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Abstract

Purpose: To assess the usefulness of morphological
characteristics of diffusion-weighted imaging (DWI) for
differentiating malignant renal tumors from benign renal
tumors, and clear cell renal cell carcinoma (RCC) from
non-clear cell RCC at 3.0 T.

Methods: The study included 249 patients with 251
histopathologically confirmed renal tumors that showed
high signal on DWI. For each tumor, two radiologists
independently evaluated apparent diffusion coefficient
(ADC) values and morphological characteristics of DWI.
The differences in the quantitative and qualitative
magnetic resonance imaging (MRI) features determined
by the readers were assessed. The ADC values between
malignant and benign renal tumors and between clear
cell and non-clear cell RCC were compared using Mann—
Whitney tests. The proportional differences of morpho-
logical characteristics of DWI between malignant and
benign renal tumors and between clear cell and non-clear
cell RCC were compared using Chi-square tests.
Results: There were no significant differences in the
quantitative and qualitative MRI features determined by
the readers. The ADC values for malignant renal tumors
were statistically significantly higher than those for
benign renal tumors (p < 0.05), and the ADC values
for clear cell RCC were statistically significantly higher
than those for non-clear cell RCC (p < 0.05). The
proportion of morphological characteristics of DWI
between malignant and benign renal tumors was statis-
tically significantly different at ring, nodular, flaky high
signal. The proportion of morphological characteristics
of DWI between clear cell and non-clear cell RCC was
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statistically significantly different at uniform high signal.
Conclusions: The morphological characteristics of DWI
are useful in differentiating renal tumors.
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The incidence of renal cell carcinoma (RCC) has in-
creased in recent years [1]. This increase is partly attrib-
uted to the more widespread use of imaging and the
resulting increase in the detection of small (<4 cm)
mostly asymptomatic lesions [2]. RCC has different
histopathologic subtypes, which differ not only in their
genomic profiles but also in their metastatic potential
and outcomes [3]. Clear cell RCC, for example, accounts
for the vast majority of all metastatic tumors and is
associated with a worse outcome than RCC subtypes
such as papillary or chromophobe RCC, which are more
indolent [4, 5].

The understanding that nearly half of all patients with
diagnosed renal cortical tumors will prove to have dis-
ease of a benign or indolent subtype has provided an
incentive for the use of more conservative treatment
approaches, with kidney-sparing resection performed
whenever possible. A strong clinical need has developed
for new imaging techniques that can help characterize
renal cortical lesions preoperatively [6]. Over the last
decade, MRI protocols for renal mass evaluation have
evolved to include diffusion-weighted imaging (DWI) [7].
DWI captures inherent differences in how tissues restrict
water motion for use in qualitative and quantitative
evaluations based on the apparent diffusion coefficient
(ADC) [8]. DWI has thus been investigated as a sup-
plement to conventional MRI sequences [9-11]. The
studies in the literature on DWI performance for renal
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mass characterization include DWI-based discrimination
between malignant and benign renal lesions, differentia-
tion among RCC subtypes, and differentiation of high-
from low-grade clear cell RCCs [12-14]. The previous
studies have been focused on the role of quantitative
evaluation of ADC values. The morphological charac-
teristics of DWI have not been widely studied.

The purpose of this study was therefore to investigate
the usefulness of morphological characteristics of DWI
for differentiating malignant renal tumors from benign
renal tumors, and clear cell RCC from non-clear cell
RCC at 3.0 T.

Materials and methods
Patients

Our Institutional Review Board approved this retro-
spective study, and the need to obtain informed consent
was waived. All methods were performed in accordance
with the approved guidelines. A retrospective review was
performed of all patients from January 2016 to February
2017 who underwent MR imaging for evaluation of renal
masses and who had pathologic confirmation of the renal
masses. Of the 533 patients who had undergone MRI
between January 2016 and February 2017, 249 were in-
cluded in our study.

The inclusion criteria were as follows: (1) patients had
to have undergone an MRI examination with a stan-
dardized renal multiparametric MRI (mpMRI) protocol
at 3.0 T, including a DW sequence; (2) all renal masses
showed high signal on DWI compared with the renal
cortex; (3) all renal masses had surgical pathology or
percutancous renal biopsy pathology; and (4) all the
examinations were performed before surgery or percu-
taneous renal biopsy. The exclusion criteria were as fol-
lows: (1) DW images were affected by heavy distortion
and 8 patients were excluded; and (2) renal masses
showed hypo- or isointensity on DWI.

MR imaging protocol

MR imaging examinations were performed with a 3.0-T
system (Signa EXCITE; GE Healthcare) and a 3.0-T
system (Discovery 750, GE Healthcare). Patients were
imaged in the supine position using a surface phased-
array coil. Respiratory-triggered transverse and coronal
T2-weighted fast spin-echo sequences were initially per-
formed, and this was followed by transverse T1-weighted
dual-echo in-phase and out-of-phase sequences and by
three-dimensional fat-saturated TIl-weighted dynamic
contrast-enhanced sequences that were performed during
suspended respiration. Gadobenate dimeglumine (Mul-
tiHance; Bracco Sine, Shanghai, China) (15 mL) was
injected intravenously at a rate of 2 mL/sec using a
power injector (Spectris; MedRad, Warrendale, PA), and
this was followed by a 20-mL saline flush. Dynamic
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contrast-enhanced MR imaging was performed in the
transverse plane at baseline (pre-contrast), during the
arterial phase, and 30 and 240 s after the arterial phase.
Transverse breath-hold DW images were obtained using
a single-shot, spin-echo echo-planar sequence before the
administration of contrast material with tridirectional
gradients and two b values: 0 and 800 s/mm”.

The MR imaging parameters were as follows: T2-w
FSE images were acquired using the following parame-
ters: infinite/90-105 ms (repetition time ms/echo time
ms); field of view (FOV), 36-40 cm; section thickness,
5 mm; intersection gap, | mm; and matrix, 320 x 224,
T1-w dual-echo images were acquired using the following
parameters: 260/(2.2-2.5; 5.5-5.8) ms; FOV, 3640 cm;
section thickness, 5 mm; intersection gap, 1 mm; and
matrix, 256 x 192. For the 3D dynamic contrast-en-
hanced sequences, the following parameters were used:
3.0-3.9/1.2-1.6 ms; FOV, 34-40 cm; section thickness,
5 mm; interpolated section thickness, 2.5 mm; and ma-
trix, 288 x 224.DWI (5400/50—60 ms; flip angle, 90°;
FOV, 3640 cm; matrix, 128 x 128; section thickness,
5 mm; intersection gap, 1 mm; all directions; one signal
acquired) was performed before the dynamic contrast-
enhgnced MRI (DCE-MRI) with b values of 0 and 800 s/
mm-.

Image analysis

All images were independently reviewed by two radiol-
ogists who had 10 and 5 years of experience in the
interpretation of abdominal MR images. The two
reviewers were blinded to the histopathologic diagnoses
of the lesions at the time of their review. The final deci-
sions were reached by consensus.

ADC values

ADC maps were autogenerated, and region-of-interest
(ROI) analysis was performed using an Advantage
Workstation (Advantage Workstation, version 4.6, GE
Healthcare, Bue, France). ROIs were placed within the
tumor on DW images. The intratumoral ROI was placed
at a single location within the region of the tumor seen to
be brightest on the basis of visual assessment, avoiding
regions of necrosis, hemorrhage, and cystic degeneration,
which typically show no enhancement on dynamic con-
trast-enhanced MR images. For each reader, the tumor
was measured three times, and the mean ADC values
were calculated for each tumor, each measuring
30-60 mm?”. The mean values for the two readers were
regarded as the final ADC value.

Morphological characteristics on DWI

The shape of the high signal was divided into ring (ring
high signal is defined as the peripheral part of the lesion
being high signal and the center part being low signal),
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nodular, flaky (flaky high signal is defined as noncircular
or nonnodular lesion and the ratio of length to width
being greater than two), and uniform high signal. The
signal intensity was compared to that of normal renal
cortex on DWI and assessed to be higher, lower, or
equivalent to that of normal renal cortex.

Pathologic diagnosis

The reference standard for the final diagnosis was the
histopathologic result in the specimen obtained at sur-
gical resection or puncture biopsy in all patients. All
specimens were retrospectively examined by two
uropathologists with 10 years of experience in
uropathology who were blinded to the MRI findings and
who reached consensus.

Statistical analysis

Continuous variables were expressed as the mean + SD
and were analyzed using independent ¢ tests for nor-
mally distributed data or Mann—Whitney tests for
nonnormally distributed data. For qualitative variables,
Chi-square tests were used to compare the sample
proportion of the two readers. Kappa coefficients were
not used for this determination because the very high
prevalence of certain imaging features for many of the
binary factors was expected to produce misleadingly
low values. All reported P values are two sided and
were considered statistically significant at values of less
than 0.05. SPSS version 22.0 software was used for all
computations.

Results
Patient and tumor characteristics

A total of 249 patients (mean age, 52.8 years; range
10-86 years) with 251 renal cortical lesions were included
in the study. 166 of the patients (67%) were men (mean
age, 53.3 years; age range 15-86 years), and 83(33%)
were women (mean age, S51.7 years; age range
1075 years). On the basis of findings from histopatho-
logic evaluation, 16 of the 251 tumors (6.3%) were
characterized as angiomyolipoma (13 tumors were classic
AMLs and 3 were fat-poor AMLs), 5 (2%) as PEComa, 2
(0.8%) as hemangioma,1 (0.4%) as oncocytoma, 1 (0.4%)
as leiomyoma,l (0.4%) as schwannoma,186 (74.1%) as
clear cell RCC, 14 (5.6%) as papillary RCC,9 (3.6%) as
chromophobe RCC, 5 (2%) as renal carcinoma associ-
ated with Xpl1.2 translocations/TFE3 gene fusions, 2
(0.8%) as Wilms’ tumor, 2 (0.8%) as mucinous tubular
spindle cell carcinoma, 2 (0.8%) as neuroendocrine car-
cinoma, 2 (0.8%) as PNET, 1 (0.4%) as sarcomatoid
carcinoma, 2(0.8%) as unclassified RCC. Mean tumor
size was 52.4 mm (range 12-217 mm). Patient charac-
teristics are summarized in Table 1. When we discussed
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nonclear cell RCC, only papillary and chromophobic
RCCs were included, because papillary and chromo-
phobic RCCs are more common in non-clear cell RCC
and in clinical work.

ADC values

ADC values are summarized in Table 2. There were no
significant differences between the assessments made by
the two readers. For final results, ADC values for
malignant renal tumors were statistically significantly
higher than those for benign renal tumors (p < 0.05),
and ADC values for clear cell RCC were statistically
significantly higher than those for non-clear cell RCC
(» < 0.05).

Morphological characteristics

A renal tumor may have one or two morphological
features on DWI, but no lesion had three or four mor-
phological features.

No statistically significant differences were recorded
between the two readers in proportion of assessed mor-
phological characteristics of DWI in renal tumors (Ta-
ble 3).

For final results, the proportion of morphological
characteristics of DWI between malignant and benign
renal tumors was statistically significantly different at
ring, nodular, flaky high signal morphological charac-
teristics (Table 4). The proportion of ring and nodular
high signal morphological characteristics is high in
malignant renal tumors (Figs. 1, 2). The proportion of
flaky high signal morphological characteristics is high in
benign renal tumors (Figs. 3). The proportion of mor-
phological characteristics of DWI between clear cell and
non-clear cell RCC was statistically significantly different
at uniform high signal morphological characteristics
(Table 4). The proportion of uniform high signal mor-
phological characteristics is high in non-clear cell RCC
(Figs. 4).

Discussion

DWI is of particular value for characterizing renal tu-
mors [15-17], because it allows visualization and quan-
tification of cell density, the integrity of cell membranes,
and tissue architecture, and because its ability to assess
the tumor microenvironment has already been proven to
be of value in other areas of oncologic imaging [18, 19].
The previous results provided an estimate of the accuracy
of DWI for distinguishing malignant from benign renal
masses with a sensitivity of 86% and specificity of 78%
[20]. Furthermore, no application of contrast agent is
necessary for its acquisition, which is an additional
benefit for patients with impaired renal function.
Therefore, the role of DWI in the diagnosis and differ-
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Table 1. Patient demographics and clinical characteristics
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Characteristics Malignant tumors Benign tumors P value
Age (years) 537+ 132 45.1 £ 11.7 < 0.05
male/female (n) 157/66 9/17 < 0.05
Diameter (mm) S51.1 £25.6 64 £ 539 > 0.05
Clear cell RCC Nonclear cell RCC
Age (years) 554 £ 115 51.6 £ 15.7 > 0.05
male/female (n) 136/49 14/8 > 0.05
Diameter (mm) 52.4 +26.1 423 £239 > 0.05
(n) is numbers of patients. Other data are mean values + standard deviations
Table 2. ADC values of renal tumors
Classification Reader 1 Reader 2 P value
Malignant tumors 1.11 £ 0.24 1.17 £ 0.22 > 0.05
Benign tumors 1.01 £0.21 1.09 £ 0.19 > 0.05
Clear cell RCC 1.16 £ 0.21 1.14 £ 0.22 > 0.05
Nonclear cell RCC 0.86 £ 0.22 0.78 £ 0.19 > 0.05
Malignant tumors Benign tumors P value
ADC value 1.14 £ 0.23 1.02 £ 0.21 < 0.05
Clear cell RCC Nonclear cell RCC
ADC value 1.15 £ 0.22 0.82 £ 0.21 < 0.05
Values are mean values + standard deviations. ADCs are expressed as x 107> mm?/sec
Table 3. Frequency of assessed morphological characteristics of DWI in renal tumors for the two readers
Classification Characteristics Reader 1 Reader 2 P value
Malignant tumors Ring high signal 39.6 (89/225) 40.9 (92/225) 0.773
Nodular high signal 54.7 (123/225) 53.3 (120/225) 0.85
Flaky high signal 13.8 (31/225) 12.4 (28/225) 0.675
uniform high signal 8 (18/225) 8 (18/225) 1
Benign tumors Ring high signal 3.8 (1/26) 7.7 (2/26) 0.548
Nodular high signal 7.7 (2/26) 11.5 (3/26) 0.638
Flaky high signal 84.6 (22/26) 92.3 (24/26) 0.385
uniform high signal 15.4 (4/26) 15.4 (4/26) 1
Clear cell RCC Ring high signal 42.5 (79/186) 45.2 (84/186) 0.601
Nodular high signal 55.4 (103/186) 54.3 (101/186) 0.835
Flaky high signal 13.4 (25/186) 14.5 (27/186) 0.765
uniform high signal 2.7(5/186) 2.7 (5/186) 1
Nonclear cell RCC Ring high signal 30.4 (7/23) 26.1 (6/23) 0.743
Nodular high signal 39.1 (9/23) 47.8 (11/23) 0.552
Flaky high signal 17.4(4/23) 21.7 (5/23) 0.710
uniform high signal 30.4 (7/23) 30.4 (7/23) 1

Data are percentages with raw numbers of patients (1) in parenthesis. P values were calculated using > tests

ential diagnosis of renal masses has become more and
more important [21-23].

In our study, the ADC values for malignant renal
masses were statistically significantly higher than those
for benign renal masses. One reason was that the results
have been obtained in a group of hyperintense DWI le-

sions. The other one was that clear cell RCC accounted
for a large proportion of malignant renal tumors in our
cases (82.7%), the number of benign renal tumors was
relatively small, accounting for 10.4% of all lesions, and
the number of angiomyolipomas was high in benign re-
nal tumors. The ADC values for clear cell RCC were
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Table 4. Frequency of assessed morphological characteristics of DWI in renal tumors by consensus

Characteristics Malignant tumors Benign tumors P Value
Ring high signal 40 (90/225) 3.8 (1/26) < 0.05
Nodular high signal 54.2 (122/225) 7.7 (2/26) < 0.05
Flaky high signal 14.2 (32/225) 88.5 (23/26) < 0.05
uniform high signal 8 (18/225) 15.4 (4/26) 0.371
Clear cell RCC Nonclear cell RCC
Ring high signal 43 (80/186) 30.4 (7/23) 0.248
Nodular high signal 55.9 (104/186) 43.5 (10/23) 0.259
Flaky high signal 13.4 (25/186) 17.4 (4/23) 0.844
uniform high signal 2.7 (5/186) 30.4 (7/23) < 0.05

Data are percentages with raw numbers of patients (n) in parenthesis. P values were calculated using y2 tests

Fig. 1. Images in 70-year-old man with clear cell RCC in the
lower pole of left kidney. A On axial DWI, the tumor shows
ring high signal morphological characteristics. B On axial
ADC map, the tumor shows ring low signal morphological
characteristics. C On axial T2WI, the tumor shows slight

statistically significantly higher than those for non-clear
cell RCC, consistent with results from previous reports.
The underlying biologic causes for higher ADC values in
clear cell RCC than in non-clear cell RCC remain un-
clear. It could be hypothesized that strongly increased
blood perfusion and intratumoral angiogenesis, as found
in clear cell RCC [24], could contribute to the high ADC
values in clear cell RCC. This hypothesis is supported by
the results of preliminary studies [25, 26] that used in-
travoxel incoherent motion imaging to assess tumor

hyperintensity on peripheral part and hyperintensity on central
part compared with the normal renal parenchyma. D On
contrast T1IWI during the delayed phase, the tumor shows
ring enhancement on peripheral part and necrosis on central
part.

perfusion and also reported higher values for perfusion
parameters in clear cell RCC.

Through our investigation, the proportion of mor-
phological characteristics of DWI between malignant
and benign renal tumors was statistically significantly
different at ring, nodular, flaky signal morphological
characteristics. The proportion of ring and nodular sig-
nal morphological characteristics was high in malignant
renal tumors. These two kinds of morphological char-
acteristics of DWI reflect the growth characteristics of
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Fig. 2. Images in 73-year-old man with clear cell RCC in the
upper pole of left kidney. A On axial DWI, the tumor shows
nodular high signal morphological characteristics on
peripheral part. B On axial ADC map, the tumor shows

nodular low signal morphological characteristics on peripheral
part. C On axial T2WI, the tumor shows slightly
heterogeneous hyperintensity. D On contrast T1WI during
the delayed phase, the nodule shows obvious enhancement.

Fig. 3. Images in 28-year-old man with angiomyolipoma in
the upper pole of left kidney. A On axial DWI, the tumor
shows flaky high signal morphological characteristics. B On
axial ADC map, the tumor shows flaky low signal

morphological characteristics. C On axial T2WI, the tumor
shows homogeneous hypointensity. D On contrast T1WI
during the delayed phase, the tumor shows slight
enhancement.
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Fig. 4. Images in 47-year-old man with papillary RCC in the
midportion of right kidney. A On axial DWI, the tumor shows
uniform high signal morphological characteristics. B On axial
ADC map, the tumor shows uniform low signal morphological

malignant tumors [27]. The growth of the tumor cells is
active, and the density of the tumor cells is dense in the
peripheral part of the malignant tumors, so the periph-
eral part shows hyperintensity on DWI. The growth of
the tumor cells is inactive or tumor necrosis is formed on
the central part of the malignant tumors, so the center
part shows hypointensity on DWI. In malignant tumors,
the growth rate of the tumor cells on different parts of
the lesion is different, and the growth of the tumor cells is
active, and the density of the tumor cells is dense in local
part of the malignant tumors [28, 29]. Therefore, the
local part of the malignant tumors shows hyperintensity
on DWI. Therefore, the ring and nodular high signal
morphological characteristics provide valuable informa-
tion for the diagnosis of malignant renal tumors. The
proportion of flaky signal morphological characteristics
is high in benign renal tumors. Therefore, the flaky high
signal morphological characteristics provide valuable
information for the diagnosis of benign renal tumors.
The usefulness of morphological characteristics of
DWI for differentiating clear cell RCC from non-clear
cell RCC at 3.0 T was also investigated in our study. The
current studies in the literature has not provided a reli-
able estimate of the accuracy of DWI for the differenti-
ation of clear cell RCC from non—clear cell RCC given
that there is substantial heterogeneity among the few
available studies [23, 30]. However, in our study, the

characteristics. C On axial T2WI, the tumor shows slightly
homogeneous hypointensity. D On contrast T1WI during the
delayed phase, the tumor shows slight enhancement.

proportion of morphological characteristics of DWI be-
tween clear cell and non-clear cell RCC was statistically
significantly different at uniform high signal morpho-
logical characteristics. The proportion of uniform high
signal morphological characteristics is high-in non-clear
cell RCC. Therefore, the uniform high signal morpho-
logical characteristics provide valuable information for
the diagnosis of non-clear cell RCC.

Our study had a number of limitations. First, this was
a retrospective study with a relatively small sample size
for non-clear cell RCC and benign renal tumors.
Therefore, our findings regarding the differentiation of
renal tumors will need to be validated by larger, ideally
prospective, studies. Second, the images reviewed were
obtained using different MR instruments; however, the
same imaging protocols were used. Finally, because our
study focused on the efficacy of DW imaging, the use-
fulness of other MRI sequences on differentiation of
renal masses was not evaluated.

In conclusion, the morphological characteristics of
DWTI are useful in differentiating renal tumors, which is
obtained in tumors with hyperintensity in DWI. The ring
and nodular high signal morphological characteristics
are useful in diagnosing malignant renal masses. The
flaky high signal morphological characteristics are useful
in diagnosing benign renal masses. The uniform high
signal morphological characteristics are useful in diag-
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nosing non-clear cell RCC. This finding could provide
additional diagnostic information to help differentiate
malignant renal tumors from benign renal tumors and
clear cell RCC from non-clear cell RCC.
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