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ABSTRACT

Introduction. Renal cell carcinoma (RCC) is the most common malignant renal tumor in adults accounting for 80-90% of pri-
mary malignant adult renal neoplasms. RCC represents a very heterogenous groups of tumors with a number of distinct his-
tological varieties, of which the major 3 subtypes are clear cell RCC (70-80%), papillary RCC (13-20%), and chromophobe RCC
(5%). Imaging features are varied from solid and relatively homogenous appearance to markedly heterogenous appearance
with cystic changes, hemorrhage and necrosis. The use of diffusion weighted imaging (DWI) for RCC subtyping and also for dif-
ferentiation of high grade and low grade tumors has been showed to be useful in many studies in the literature.

Aim. In this study, we aimed to determine the comparative contribution of DWI in differentiation of the clear cell RCC from the
major non-clear cell RCC subtypes at standard high b-value (1000 s/mm?) versus low b-value (500 s/mm?). In addition, we also
aimed to assess the diagnostic performance of DWI for differentiating high grade clear cell RCC from low grade clear cell RCC
based on Fuhrman grades in our patients.

Material and methods. 62 cases with a prediagnosis of RCC according to MRI findings including DWI sequence with histo-
logical verification and subtyping of renal cortical tumor following a total or partial nephrectomy were included in the study.
Results. Among 62 cases, 46 were male and 16 were female, with mean age of 59.5+15.7. Pathological diagnoses of 62 cases
were as follows, clear cell RCC, (44) papillary cell RCC (14) and chromophobe cell RCC (4). They were divided into two groups as
clear cell RCC group (44 cases) and non-clear cell RCC group (18 cases). There was no statistically significant difference between
the mean ADC values of clear cell and non-clear cell groups at b-value of 1000 s/mm?(p>0.05). However, the mean ADC level
for clear cell RCC group at b-value of 500 s/mm? were significantly higher than for non-clear cell RCC group (p<0.05). When a
value of 0.99x10° mm?/s was set as cut-off for ADC at b-factor of 500 s/mm?, differentiation was achieved with a high sensitivi-
ty (91%) and specificity (56%). Regarding the diagnostic performance of DWI for differentiating high from low Fuhrman grades
clear cell RCCs, there was no statistically significant difference between the ADC values of Grade I-ll clear cell RCC cases and
Grade llI-IV clear cell RCC cases at b-factor of 1000 s/mm? (p>0.05). However, ADC values for grade llI-IV group was statistically
significantly lower than ADC values for Grade I-Il group at b-factor of 500 s/mm? level.

Conclusion. ADC measurements at moderate b-value of 500 s/mm? were more sensitive in subtyping and grading of RCC cases.
This technique can be used in clinical practice as a fast and additional sequence in abdominal MRI.
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Introduction

Renal cell carcinoma (RCC) is the most common ma-
lignant renal tumor in adults accounting for 80-90%
of primary malignant adult renal neoplasms."? The
age of presentation is typically 50-70 years and there
is a moderate male predilection of 2:1.>* Macroscop-
ic hematuria, flank pain and palpable flank mass are
typical clinical findings.® However, due to the wide-
spread use of imaging, incidental detection of asymp-
tomatic lesions have been increased. RCC represents
a very heterogenous groups of tumors with a number
of distinct histological varieties, of which the major 3
subtypes are clear cell RCC (70-80%), papillary RCC
(13-20%), and chromophobe RCC (5%)."¢ Imaging
features are varied from solid and relatively homog-
enous appearance to markedly heterogenous appear-
ance with cystic changes, hemorrhage and necrosis.
The main forms of RCC subtypes can often be non-
invasively differentiated by imaging characteristics
on dynamic contrast enhanced MRI. While clear cell
RCC is typically heterogenous secondary to necrosis,
cystic change or hemorrhage, and has high signal in-
tensity on T2w images atributable to clear cytoplasms
of large uniform cells, most papillary RCCs show low
signal intensity on T2w MRI. Chromophobe RCCs
may have a homogeneous solid appearance even
when large. On dynamic contrast-enhanced imag-
es, while clear cell RCCs are highly vascular masses,
papillary RCCs are hypovascular and chromophobe
RCCs may exhibit a central stellate scar and spoke-
wheel enhancement.® In addition to that, the use of
diffusion weighted imaging (DWI) for RCC subtyp-
ing and also for differentiation of high grade and low
grade tumors has been showed to be useful in many
studies in the literature.

Aim

In this study, we aimed to determine the comparative
contribution of DWI in differentiation of the clear cell
RCC from the major non-clear cell RCC subtypes which
are papillary RCC and chromophobe RCC at standard
high b-value (1000 s/mm?) versus low b-value (500 s/
mm?). In addition, we also aimed to assess the diagnos-
tic performance of DWI for differentiating high grade
clear cell RCC from low grade clear cell RCC based on
Fuhrman grades in our patients.

Material and methods

Patients

62 cases with a prediagnosis of RCC according to MRI
findings including DWI sequence with histological ver-
ification and subtyping of renal cortical tumor follow-
ing a total or partial nephrectomy between February
2011 and November 2012 were included in the study.
The study was approved by the institutional ethics com-

mittee and written informed consent was taken from all
patients prior to be included in the study.

Sample cases are presented below (Figure 1-3).

MRI technique

Conventional MRI and DWI examinations were per-
formed with Siemens Avanto 1.5 Tesla MR scanner
(Siemens Erlangen, Germany). DWI echo-planar imag-
es (TR: 4000, TE: 76, FOV of 400 mm, matrix: 156 x
192, NEX: 3, sectional thickness: 5 mm with a 1 mm in-
tersection gap) were obtained in the axial plane before
the contrast administration. DWT were obtained by dif-
fusion gradients between, 500 and 1000 s/mm? b-values.
An ADC map was automatically constructed in the
workstation. Mean ADC values of all lesions were auto-
matically measured by using the ADC maps according
to the formula ADC = (InS0 - InS)/b (signal intensity
values are measured as SO at b = 0 s/mm?, b=500 s/mm?,
atb = 1000 s/mm?).

ADC measurement

Measurements were performed by placing a region of
interest (ROI) of 1 cm diameter on the solid parts that
enhances in postcontrast images and shines in DWI im-
ages. The ROI did not include normal parenchymal tis-
sue, or haemorrhagic or necrotic areas The lowest one
of three consecutive measurements were included in the
analyses.

Statistical analysis

Differences of ADCs of lesions and normal parenchyma
were assessed with paired samples t-test. Differentiabil-
ity of clear-cell RCC from non-clear cell RCC by ADC
values was evaluated by ROC curve analysis. Moreover,
a mean of 3 different ADC values from normal renal
parenchyma were taken for comparing with the ADC
values of lesions. A p value < 0.05 was considered as sta-
tistically significant.

Results
62 cases, of whom 46 were male and 16 were female, with
an age range between 26 to 86 years (mean 59.5+15.7
years) were recruited for the study. Pathological diag-
noses of 62 cases were as follows, 44 cases of clear cell
RCC, 14 cases of papillary cell RCC and 4 cases of chro-
mophobe cell RCC. They were divided into two groups
as clear cell RCC group (44 cases) and non-clear cell
RCC group (18 cases). There was no statistically signif-
icant difference between the mean ADC values of clear
cell and non-clear cell groups at b-value of 1000 s/mm?
(p>0.05) (Table 1).

However, the mean ADC level for clear cell RCC
group at b-value of 500 s/mm? were significantly high-
er than for non-clear cell RCC group (p<0.05). When a
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Fig. 1. Case 1: Clear cell RCC in a 56 years-old male patient: (A) heterogeneous hyperintense lesion with cystic necrosis
fields in T2WI of left kidney; (B-C) restriction in diffusion series; (D-E) b-factor 1000 s/mm?2 ADC: 1.68x10° mm?/s, b-factor
500 s/mm?2 ADC: 2.05x10° mm?/s.

Fig. 2. Case 2: Papillary cell RCC in right kidney, and simple cyst in left kidney of an 80 years-old male patient. (A-B)
hypointense heterogeneous lesion with exophytic extent in right kidney, and hyperintense cystic lesion with exophytic
extent from left kidney in T2WI; (C-D) restriction in solid lesion at right kidney in diffusion series (T2 shining effect on simple
cyst in left kidney at b-factor of 1000 s/mm?); (E-F) b-factor 1000 s/mm? ADC: 0.61x10° mm?2/s, b-factor 500 s/mm? ADC:
0.93x10 mm?/s for lesion in right kidney, and b-factor 1000 s/mm? ADC: 2.53x10 mm?/s, b-factor 500 s/mm? ADC: 2.79x10-
3 mm?/s for cyst in left kidney

Fig. 3. Case 3: chromophob cell RCC in right kidney of a 63 years-old male patient. (A) heterogeneous hypointense lesion in
T2WI of right kidney; (B-C) overt restriction in lesion in diffusion series; (D) b-factor 1000 s/mm? ADC: 0.68x10° mm?/s, (E)
b-factor 500 s/mm? ADC: 0.94x10° mm?/s.
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Table 1. RCC subtypes

Clear cell Non-clear cell
(n=18) P
Mean SD Mean SD
ADC at b-factor of 1000 s/mm? 1.292 0.371 1.017 0.388 0.117
ADC at b-factor of 500 s/mm? 1.536 0421 1.129 0.389 0.030*
NP of ADC at b-factor of 1000 s/mm? 1.893 0.202 2.000 0.080 0.017*
NP of ADC at b-factor of 500 s/mm? 2.214 0.278 2.276 0.195 0.727

*. p<0.05

Difference between ADC values of clear cell and non-clear cell groups at b-factor of 1000 s/mm? was not statistically

significant (p>0.05).

ADC values of clear cell group at b-factor of 500 s/mm? were significantly higher than the non-clear cell group (p<0.05).

Table 2. Fuhrman grades in clear-cell subtype

I-1l clear cell HI-1V clear cell
(n=24) (n=20) P
Mean SD Mean SD
ADC at b-factor of 1000 s/mm? 1.413 0.363 1.147 0.343 0.075
ADC at b-factor of 500 s/mm? 1.738 0.383 1.293 0.338 0.018*
NP of ADC at b-factor of 1000 s/mm? 1.918 0.236 1.864 0.161 0.643
NP of ADC at b-factor of 500 s/mm? 2.241 0.254 2.181 0.314 0.792

* p<0.05

In cases with a clear-cell pathology; difference between ADC values of grade I-1l clear cell and grade llI-IV clear cell groups at

b-factor of 1000 s/mm? was not statistically significant (p>0.05).

In cases with a clear-cell pathology; ADC values of grade I-l clear cell group at b-factor of 500 s/mm? were significantly higher

than the grade llI-IV cell group (p<0.05).

value of 0.99x10° mm?*/s was set as cut-off for ADC at
b-factor of 500 s/mm?, differentiation was achieved with
a high sensitivity (91%) and specificity (56%). Regard-
ing the diagnostic performance of DWI for differenti-
ating high from low Fuhrman grades clear cell RCCs,
there was no statistically significant difference between
the ADC values of Grade I-II clear cell RCC cases and
Grade III-IV clear cell RCC cases at b-factor of 1000 s/
mm? (p>0.05). However, ADC values for grade III-IV
group was statistically significantly lower than ADC val-
ues for Grade I-II group at b-factor of 500 s/mm? level
(Table 2).

Discussion

RCC which is the most frequent malignant renal tumor
in adults arises from tubular epithelium and represents a
number of distinct histological variants associated with
different metastatic potential, prognosis and manage-
ment. Many studies showed that as compared to clear
cell RCC, chromophobe and papillary RCC have better
prognoses and may be treated with kidney sparing ap-
proaches rather than radical nephrectomy.” Therefore,
preoperative discrimination of clear cell RCC from non-
clear cell subtypes is very important. DWI is a meth-
od that provides characterization of biological tissues
based on irregular diffusion motion of water molecules,
which can be integrated easily into a conventional MRI
providing more detailed information at the cellular. The
diffusion of free water in tissues is restricted basically

by cell membranes and therefore, by the increased cel-
lularity of the tissue, as in tumoral processes.® Diffu-
sion weighted images are obtained from T2w images
with the addition of diffusion weighting gradient, that
is the b-value which shows the extent to which the se-
quence is sensitive to the diffusion.” ADC is the math-
ematical expression of diffusion as a result of marking
the signal loss on the map, which occurs after applying
diffusion gradient. The ADC value of free water mol-
ecules at 37°C is reported to be 3.0x107° mm?/s. This
value is taken as the reference point, and it is the value
at which the diffusion is maximum. When there is re-
striction to diffusion, the ADC value decreases.®* When
the b value is low, the diffusion weight of the sequence
decreases and it is affected by T2 time and perfusion.
The perfusion of malignant tumours is markedly high-
er than that of the benign ones, and so at low b values
the ADC of malignant lesions are measured as higher
than it is artifactually from capillary perfusion effect.’ It
has been postulated that the b-value gradients between
0 and 200 s/mm? primarily measure perfusion, whereas
gradient strengths greater than 200 s/mm?” primarily
measure diffusion.'"’? In a study performed for dis-
criminating malignant from benign vertebral compres-
sion fracturesMore pronounced difference in the mean
ADC value in the group of low b-value (<500) than in
the group of b-value (>500) was reported. The authors
concluded that, low b-value (<500) is a more valuable
parameter than standard b-value (>500) to show mean
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ADC differences.”” Wang et al. tried to determine the
subtypes of 85 RCCs observed in 83 patients (49 clear
cell tumors, 22 papillary tumors and 14 chromophobe
tumors) at 3T MRI at b-value of 500 and 800 s/mm?.
They found that papillary RCCs (1.1 x 10~ mm?*/s) and
chromophobe RCCs (1.3 x 10° mm?/s) had significant-
ly lower mean ADC values than clear cell RCCs (1.8 x
10°* mm?/s).No significant differences were found be-
tween papillary and chromophobe RCCs. However,
at b-value of 800 s/mm?, they could be able to differ-
entiate all subtypes, and concluded that this b-value is
more sensitive." On the other hand, in a meta analy-
sis conducted to determine the comparative diagnos-
tic performance of standard b-value (800-1000 s/mm?)
versus low b-value (400-500 s/mm?) DW-MRI in the
detection of RCC. The study concluded that the stan-
dard b-value DW-MRI showed a superior specificity but
an approximately equivalent sensitivity to low b-value
DW-MRI in detecting RCC. However, low b-value DW-
MRI displayed an overall superior diagnostic accuracy
over standard b-value DW-MRI."® Because, when the b
value increases the spatial resolution decreases signifi-
cantly, and when the b value decreases then the perfu-
sion effect appears, in our study the b value was taken
as 500 and 1000 s/mm?. Similar to this study, significant
difference in terms of mean ADC value between clear
cell and non-clear cell groups was not observed when
b-value was chosen as 1000 s/mm?, but ADC level of
non-clear cell group was significantly lower at b-value of
500 s/mm? in our study. Although it was reported that
for the b value equal to or higher than 600 s/mm?, the
effect of perfusion is minimal and can be ignored, the
appearance of significant difference between two groups
when the b-value was decreased to 500 s/mm?* in our
study can be explained to some extent by explicitness
of perfusion effect.'® In addition, the papillary cell RCC
group had the lowest ADC values in our patients, as in
the study of Wang et al. and Taouli et al. %7

In a study conducted to assess the value of DWI
in differentiating the various subgroups of renal mass-
es, it was found that ADC values higher than 2.12x10°
mm?/s were only observed in low-grade cancers, and
ADC values lower than 1.50x10° mm?/s were only ob-
served in high-grade cancers."” In various studies, it was
also found that high grade clear cell RCCs have signifi-
cantly lower mean ADC values than low grade clear cell
RCCs.!*"*18 I our study, we also tried to discriminate
the preoperative histological grades of clear cell RCC
cases. These tumors were graded as Fuhrman grade I-1I
(low-grade) and Fuhrman grade III-IV (high-grade) ac-
cording to postoperative pathological findings. There
was also no significant difference between groups at
b-value of 1000 s/mm?, but there was a statistically sig-
nificant difference when b-value was selected as 500 s/
mm?. ADC values at b-value of 500 s/mm? were lower in

Fuhrman grade III-IV clear cell RCC cases, when com-
pared with Fuhrman grade I-II group. This finding can
be explained by explicit limiting in diffusion due to in-
creased cellularity.

The main limitations of our study includes the lim-
ited number of patients and the validity of the cut-off
ADC value only for the imaging protocols performed
with the b values defined for our MRI device.

Conclusion

ADC measurements at moderate b-value of 500 s/mm?
were more sensitive in subtyping and grading of RCC
cases. This technique can be used in clinical practice
as a fast and additional sequence in abdominal MRI.
Completion period is as short as 17 seconds, and it can
provide both qualitative and quantitative findings for di-
agnosis.
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