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The role of diffusion-weighted imaging on 3 tesla magnetic resonance in the clinical
staging and pathological grading of clear cell renal carcinoma
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ABSTRACT

Aim: To evaluate the contribution of the apparent diffusion coefficient (ADC) to distinguish between the four
clinical stages and pathological grading in patients with clear cell renal cell carcinoma (RCC) on 3T MRI.
Methods: MRI of 93 patients with histopathological diagnosis of clear cell RCC were evaluated
retrospectively. Clinical stage was evaluated according to American Joint Committee on Cancer and
histopathological examination was evaluated according to the Fuhrman grading system. ADC values were
compared for each clinical stage and pathological grade.

Results: Clinical stages were | in 51 patients (54.8%), Il in 14 patients (15%), Il in 15 patients (16.1%), and
IV in 13 patients (13.9%). The Fuhrman grade of the patients were I in 8 (8.6%) patients, Il in 55 (59.1%)
patients, 111 in 23 (24.7%) patients and IV in 7 (7.5%) patients. Clinical stage | and Fuhrman grade | had
significantly higher ADC values than all groups (p<0.001). The sensitivity was 81% and the specificity was
80.4% when the optimum cut-off value of ADC was taken as 1.41x1073 mm?/s to differentiate between clinical
stage | and other stages (l1, 111, and 1V) (AUC:0.910; 95CI:0.855-0.964; p<0.001). The optimum cutoff value
of ADC was taken as 1.67x1073 mm?/s to differentiate between Fuhrman grade | and other grades (ll, 11l and
IV), the sensitivity was 88.2% and the specificity was 100% (AUC: 0.927; 95CI: 0.872- 0.983; p<0.001).
Conclusions: In patients with renal mass suggestive of clear cell RCC in imaging studies; The possibility of
lymph node or distant metastatic lesion should be considered in patients with an ADC of the primary tumor
site less than 1.41x1073 mm?/s, and the presence of distant metastasis in patients with an ADC less than
1.22x1073 mm?/s.
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Introduction
Renal cell carcinoma (RCC) is the most
frequent malignant renal tumor with a

parenchymal kidney tumors [1, 2]. The age of
presentation is typically 50-70 years, with a
moderate male predilection of 2:1 [3]. Most
clinical manifestations are nonspecific, and
many patients are recognized incidentally in
earlier stages on imaging studies performed for
other reasons. The classic triad of hematuria,
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flank pain, and mass is seen in only 10% of
patients with advanced tumors [4].

RCC represents a heterogeneous group of
tumors with many different histological
varieties.  Clear cell, papillary, and
chromophobe RCCs constitute the three main
histological subtypes with the malignant
course, of which ~75% are the clear cell
subtype in the adult population [5,6]. The
prognosis of RCC is closely related to the
pathological subtypes. Clear cell RCC
originates from the proximal tubule epithelium
and is the most common and malignant subtype
of RCCs. The five-year cancer-related survival
rate is the lowest compared to other subtypes at
68.9% [7-8]. These main pathological subtypes
of RCC can often be noninvasively
differentiated by imaging characteristics [9].
Clear cell RCC has a more heterogeneous
appearance due to multiple areas of
hemorrhage, internal necrosis, and cystic
changes, in addition to a tremendous amount of
enhancement.

At the microscopic evaluation, clear cell RCCs
are characterized with tumor cells having clear
cytoplasm due to the accumulation of glycogen
and lipids accompanying in varying proportions
to the cells with granular eosinophilic
cytoplasm [4]. Diffusion-weighted imaging
(DWI1), a magnetic resonance (MR) imaging
technique based on the molecular mobility of
water molecules, demonstrates high signal
intensity in the lesions with dense cellularity
and weak interstitium that limit the mobility of
water molecules, as in tumoral processes. The
apparent diffusion coefficient (ADC) is a
parameter that allows the quantification of
restricted diffusion. It is used as an indicator of
cell proliferative activity and provides insight
into the nature of the lesions in various parts of
the body [10,11]. DWI is a valuable tool in
detecting metastatic lymph nodes and
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differentiating high-grade tumors from low-
grade ones [12-14].

Various studies have shown that ADC is
significantly different between clear-cell RCC
and non-clear-cell RCC subtypes [9, 15,16].
Recently, the utility of ADC has been suggested
in predicting the clinical stage of clear cell RCC
[17, 18]. However, studies reporting the
relationship between ADC and the clinical
stage of clear cell RCC are few in the literature,
and most of them were performed on 1.5 Tesla
(T) MR imaging [18]. Our study aims to
investigate the utility of DWI with ADC
measurement on 3T MR imaging in clinical
staging and pathological grading of clear cell
RCCs.

Materials and methods

The study was approved by the Recep Tayyip
Erdogan University Faculty of Medicine
Clinical Research Ethics Committee (Date:
2021-11-11/N0:2021/195). All the procedures
were carried out in accordance with ethical
rules and the principles of the Declaration of
Helsinki. Due to the design of our study, an
informed consent form could not be obtained
from the patients. Demographic characteristics,
medical history, surgical notes, and pathology
results of all patients, in whom 3T MR imaging
was performed for the evaluation of the kidney
masses with pathological diagnosis of clear cell
RCC made by examining the tissues obtained in
radical/partial nephrectomy between February
2016 and September 2021 were retrospectively
analyzed from the hospital information system.
Patients under 18, patients who had MR
imaging or nephrectomy surgery in another
center, patients who underwent MR imaging
with 1.5 T MR device, patients with poor MR
imaging quality, and patients whose medical
information could not be reached were
excluded from the study.
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MR Imaging

MR imaging was performed with the patient in
the supine position, using a 3 T MR scanner
(Discovery w750, GE Healthcare, United
States). Antecubital intravenous access was
established before the examination, and a bolus
injection of contrast material was administered
intravenously, following the precontrast
images. Conventional, dynamic, and DWI were
obtained using standard abdominal coils. For all
patients, axial and coronal section T2-weighted
(T2w) single-shot fast spin-echo (FSE)
sequences, axial section T1-weighted (T1w)
dual-echo in-phase and out-of-phase sequences,
diffusion-weighted images were taken before
contrast agent injection. Diffusion-weighted
images were obtained by applying diffusion-
sensitizing gradients with different b values (50
sec/mm?, 800 sec/mm?) in all three directions
(X, Y, 2) to the echo-planar SE T2w sequence in
the axial plane. For each b-value, isotropic
diffusion-weighted images that eliminate
directional signal flares were generated. ADC
maps were generated automatically by the
instrument using each cross-sectional image.

Table 1. Parameters for MR imaging.

After  diffusion-weighted images were
obtained, the gadolinium contrast agent was
administered intravenously at a dose of 0.1
mmol/kg with an automatic injector at a rate of
3 ml/sec through the wvascular access
established before the examination, and high-
resolution T1w fat-suppressed TSE axial and
coronal section images were obtained (Table 1).
For the evaluation of kidneys, all sequences
were obtained at breath-holding. After the
images were obtained, they were recorded in
our hospital's PACS (Picture Archiving and
Communication System).

Image analysis

Imaging data for each of the 93 renal masses
were evaluated prior to reviewing the
pathological data by a single reviewer (H.G)
with 7 years of experience. The ADC was
manually calculated by setting a region of
interest (ROI) within the tumor using a
workstation. ROIs were placed in a single
location within the solid components of the
tumor based on visual evaluation, which was
seen as the brightest on DWI and the darkest on
ADC maps, avoiding areas of necrosis, cystic

Parameters Axial T2W Coronal T2W In-phase/out of CE MRI DWI
imaging imaging phase imaging
Echo time (m) 84 84 2.4/5.6 15 56
Repetition time (ms) 3768 3000 230 35 2700
Flip angle (degrees) 90 90 90 15 90
Intersection gap (mm) 1 1 1 -25 1
Section thickness (mm) | 5 5 5-6 5 5-6
Field of view (mm) 360-400 360-400 360-400 340-400 360-400
Matrix 320x224 288x192 256x192 288x224 128x128
reosration factor | ? - : : :

MR: Magnetic resonance, DWI: Diffusion-weighted imaging, CE MRI: Contrast-enhanced magnetic

resonance imaging.
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degeneration, and hemorrhage that typically
show no enhancement on dynamic contrast-
enhanced MR images. The ROl was set in an as
large area as possible with the ROl size between
90-110 mm? (mean ROI area; 98 mm?). The
ADC value from a single ROI was accepted as
the representative ADC of the renal lesion and
expressed as mean + standard deviation in the
form of X x1073 mm?/s.

Clinical staging

The clinical stage was determined and recorded
according to the 2010 TNM classification of the
American Joint Committee on Cancer (AJCC)
[19]. The relationship between DWI findings
and the clinical stages of the patients was
investigated.

Pathological analysis

A nuclear grade for each tumor using the
Fuhrman nuclear grading system, the most
widely used histopathological grading system
defined by Furhman et al. [20], was assigned,
unaware of MR imaging findings. In the
Fuhrman classification, a grade is given to the
tumors between grade I-1V; grade | indicates
the best prognosis and grade IV the worst
(Table 2).

Table 2. Fuhrman grading system.

Grade
Grade 1

Fuhrman nuclear grading
Nucleoli are absent or
inconspicuous and basophilic at
400x

Nucleoli are conspicuous and
eosonophilic at 400x and visible
but not prominent at 100x

Grade 2

Grade 3 Nucleoli are conspicuous and

eosonophilic at 100x

Grade 4 Extreme nuclear
pleomorphisim,multinucleate
giant cell and /or rhabdoid

sarcomatoid differentiation
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In 3 patients with renal masses in both kidneys,
clinical staging and Fuhrman grading were
performed based on the tumor of the larger size.
Statistical Analysis

Statistical analyses were performed using the
IBM SPSS Statistics, Version 23.0 (SPSS Inc.,
Chicago, USA) program. Descriptive statistics
of both groups were reported as frequency and
percentages within the groups (n, %).
Continuous numerical variables were analyzed
by normality analyses. Accordingly, those with
normal distribution were reported as mean +
standard deviation, and those without normal
distribution were reported as median (min-
max). Difference analyzes between groups
were performed with Student's t-test or Mann-
Whitney U test. The distribution of categorical
data between the groups was evaluated with the
Chi-square  test.  Relationships  between
parameters were evaluated with Spearman
correlation analysis and reported with rho
coefficient. ROC curve analyzes were
performed to evaluate the parameters' clinical
stage and pathological grading performances
and determine the appropriate threshold values.
Accordingly, area under curve (AUC),
sensitivity and specificity values were reported.
A p-value < 0.05 was considered statistically
significant.

Results

164 patients who underwent nephrectomy for
RCC were retrospectively evaluated. 29
patients diagnosed with non-clear cell RCC
were excluded. After that, 35 patients who did
not have preoperative MR imaging or had MR
imaging but at 1.5 T MR Device were also
excluded. Lastly, 7 patients were excluded due
to the poor quality of DWI (Figure 1).

The remaining 93 cases, of whom 73 (%78, 5)
were male, and 20 (%21, 5) were female, with
amean age of 60, 25£11, 65 (39-77), were
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29 patients diagnosed
with non clear cell RCC
were excluded.

35 patients who did
not have preoperative
MRI or who had MRI at
1.5 T were excluded .

164 patients who
underwent
nephrectomy for RCC

7 patients were
excluded due to
insufficient DWI

93 patients diagnosed
with clear cell RCC
were divided into four
groups according to
clinical stage.

Figure 1. Flowchart for patient selection.

recruited for the study. Left (54.8%)
nephrectomy was performed in 51 (45.2%)
patients, and right nephrectomy was performed
in 42 (% 45.2) patients. Partial nephrectomy
was performed in 27 (29%) patients and radical
nephrectomy in 66 (71%) patients. According
to clinical stages and Fuhrman grades, these 93
cases were divided into four groups according
to clinical stages.

Clinical stages were | in 51 patients (54.8%), Il
in 14 patients (15%), I11 in 15 patients (16.1%),
and IV in 13 patients (13.9%). The Fuhrman
grade of the patients were | in 8 (8.6%) patients,
Il in 55 (59.1%) patients, Il in 23 (24.7%)
patients, and IV in 7 (7.5%) patients. There was
amoderate positive correlation between clinical
stage and Fuhrman grade (rho= 0.618;
p<0.001). For all 93 patients, the median ADC
of clear cell RCC was 1.42x1073 mm2/sec
(min-max: 0.97—1.86x107° mm?/s).

The mean ADC value for stage | was
1.59+0.18x107° mm?s, for stage >Il was
1.23+0.18 x1073 mm?/s, for stage >Ill was
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1.15+0.14 x1073 mm?/s and for stage IV was
1.07£0.64 x10° mm?s. Stage | had
significantly higher ADC values than all groups
(p<0.001) (Figure 2). ADC values for each
stage are given in table 3.

1,

ADD x10 -3 mmIie

Stage 1 ape? staged aped

Figure 2. The box plot of ADC values in clinical
stages.

Table 3. ADC values according to clinical stage and
pathological grades of clear cell RCCs.

ADC x107% mm?/s

Parameters
Mean SD Min | Max
1 1.59 0.18 @ 1.18 1.86
2 1.40 010 1.21 1.53
Clinical stage
3 1.22 0.16 # 0.98 @ 1.49
4 1.07 0.06 0.97 1.19
1 1.76 0.07 1.68 | 1.85
Fuhrman 2 1.52 0.18 @ 1.13  1.86
grade 3 117 014 097 148
4 1.19 0.21  0.99 1.49

The sensitivity was 81%, and the specificity
was 80.4% when the optimum cut-off value of
ADC was taken as 1.41x107° mm?s to
differentiate between clinical stage | and other
stages (I, HI, and 1V) (AUC:0.910;
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95CI:0.855-0.964; p<0.001). The sensitivity
was 93%, and the specificity was 80.4% when
the optimum cut-off value of ADC was
similarly taken as 1.41x10° mm?%s to
distinguish between clinical stages | and more
advanced stages (Il and 1V). (AUC: 0.964;
95ClI:0.927-1.000; p<0.001). The sensitivity
was 100%, and the specificity was 98.1% when
the optimum threshold value of the ADC was
taken as 1.22x107° mm?s to distinguish
between clinical stage | and stage
IV(AUC:0.998; 95CI:0.994-1.000; p<0.001)
(Figure 3).

Sensitivity

=

02 04 05

1 - Specificity

Figure 3. ROC curve showing success in
discrimination between clinical stage | and stage IV
of clear-cell RCC for and ADC < 1.22 x 10x1073
mm?/s.

The mean ADC value for Fuhrman Grade | was
1.7620.68 X103 mm?/s, 1.40+0.24 x10~3 mm?/s
for grade >II, 1.17+0.16 x102 mm?/s for grade
>I1I and 1.19+0.21 x10~3 mm?/s for grade IV.
Grade | had significantly higher ADC values
than all groups (p<0.001). When the optimum
cut-off value of ADC was taken as 1.67x107°
mm?/s to differentiate between Fuhrman grade
I and other grades (II, I, and 1V), the
sensitivity was 88.2%, and the specificity was
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100% (AUC: 0.927; 95CI: 0.872- 0.983;
p<0.001). When the optimum cut-off value of
ADC was taken as 1.59x107° mm?s to
differentiate between Fuhrman grade | and
more advanced grades (II, 1l and 1V), the
sensitivity was 100%, and the specificity was
100% (AUC:1.000; 95CI:1.000-1.000;
p<0.001) ) The sensitivity was 100%, and the
specificity was 100% when the optimum cut-
off value of ADC was taken as 1.59x1073
mm?/s to differentiate between grade | and
grade IV (AUC:1.000; 95CI:1.000-1.000;
p=0.001).

Discussion

The stage of RCC is based on the tumor
diameter and extent of the invasion, which is
defined in the AJCC Cancer Staging guidelines
as follows: Tla tumor is <4 cm in greatest
dimension and limited to the kidney; T1b tumor
is between 4 cm and 7 cm; T2a tumor is >7 cm
but <10 cm in size and limited to the kidney;
T2b tumor is >10 cm in size but confined within
the kidney; T3 tumor extends into major veins
or invades adrenal gland or perinephric tissues,
but not beyond Gerota’s fascia; and T4 tumor
invades beyond Gerota’s fascia (includes a
contiguous extension into ipsilateral adrenal
gland) [21, 22].

In the management of patients with RCC,
minimally invasive ablative treatments can be
used in stage | disease without lymph node or
distant metastatic lesions, which may
sometimes be challenging to detect on imaging
studies, especially when they are small.
Therefore, imaging parameters that can be used
in the preoperative estimation of the clinical
stage, which is one of the main parameters of
the prognostic evaluation together with the
pathological grade, have critical importance in
guiding optimal management of the patients,
particularly in the accurate differentiation of
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stage | clear cell RCC from advanced disease.
Although studies performed to estimate the role
of ADC in this differentiation are limited in
number, they are suggestive of its potential
utility as a quantitative method in preoperative
clinical staging [18, 23]. In this regard, we tried
to determine the association of ADC values of
clear cell RCC with every clinical stage on 3T
MR imaging.

Our study revealed that when the cut-off value
of ADC is taken as 1.41x107° mm?/s, the
sensitivity is 90% and the specificity is 80.4%
to differentiate between clinical stage | and
more advanced stages (I1l and 1V) and when it
is taken as 1.22x1073 mm?/s the sensitivity is
100%. The specificity is 98.1% to differentiate
between clinical stage | and stage IV.
Previously, Nakamura et al. evaluated 49
patients with pathologically proven RCCs to
compare the ADC values between each clinical
stage and reported statistically significant
differences in ADC values between stage 1 and
more advanced stages (Il and 1V) [18]. In the
study of Yoshida et al., 51 patients with 51
pathologically confirmed clear-cell RCCs who
underwent 15T MR imaging  were
retrospectively evaluated. A  statistically
significant difference in ADC values was
reported between stages | clear-cell RCC and
more advanced stage clear-cell RCCs with
lymph node metastasis or distant metastasis.
They found a sensitivity of 80.0% and a
specificity of 81.0% for the optimal cut-off
ADC value of 1.552x10~% mm?/s [23].

In addition to clinical staging, the nuclear grade
of clear cell RCC also correlates with survival,
particularly the Furhman grade [20, 24-26].
Previous studies reported a significant
difference between ADC values of high grade
and low-grade clear cell RCCs, particularly
Furhman grades [18, 27-28]. In our study, we
also tried to compare the ADC values for each
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Furhman grade. Our study population was
composed mainly of Furhman grade 2 clear cell
RCCs. Similarly, in the study of Giirsoy et al.,
more than half of the patients were Fuhrman
grade 2 with the rate of 61% among all four
grades [29]. We found that Furhman grade |
clear cell RCCs had significantly higher mean
ADC values than all groups. The cut-off ADC
value of 1.59x10°° mm?/s in our study was
found to differentiate between Fuhrman grade |
and advanced grades with sensitivity and
specificity of 100%. In one study, ADC values
at b-value of 500 s/mm2 were found to be
significantly lower in Fuhrman grade IlI-1V
clear cell RCC cases compared with Fuhrman
grade I-11 group, while no significant difference
was found the difference was found between
the groups at b value of 1000 s/mm2. The
authors concluded that this could be explained
to some extent by the explicitness of the
perfusion effect at lower b values [9].

In a meta-analysis regarding the relationship
between b value and the detectability of RCC,
standard b-value (800-1000 s/fmm2) showed a
superior specificity but an approximately
equivalent sensitivity to low b-value (400-500
s/mm2), which had an overall superior
diagnostic accuracy [30]. The b value we
preferred in our study was 50 and 800 s/mmz2.
The limitations of our study included the
following; first, this was a single-center and a
retrospective study. Second, evaluations were
performed by only one single observer. Third,
only two b-values (50 and 800 mmz2/s) were
used to calculate the ADC. Fourth, the
reproducibility of the ADC values were not
assessed. On the other hand, when compared
with the present studies, our study stands out
with its following features; we evaluated a
relatively larger number of patients, we
performed the MR imaging on 3T MR device,
and ADC values were detailed for every clinical
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stage. Moreover, the ADC values were also
compared for each Furhman grade.

Conclusion

In conclusion, we assessed the utility of ADC
in a relatively large number of patients with
clear cell RCC for differentiating preoperative
clinical stages and Furhman grades. We found
a statistically significant difference in ADC
values between early-stage clear cell RCC and
advanced stages of the disease. In patients with
kidney masses suggestive of clear cell RCC on
imaging studies, the ADC of primary tumor site
less than 1.41x10~2 mm?/s should be considered
for the possibility of lymph node or distant
metastatic lesions, and the values less than 1.22
x1072 mm?/s should be strongly suggested for
distant metastasis. The accurate preoperative
characterization of clear cell RCC is essential to
ensure appropriate clinical management of
patients and contributes to the prognosis.
Therefore, the ADC value of the primary tumor
site should be evaluated in predicting the
clinical stage of clear cell RCC.
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