
Background: Through Diffusion Weighted Imaging 
(DWI), information related to early molecular changes, 
changes in the permeability of cell membranes, and early 
morphologic and physiologic changes such as cell swelling 
can be obtained.
Aims: We investigated the correlation between the prog-
nostic factors of breast cancer and apparent diffusion coef-
ficient (ADC) in DWI sequences of malignant lesions.
Study Design: Retrospective cross-sectional study.
Methods: Patients who were referred to our clinic between 
September 2012 and September 2013, who underwent dy-
namic breast MRI before or after biopsy and whose biopsy 
results were determined as malignant, were included in our 
study. Before the dynamic analysis, DWI sequences were 
taken. ADC relationship with all prognostic factors was 
investigated. Pearson correlation test was used to compare 
the numerical data, while Spearman correlation and Fisher 
exact tests were used to compare the categorical data. The 
advanced relationships were evaluated with linear regres-
sion analysis and univariate analysis. The efficiency of the 
parameters was evaluated using ROC analysis. The signifi-
cance level (P) was accepted as 0.05.
Results: In total, 41 female patients with an average age of 
49.4 years (age interval 21-77) and 44 lesions were included 
into the study. In the Pearson correlation test, no statistically 
significant difference was determined between ADC and 

the patient’s age and tumor size. In the Spearman correla-
tion test, a statistically significant difference was determined 
between nuclear grade (NG) and ADC (r=-0.424, p=0.04); 
no statistically significant correlation was observed between 
the other prognostic factors with each other and ADC val-
ues. In the linear regression analysis, the relationship of NG 
with ADC was found to be more significant alone than when 
comparing all parameters (corrected r2=0.196, p=0.005). 
Further evaluations between the NG and ADC correlation 
were carried out with ROC analysis. A statistically signifi-
cant difference was determined when NG 1 separately was 
compared with NG 2 and 3 (p=0.03). A statistically signifi-
cant difference was also determined (p=0.05) in the com-
parison of NG 1 with only NG 3. No statistically significant 
difference was determined when NG 2 separately was com-
pared with NG 1 and NG 3 and when NG 3 separately was 
compared with NG 1 and 2 (p=0.431, p=0.097),
Conclusion: We found that ADC values obtained by breast 
DWI showed a higher correlation with the NG of breast 
cancer, which is an important factor in the patient’s treat-
ment. Predictions can be made about NG by analyzing the 
ADC values. Additional studies are needed, however, and 
the ADC value of the lesion can be used as a prognostic fac-
tor proving the aggressiveness.
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Breast cancer is the most common form of cancer among 
women worldwide and is also responsible for the most cancer-
related deaths in female cancer patients (1). The number of 
tumor-related features available to predict the prognosis of 
patients with breast cancer has grown considerably in recent 
years. Prognostic factors of breast cancer include histologi-
cal features (histological subtype, histological grade, nuclear 
grade (NG), lymphovascular invasion), lymph node status, 
steroid hormone receptors status, age (<35 years) and size of 
tumor (>2 cm) (1,2).

Quantitative histopathology can improve the accuracy of 
prognosis when combined with other objective prognostic 
criteria, and can also potentially predict response to therapy. 
Histopathological grade is currently based on the degree of 
tubule formation, number of mitoses, and NG in routine sec-
tions. NG is one of the most important prognostic and predic-
tive markers, and has provided valuable information in many 
cases (1,2).

Mammography (MG), ultrasound (US) and magnetic reso-
nance imaging (MRI) can help to identify breast lesions more 
accurately but, nevertheless, remain insufficient for fully 
characterizing identified lesions. Diffusion-weighted imag-
ing (DWI) is based on the movement of water molecules dur-
ing the interval of excitation. This motion is affected by the 
biophysical characteristics of tissue, such as the cell density, 
membrane integrity and microstructure. Lesions can be char-
acterized according to the diffusion of water in tissue, referred 
to as the apparent diffusion coefficient (ADC). DWI is sensi-
tive to high cellularity due to proliferation in malignant tumor 
and the ADC value drops because of the restricted extracel-
lular diffusion. DWI is being used more frequently in patient 
management due to its ability to evaluate the mobility of wa-
ter within tissue, and to supply morphological information. 
Therefore, DWI is a useful tool for tumor detection and char-
acterization as well as for monitoring and predicting treatment 
response. Although many studies have shown the usefulness 
of DWI and the ADC value for detecting primary breast le-
sions (3-5), few have reported correlations between the ADC 
value and prognostic factors.

To improve the specificity of breast MR analyses, new stud-
ies have been carried out by adding DWI to conventional and 
dynamic sequences. These studies have revealed that DWIs 
provide additional benefits with respect to dynamic breast MR 
analysis, by differentiating benign from malignant lesions and 
identifying breast cancer (6-10).

We investigated the correlation between the prognostic fac-
tors of breast cancer and ADC in DWI sequences of malignant 
lesions by retrospectively evaluating patients who applied to 
our department.

MATERIALS AND METHODS

Patients
Patients referred to our clinic between September 2012 and 

September 2013 who underwent dynamic breast MRI before 
or after biopsy, and whose biopsy results were determined as 
malignant, were included in this study. Ethics Committee ap-
proval was obtained from our hospital. Patients were informed 
of the study procedures and consent was taken before breast 
MRI. In total, 71 patients were analyzed, but 30 were exclud-
ed: 12 because they had received neo-adjuvant chemotherapy 
and endocrine treatment, 13 had in situ ductal carcinoma on 
histopathologic evaluation, 2 had medullary carcinoma, 2 had 
tubular carcinoma, and 1 was excluded for non-diagnostic-
related, technical reasons. Consequently, 41 female patients 
and 44 lesions were included in the study. The patients’ mean 
age was 49.4 years (range: 21-77 years).

Imaging methods
Mammography analysis was performed in the craniocaudal 

and mediolateraloblique positions as part of a routine analysis 
protocol. The additional analysis protocols were administered 
in all patients, with US performed using a linear probe with 
5-12 MHz resolution. 

Breast MRI was performed with a 1.5 Tesla scanner (Avan-
to; Siemens, Erlangen, Germany) using standard bilateral 
breast coils. Spin-echo fat-suppressed T2-weighted axial, pre-
contrast T1-weighted axial and sagittal, enhanced dynamic 
fat suppression axial, and post-contrast fat-suppression T1-
weighted axial sequences were performed in all patients. 

For dynamic sequences, enhanced images were obtained af-
ter the intravenous administration of contrast agents according 
to the weight (0.1-0.2 mmol/kg) of the patient. For dynamic-
enhanced T1-weighted sequences, six images were taken of 
each section at 30-s intervals. Then, post-contrast fat suppres-
sion T1-weighted sequences were obtained. Post-contrast im-
ages were excluded from the corresponding pre-contrast im-
ages using the subtraction program of a specialized software 
package. 

Before the dynamic analysis, DWI sequences were obtained 
with the following parameters: repetition time, 1,800 ms; echo 
time, 81 ms; number of slices, 15; disc-factor, 30; section 
thickness, 6 mm; Fov read, 380 mm; Fov phase, 100%; av-
erage, 16; concentration, 1; phase direction, anteroposterior; 
base resolution, 192; plane resolution, 80 μm; phase partial 
Fourier, 6/8; PAT mode, Grappa; b values, 0 and 750 sec/mm2; 
bandwidth, 1,446 Hz/pixel; echo spacing, 0.8 ms; epinephrine 
factor, 154; gradient mode, fast; and RF pulse, normal. ADC 
maps were created automatically by using b values of 0 and 
750 sec/mm2. Calculations were made based on mean ADC 
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maps of the circular sampling region of interest (ROI), with 
care taken to perform measurements in solid rather than ne-
crotic/cystic areas. The ROIs were 10‒100 mm2 in size (ROIs 
were drawn by a 10-year experienced radiologist).

Histopathologic analysis
The histopathological and NG grades of tumors were deter-

mined according to the Nottingham grading system (Elston-
Ellis modification of the Scarff-Bloom-Richardson grading 
system). Estrogen receptors (ORs) and progesterone recep-
tors (PgRs) were identified using mouse monoclonal antibody 
(Dako, Glostrup, Denmark); human epidermal growth factor 
receptor 2 (HER2) score was determined by the Hercep test 
(Dako), with scores > 3 considered HER2-positive. 

Statistical analysis
The relationship between ADC and prognostic factors (sen-

tinel lymph node status, tumor size, nuclear grade, lymphovas-
cular invasion, HER2, ER, PgR status, patient age) was investi-
gated. Pearson’s correlation was used to compare the numerical 
data, with Spearman’s correlation and Fisher’s exact tests used 
to compare the categorical data. Relationships were also evalu-
ated by linear regression analysis and univariate analysis. The 
efficiency of the parameters was evaluated using relative operat-
ing characteristic (ROC) analysis. A P value < 0.05 was taken 
to indicate statistical significance. The statistical analyses were 
performed using the SPSS for Windows software package (ver. 
19.0; SPSS Inc., Chicago, IL, USA).

RESULTS

In total, 16 (36.4%) and 25 (60.9%) patients were negative 
and positive, respectively, for sentinel lymph nodes. Lympho-
vascular invasion was negative in 18 (40.9%) and positive in 
26 (59.1%) of the lesions. Eight (18.2%) lesions were NG 1, 
23 (52.3%) were NG 2, and 13 (29.5%) were NG 3. A total 
of 32 (72.7%) lesions were HER2-negative, and 12 (27.3%) 
were HER2-positive, 9 (20.5%) lesions were ER-negative and 
35 (79.5%) were ER-positive, and 13 (29.5%) lesions were 
PgR-negative, and 31 (70.5%) were PgR-positive. A single 
patient (2.4%) patient was <35 years of age, and 40 (97.6%) 
were >35 years of age. There were 11 (25%) lesions <2 cm in 
size, and 33 lesions >2 cm in size (Figure 1).

There was no significant association between the ADC and 
patient age or lesion size (Pearson’s correlation). There was 
a significant relationship between NG and the ADC (Spear-
man’s correlation, non-parametric data; R=-0.424, p=0.04). 
There were no significant correlations between the other prog-

nostic factors, nor between the other prognostic factors and 
ADCs. However, there was a significant association between 
lesion size and lymphovascular invasion (R =-0.450, p=0.02).

On linear regression analysis, the relationship between 
NG and ADC was more significant compared to the relation-
ships between all of the other parameters (corrected r2=0.196, 
p=0.005; Table 1 and 2). There were no significant correla-
tions between any prognostic factors and ADCs in linear re-
gression analyses for which NGs were not calculated. 

As a further step, a univariate analysis was performed in 
which the effect of NG alone on the ADC was found to be 
25% (corrected r2=0.251, p=0.01). However, the effect of all 
of the prognostic factors on ADC was calculated as 30% (cor-
rected r2=0.292). 

 Unstandardized   Standardized 
 coefficient Standard coefficient 

 B error Beta t Significance

Age 0.003 0.002 -0.230 -1.504 0.142

Size 0.001 0.002 -0.085 -0.535 0.596

Axillary lymph node 0.0164 0.087 -0.442 -1.870 0.070

Lymphovascular  0.193 0.093 0.535 2.072 0.046 
invasion 

Nuclear grade 0.120 0.040 -0.462 -2.999 0.005

HER2 0.017 0.060  0.042 0.284 0.778

OR 0.031 0.081  0.071 0.385 0.703

PgR -0.129 0.71 -0.332 -1.821 0.077
HER2: human epidermal growth factor receptor 2; OR: estrogen receptor; PgR: proges-
terone receptor

TABLE 2. The relationship between ADC and all prognostic factors 
on linear regression analysis

R R square Adjusted R square Standard error

0.463 0.214 0.196 0.161

TABLE 1. The relationship between the apparent diffusion coefficient (ADC) 
and nuclear grade (NG) on linear regression analysis

FIG. 1. Nuclear grade classification
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Further evaluation of the relationship between NG and ADC 
was carried out with ROC analysis. There was a significant 
difference in the degree of association between ADC and NG 
1 compared to between ADC and NGs 2 and 3 (p=0.03). A 
significant difference was also observed in the comparison be-
tween NG 1 and NG 3 only, but no significant difference was 
seen when NG 2 was compared in separate analyses with NGs 
1 and 3, nor when NG 3 was separately compared with NGs 
1 and 2 (p = 0.431 and p=0.097, respectively; Figures 2 and 
3).Two of our patient’s images are provided (Figure 4 and 5).

In ROC curve analysis in which NG 1 was compared with 
NGs 2 and 3, the ADC cut-off value was calculated as 1.05×10-2 

mm2/sec (Table 3). The relationships between all of the prog-

nostic factors and ADC, according to the obtained cut-off value, 
were investigated with Pearson’s Chi-square and Fisher’s exact 
test. As with the other tests, no significant correlations were de-
termined, except for between NG and ADC values (p=0.020).

DISCUSSION

In recent years, several studies have indicated that DWI can 
be used to increase the specificity of breast MRI. DWI de-
pends upon the diffusion of water molecules, and on random 
movement that occurs according to the principles of Brownian 

FIG. 2. Relative operating characteristic curve (ROC) in which NG 1 
was compared with NGs 2 and 3 (area under the curve (AUC)=0.840)          

FIG. 3. ROC curve in which NG 1 was only compared with NG 3 
(AUC=0.875)

FIG. 4. a-d. A 41-year-old patient diagnosed with left breast invasive ductal carcinoma positive for axillary lymph node, lymphovascular invasion, 
NG 2, estrogen receptors (ORs), progesterone receptors (PgRs); and negative for human epidermal growth factor receptor 2 (HER2). Enhanced 
lesion was visualized on fat suppression, T1-weighted post-contrast analysis (a). Heterogeneously enhancing lesion in left breast visualized 
on subtraction images (b). Hyper-intense lesion on diffusion-weighted images (DWIs) (c). The apparent diffusion coefficient (ADC) value was 
measured as 1.07x10-3 mm2/sec on ADC maps (d).

a b c d
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movement. Through DWI, information related to early molec-
ular changes, changes in the permeability of cell membranes, 
and early morphological and physiological changes (such as 
cell swelling and/or cell lysis) can be obtained. 

DWI has been used to evaluate cerebrovascular events 
and numerous types of intracranial lesion. Several studies 
have shown that DWI is efficient for evaluating the degree 
of disease and distinguishing benign from malignant breast 
lesions (8,10-12). By using DWI, quantitative measurements 
can be obtained in ADC maps of the cellular intensity of the 
lesion and the diffusion gradient. For example, Kuroki et al. 
(10) showed that malignant breast lesions had lower ADCs 
than benign lesions, and invasive ductal carcinoma had lower 
ADCs compared to in situ ductal carcinoma.

In the present study, individual correlations between all 
prognostic factors and ADC values were investigated. In con-

trast to many previous studies, average ADC values were not 
calculated. A significant correlation was only determined be-
tween NG and ADC values; as the NG increased, ADC values 
decreased. No significant correlation was determined between 
any of the other prognostic factors and ADC values. 

Kim et al. (13) found no correlations between any prognos-
tic factor and ADC values and concluded that ADC values 
were beneficial for identifying malignant lesions, but were not 
related to the prognosis of the patient. The difference between 
these authors’ study and the present study was that we ob-
served a significant correlation between NG and ADC values. 

In a study by Kamitani et al. (14), in which the relationships 
between prognostic factors and ADC values were compared, 
higher ADC values were observed in cases that were positive 
for axillary lymph node, but ADC values were lower in cases 
that were positive for OR. No correlation was determined be-
tween any other factors and ADC values. High ADC values 
in cases that were positive for axillary lymph node were as-
sociated with micro-necrosis and fibrosis inside the lesion. In 
our study, we did not measure central necrotic/cystic compo-
nents, and obtained measurements in particular from the solid 
peripheral region. Moreover, in a study by Razek et al. (15), 
lower ADC values were observed in cases positive for axil-
lary lymph node, so no clear consensus has yet been reached 
regarding this association. These authors also investigated 
correlations between prognostic factors and ADC values and 
showed that histological grade, tumor size and axillary lymph 
node metastasis were significantly correlated with ADC; fur-
thermore, as NG and tumor size increased, ADC values de-
creased. Additionally, ADC values were lower in cases that 
were positive for axillary lymph node. 

Laura et al. (4) investigated the relationships between breast 
cancer biomarkers and ADC values and determined that ADC 

FIG. 5. a-c. A 35-year-old patient diagnosed with left breast invasive ductal carcinoma positive for axillary lymph node, lymphovascular invasion, 
and NG 3; and negative for ORs, PgRs, and HER2. Hyper-intense lesion on DWI (a), The ADC was measured as 0.95x10-3 mm2/sec on ADC 
maps (b), Enhanced lesion was visualized on fat suppression, T1-weighted post-contrast analysis (c).

a b c

Positive, if greater  
than or equal to: Sensitivity Specificity

-0.300 1.000 1.000

0.750 1.000 0.944

0.850 1.000 0.750

0.950 1.000 0.583

1.050 0.750 0.278

1.150 0.500 0.111

1.250 0.500 0.028

1.350 0.250 0.000

1.450 0.125 0.000

2.500 0.000 0.000

TABLE 3. ADC cut-off value according to the relative operating 
characteristic curve: comparison of NG 1 with NGs 2 and 3
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values were lower among OR-positive versus OR-negative 
cases; furthermore, HER2-negative cases had the highest ADC 
values. These authors also found a significant relationship be-
tween NG and ADC values, similar to the present study. In 
our study, a significant difference was observed between the 
degree of association between ADC values and NG 1 com-
pared to between ADC values and NGs 2 and 3, but there was 
no difference when NG 3 was compared with NGs 1 and 2 in 
separate analyses. In the study of Laura et al., there was a sig-
nificant difference between the degree of association between 
ADC values and NG 3 compared to between ADC values and 
NGs 1 and 2. This difference may be explained by the fact 
that the numbers of patients in each NG sub-group were dif-
ferent; nevertheless, both studies found an inverse correlation 
between NG and ADC values. In a study by Constantini et al. 
(16), the relationship between ADC values and tumor grade 
was investigated in 136 patients, with a significant difference 
determined between the strength of the association between 
ADC values and NG 1 relative to NGs 2 and 3.

Our study had some limitations. Because it used a retrospec-
tive design, a period of specific duration could not be deter-
mined between biopsy and MRI. MRI was performed in some 
patients before biopsy, and in others after biopsy. Furthermore, 
although the ADC measurement was performed in both solid 
and peripheral regions of the lesion, differences in ADC values 
can also be due to hemorrhages that occur after biopsy. ADC 
values can vary depending upon the stage of hemorrhage or the 
width of the cystic/necrosis region. Another limitation of our 
study was that there were relatively few patients who had un-
dergone adjuvant chemotherapy, and cases of ductal carcinoma 
in situ were excluded. This could explain why we detected no 
significant correlation between ORs and ADC values in our 
study, in general contrast to the results of previous studies. 

In conclusion, we found that ADC values obtained on breast 
DWI were highly correlated with breast cancer NG; therefore, 
obtaining ADC values represents an important component of 
treatment. Predictions can be made regarding NG by analyz-
ing ADC values, although additional studies are needed to 
validate this. The ADC of a lesion can also be used as a prog-
nostic factor to assess its aggressiveness. 
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