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Relation between cancer cellularity and apparent diffusion coeffi cient 
values using diffusion-weighted magnetic resonance imaging in 
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Abstract
Purpose. The purpose of this study was to examine the 
relation between cancer cellularity and the apparent dif-
fusion coeffi cient (ADC) value using diffusion-weighted 
magnetic resonance imaging in breast cancer.
Materials and methods. The subjects were 27 women 
who had undergone operation for breast cancer. There 
were 27 breast cancer lesions, 24 of which were invasive 
ductal carcinoma (IDC) and 3 of which were noninva-
sive ductal carcinoma (NIDC).
Results. The mean ADC values of IDC, NIDC, and 
normal breasts were 1.07 ± 0.19 ·10−3, 1.42 ± 0.17 ·10−3, 
and 1.96 ± 0.21 ·10−3 mm2/s, respectively. The mean ADC 

values of IDC and NIDC were signifi cantly different 
from that of normal breasts (P < 0.001 each). The mean 
ADC values were also signifi cantly different between 
IDC and NIDC (P < 0.001). There was no correlation 
between the ADC value and cancer cellularity.
Conclusion. The mean ADC values for breast cancer 
were signifi cantly different from that of normal breasts. 
The mean ADC value for breast cancer did not signifi -
cantly correlate with cancer cellularity but did correlate 
with histological types.
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Introduction

Diffusion is a physical process that is used to describe 
the motion of water molecules, known as Brownian 
motion. Diffusion-weighted magnetic resonance imaging 
(DW-MRI) is the only method to measure molecule 
diffusion in vivo.1 DW-MRI provides information on 
microstructure, such as tissue cellularity, which has been 
shown to be an important index of tumor grade,2–4 and 
local tissue architecture, which is a sensitive early indica-
tor of abnormality.5,6

DW-MRI has been applied to a variety of intracranial 
lesions, including acute cerebral infarcts, tumors, and 
demyelineating diseases.7,8 Application of DW-MRI to 
the breast had been limited by movement artifact (i.e., 
breathing and heartbeats), but the usefulness of identify-
ing and diagnosing the features of thoracoabdominal 
local lesions by DW-MRI using echo planar imaging 
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(EPI) has been reported since short-time acquisition 
using EPI was developed.9–19

The purpose of this study was to examine the relation 
between cellularity and the apparent diffusion coeffi cient 
(ADC) value using DW-MRI in breast cancer.

Materials and methods

Subjects

The subjects were 27 women who had undergone an 
operation for breast cancer (ages 28–72 years, mean 53.4 
years); they had a total of 27 breast cancer lesions. These 
women had undergone DW-MRI before surgery at t
he Shikoku Cancer Center between October 2003 and 
March 2004. In total, 24 lesions were invasive ductal 
carcinoma (IDC) and 3 were noninvasive ductal carci-
noma (NIDC). The mean size of the IDCs was 20 mm 
(9–30 mm), and the mean size of the NIDCs was 22 mm 
(8–35 mm). In all cases, no abnormality was found by 
palpation, mammography (MMG), or enhanced MRI in 
the other breast.

MRI protocol

The instruments used were a 1.5 T MR (Intera 1.5T, 
Philips Healthcare Nederland, Eindhoven, the Nether-
lands), and a synergy body coil. Coronal sections were 
imaged by T1-weighted imaging (T1WI), T2-weighted 
imaging (T2WI), and diffusion-weighted imaging (DWI) 
in the prone position. With DWI, SE type EPI combin-
ing CHESS and SENSE was performed. After contrast 
imaging, three-dimensional (3D) coronal fat-suppressed 
T1-weighted images were acquired.

T1WI was performed using the following parameters: 
TR/TE 490/11 ms, NEX 2, slice thickness 4 mm, inter-
slice gap 0, acquisition matrix 384 × 250, fi eld of view 
(FOV) 28 cm. T2WI was performed using the following 
parameters: TR/TE 6082/100 ms, NEX 2, slice thickness 
4 mm, interslice gap 0, acquisition matrix 448 × 292, 
FOV 28 cm.

For DWI, the axial image was acquired by SE type 
EPI combining CHESS and SENSE. Sensitizing diffu-
sion gradients were applied sequentially in the x-, y-, and 
z-directions with b values of 0, 200, 400, 600, and 800 s/
mm2 using TR/TE 6238/90 ms, NEX 1, slice thickness 
4 mm, interslice gap 0, bandwidth 2.4 kHz, acquisition 
matrix 128 × 77, FOV 28 cm, acquisition time 87 s. After 
DWI, a 3D scan by gadolinium (Gd)-enhanced fast 
gradient echo (Gd-EFGRE) was performed to identify 
the lesion accurately. All lesions were detected by 
Gd-EFGRE.

Analysis of the apparent diffusion coeffi cient

The ADC values were calculated by the algorithm pre-
sented by the following equation.

ADC (mm2s−1) = 1/b1 × ln[IS(b0)/Is(b1)]

IS (b0) and Is (b1) are signal densities in the region of 
interest (ROI) obtained by two gradient factors, b0 and 
b1. To measure the signal intensity of the lesions, an ROI 
that was minimally smaller than the actual solid portion 
of the breast lesion was carefully placed to ensure that 
cystic or necrotic areas cleared on imaging were not 
included, and the mean ADCs were then obtained.

Cancer cellularity analysis

Analysis of cancer cellularity was performed by utilizing 
a method essentially similar to the one used by Guo 
et al.12 Initially, fi ve slides (counterstained with hema-
toxylin and eosin) were obtained from different areas of 
the lesion in each tumor. One FOV (original magnifi ca-
tion × 200) was randomly chosen from each slide and 
photographed for the eventual analysis of cancer cellu-
larity. The fi lms of the specimens were then scanned into 
a personal computer. Cancer cells were carefully labeled 
using black points by graphic software (Adobe Photo-
shop 7.0). The points were then counted with Scion 
Image Beta 4.03 software for Windows. Cancer cellular-
ity and the mean ADCs were compared using simple 
linear regression analysis. P < 0.01 was considered to 
indicate statistical signifi cance.

Results

The mean ADC values of the histological types were 
calculated. The mean ADC values for IDC, NIDC, and 
normal breasts were 1.07 ± 0.19 × 10−3, 1.42 ± 0.17 × 10−3, 
and 1.96 ± 0.21 × 10−3 mm2/s, respectively. The ADC 
values for IDC and NIDC were signifi cantly different 
from that of normal breasts (P < 0.001 each). Mean 
ADC values were also signifi cantly different between 
IDC and NIDC (Table 1) (P < 0.001).

We then examined the relation between cancer cellu-
larity and the ADC using DW-MRI. There was no cor-
relation between the ADC value and cancer cellularity 
(Fig. 1). For instance, two cases of IDC in Fig. 2 and 
NICD in Fig. 3 showed approximately similar cancer 
cellularity. In a case of IDC in Fig. 2, the cellularity was 
437 in a high magnifi cation FOV with a low ADC value 
(0.83 × 10−3 mm2/s). In a case of NIDC in Fig. 3, the cel-
lularity was 391 in a high magnifi cation FOV with a high 
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local tissue architecture, which is a sensitive early indica-
tor of abnormality.5,6

DW-MRI has recently been reported to be capable of 
identifying and diagnosing features of tumors in the 
breast. There are some reports about the ADC values of 
cancerous and normal breast. 6,13–17 Shinha and Lucas-
Quesada 6 reported that the ADC values of cancerous 

Table 1. Mean apparent diffusion coeffi cients for the histological 
types

Histological type No. of cases Mean ADC (×10−3 mm2/s)

IDC 24 1.07 ± 0.19
NIDC  3 1.42 ± 0.17
Normal 27 1.96 ± 0.21

ADC, apparent diffusion coeffi cient; IDC, invasive ductal carci-
noma; NIDC, noninvasive ductal carcinoma
The mean ADCs for IDC, NIDC, and normal breasts were 1.07 ± 
0.19 × 10−3, 1.42 ± 0.17 × 10−3, and 1.96 ± 0.21 × 10−3 mm2/s, respec-
tively. The mean ADCs for IDC and NIDC were signifi cantly 
different from that of normal breasts (P < 0.001 each). Mean 
ADCs for IDC and NIDC were signifi cantly different (P < 
0.001)
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Fig. 1. Relation between cancer cellularity and the apparent dif-
fusion coeffi cient (ADC) value for breast cancer. The mean ADC 
value of breast cancer did not signifi cantly correlate with cancer 
cellularity, but it did correlate with histological type. P = 0.8121, 
r = 0.048. IDC, invasive ductal carcinoma; NIDC, noninvasive 
ductal carcinoma
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Fig. 2. Material from a 
62-year-old patient with 
invasive ductal carcinoma 
that had a maximum 
diameter of 30 mm measured 
histologically. A On 
gadolinium-enhanced fast 
gradient echo (Gd-EFGRE), 
an irregular mass with a 
microlobulated margin and 
heterogeneous internal 
enhancement was seen. B On 
diffusion-weighted magnetic 
resonance imaging (DW-
MRI), the enhanced area is 
depicted as hyperintense, 
with an ADC value of 0.83 × 
10−3 mm2/s. C Histological 
specimen shows that the 
cancer cellularity of the 
tumor is 437 in a 200 × (high 
magnifi cation) fi eld of view

ADC value (1.36 × 10−3 mm2/s). On the other hand, two 
cases of IDC in Figs. 2 and 4 also showed approximately 
similar ADC values. In a case of IDC in Fig. 4, the cel-
lularity was 1128 in a high magnifi cation FOV with a 
low ADC value (0.98 × 10−3 mm2/s).

Discussion

DW-MRI shows the Brownian movement of a water 
molecule and is the only method for measuring molecule 
diffusion in vivo.1 DW-MRI provides information on 
microstructure such as tissue cellularity, which has been 
shown to be an important index of tumor grade,2–4 and 
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Fig. 3. Material from a 
52-year-old patient with 
noninvasive ductal 
carcinoma that had a 
maximum diameter of 35 mm 
measured histologically. A 
On Gd-EFGRE, nonmass-
like enhancement is regional 
and heterogeneous. B On 
DW-MRI, the enhanced area 
is depicted as hyperintense 
with an ADC value of 1.36 × 
10−3 mm2/s. C Histological 
specimen shows that the 
cancer cellularity of the 
tumor is 391 in a 200 × (high 
magnifi cation) fi eld of view
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Fig. 4. Material from a 52-
year-old patient with invasive 
ductal carcinoma that had a 
maximum diameter of 9 mm 
measured histologically. A 
Gd-EFGRE revealed a 
lobular mass with a 
circumscribed margin and 
dark internal septation. B On 
DW-MRI, the enhanced area 
is depicted as hyperintense 
with an ADC value of 0.98 × 
10−3 mm2/s. C Histological 
specimen shows that the 
cancer cellularity of the 
tumor is 1128 in a 200 × 
(high magnifi cation) fi eld of 
view

and normal breasts were 1.01 ± 0.17 × 10−3 and 1.63 ± 
0.22 × 10−3 mm2/s, respectively. A similar result was 
found in this study, but there was a small number of 
NIDCs (Table 1). The values for IDCs and NIDCs were 
signifi cantly different from that of normal breasts (P < 
0.001 each). The mean ADC values were also signifi -

cantly different between IDCs and NIDCs (P < 0.001). 
The mean ADC value of breast cancer correlated with 
the histological type.

In our study, the mean ADC values of breast cancer 
did not signifi cantly correlate with cancer cellularity 
(Fig. 1). Squillaci et al.20 reported that the mean ADC 
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value of renal tumors did not signifi cantly correlate with 
tumor cellularity. In contrast, Sugahara et al.3 reported 
that tumor cellularity correlated well with the minimum 
ADC value of gliomas. Guo et al.12 reported that the 
mean ADCs of breast lesions, which were malignant 
and benign, correlated well with tumor cellularity; and 
their histological examinations showed the cellularity of 
malignant breast tumors to be hypercellular compared 
to that of benign tumors.21 We speculate that ADC 
values depend on not only cancer cellularity but also 
histological type. Therefore, one of the factors on which 
the ADC value depends may be also the state of the 
stroma. It seems that it is necessary to examine the cel-
lularity of the whole organization, which includes not 
only the cancer cells but also the stromal ingredient and 
area the cancer cell occupies.

Conclusion

The ADC values of breast cancer were signifi cantly dif-
ferent from that of normal breasts. Mean ADC values 
were also signifi cantly different between IDCs and 
NIDCs. The mean ADC value for breast cancer did not 
signifi cantly correlate with cancer cellularity but did cor-
relate with the histological type.
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