (51.9) 33 (42.9) 
0.068 

Present 1 (25.0) 0 (0.0) 3 (75.0) 

Ki-67 : Proliferation index ;  ER: Estrogen receptor ;  PR: Progesterone receptor ;  C-erb-B2: Human epidermal growth factor 
receptor 2 ;  IDC: Invasive ductal carcinoma ;  ILC: Invasive lobular carcinoma 
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Table 4. Patients' Characteristics when Grouped as Washout and Others 
 

  Type 1 and 2 (n=45) Washout (n=36) p 

Ki-67 (%), median (min - max) 20.50 (2.00 - 80.00) 30.00 (3.00 - 95.00) 0.113 
ER (%), median (min - max) 90.00 (0.00 - 100.00) 90.00 (0.00 - 100.00) 0.466 
PR (%), median (min - max) 80.00 (0.00 - 100.00) 50.00 (0.00 - 100.00) 0.184 
Initial Enhancement, n (%)    

<50% 7 (20.0) 28 (80.0) 

<0.001** 50% - 100% 13 (72.2) 5 (27.8) 

>100% 25 (89.3) 3 (10.7) 
Type, n (%)    

IDC 31 (49.2) 32 (50.8) 

0.063 ILC 8 (88.9) 1 (11.1) 

Other 6 (66.7) 3 (33.3) 
Tumor Grade    

Grade 1 7 (63.6) 4 (36.4) 

0.793 Grade 2 15 (51.7) 14 (48.3) 

Grade 3 19 (55.9) 15 (44.1) 
C-erb-B2, n (%)    

0 30 (66.7) 15 (33.3) 

0.103 
1 6 (46.2) 7 (53.8) 

2 1 (20.0) 4 (80.0) 

3 8 (44.4) 10 (55.6) 
Lenfovascular Invasion, n (%)    

Negative 24 (60.00) 16 (40.0) 
0.765 

Positive 11 (52.4) 10 (47.6) 
Neoadjuvant Chemotherapy, n (%)    

Absent 44 (51.9) 33 (42.9) 
0.318 

Present 1 (25.0) 3 (75.0) 

 
Ki-67 : Proliferation index ;  ER: Estrogen receptor ;  PR: Progesterone receptor ;  C-erb-B2: Human epidermal growth factor 
receptor 2 ;  IDC: Invasive ductal carcinoma ;  ILC: Invasive lobular carcinoma 
 

 

Fig.2a: Dynamic contrast enhanced breast MRI shows a mass with irregular margins in 53-year-old 
woman. Final pathology showed grade-3 invasive ductal carcinoma. Percentage of Ki-67 were 50%, 
estrogen and progesterone receptors were 50% and 70% respectively, and c-erbb2 receptor score 

was 3 in the tumor. 
Fig.2b: Kinetic curve analysis shows plateau patterns (type-2) on dynamic CE MR imaging. 

 



 

www.actaoncologicaturcica.com  Copyright©Ankara Onkoloji Hastanesi 
 

135 Acta Oncologica Turcica 2021; 54: 128-140 

 

(55.6%) of the patients with ILC had between 

fifty and one hundred percent initial 

enhancement. This result was also found to be 

significant (p=0.014) (Table 2).  

When we evaluated dynamic types; 5 (6.2%) 

patients had Type 1 curve, 40 (49.4%) patients 

had Type 2 curve and 36 (44.4%) patients had 

Type 3 curve. When we compared our 

variables between curve type groups we found 

that all of the patients with Type 1 curve had 

larger than one hundred percent initial 

enhancement and 28 of the 36 (77.8%) 

patients with Type 3 curve had lower than 

fifty percent initial enhancement (p<0.001). 

There was no significant difference between 

our groups regarding other variables (Table 

3).  

Lastly, we evaluated washout type curves 

specifically. Which was done by divided the 

patients into two groups; (1) washout type 

curve (type 3) and (2) the other curve types 

(type 1 and 2). This evaluation was performed 

because a main focus of our hypotheses was 

that washout type curve (type 3) may have a 

higher association with prognostic factors. We 

found initial enhancement was significantly 

different between groups (as was found 

previously); however, we again found no 

significant relationship between any 

prognostic factors and washout type curve 

(Figure 2) (Table 4). 

Discussion 

We aimed to identify any relationship 

between dynamic MRI findings (with a focus 

on washout type curve) and factors that affect 

prognosis in invasive breast cancers. 

Currently, tumor size and type, histological 

grade, lymph node status, LVI, steroid 

receptor (estrogen and progesterone) and 

human epidermal growth factor receptor 

expressions, and proliferation markers such as 

Ki-67 are accepted as important prognosis 

determining/effecting factors.  

In MRI evaluation, tumor margin and its 

enhancement curve characteristics are 

accepted to be the most important features in 

the characterization of breast tumors [27]. 

Lack of enhancement is reported to have an 

88-96% negative predictive value (NPV) for 

malignancy [28,29]. However, various studies 

report the enhancement evaluation to be 

problematic; in a multi-institutional study, 

45% of lesions that were found to be 

malignant were actually reported as having 

persistent enhancement kinetics [28]. When 

attention is shifted to curve characteristics, 

type 2 and 3 curves are reported by some to be 

associated with malignancy [27]. On the other 

hand, the ability of diffusion imaging in 

characterizing microvascular structures has 

been shown to be important in the evaluation 

of breast cancer [19,22,30,31]. However, 

current studies focusing on kinetic evaluation 

for tumor characterization are rare and present 

conflicting results. We aimed to identify if any 

association existed between prognostic factors 

and enhancement and dynamic MRI findings. 

Tumor Grade 

As tumor grade is one of the classical 

prognostic factors, any relationship between 

histopathological tumor grade and imaging 

findings would affect the use of imaging 

modalities in breast cancer diagnosis, 

screening and evaluation. 

When patients were grouped in regard to 

initial enhancement characteristics (<50%, 

50-100%, and >100%), we found no 

significant difference in tumor grade between 

groups. Also, no relationship was found when 

grouping was done in regard to dynamic types 

(type 1, 2, and 3). Lastly, grouping patients 

into two (washout type curve, and others) also 

yielded no significant differences. Only a few 

studies have reported a minor correlation 

between grade and enhancement 

characteristics [22,24,32]. Belli et al. reported 
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that grade 1 tumors had significantly higher 

mean apparent diffusion coefficient in 

comparison to grade 2 and 3 tumors. On the 

other hand, various studies report a lack of 

correlation between grade and kinetic MRI 

findings [33-35], including a 128-patient 

retrospective study by Baltzer et al. [36]. Our 

results concur with the latter group of 

literature. 

A variety of explanations may exist for these 

conflicting results, including a lack of 

standardization in the grouping and evaluation 

of enhancement. However, in our study, the 

low number of grade 1 tumors (11, 13.5%) in 

comparison to grade 2 and 3 tumors (70, 

86.5%) may have affected our results. Also, 

for dynamic evaluation, type 1 curve group 

consisted of only five cases which may have 

had a similar effect in the evaluation of 

dynamic types. 

Ki-67 Index 

Nuclear antigen Ki-67 is accepted as an 

accurate marker for cell proliferation. It is 

significantly correlated with mitotic activity. 

Ki-67 is reported as a percentage; called the 

Ki-67 index. A value above 20% indicates 

high proliferation and is associated with poor 

prognosis [37,38]. 

In our study, we found Ki-67 levels to be 

significantly higher in grade 3 tumors 

(p<0.001), no such difference was found 

between grade 1 and 2 tumors. When tumors 

were grouped according to initial 

enhancement values and dynamic types, we 

found no significant difference in Ki-67 

values between groups. Also, no significant 

relationship with Ki-67 values and washout 

type was found. 

Chang et al. also found no significant 

relationship between curve pattern and Ki-67 

level. They reported peak time was the only 

factor correlated with Ki-67 value [18]. Choi 

et al. found that Ki-67 index positive invasive 

ductal cancer cases had a significantly lower 

apparent diffusion coefficient (ADC) value 

compared to negative cases [6]. However, this 

finding may be due to the fact that malignant 

tumors (which have higher Ki-67 levels) show 

a significantly lower ADC value in 

comparison to benign tumors [39]. Another 

study, by Alduk et al., also reported that they 

found no relationship between Ki-67 and MRI 

features [40]. 

Estrogen and Progesterone Receptor 

Expression 

As previously stated, estrogen and 

progesterone receptor (ER and PR, 

respectively) expression is an important factor 

for breast cancer prognosis; especially when 

hormone therapy is considered [41]. Patients 

who present with ER positive tumors are 

shown to have longer disease-free and overall 

survival time [42]. The nature and effects of 

PR and ER expression can shed light on what 

we can expect in MRI imaging. Some studies 

report that ER expression is related to 

angiogenic pathway inhibition which results 

in diffusion decrease [37,43]. Another effect 

of ER positivity is reported to be increase in 

cellularity [44]. When these two factors are 

taken into account while keeping in mind that 

ER expression also impacts PR expression, 

we can come to the conclusion that ER and PR 

expressions may influence initial enhan-

cement and dynamic MRI results. However, 

we found no difference between ER or PR 

expression in regard to initial enhancement 

groups and dynamic types. 

Various studies that aimed to identify a 

relationship between ER expression and MRI 

features found conflicting results. Some state 

that ER negative tumors show more malignant 

enhancement characteristics [30,36,45]; while 

others do not support this finding [18,33,40]. 

When PR expression was assessed, Chang et 

al. found a lack of relationship between curve 

type and PR expression [18], as did others 

[40]. However, Baltzer et al. reported initial 
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enhancement to be correlated with PR 

expression [36]. 

Comparing studies in this regard is difficult as 

receptor positivity heavily effects treatment 

paths and the increased use of MRI in higher 

risk patients may result in bias in patient 

selection. 

C-erb B2 Expression 

C-erb B2 (or HER2/neu) overexpression is 

widely accepted as a factor for poor prognosis 

[46]. Its expression is inversely correlated 

with ER expression [46,47]. ER expression is 

indicative of good prognosis, and C-erb B2 is 

indicative of poor prognosis. In our study -as 

stated above- we found no relationship 

between ER expression and MRI features; 

thus a lack of relationship between C-erb B2 

and the same MRI features was expected. 

After analysis we found no relationship 

between C-erb B2 expression and initial 

enhancement characteristics or dynamic curve 

types which concurred with our in-study 

expectation. Chang et al. in their study 

focusing on curve patterns also found no 

relationship. However, they found peak time 

to be correlated with C-erb B2 expression. 

Lymphovascular Invasion 

There is limited data in literature on the 

relationship between LVI and MRI features. 

Alduk et al., in their study of 114 cases of 

invasive ductal carcinoma, analyzed the 

relationship between prognostic factors and 

MRI findings. They reported that a significant 

relationship between LVI and initial 

enhancement existed, but failed to find any 

such relationship in regard to curve type [40]. 

We found no significant relationship between 

LVI and either enhancement or curve type. 

Strengths and Limitations 

Our study has various strengths. Firstly, the 

number of patients included were 81; a 

number which matches previous studies. 

Secondly, most of the major prognostic 

factors of invasive breast cancers were 

assessed in our study; thus comparisons with 

dynamic MRI findings (which were re-

evaluated when necessary) were done for all 

of these factors. Thirdly, we grouped our 

patients in regard to tumor grade, initial 

enhancement, and dynamic curve types (also 

washout vs others) which gave a thorough 

understanding of the analyses made. Initial 

enhancement grouping was done according to 

a previous study (a consensus on this matter 

does not exist); which makes comparison of 

studies easier. 

There are several limitations to our study. 

First, this study is based on patients from 

single center. Thus, the distribution of patients 

involved in our study group may not be 

homogeneous. However, our hospital is a 

regional reference hospital for breast cancer 

which results in the referring of many cases to 

us from other hospitals; which would increase 

homogeneity. Nevertheless, a single-center 

study may be considered as a limitation. 

Secondly, the morphological findings of MRI 

results were not evaluated in our study 

whereas other studies included morphological 

findings in their analyses. This may be seen as 

a limitation; however, our study was focused 

on the dynamic findings (especially washout 

curve type) and enhancement characteristics 

of breast cancer and their comparison with 

prognostic factors; thus the exclusion of 

morphological findings did not affect our 

evaluation. 

Although literature on this topic is yet to 

expand; current studies that report significant 

relationships can be considered few and far 

between. Especially curve type and initial-

enhancement focused studies point to a lack of 

association. However, when current literature 

is reviewed; we see a few important problems 

on this topic: The lack of consensus for the 

categorization of dynamic MRI data, 

differences in operator and/or evaluator 

evaluations, and variance in study 

methodologies to the point of incompatibility 



 

www.actaoncologicaturcica.com  Copyright©Ankara Onkoloji Hastanesi 
 

138 Acta Oncologica Turcica 2021; 54: 128-140 

between results. If these problems were to be 

addressed, studies with more data may be 

performed and comparisons between studies 

can be made. 

Contrast-enhanced dynamic MRI is currently 

an important imaging tool in the evaluation of 

invasive breast cancer. The imaging findings 

can help in identifying important characte-

ristics of the tumor; thus the evaluation of 

these findings in regard to their relationship 

with prognostic factors could have yielded 

important results and changed the way 

imaging modalities are utilized in breast 

cancer. However, in our study, neither 

enhancement characteristics nor dynamic 

findings were found to be associated with 

prognostic factors. However, this does not 

mean that imaging findings are in no way 

related to patient prognosis; future studies that 

analyze the relationship between MRI 

findings and patients’ follow-up and survival 

data are needed to identify direct 

relationships. Another important matter that 

needs to be clarified in future studies is the 

grouping of initial enhancement characte-

ristics. Studies vary in the grouping and 

utilization of enhancement data; which results 

in inability to compare study findings with 

each other. Thus, a first step in enhancement 

evaluation may be to identify medically 

relevant enhancement cut-points.
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