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ABSTRACT. The purpose of this study is to evaluate the role of diffusion-weighted
imaging (DWI) in combination with T1 and T2 weighted MRI for the characterisation of
renal carcinoma. The institutional review board approved the study protocols and
waived informed consent from all of the patients. 47 patients (32 male and 15 female;
age range, 21–85 years; median age, 65 years) who had suspected renal lesions on
abdominal CT underwent MRI for further evaluation and characterisation of the lesions
from April 2005 to August 2007 in our university hospital. A region of interest was
drawn around the tumour area on apparent diffusion coefficient (ADC) maps. Final
diagnosis was confirmed by histological examination of surgical specimens from all
patients. The ADC value was significantly higher in renal cell carcinoma (RCC) than in
transitional cell carcinoma (2.71¡2.35 6 1023 mm2 s21 vs 1.61¡0.80 6 1023 mm2 s21;
p50.022). While analysing the histological subtypes of RCC, a significant difference in
ADC values between clear cell carcinoma and non-clear cell carcinoma was found
(1.59¡0.55 6 1023 mm2 s21 vs 6.72¡1.85 6 1023 mm2 s21; p50.0004). Similarly, ADC
values of RCC revealed a significant difference between positive and negative
metastatic lesions (1.06¡0.38 6 1023 mm2 s21 vs 3.02¡2.44 6 1023 mm2 s21;
p50.0004), whereas intensity on T1 and T2 weighted imaging did not reach statistical
significance. In conclusion, DWI has clinical value in the characterisation of renal
carcinomas and could be applied in clinical practice for their management.
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Renal cell carcinoma (RCC) is the most common
primary malignant tumour of the kidney; it accounts
for 2–3% of all adult cancers and is the sixth cause of
death by tumour throughout the world. More than 80%
of renal cancers that arise in the renal parenchyma are
RCC, whereas the majority of renal pelvis cancers are
transitional cell carcinomas (TCCs) [1–3]. The three most
common subtypes of RCC are (i) clear cell carcinoma,
one of the most common types, accounting for 70–80% of
cases; (ii) papillary renal cell carcinoma, accounting for
about 10–15% of cases; and (iii) chromophobe renal
carcinoma, which is the least common, accounting for 5%
of all RCCs. The annual rate of RCC diagnosis is
increasing as a result of incidental detection by cross-
sectional abdominal imaging of patients with suspected
abdominal disorders. Increased detection rates carry a
favourable prognosis; however, mortality from RCC has
not decreased [2–4].

Diffusion-weighted imaging (DWI) is frequently used in
cranial MRI studies and has shown potential for the
characterisation of lesions such as acute cerebral infarc-
tions, intracranial tumours, various infectious diseases
and metabolic disorders [5–8]. The role of DWI is limited

outside the central nervous system, owing to its inherent
extreme sensitivity to motion, such as that related to
respiration, peristalsis and artefacts, thus resulting in a
high signal to noise ratio. With the development of
advanced MR technology and the use of faster robust
sequences, better quality has been obtained in abdominal
imaging [9]. DWI with high b-values has been reported to
have a high sensitivity for depicting malignant disease.
Apparent diffusion coefficient (ADC) values of malignant
hepatic, ovarian, breast, prostatic, colonic and uterine
cervical tumours were lower than those of benign lesions
or normal tissue [10–18].

Previous studies have suggested that patients with
chromophobe and papillary RCC have a better prognosis
than patients with clear cell RCC [19]. Accurate
characterisation of patients with renal masses is essential
to ensure appropriate clinical management, staging and
prognosis. The clinical utility of ADC values in kidney
disease has been reported: a higher value of ADC was
noted in simple renal cysts and renal pelvis of hydrone-
phrotic kidney, whereas a lower value was noted in solid
renal tumours and kidneys with chronic and acute renal
failure [9, 20–22]. The role of the ADC value in
characterising the histological subtypes of renal carci-
noma is limited [3, 9]. Therefore, the present study aimed
to evaluate the role of DWI in combination with T1 and
T2 weighted MRI for the differential diagnosis and
characterisation of renal carcinoma.
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Methods and materials

Patients

The institutional review board of Gunma University
approved this retrospective study and waived informed
consent from all of the patients. 57 consecutive patients
who had suspected renal lesions on abdominal CT and
underwent MRI for further evaluation and characterisa-
tion of these lesions from April 2005 to August 2007 in
our university hospital, and who met the inclusion
criteria, were selected from our database. The inclusion
criteria are as follows: (i) histologically confirmed renal
carcinoma; (ii) the availability of follow-up imaging
examinations; and (iii) DWI had been obtained. 10
patients were excluded from this study because their
lesions were diagnosed as being benign in pathology
(n57) or they did not undergo histological examination
(n53). Only 47 patients (32 male and 15 female; age
range, 21–85 years; median age, 65 years), confirmed to
have RCC (n532) or TCC (n515) by histological findings
of surgical resection performed 1–2 weeks after the MRI
study, were included in our study. RCC was further
divided into clear cell carcinoma (n525), papillary
carcinoma (n56) and chromophobe carcinoma (n51).
For statistical analysis, papillary carcinoma and chromo-
phobe carcinoma were considered as non-clear cell
carcinoma (n57) because of the small number of cases.
The tumour stage and disease grade were classified
according to the sixth edition of the tumour, lymph node
and metastasis (TNM) classification of the International
Union Against Cancer [23].

MRI

MRI was performed on a 1.5 T unit (Symphony; Siemens
Medical Systems, Erlangen, Germany) equipped with a
body total imaging matrix array coil. The axial T1 weighted
fast low angle shot (FLASH) gradient-echo images and
turbo spin echo (SE) T2 weighted imaging parameters
were as follows: repetition time/echo time (TR/TE), 195/
7.49 ms and 4360/95 ms; slice thickness, 8 mm; matrix,
384 6 288; and field of view, 350 6 262 mm2. For
morphological evaluation of the kidneys, transverse T1

weighted dual echo in-phase and out-of-phase sequences
and transverse and coronal T2 weighted single-shot fast SE
sequences were performed during the patient’s breath-
hold. An SE-type echo planner imaging (SE-EPI) sequence
with chemical shift-selective (CHESS) pulse was used for
DWI. The DWI parameters were as follows: TR/TE,
10000/86 ms; b-factor50 s mm–2, 300 s mm–2 and
1000 s mm–2 in three orthogonal directions; slice thickness,
8 mm; matrix, 128 6 75; field of view, 350 6 350 mm2;
and pixel size, 2.7 6 4.7 mm. The scanning time of DWI
was approximately 5 min and 30 s. The ADC values were
calculated for each section automatically by using the
imager software installed in our MR unit.

Image analysis

The images were presented in random order for
interpretation by two radiologists (Y.T. and B.P., with

working experience of more than 20 years and 5 years,
respectively, in MRI of the abdomen) who knew that the
patient had a renal tumour but were blinded to the
results of other imaging. The final diagnosis was based
on a consensus of the two observers. The ADC value
was calculated manually by placing a region of interest
(ROI) in the tumour. The ROI was chosen to include
solid components of the tumour and was set as large as
possible. However, the necrotic component, which was
suggested from T1 and T2 weighted images, was not
included in the ROI if possible. The signal intensity of
the renal tumour was scored using a 5-point rating
scale: 1 5 very low signal; 2 5 low signal; 3 5 iso-
intense signal; 4 5 high signal; and 5 5 very high signal
when compared with normal renal cortex. These
analyses were performed for DWI, T1 and T2 weighted
images.

Statistical analysis

Data were expressed as the mean ¡ standard
deviation. Spearman’s rank correlations were computed
between ADC values and tumour size. Differences in the
variables were evaluated by the Kruskal–Wallis test,
Mann–Whitney’s non-parametric test or the x2 test.
Probability values of p,0.05 were considered statisti-
cally significant. All statistical calculations were per-
formed using the StatView version 5.0 (SAS Institute NC,
USA).

Results

Table 1 shows the signal intensity on T1 and T2

weighted MR images of RCC and TCC, indicating that
signal intensity could not be used to differentiate
between TCC and RCC (Figures 1 and 2; p50.25 and
p50.07, respectively).

The average ADC values were measured for all patients,
and ranged from 0.71 to 8.79 6 1023 mm2 s21 (median,
1.66 6 1023 mm2 s21; mean, 2.48¡2.36 6 1023 mm2 s21).
The ADC value of RCC was higher than for TCC. A signi-
ficant difference in the ADC value was observed
between RCC and TCC (2.71¡2.35 6 1023 mm2 s21 vs
1.61¡0.80 6 1023 mm2 s21; p50.022; Figure 3).

We further analysed the histological pattern of RCC,
which was divided into clear cell carcinoma and non-clear
cell carcinoma (Figure 4). A significant difference in ADC
values was observed between clear cell carcinoma and
non-clear cell carcinoma (1.59¡0.55 6 1023 mm2 s21 vs
6.72¡1.85 6 1023 mm2 s21; p50.0004; Figure 5).

The ADC values, T1 weighted scores and T2 weighted
scores were compared with the existence of distant
metastasis of RCC in 32 patients. ADC values showed a
significant difference between renal carcinoma with and
without metastatic lesions (1.06¡0.38 6 1023 mm2 s21

vs 3.02¡2.44 6 1023 mm2 s21; p50.0004; Figure 6a),
whereas scores of T1 and T2 weighted images were not
associated with metastasis (Figure 6b,c).

Table 2 shows the results of univariate analysis of
ADC values and clinicopathological variables in all
patients. ADC values were significantly correlated with
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tumour size (p50.027), histological differentiation of
RCC and TCC (p50.022), lymph node metastasis
(p50.004) and distant metastasis (p50.003).

Discussion

The present study demonstrated that the ADC value
was significantly higher for RCC than for TCC.
Histologically, TCC is composed of solid and densely
packed tumour with hypercellularity compared with
RCC, as shown in Figures 1d and 2d. RCC is usually
composed of haemorrhage, necrosis and a cystic area,
with only a tiny solid component. These might have
contributed to the high ADC value in RCC. The presence
of necrosis results in higher ADC values than in non-
necrotic tumours, and solid tumours have lower ADC
values than do cystic tumours [9, 24]. However, in our
study, we excluded the necrotic area from the ROI
analysis. T1 weighted images show that, in RCC, central
necrosis is common and is typically seen as a homo-
geneous hypointense area in the centre of the mass,

Table 1. Signal intensity of T1 and T2 weighted MRI for RCC
and TCC in 47 patients

Signal
intensity

RCC TCC

T1 weighted
images

T2 weighted
images

T1 weighted
images

T2 weighted
images

Low 18 5 9 7
Iso 6 2 5 1
High 8 25 1 7
Total 32 32 15 15

p50.25 for T1 weighted images and p50.07 for T2 weighted
images. Iso, iso-intense; RCC, renal cell carcinoma; TCC,
transitional cell carcinoma.

(a) (b)

(c) (d)

Figure 1. Transverse MR images of a 65-year-old woman with transitional cell carcinoma of the left kidney. (a) T2 weighted
image showing a low-signal-intensity mass of the left kidney (arrow). (b) On DWI, the tumour showed very high signal intensity
(arrow). (c) The apparent diffusion coefficient map shows the low ADC value (0.71 6 1023 mm2 s) of the tumour (arrow). (d)
Haematoxylin and eosin (H&E) staining confirmed the histological diagnosis of TCC. Densely packed solid tumour cells with
hypercellularity were seen (original magnification, 6100).
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whereas usually moderate to high signal intensity is
observed in T2 weighted images. TCC of the kidney
originates from the renal pelvis. However, radiological
differentiation of TCC and RCC is sometimes difficult
because of the spectrum of histological characteristics,
such as differentiation, vascularity and cellularity.

The present study further explored how the ADC
value was significantly lower in clear cell carcinoma than
in non-clear cell carcinoma. Indeed, the differences in
cellularity may have resulted in the variation in ADC
values between clear cell carcinoma and non-clear cell
carcinoma. Histologically, clear cell carcinoma is com-
posed of large tumour cells with abundant clear
cytoplasm (Figure 2d) and very narrow intercellular
space, which might have restricted the water movement
and resulted in low ADC values, whereas non-clear cell
carcinoma is composed of tumour cells with lesser
cellularity and wider intercellular spaces than those of
clear cell carcinoma (Figure 4d). Clear cell carcinoma is

characterised by the presence of signal intensity similar
to that of the renal parenchyma on T1 weighted images
and increased signal intensity on T2 weighted images [4].
A previous study by Beck et al [19] reported that clear
cell carcinoma was associated with a poorer prognosis
than either papillary or chromophobe RCC. To the best
of our knowledge, this is the first report which has
explored how a low ADC value is associated with the
narrow intercellular space in renal carcinoma.

Previously, Müller et al [21] reported an ADC value for
normal renal parenchyma of between 2.88¡0.65 6
1023 mm2 s21 and 3.56¡0.32 6 1023 mm2 s21; other
studies have reported similar values [20–22]. Recently,
Manenti et al [3] reported that the mean ADC value in
normal parenchyma of healthy subjects was
2.35¡0.31 6 1023 mm2 s21, whereas that of healthy
parenchyma of patients with focal lesions was
2.27¡0.29 6 1023 mm2 s21. The ADC value in focal
renal lesions was 1.72¡0.21 6 1023 mm2 s21, which is

(b)(a)

(c) (d)

Figure 2. Transverse MR images of a 53-year-old man with clear cell carcinoma of the right kidney. (a) T2 weighted image showing
a slightly high-signal-intensity mass lesion (arrow). (b) Transverse diffusion-weighted MR image showing slightly high signal
intensity (arrow). (c) The apparent diffusion coefficient map shows the low ADC value (2.11 6 1023 mm2 s) of the tumour (arrow).
(d) Haematoxylin and eosin (H&E) staining of clear cell carcinoma shows large tumour cells with small round nuclei and plenty of
clear cytoplasm. Note the intercellular space is very narrow compared with that in Figure 4d (original magnification, 6200).
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lower than that in our findings (2.48¡2.36 6
1023 mm2 s21), whereas the ADC value of clear cell
carcinoma and TCC in their study is consistent with our
present study. In another study by Lin et al [25], the ADC
value in the primary tumour was the same as that in the
invaded lymph nodes. However, in our present study,
primary renal carcinoma with metastasis had signifi-
cantly lower ADC values than that without metastasis.
The tumours with metastatic lesions may be aggressive
with high cellularity, and have restricted movements of
water molecules, resulting in low ADC values. The ADC
value, therefore, may be used as a differentiating
parameter for characterising the metastatic potential of
renal tumours. In our study, ADC values were asso-
ciated with different clinicopathological variables, indi-
cating that the ADC value may have clinical importance
as a non-invasive procedure with which to predict
malignant potential, such as distant metastasis in renal
carcinoma.

An earlier study by Zhang et al [9] reported that T1

hyperintensity was associated with lower ADC values.
However, T1 signal intensity did not show any significant
association with ADC values in the present study. This

(a) (b)

(c) (d)

Figure 4. Transverse MR images of a 54-year-old man with papillary renal cell carcinoma of the left kidney. (a) T2 weighted image
showing a high-signal-intensity mass lesion (arrow). (b) Transverse diffusion-weighted MR image showing high signal intensity
(arrow). (c) The apparent diffusion coefficient map shows the low ADC value (2.51 6 1023 mm2 s) of the tumour. (d) Haematoxylin
and eosin (H&E) staining confirmed the histological diagnosis of papillary carcinoma of renal tumour. A distinct papillary structure is
formed by single layers of tumour cells arranged around vascular stroma with wide intercellular spaces (original magnification,6100).

Figure 3. Apparent diffusion coefficient (ADC) values of
transitional cell carcinoma (TCC) and renal cell carcinoma
(RCC). ADC values were significantly higher in RCC than in
TCC (p50.022).
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discrepancy might be a result of the different patient
population, differential criteria of the T1 scoring
system and the comparison between benign and malig-
nant tissue ADC values and T1 signal used in the former
report.

There are several areas of expansion in the present
study. Diffusion sequences are generally sensitive to
motion and susceptibility artefacts and yield a limited
signal to noise ratio. Our study did not include benign
renal lesions, which limited the use of ADC values for
differentiating benign from malignant lesions; the study
was also retrospective in nature and had relatively fewer
cases for histological characterisation. Further studies
with larger populations are warranted to elucidate the
role of ADC values in renal tumours.

In conclusion, the present study demonstrated the
potential utility of DWI in the differential diagnosis of
renal tumours and further explored the value of DWI in
predicting malignant potential. Therefore, in clinical
practice, patients with low ADC values should be
examined extensively for the possibility of distant
metastatic lesions in renal carcinoma.
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Figure 5. Relationship between the apparent diffusion
coefficient (ADC) values for clear cell carcinoma (ccc) and
non-clear cell carcinoma. A significant difference was noted
in the ADC value between clear cell carcinoma and non-clear
cell carcinoma (p50.0004).

(a) (b) (c)

Figure 6. Comparison of distant metastasis of renal cell carcinoma in 32 patients with the apparent diffusion coefficient (ADC)
value and T1 or T2 weighted scores. (a) The ADC value was significantly associated with the existence of metastasis (p50.0004).
No association of distant metastasis (meta) was observed with (b) T1 weighted scores or (c) T2 weighted scores.
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