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Abstract

Objective: The purpose of study was to assess the diagnostic efficacy of multiparametric magnetic resonance imaging in differentiating common subtypes of
renal cortical tumors.

Methods: The study group was formed with 85 renal cortical tumors of 75 patients who underwent surgery for renal mass and who had preoperative multipa-
rametric magnetic resonance imaging. Two radiologists were blinded to pathology results evaluated using T2-weighted images, apparent diffusion coefficient
maps, and dynamic contrast-enhanced T1-weighted images. T2 signal intensity ratio, apparent diffusion coefficient ratio, corticomedullary phase enhancement
ratio, nephrogenic phase enhancement ratio, and delayed phase enhancement ratio were calculated for each tumor type.

Results: Between clear cell renal cell carcinomas and papillary renal cell carcinomas, T2 signal intensity ratio, corticomedullary phase enhancement ratio, neph-
rogenic phase enhancement ratio, and apparent diffusion coefficient ratio were statistically significantly different (P <.001, P <.001, P=.003, P=.03, respec-
tively). Also, there was a significant difference in corticomedullary phase enhancement ratio between clear cell renal cell carcinomas and chromophobe renal
cell carcinoma (P=.031). Between papillary renal cell carcinomas and chromophobe renal cell carcinomas, T2 signal intensity ratio (P <.001), corticomedullary
phase enhancement ratio (P < .001), nephrogenic phase enhancement ratio (P=.007), delayed phase enhancement ratio (P=.004), and apparent diffusion coef-
ficient ratio (P < .001) were statistically significantly different. Nephrogenic phase enhancement ratio and delayed phase enhancement ratio showed a significant
difference between chromophobe renal cell carcinomas and oncoctyomas (P=.038 and P=.032, respectively). The most efficient parameter in distinguishing
clear cell renal cell carcinoma was corticomedullary phase enhancement ratio, and the sensitivity was 80.4% and the specificity was 73.5% with a cutoff value
of 283.6.

Conclusion: We think that the use of multiparametric magnetic resonance imaging quantitative parameters was useful in differentiating subtypes of renal cortical
tumors.
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INTRODUCTION

Renal cell carcinoma (RCC) is the most frequent renal malignancy in adults and has 3 main subtypes: clear (75%), papillary (10%-15%), and
chromophobe (5%) forms.'? Prognosis of papillary and chromophobe subtypes is better than clear cell RCCs.> Oncocytomas compose 3%-7% of
solid renal tumors and are known to be benign neoplasms. Oncocytomas have similar origin as chromophobe RCCs and therefore have convergent
histological and imaging features.*

The histopathology of approximately 10%-30% of renal tumors excised surgically is benign.>¢ In order to avoid unnecessary surgical operations, an
image-guided biopsy is recommended before treatment; however, its use remains controversial as it is invasive and not time efficient.”” In elderly or
inoperative patients, treatment predilections such as active surveillance and focal ablation are used as an alternative to surgery in clinical practice.
The presence of less invasive alternative treatment methods has led to a clinical need for accurate recognition of renal lesions before treatment to
avoid potentially inadequate treatment.'® Multiparametric magnetic resonance imaging (mpMRI) established on various anatomic and functional
parameters have an important role and add diagnostic value in the detection and differentiation of renal cortical tumors.! Magnetic resonance imag-
ing may be beneficial in distinguishing benign solid renal masses from some RCC subtypes and foreseeing the histologic grade of a tumor and play
a crucial role in ensuring appropriate patient management to avoid unnecessary surgery or other interventions.

The purpose of this study was to assess the diagnostic efficacy of mpMRI differentiating frequent subtypes of renal cortical tumors.
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METHODS

Patient Group

This single-institution, retrospective study was approved by the insti-
tutional ethics committee, and informed consent was waived (ethics
committee number: 11484, date: September 25, 2022). In our study, the
hospital database images of patients older than 18 years who had par-
tial or radical nephrectomy surgery because of malignant renal masses
between May 2018 and January 2022 were scanned retrospectively.
Preoperative abdominal MRIs were performed in 98 of the patients.
As the pathology results of 8 of the 98 patients could not be accessed,
and the MRI examination of 5 patients was carried out without a con-
trast agent, these patients were excluded from the study. Three patients
with histopathological results compatible with angiomyolipoma
(AML) and 7 patients with rare forms of RCCs (multilocular, cystic
carcinoma, tubulocystic renal cell carcinoma, and papillary adenoma)
were excluded. Seventy-five patients overall with 85 renal cortical
tumors were included in the study, with 1 patient having bilateral and
5 patients having multifocal renal cortical tumors. Fifty-one of tumors

MAIN POINTS

e Multiparametric magnetic resonance imaging plays a crucial role and
adds diagnostic value in the detection and differentiation of the renal
cortical tumors.

e Corticomedullary phase enhancement ratio is the most effective
parameter in distinguishing clear cell renal cell carcinomas with an
accuracy of 77.7%.

¢ Multiparametric magnetic resonance imaging can be used to recog-
nize non-clear cell renal cell carcinomas in patients at high medical
risk for interventional procedures or surgery and to encourage active
surveillance in appropriate patients.
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were reported as clear cell carcinoma, 16 were reported as papillary
cell carcinoma, 8 were reported as chromophobe cell carcinoma, and
10 as oncocytoma. The study flow chart is shown in Figure 1.

Magnetic Resonance Imaging Protocol

All MRI examinations were carried out on the same 1.5-T MRI sys-
tem (Magnetom Symphony; Siemens Medical Solutions, Erlangen,
Germany) with a phased-array body coil. The MRI protocol comprised
of the following sequences: turbo-spin echo T2-weighted images
(T2WI); axial T2WI with fat suppression (FS); axial gradient-echo
T1-weighted images (T1WI) with and without FS; axial diffusion-
weighted images (DWIs) with b-values of 0, 400, and 800 s/mm?.
Three-dimensional axial TIWI images with FS were obtained both
before and after contrast agent. Gadopentetate dimeglumine (Gadovist,
Bayer Healthcare, Berlin, Germany) was administered at a dose of 0.1
mL/kg with an injection rate of 3 mL/s, followed by a 10 mL of nor-
mal saline infusion. After intravenous gadolinium injection, dynamic
contrast enhanced (DCE) images were performed in 3 post-contrast
phases, each with a delay of 30 s.

Magnetic Resonance Imaging Evaluation

Magnetic resonance images of 85 renal masses included in the study
were estimated retrospectively by 2 radiologists (reader 1 with 11 years
of abdominal radiology practice and reader 2 with 10 years), indepen-
dently of histopathological results. All MRI images were uploaded to
a picture archiving communication system. While evaluating T2WI,
apparent diffusion coefficient (ADC) maps, and DCE-T1WI, a circular
region of interest (ROI) was placed in the tumor and normal cortex
parenchyma. The mean ROI size used was 100 mm?.

T2 measurements were evaluated from both the tumor and non-tumor
normal renal cortex. Region of interest measurements were taken from

Patients who had preoperative abdominal MRIs

(n=98)

Excluded (n=23)

MRIs without contrast agents (n=5)
Angiomiolipomas (n=3)
Rare forms of RCC (n=7)

Pathology results could not be accessed (n=8)

Eligible patients (n=75)

Eligible renal cortical tumors (n=85)
Clear cell carcinoma (n=51)
Papillary cell carcinoma (n=16)
Chromophobe cell carcinoma (n=8)
Oncocytoma (n=10)

Figure 1. Study flowchart. MRI, magnetic resonance imaging; RCC, renal cell carcinoma.
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3 different points in the solid areas of the tumor without necrosis, and
the mean value of these measurements was recorded. This measure-
ment was also carried out similar to the normal non-tumor renal corti-
cal area. T2 signal intensity ratio (T2SIR) (tumor (Tu) SI/normal renal
cortex (C) SI) x 100 was calculated from the measurements taken from
the tumor and normal renal cortex.

In the DCE images, a single ROI was placed over the solid enhancing
region without necrosis avoiding vascular structures, cystic compo-
nents of the tumor, and retroperitoneal adipose tissue in the cortico-
medullary phase. The tumor enhancement ratio (ER) was calculated
from the corticomedullary, nephrogenic, and excretory phases. The ER
was calculated as [(post-contrast SI — pre-contrast SI)/pre-contrast SI]
x 100. Three ERs were calculated based on the post-contrast phase:
an ERc using corticomedullary phase, an ERn using the nephrogenic
phase, and an ERd using the delayed phase.

Apparent diffusion coefficient measurements were taken from both the
tumor and non-tumor normal renal cortex. Considering T2W and DCE
images, ROI measurements were taken from 3 different points in the
solid areas of the tumor without necrosis, and the mean value of these
measurements was recorded. This measurement was also carried out
similar to the normal non-tumor renal cortical area. The ADC ratio
(ADCr) (tumor ADC/normal renal cortex ADC) x 100 was calculated
from the measurements taken from the tumor and normal renal cortex.

All quantitative parameters were calculated independently by 2 read-
ers. Disputes among readers were resolved by consulting a radiologist
with 12 years of abdominal radiology experience.

Statistical Analysis

IBM Statistical Package for Social Sciences version 25.0 (IBM SPSS
Corp.; Armonk, NY, USA) statistical analysis software was used in the
analysis of the data. Shapiro—Wilk test was used to evaluate the nor-
mality of quantitative data distribution. The Mann—Whitney U test and
Kruskal-Wallis test were used to compare quantitative data that did not
exhibit normal distribution. The Bonferroni correction was carried out

Table 1. Quantitative Parameters for Common Renal Cortical Tumor Types

Clear Cell Papillary Chromophobe
RCC RCC RCC Oncocytoma

T2SIR

R1 129.3 +34.7 84.2+17.3 1212+ 11.7  140.7 + 36.1

R2 133.5+44.2 95.3+26.3 1144+102 1742+442
ERc

R1 332.5+£62.2 182.3+38.5 248.6+£52.1 319.3+47.9

R2 310.2+48.2 188.1£42.2 233.5+49.4  3084+425
ERn

Rl 316.9+£639  247.7+569  2444+50.1 360.7+103.1

R2 3224+£724  2595+613 249.5+534 369.1 +112.3
ERd

R1 302.8 £67.1 260.9£46.6  241.2+49.4 371.6+125.8

R2 3148+71.7  271.3+£559  249.6+552 383.2+1334
ADCr

R1 92.4+15.9 60.4+£21.4 855+ 12.8 108 +27.6

R2 96.3+17.2 58.4+19.2 89.6+13.4 101 +26.7

ADCr, apparent diffusion coefficient ratio; ERc, corticomedullary phase enhancement ratio;
ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio; R1,
reader 1; R2, reader 2; RCC, renal cell carcinoma; T2SIR, T2 signal intensity ratio.

for the comparison of more than 2 groups. A receiver operating charac-
teristic analysis was used to determine the cutoff values of radiological
parameters for the prediction of the pathologically diagnosed clear cell
RCC. Therefore, the area under the curve, sensitivity, and specificity
values were calculated. Data were presented as mean + SD and n (%).
P values of <.05 were considered statistically significant.

RESULTS

Patient Demographics and Renal Tumors

The mean age of the patients was 56.7 £ 11.5 years (range: 18-85).
Thirty-three (38.8%) of the patients were female and 52 (61.2%) were
male. The mean tumor size was 45.6 mm (median: 40, range: 8-127)
for clear cell RCCs, 36.5 mm (median: 29.5, range: 11-98) for papillary
RCCs, 62.8 mm (median: 76, range: 18-114) for chromophobe RCCs,

Figure 2. Clear cell renal cell carcinoma in the right kidney of a 63-year-old man. (A) Axial T2-weighted magnetic resonance (MR) image shows the renal mass with
high signal intensity compared with renal parenchyma (T2SIR=109.3). A region of interest has been drawn in the solid enhancing region without necrosis avoiding
vascular structures and cystic components of the tumor and then reported on all sequences. (B) Apparent diffusion coefficient (ADC) maps show slight restriction of
diffusion in the renal mass (ADCr=283.6). Axial non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and
delayed (F) phases show early and intense enhancement of mass in corticomedullary phase followed by washout (ERc: 366.6 , ERn: 329.5, ERd: 321.1). ADCr, ADC
ratio; ERc, corticomedullary phase enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.
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Figure 3. Papillary renal cell carcinoma in the right kidney of a 51-year-old man. (A) Axial T2-weighted magnetic resonance (MR) image shows significant a
renal mass with low signal intensity compared to renal parenchyma (T2SIR=67). (B) Apparent diffusion coefficient (ADC) maps show markedly low ADC values
in the renal mass (ADCr=44.5). Axial non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and delayed
(F) phases show slowly increasing enhancement of the mass (ERc: 78.2, ERn: 93.4, ERd: 121.7). ADCr, ADC ratio; ERc, corticomedullary phase enhancement
ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.

and 33.8 mm (median: 29, range: 18-87) for oncocytomas. There were
statistically significant differences in tumor sizes between chromo-
phobe RCCs and papillary RCCs and between chromophobe RCCs and
oncocytoma (P < .012). No significant difference in size was observed
between other tumor groups.

Multiparametric Magnetic Resonance Imaging the Quantitative
Analysis of Renal Tumors

Table 1 presents the results of 2 readers for all the evaluated MRI
parameters.

Interobserver agreement was almost perfect, with weighted K val-
ues ranging from 0.89 to 0.93 in the calculation of MRI quantitative
parameters.

There was a statistically significant difference between papillary RCCs
and the other renal cortical tumors in T2SIR (P <.001).

Considering the post-contrast dynamic behavior, there was a statisti-
cally significant difference between clear cell RCCs (Figure 2) and
papillary RCCs (Figure 3), clear cell RCCs and chromophobe RCC
(Figure 4), and papillary RCC and oncocytoma (Figure 5) in ERc (P
<.001, P=.031 and P < .001, respectively). There was a statistically
significant difference between clear cell RCC and papillary RCC, chro-
mophobe RCC and oncocytoma, and papillary RCC and oncocytoma
in ERn (P=.004, P=.038 and P=.007, respectively). There was a sta-
tistically significant difference between chromophobe RCC and onco-
cytoma and between papillary RCC and oncocytoma in ERd (P=.040
and P=.031, respectively) (Table 2).

Figure 4. Chromophobe renal cell carcinoma in the left kidney of a 39-year-old man. (A) Axial T2-weighted magnetic resonance (MR) image shows a renal mass
with almost the same signal intensity compared to renal parenchyma (T2SIR=98). (B). Apparent diffusion coefficient (ADC) maps show diffusion restriction in the
solid areas of renal mass (ADCr=59.5). Axial non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and
delayed (F) phases show moderate enhancement of the mass without washout (ERc: 122.6, ERn: 126.6, ERd: 128). ADCr, ADC ratio; ERc, corticomedullary phase
enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.
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Figure 5. Oncocytoma in the right kidney of a 41-year-old man. (A) Axial T2-weighted magnetic resonance image shows a renal mass with slightly high SI
compared to renal parenchyma (T2SIR=116). (B) Apparent diffusion coefficient (ADC) maps show diffusion restriction in the renal mass (ADCr=75). Axial
non-enhanced (C) and contrast-enhanced T1-weighted MR images in corticomedullary (D), nephrogenic (E), and delayed (F) phases show strong heterogenous
enhancement of mass in corticomedullary followed by washout (ERc: 281.9, ERn: 259, ERd: 250.4). ADCr, ADC ratio; ERc, corticomedullary phase enhancement
ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio.

There was a statistically significant difference in ADCr between clear
cell RCC and papillary RCC, and between papillary RCC and oncocy-
toma (P <.001).

Recognition of Clear Cell Renal Cell Carcinoma

The most efficient parameters in discriminating clear cell RCC
from other renal cortical tumors were ERc and T2SIR (Table 3).
Between the 2 tumor groups, sensitivity was 80.4% and specificity
was 73.5% in ERc with a cutoff value of 283.6 and sensitivity was
78.4% and specificity 70.6% in T2SIR with a cutoff value of 107.2
(Figure 6).

DISCUSSION

In our study, T2 signal ratios, ADCr, and ER parameters obtained from
mpMRI examination had high diagnostic accuracy in differentiating
common subtypes of renal cortical tumors.

Each subtype of renal cortical tumors has different T2 signal properties
as they have different histological, morphological, and genetic char-
acteristics. Clear cell RCCs tend to be hyperintense on T2WI due to
necrosis and/or cystic degeneration. Papillary cell RCCs are usually
hypointense on T2WI due to hemosiderin deposition.'>!> Whereas,
chromophobe RCCs tend to have moderate-to-low T2 signals. T2 sig-
nals of oncocytomas are usually high compared to the renal cortex,

Table 2. Statistically Significant P Values of the Quantitative Characteristics Between Each Renal Cortical Tumor Type

Clear Cell RCC
and Papillary Clear cell RCC and Clear cell RCC and Papillary RCC and Papillary RCC and Chromophobe RCC
RCC Chromophobe RCC Oncocytoma Chromophobe RCC Oncocytoma and Oncocytoma
T2SIR <.001 1.000 1.000 <.001 <.001 1.000
ERc <.001 .031 1.000 .639 <.001 352
ERn .004 .075 1.000 1.000 .007 .038
ERd 264 202 813 1.000 .040 .031
ADCr .001 1.000 1.000 317 <.001 424

ADCr, apparent diffusion coefficient ratio; ERc, corticomedullary phase enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase enhancement ratio; RCC, renal
cell carcinoma; T2SIR, T2 signal intensity ratio. Statistically significant p values are in bold format.

Table 3. Results of ROC Analysis and Measures of Accuracy in Determining Clear Cell RCC

T2SIR ERc ERn ERe ADCr
AUC 0.771 (0.662-0.881) 0.828 (0.736-0.921) 0.668 (0.543-0.793) 0.59 (0.463-0.717) 0.682 (0.55-0.814)
P <001 <001 .009 162 005
Cutoff 107.2 283.6 291.1 283.05 80.25
Sensitivity 78.4 (64.68-88.71) 80.4 (66.88-90.18) 74.5 (60.37-85.67) 54.9 (40.34-68.87) 84.3 (71.41-92.98)
Specificity 70.6 (52.52-84.9) 73.5 (55.64-87.12) 61.8 (43.56-77.83) 52.9(35.13-70.22) 58.8 (40.7-75.35)
PPV 80 (69.97-87.29) 82 (71.91-89.02) 74.5 (64.94-82.19) 63.6 (53.12-72.99) 75.4 (66.89-82.36)
NPV 68.6 (55.32-79.36) 71.4 (58.06-81.87) 61.8 (48.52-73.46) 43.9 (33.55-54.82) 71.4 (55.49-83.37)
Accuracy 75.3 (64.75-84.01) 77.7 (67.31-85.97) 69.4 (58.47-78.95) 54.1 (42.96-64.98) 74.1 (63.48-83.02)

ADCr, apparent diffusion coefficient ratio; AUC, area under curve; ERc, corticomedullary phase enhancement ratio; ERd, delayed phase enhancement ratio; ERn, nephrogenic phase
enhancement ratio; NPV, negative predictive value; PPV, positive predictive value; RCC, renal cell carcinoma; T2SIR, T2 signal intensity ratio.
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Figure 6. Receiver operating characteristic curves for parameters T2 signal
intensity ratio (T2SIR), corticomedullary phase enhancement ratio (ERc),
nephrogenic phase enhancement ratio (ERn), delayed phase enhancement ratio
(ERd), and apparent diffusion coefficient ratio (ADCr).

and a hypointense stellate scar may be found in the central part.!* In a
study, Cornelis et al® determined that the T2 signal ratio was the lowest
in papillary RCCs and AMLs of renal cortical tumors, while this rate
was higher in chromophobe RCCs, clear cell RCCs, and oncocytomas.
In our work, parallel to the literature, T2SIR was the lowest in papil-
lary RCCs, and there was a statistically significant difference in the
differentiation from other types of tumors. In the univariate analysis,
T2SIR was statistically different in distinguishing between clear cell
RCCs and other renal cortical tumors (P=.004). Between the 2 tumor
groups, sensitivity was 78.4% and specificity was 70.6% in T2SIR with
a cutoff value of 107.2. The use of TSIR in multiparametric MRI plays
a crucial role in the differentiation of subtypes of renal cortical tumors
by increasing the diagnostic efficiency.

Diffusion-weighted imaging, which provides information on the cell
density, has been valuable in oncological imaging and has also been
used for differentiation of RCC subtypes. Most researchers briefed that
the ADC values of clear cell RCCs are higher compared to RCC sub-
types but are similar to oncocytomas.'*!” As ADC values vary based on
devices and magnetic field strength, we used the ADCr in our study,
which we considered could eliminate these differences. There are few
studies in the literature that differentiate RCCs using the ADCr.!>181°
Zhong et al'® used ADCr to distinguish oncocytoma from chromophobe
RCCs and found a statistically significant difference. In our study, the
highest ADCr was in oncocytoma and the lowest ADCr was in pap-
illary RCCs. There was a statistically significant difference between
papillary RCCs and oncocytoma and between papillary RCC and clear
cell RCC (P < .001). The findings of our study were parallel to those
of the study by Cornelius et al.'” In differentiating clear cell RCC and
other renal cortical tumors, the sensitivity was 84.3 and the specificity
was 58.8, with a cutoff value of 0.80 in ADCr. We think that this may
be employed as a determining parameter in the differentiation of RCC
subtypes, regardless of the device.

As clear cell RCC is known to have higher vascularity than other RCC
subtypes, such as chromophobe RCCs and especially papillary RCCs,
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researchers have aimed to differentiate renal tumor subtypes based on
the degree of enhancement of tumors on contrast enhanced comput-
erized tomography and MRIs.**> These researchers identified statis-
tically significant differences between the degree of enhancement in
different RCC subtypes. Also, this made it difficult to distinguish clear
cell RCC with contrast-enhancement alone, as the contrast levels of
clear cell RCC and other renal cortical tumors, especially oncocytoma
and angiomyolipoma, were generally similar.** In our work, there was
a statistically significant difference between papillary RCC and both
clear cell RCC and oncocytoma in ERc and ERn (P <.008). There was
a statistically significant difference between chromophobe RCCs and
clear cell RCCs in ERc and between chromophobe RCCs and oncocy-
toma in ERn and ERd (P=.031, P=.038 and P=.031, respectively). In
the logistic regression analysis between clear cell RCC and other renal
cortical tumors, the parameters that were statistically significant in both
univariate and multivariate analyses were ERc and ERn (P <.001). The
most effective parameter in the differentiation of the 2 groups was ERc,
with a cutoff value of 283.6; sensitivity was 80.4%, specificity was
73.5%, positive predictive value was 82%, negative predictive value
was 71.4%, and accuracy was 77.7%. Multiparametric magnetic reso-
nance imaging can be used to distinguish clear cell RCC from other
renal cortical tumors in patients with small tumors that are less likely
to be diagnosed by biopsy or who are at high medical risk for interven-
tional procedures.

Our study has some limitations. First, it is designed retrospectively.
While readers are blinded to the final pathology, there is inherent bias
in this structure. Second, ROI locations and assessments were made
in agreement with 2 radiologists, and interobserver variability was
not calculated. Studies with more than 1 reader will confirm these
results. Third, the number of chromophobe RCCs in our study was
low in proportion to the incidence of this subtype among society. At
last, our study did not cover the entire RCC spectrum, as undifferenti-
ated RCC subtypes and other rarer subtypes were not included in our
study. However, we do not think these 3 subtypes we selected affect the
power of our study as they constitute 90% of all RCCs encountered in
clinical practices.

CONCLUSION

We think that the diagnostic sensitivity and specificity of mpMRI,
including T2SIR and ERc, which is used to distinguish clear cell RCC
from other common subtypes of renal cortical tumors, is high. The use
of the quantitative parameters of mpMRI may be useful in treatment
planning in elderly patients with comorbidities at high risk for biopsy
or surgery, or to encourage active surveillance where appropriate.
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