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ABSTRACT 

Aim: The aim of this study is to evaluate the relationship between diffusion-weighted imaging (DWI) properties and 

apparent diffusion coefficient (ADC) values of metastases with the histological type of breast cancer in patients with 

breast cancer-related brain metastasis. 

Material and Methods: Between May 2008 - April 2011, 57 female patients who had been previously diagnosed with 

breast cancer in the radiology clinic were included in the study. Cases with invasive ductal carcinoma were considered 

group 1 (46 patients, 89 lesions) and cases with invasive lobular, comedo carcinoma and papillary cribriform carcinoma 

were considered group 2 ( 11 patients, 25 lesions). ADC values in both groups were compared by statistical analysis 

methods. 

Results: In group 1; 37 lesions (41.57%) and in group 2; 13 lesions (52%) included cystic component. In the group of 

invasive ductal carcinoma 48 lesions (53.92%) and 18 lesions (72%) of second group included peritumoral edema. The 

mean ADC value of the solid component of metastases (group1: 1.105x10-3mm2/ s, group2: 1.099x10-3mm2/ s) was 

higher than the average ADC value of normal brain parenchyma (group1: 0.790x10-3mm2/s, group2: 0.801x10-

3mm2/s), and was statistically significant (p<0.001). In the comparison between the groups, no statistically significant 

difference was found between the mean ADC values of the solid components of metastases (p= 0.931).  

Conclusion: In our study, mean ADC values in brain metastases due to breast cancer were significantly higher than 

normal brain parenchyma. However, no statistically significant difference was found in the comparison of ADC values 

of the groups formed according to histopathological subtypes. 
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Meme Kanserine Bağlı Beyin Metastazlarında Difüzyon Ağırlıklı Görüntüleme ile 

Histopatolojik Tip Arasında Bir İlişki Var mı? 
ÖZ 

Amaç: Bu çalışmanın amacı, meme kanserine bağlı beyin metastazı olan hastalarda meme kanserinin histolojik tipi ile 

metastazların difüzyon ağırlıklı görüntüleme (DAG) özellikleri ve görünür difüzyon katsayısı değerleri (ADC) arasındaki 

ilişkiyi değerlendirmektir. 

Gereç ve Yöntemler: Mayıs 2008-Nisan 2011 tarihleri arasında daha önce radyoloji kliniğinde meme kanseri tanısı 

almış 57 kadın hasta çalışmaya dahil edildi. İnvaziv duktal karsinomlu olgular grup 1 (46 hasta, 89 lezyon) ve invaziv 

lobüler, komedo karsinom ve papiller kribriform karsinomlu olgular grup 2 (11 hasta, 25 lezyon) olarak değerlendirildi. 

Her iki gruptaki ADC değerleri istatistiksel analiz yöntemleri ile karşılaştırıldı. 

Bulgular: Birinci grupta; 37 lezyon (%41,57) ve grup 2'de; 13 lezyon (%52) kistik komponent içeriyordu. İnvaziv duktal 

karsinom grubunda 48 lezyon (%53,92), ikinci grupta 18 lezyon (%72) peritümöral ödem içeriyordu. Solid metastazlarda 

ortalama ADC değeri (grup 1: 1,105x10-3mm2/s, grup2: 1,099 x10-3mm2/s normal beyin parankiminin ortalama ADC 

değerinden (grup 1: 0,790 x10-3mm2/s, grup2: 0,801 x10-3mm2/s) yüksekti ve fark istatistiksel olarak anlamlıydı 

(p<0.001). Gruplar arası karşılaştırmada solid metastazların ortalama ADC değerleri arasında istatistiksel olarak anlamlı 

fark bulunmadı (p=0,931). 

Sonuç: Çalışmamızda meme kanserine bağlı beyin metastazlarında ortalama ADC değerleri normal beyin parankimine 

göre anlamlı olarak yüksek bulundu. Ancak histopatolojik alt tiplere göre oluşturulan grupların ADC değerleri 

karşılaştırıldığında istatistiksel olarak anlamlı fark bulunmadı. 
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INTRODUCTION 

Breast cancer is the most common cancer among women. 

10-30 % of patients diagnosed with breast cancer have 

brain metastasis (1,2). Today, magnetic resonance imaging 

(MRI) is the most commonly used and recommended 

modality for the evaluation of central nervous system 

(CNS) metastasis associated with breast cancer during the 

follow-up period. Diffusion-weighted magnetic resonance 

imaging (DWI) is a relatively new and precise MRI 

technique compared to conventional MRI, and it relies on 

the detection of the microscopic motion of water 

molecules (Brownian movement). The use of advanced 

MRI techniques, such as DWI, provides important 

findings in distinguishing malignant and benign masses 

and detecting some diseases (3-7). It also helps to 

differentiate pathologies that lead to similar imaging 

features in conventional MRI (8-11). 

Many types of cancer cause CNS metastasis. There are few 

studies in the literature showing the radiological features 

of breast cancer CNS metastases. However, there is no 

comprehensive study revealing the characteristics of 

primary breast cancer metastases according to their 

histological subtypes. We aimed to reveal the DWI 

characteristics of brain metastases of primary breast cancer 

and to determine the correlation or difference in terms of 

ADC values measured between groups formed according 

to histopathological subtypes of breast cancer. 

 

MATERIAL AND METHODS 

Patient Selection: The fifty-seven female patients who 

developed brain metastasis due to primary breast cancer 

between May 2008 and April 2011 were included in this 

study. Of the patients included in the study, 46 were 

diagnosed with invasive ductal carcinoma, 7 with invasive 

lobular carcinoma, 2 with invasive papillary carcinoma, 

and 2 with comedo carcinoma. Forty-six patients with 

invasive ductal carcinoma were considered group 1, and 

11 patients with other histopathological types were 

considered group 2. MRI examinations were performed on 

breast cancer patients during the follow-up period due to 

complaints such as headache, dizziness, nausea, vomiting, 

loss of strength in the extremities, visual impairment, 

imbalance, and lethargy. This study was derived from the 

specialty thesis and was approved by the ethics committee 

of our hospital without the need for informed consent due 

to its retrospective nature ((Education Planning 

Commission ID: 2011/318). 

Obtaining Brain MRI and Tecnical Parameters: All 

MRI sequences were obtained by a 1.5 T MRI scanner  

with a high-speed gradient (General Electric, Signa Excite 

HDx, Milwaukee, WI, USA). On sagittal plane, T2 

weighted sequences, on axial plane T1W, T2W and 

FLAIR sequences, on coronal plane T2 weighted sequence 

and following 0.1 mmol/kg gadolinium administration, on 

coronal and axial planes T1 weighted sequences were 

applied as standard in all cases. For T1 weighted, T2 

weighted and FLAIR sequences, TR/TE values were 

600/10.9 ms, 3960/81.8 ms, and 8802/90.4 ms. FOV: 

24x24cm, respectively, the thickness of the section was: 

5mm, NEX:1, and gap:1.5mm. DWI images were obtained 

using a single-shot spin echo, echo-planar imaging (EPI) 

sequence. The gradient ‘b’ factor was 1000 mm2/s. For 

DWI images, the parameters were TR:6000ms; TE:105 

ms; FOV: 24x24cm; NEX:2; thickness of section:5,5mm. 

For DWI, the duration of imaging was 32 seconds. All 

DWI images were sent to the workstation (Advantage 

Windows, software version 4.4, GEMedical Systems). In 

all cases, the mean area of 34-96 mm2 circular “region of 

interest” (ROI) was inserted into the lesions. The ROI 

insertion process was performed on ADC maps (Figure 1). 

 

 
Figure 1. a-f. MR images of the left occipital lobe metastatic lesion (a- axial T2, b- axial T1, c-axial T1C+, d-Coronal 

T1C+, e-DWI and f-ADC map) 
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Interpretation of Brain MRI: Conventional contrast-

enhanced MRI and DWI images were obtained from all 

cases, and ADC was measured from 114 possible 

metastatic lesions. Anatomical distribution, number of 

lesions, accompanying edema, presence of cystic 

component, contrast enhancement pattern, presence of 

bleeding findings and signal intensity were evaluated in 

the lesions in the brain parenchyma evaluated as 

metastatic. Images were evaluated by two radiologists, and 

in case of conflict, discussion and consensus were 

obtained. In all cases, measurements were performed on 

metastatic solid area, cystic components if any, areas with 

solid and cystic components and the same levels of normal 

parenchyma area on the contralateral lobe (Figure 2). ADC 

maps were calculated by the MRI system automatically 

and expressed as mm²/s. By placing the ROI, 

measurements were made from the solid component of all 

lesions, the cystic component if any, and the intact 

parenchyma tissue. In addition, measurements were made 

to include solid and cystic components. The mean ADC 

values were then calculated ADC values were compared 

by statistical analytic methods on the lesion, cystic 

component, if any, and normal tissue. Six of the patients 

(10.52%) who had been suspected of having metastasis on 

MRI had undergone surgery for histopathological 

evaluation. Histopathological confirmation was not 

required since the MRI findings of the remaining 51 

(89.47%) patients were considered to be compatible with 

the metastasis of primary breast cancer. 

Chemotherapy/radiotherapy protocols were applied to 

these patients. 

Statistical Analysis 
Data were analyzed by IBM SPSS for Windows 11.5 

package program. Shapiro Wilk test was used to verify 

whether the distribution of continuous variables is close to 

normal. P-value >0.05 was considered statistically 

significant for the results. Nonparametric tests were used 

for variables that did not meet this condition. Descriptive 

statistics were shown as mean ± standard deviation or 

median (min-max) for continuous variables and 

categorical variables as number and percent (%) of cases. 

The significance of the difference between the groups in 

terms of means was investigated with Student's t test, and 

the significance of the difference in terms of median values 

was investigated with the Mann-Whitney U test when the 

number of independent groups was two. Whether there 

was a statistically significant difference between the 

groups in terms of ADC levels was evaluated using the 

Mann-Whitney U test. The existence of a statistically 

significant difference between the solid part, cystic part 

and normal parenchyma ADC levels among the groups 

was evaluated using the Wilcoxon Sign test. Categorical 

variables were examined using Pearson's Chi-Square or 

Fisher's Exact test. P-value <0.05 was considered 

statistically significant for the results. 

RESULTS 

The mean age of the patients was 43.79±10.1 years, and it 

was 43.93±10.3 in group 1 and 43.24±9.2 in group 2. 

There was hypointensity on DWI in 41 (46.06%) 

metastatic lesions in the invasive ductal carcinoma group 

and 11 (44%) metastatic lesions in group 2. No significant 

difference was found between the two groups in terms of 

DWI signal intensity (p=0.882). Which consisted of 

invasive ductal carcinoma cases, 37 (41.57%) metastatic 

lesions in group 1, and 13 (52%) metastatic lesions in 

group 2 included a cystic component (p= 0.508). In the 

group of invasive ductal carcinoma 48 lesions (53.92%) 

and 18 lesions (72%) of second group included 

peritumoral edema. In the comparison between the two 

groups, no statistically significant difference was found in 

parameters such as peritumoral edema, cystic component, 

and distribution of multi-lobe metastases. The 

enhancement pattern of metastatic lesions was 

predominantly heterogeneous in both groups. 

Heterogeneous enhancement was detected in 50 (56.17%) 

lesions in group 1 and in 18 (72%) lesions in group 2 

(p=0.041) (Table 1). 

Table 1. Demographic and clinical features of cases according to diagnostic groups 

Variables *Group I (n=46) **Group II (n=11) p-value 

Age (years) 43.93±10.3 43.24±9.2 0.847 

Number of Lobes   0.493 

Single 22 (47.82%) 4 (36.36%)  

Multiple 24 (52.17%) 7 (63.63%)  

Metastasis Time (months) 44.72(7-133) 48.43(11-109) 0.893 

Analyzing metastasis *Group I (n=89) **Group II (n=25)  

Edema 48 (53.93%) 18 (72.%) 0.326 

Cystic Component 37 (41.57%) 13 (52%) 0.508 

T1W                                                    

Hypointense 73 (82.02%) 21 (84%) 0.871 

İsointense 16 (17.97%) 4 (16%) 0.892 

T2W    

Hypointense 4 (4.49%) -  

İsointense 10 (11.23%) 4 (16%) 0.089 

Hyperintense 75 (84.26%) 21 (84%) 0.917 

DWI    

Hypointense 41 (46.06%) 11 (44%) 0.882 

İsointense 25 (28.08%) 7 (28%) 0.958 

Hyperintense 23 (25.84%) 7 (28%) 0.868 

Contrast Enhancement    

Homogeneous 39 (43.82%) 7 (28%) 0.022 

heterogeneous 50 (56.17%) 18 (72%) 0.041 

*Group I: Invasive Ductal Ca, **Group II: Other Diagnostic Groups 
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The mean ADC value measured from the solid parts of the metastases was 1.105x10-3mm2/s (0.705-1.678) in group 1 

and 1.099x10-3mm2/s (0.842-1.453) in group 2 (p=0.931). The mean ADC value in the normal brain parenchyma was 

measured as 0.790x10-3mm2/s (0.683-0.852) in group 1 and 0.801x10-3mm2/s (0.760-0.880) in group 2, respectively, 

and no significant difference was found (p=0.452) (Table 2). 

 

Table 2. ADC levels of cases according to diagnostic groups 

Variables *Group I (n=89) **Group II (n=25) p-value 

Solid ADC 1.105 (0.705-1.678) 1.099 (0.842-1.453) 0.931 

Cystic ADC 

Mixed ADC 

2.012 (0.868-3.224)  

1.450 (0.941-1.922) 

2.542 (0.956-3.818) 

1.745 (0.924-2.399) 

0.274 

0.246 

Parenchyma ADC 0.790 (0.683-0.852) 0.801 (0.760-0.880) 0.452 

*Group I: Invasive Ductal Ca, **Group II: Other Diagnostic Groups ADC: Apparent diffusion coefficient, ADC unit: 

x10-3mm/s2 

In the evaluation of metastatic lesions according to their intensities on DWI, hypointensity was observed in 52 (45.61%) 

lesions, isointensity in 32 (28.07%) lesions, and hyperintensity in 30 (26.31%) lesions. Mean ADC values were measured 

as 1.218x10-3mm2/s (0.874-1.453), 1.077x10-3mm2/s (0.754-1.678), and 0.987x10-3mm2/s (0.705-1.231), respectively. 

ADC values of hyperintense lesions were higher than isointence and hypointence ones significantly (p=0.012, p<0.001) 

(Table 3). 

 

Table 3. Analysis of metastatic lesions according to their intensity on ADC map 

Variables ADC (x10-3mm2/sn) p- value 

Hypointense (N=52) 1,218 (0,874-1,453) 

0.004 
Isointense (N=32) 1,077 (0,754-1,678) 

   Hypointense (N=52) 1,218 (0,874-1,453) 

<0.001 
Hyperintense (N=30) 0,987 (0,705-1,231) 

   Hyperintense (N=30) 0,987 (0,705-1,231) 

0.012 
Isointense (N=32) 1,077 (0,754-1,678) 

ADC: apparent diffusion coefficient 

 

The mean ADC values of the solid areas of the cases were higher in both groups (group 1: 1.105x10-3mm2/s and group 

2: 1.099x10-3mm2/s) than the normal brain parenchyma (group 1: 0.790x10-3mm2/s and group 2: 0.801x10-3mm2/s) 

and were statistically significant (p<0.001) (Figure 2). In addition, in both groups, the mean ADC values of the solid areas 

(group 1: 1.105x10-3mm2/s and group 2: 1.099x10-3mm2/s) were lower than the mean ADC values of the cystic areas 

(group 1: 2.012 x10-3mm2/s and group 2: 2.542 x10-3mm2/s). (p<0.001) (Table 4) (Figure 3). 

 

 
Figure 2. Distribution of mean ADC values of solid metastatic lesions and normal brain parenchyma in diagnostic groups 

(ADC unit: 10-6 mm2 /s) 
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Table 4. Comparison of mean ADC levels of metastatic lesions and normal brain parenchyma between groups 

Variables *Group I (n=89) p value **Group II (n=25) p value 

Solid lesion and      

Mixed  

1.105 (0.705-1.678) 

<0.001 

1.099 (0.842-1.453) 

<0.001 

1.450 (0.941-1.922) 1.745 (0.924-2.399) 

     

Solid lesion and 

Normal Parenchyma 

1.105 (0.705-1.678) 

<0.001 

1.099 (0.842-1.453) 

<0.001 

0.790 (0.683-0.852) 0.801 (0.760-0.880) 

     

Solid lesion and 

Cystic lesion 

1.105 (0.705-1.678) 

<0.001 

1.099 (0.842-1.453) 

<0.001 

2.012 (0.868-3.224) 2.542 (0.956-3.818) 

*Group I: Invasive Ductal Ca, **Group II: Other Diagnostic Groups , ADC: Apparent diffusion coefficient, ADC unit: 

x10-3mm/s2 

 

 
Figure 3. Distribution of ADC levels of solid and mixed lesions in diagnostic groups (ADC unit: 10-6 mm2 /s). 

 

DISCUSSION  

In our study, mean ADC values of the lesions with cystic 

components were statistically significantly different than 

ADC values of normal white matter and solid metastatic 

lesions. Again, the ADC values measured on solid 

metastatic lesions were found to be significantly higher as 

compared to white matter. On DWI, ADC values were 

statistically significantly higher in hypointense cases as 

compared to isointense or hyperintense cases. However, 

no statistical difference in ADC values was found between 

the measurements of solid metastatic lesions and cystic 

lesions in 2 groups by histological type of breast cancer.  

The studies in the literature generally reported that mean 

ADC values were statistically higher on high degree 

tumors such as metastatic tumors and glioblastoma 

multiforme (GBM) as compared to mean ADC values on 

normal white matter. Its causes may include the presence 

of microcystic components on especially metastatic 

tumors and high degree glial tumors, the high risk of 

necrosis development, and increased extracellular fluid 

compartment.   

 

It is not always possible to distinguish whether cystic or 

solid lesions occupying space in the brain belong to 

metastasis or not by conventional MRI or computed 

tomography. Diffusion weighted imaging offers some 

additional clues for distinction. Studies were showing a 

correlation between the stage of brain tumor and cellularity 

with the ADC values of tumor, generally it is reported that 

ADC values of high grade or cellularity tumors were lower 

than normal parenchyma. Tumor cellularity and tumor 

matrix leading to a difference in tumor histology 

contribute to the difference between ADC values (12-14). 

Water diffusion in biological tissues is highly dependent 

on intracellular and extracellular space ratio. The increased 

cellularity observed in high grade tumors decreases the 

extracellular space ratio. Accordingly, water diffusion 

decreases. Increased cellularity and mitotic activity on 

malign tumors decrease free diffusion rate of water, by 

increasing nucleus/cytoplasm ratio and the amount of 

intracellular complex protein molecules due to the features 

such as increased nucleus cytoplasm ratio, nucleoli 

prominence and necrosis. Therefore, increased cellularity 

ratio decreases extracellular space. Following this 
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biological event, it was considered that ADC values 

decreased especially on malign tumors without cystic 

component (15-18). In our study, mean ADC values were 

measured higher in solid metastatic lesions as compared to 

normal parenchyma, however, significantly lower as 

compared to cystic tumoral lesions. The result that the 

higher mean ADC values on solid metastatic lesions as 

compared to normal parenchyma might be associated with 

invisible microcystic structures, millimetric necrotic 

events and decreased tumor cellularity especially on the 

central sections where measurements were made.   

In our study, we found that the mean ADC values of solid 

or cystic metastases were similar in both groups. When all 

cases and all measured lesions were included, the mean 

ADC value was 1.103x10-3mm2/s in solid lesions and 

2.128x10-3mm2/s in cystic metastases. Compared to the 

normal parenchyma, higher ADC values were measured in 

all metastases and were statistically significant. Noguchi 

et al. (19) evaluated two pyogenic brain abscesses, 12 

metastatic tumors and six high-grade glial tumors based on 

DWI features and ADC values. They found the mean ADC 

value of 0.94 x10-3mm2/s in 19 solid metastases due to lung 

and breast cancer and was consistent with the findings of 

our study. In the same study, the mean ADC value in the 

group consisting of 14 cystic metastases and necrotic 

tumors was 2.7x x10-3mm2/s, which is similar to the mean 

ADC values of cystic metastases in our study (19). In a 

study performed by Hakyemez et al.(20), the DWI method 

was used to differentiate the necrotic tumors from brain 

abscess, and they found that DWI was hypointense since 

the internal structure of necrotic tumors were more serious 

as compared to abscess. They found the ADC values of 

necrotic tumors lower than cerebrospinal fluid (CSF) and 

higher than normal parenchyma and abscess. Besides, they 

reported that tumors and metastatic lesions having necrotic 

components were clearly hypointense on DWI trace” 

images, but clearly hyperintense on ADC images. On 6 

cystic metastatic cases, mean ADC value was measured as 

2.82x10-3mm2/s (1.56-3.12) (20). Santos et al.(21) 

compared brain MRI features according to histological 

subtype groups in their study of 147 cases with brain 

metastases due to breast cancer. Similar to our study, they 

reported that 111 (75.51%) of the patients did not have 

diffusion restriction on DWI and the signal was iso-

hyperintense. However, ADC values were not measured in 

this study, and differences in histological subtypes were 

not studied (21).  

The study performed by Yamasaki et al. (22) consisting of 

275 cases with neuroepithelial and metastatic tumors was 

one of the largest series. In this study, it was found that 

mean ADC value was 1.149x10-3mm2/s on metastatic 

lesions of 19 cases. However, the presence of cystic 

components in the metastatic lesions and the type of 

primary malignancy were not reported (22). In our study, 

similar to this study, the mean ADC values of solid 

metastatic lesions were 1.105x10-3mm2/s in the group 

consisting of invasive ductal carcinoma, 1.099x10-3mm2/s 

in the other group consisting invasive lobular group.  

In the study in which 36 GBM and 26 solid metastases 

were compared, the mean ADC values were higher in the 

GBM group, but no statistically significant difference was 

found between the two groups (23). In the same study, the 

mean ADC value was found to be 0.779x10-3mm2/s in the 

solid metastasis group, which is significantly lower than 

the value we found in our study. However, information on 

the origin of the metastases included in this study was not 

presented. 

The most important limitation of our study is the 

combination of some subgroups histopathologically due to 

the small number of patients.        

 

CONCLUSION 

Diffusion Weighted Imaging and ADC measurements are 

important imaging methods for the diagnosis of 

intracranial tumors. Metastases in the brain parenchyma 

can show different signal characteristics in diffusion-

weighted MRI. However, in our study, there was 

hypointensity in diffusion-weighted imaging in cystic 

metastases in accordance with the literature. Also, we 

found that ADC levels were higher in both cystic and solid 

metastatic lesions as compared to ADC levels in normal 

white matter. We did not find a correlation between the 

histological type of breast cancer and its metastatic lesion 

in terms of ADC measurement. 
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