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ARTICLE INFO ABSTRACT
Keywords: Purpose: To assess the ability to discriminate oncocytoma from RCC based on a model using whole tumor ADC
R‘enal cell carcinoma histogram parameters with additional use of tumor volume and patient characteristics.
Iéldney neoplasms Method: In this prospective study, 39 patients (mean age 65 years, range 28-79; 9/39 (23%) female) with 39
ncocytoma

renal tumors (32/39 (82%) RCC and 7/39 (18%) oncocytoma) underwent multiparametric MRI between
November 2014 and June 2018. Two regions of interest (ROIs) were drawn to cover both the entire tumor
volume and a part of healthy renal cortex. ROI ADC maps were calculated using a mono-exponential model and
ADC histogram distribution parameters were calculated. A logistic regression model was created using ADC
histogram parameters, radiographic and patient characteristics that were significantly different between onco-
cytoma and RCC. A ROC curve of the model was constructed and the AUC, sensitivity and specificity were
calculated. Furthermore, differences in intra-patient ADC histogram parameters between renal tumor and
healthy cortex were calculated. A separate ROC curve was constructed to differentiate oncocytoma from RCC
using statistically significant intra-patient parameter differences.

Results: ADC standard deviation (p = 0.008), entropy (p = 0.010), tumor volume (p = 0.012), and patient sex (p
= 0.018) were significantly different between RCC and oncocytoma. The regression model of these parameters
combined had an ROC-AUC of 0.91 with a sensitivity of 86% and specificity of 84%. Intra-patient difference in
ADC 25th percentile (p < 0.01) and entropy (p = 0.030) combined had a ROC-AUC of 0.86 with a sensitivity and
specificity of 86%, and 81%, respectively.

Conclusion: A model combining ADC standard deviation and entropy with tumor volume and patient sex has the
highest diagnostic value for discrimination of oncocytoma. Although less accurate, intra-patient difference in
ADC 25th percentile and entropy between renal tumor and healthy cortex can also be used. Although the results
of this preliminary study do not yet justify clinical use of the model, it does stimulate further research using
whole tumor ADC histogram parameters.

Magnetic resonance imaging
Diffusion weighted MRI

1. Introduction seventh most common malignancy in the developed world [1].
The majority of renal lesions suspected for RCC are incidental find-
Renal cell carcinoma (RCC) comprises 85% of all renal cancers. With ings on imaging performed for reasons other than diagnosis of RCC [2].
more than 400,000 new cases worldwide in 2018, RCC is considered the Contrast enhanced CT and MRI are used to differentiate lesions

Abbreviations: ADC, Apparent Diffusion Coefficient; AUC, Area Under the Curve; BMI, Body Mass Index; DWI, Diffusion Weighted Imaging; RCC, Renal Cell
Carcinoma; ROC, Receiver Operator Characteristics; ROI, Region of Interest.
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suspicious for malignancy within this group of renal tumors [3,4].
Despite their routine use, these imaging techniques cannot completely
reliably distinguish RCC from several benign renal tumors, specifically
oncocytoma [5,6]. The best sensitivity to predict the presence of a renal
oncocytoma on multiphasic contrast enhanced CT scan has been found
for a homogenous enhancement of a renal tumor and is 81% [7].

This lack in ability to discriminate is due to the appearance of
oncocytoma as solitary, well demarcated, hypervascular, contrast
enhancing renal cortical tumors on imaging, which mimics the
appearance of RCC [8]. Renal tumor biopsy may be helpful, but onco-
cytoma are often difficult to distinguish from chromophobe RCC, and up
to one-third of the oncocytic tumors are hybrid and have a malignant
component [9,10]. In recent studies of partial nephrectomy, about 20%
of all resected lesions suspected for RCC are shown to be benign, with
the majority of these lesions being oncocytoma [11,12].

In patients with localized RCC and treated with curative intent, the 5-
year recurrence rates range from 20 to 30% [13]. There is an extremely
wide range of 5-year survival rate ranging from 9 to 81% depending on
TNM stage, nuclear grade and RCC subtype. In a recent study of 1015
patients with metastatic RCC (stage IV) a median survival of only 8.7
months was observed for 641 patients who received targeted therapy
and 7.2 months for nontargeted therapy [14]. On the other hand,
oncocytomas have no malignant potential, and only sporadically show
renal vein invasion, and local recurrence after surgery [15,16]. There-
fore, active surveillance is considered a proper management alternative
for histologically proven oncocytomas, especially in case of smaller tu-
mors [4,17]. Thus, superfluous surgery and invasive diagnostics, such as
renal biopsies, can be avoided if oncocytomas can be discriminated
noninvasively from RCC on imaging.

Diffusion-weighted imaging has proven to be a promising diagnostic
imaging modality for genitourinary malignancies [18]. In renal tumors,
apparent diffusion coefficient (ADC) values are lower for RCC compared
to oncocytoma [19]. Several recent studies used the mean ADC value
obtained from small regions of interest (ROIs) within the tumor for
differentiation of renal tumors [20]. However, this method is susceptible
to variability in ROI placement which is an inherent limitation. Also,
placement of smaller ROIs may not reflect all histopathologic features in
the tumor [21]. Literature shows overlap in mean RCC and non-RCC
ADC values using this method, hampering use of ADC values in clin-
ical practice [19]. To develop a clinically applicable model, the pre-
dictive measure should be measured quickly and reliably, i.e.
independent of ROI placement. Recent studies suggest the use of whole
tumor ADC distribution parameters, such as entropy, skewness, and
kurtosis for differentiation of small renal masses [21,22]. Apart from
DWI parameters, predictors for renal tumor malignancy are tumor size
and male sex [23]. We hypothesized that a composite classification
model that includes DWI-derived measures, such as ADC distribution
parameters, tumor volume and demographic characteristics may reli-
ably distinguish RCC from oncocytoma.

The purpose of this study was to assess the ability to discriminate
oncocytoma from RCC based on the ADC distribution parameters with
additional use of tumor volume, and patient demographic
characteristics.

2. Materials and methods
2.1. Patients

This prospective study, performed at the Radboud University Medi-
cal Center, was compliant with Health Insurance Portability and
Accountability Act, approved by local institutional review board and
registered on clinicaltrials.gov (NCT02325921). Written informed con-
sent was obtained from each eligible patient before enrollment.

Because whole tumor volume ADC histogram parameters were un-
available at the time the study was initiated, a difference in mean ADC
values considered relevant for the study endpoint was formulated on
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basis of relevant literature, and used for sample size calculation. The
formula used for sample size calculation is: N = 2(Za + Z[S)2 *s2/d2
was set at 0.05 (two sided test) and  was set at 0.10. Corresponding Zo
and Zf were 1.96, and 1.28, respectively. “s” was the expected standard
deviation which was set at 0.3 s/mm?, “d” was the considered relevant
difference in mean ADC values between histological subtype of renal
tumors which was set at 0.5 s/mm? [5,24]. Using this formula and ADC
values, approximately 7 patients should be evaluated in every group.
Because oncocytoma was expected to be the smallest group, the study
was ended when 7 oncocytoma evaluable on study endpoint were
included.

Between October 2014 and June 2018, a total of 45 consecutive
patients planned to undergo (partial) nephrectomy and 3 for a renal
tumor biopsy were included in the study. Inclusion criteria were:
radiologic diagnosis of renal tumor based on previous ultrasonography,
CT or MRI examinations; being at least 18 years of age; and histopath-
ologically confirmed renal tumor diagnosis. Exclusion criteria were:
contraindications for MRI (non-MR compatible metal device/foreign
bodies, claustrophobia); an active renal or peri-renal infection; prior
treatment for renal malignancies; cystic tumor; artefacts in DWI images
impeding accurate tumor segmentation and reliable parameter calcu-
lation, and known metastatic disease.

Data of 9 patients who underwent surgery were excluded for the
following reasons: severe imaging artifacts within the tumor (n = 2);
presurgical tumor embolization (n = 1); cystic tumors (n = 3); or
absence of histologically confirmed renal tumor (n = 3). The final cohort
included 39 patients (9 females, mean age 65 years, range: 38-79) with
39 lesions (3 biopsy proven): 32 malignant RCCs (25 clear cell, 2
chromophobe, 3 papillary, 1 clear cell papillary, and 1 mucinous tubular
and spindle cell RCC), and 7 oncocytomas (Table 1).

Table 1
Patient demographics and tumor characteristics.
Variable Renal cell Oncocytoma
carcinoma n=7)
(n=32)
Age (y) 65.1 (38-79) 64.7 (28-75)
No. of women 5 (16) 4 (57)
Body mass index (kg/m?) 27.8 (22.0-36.7) 26.9
(20.7-35.2)
Tumor volume (cm®) 262.4 47.9
(5.7-1261.1) (3.5-169.2)
Affected side
Left 16 (50.0) 2(28.6)
Right 16 (50.0) 5(71.4)
Type of procedure
Robot assisted laparoscopic partial 7 (21.9) 4 (57.1)
nephrectomy
Open partial nephrectomy 1(3.1) 0
Laparoscopic radical nephrectomy 9(28.1) 0
Open radical nephrectomy 15 (46.9) 0
Percutaneous biopsy 0 3(42.9)
Tumor stage
T1 14 (43.8) 6 (85.7)
T2 1(3.1) 1(4.3)
T3 16 (50) 0
T4 1(3.1) 0
Histological subtype RCC N/A
Clear cell 25 (78.1)
Papillary 309.9)
Chromophobe 2(6.3)
Papillary clear cell 1(3.1)
Mucinous tubular and spindle cell 1@3.1)
Nuclear grading (Fuhrman) N/A
I 1(3.1)
i 10 (31.3)
11T 11 (34.4)
v 7 (21.9)
Unknown 3(9.4)

Note: Data are presented as mean (range) or No. (%). RCC = renal cell carci-
noma, N/A = not applicable.
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Patients’ renal medical history, as well as the information about di-
agnoses, biopsies, and surgical procedures were collected. Pre-operative
chronic kidney disease (CKD) stage based on serum creatinine level was
assessed according to standard clinical practice [25]. Demographic data,
including age, sex and body mass index (BMI), were also collected [23].

2.2. Imaging protocol

Imaging was performed within 21 days prior to surgery or biopsy
using a 3T MRI system (Magnetom Trio, Siemens Healthineers, Erlan-
gen, Germany) and a combination of a 32-channel receiver coil and
phased array body surface coil. Patients were positioned in a feet-first
supine position. The scanning protocol included breath hold anatom-
ical T2-weighted multi-slice half-Fourier-acquired single-shot turbo spin
echo (HASTE) sequences in axial and coronal directions. DWI was per-
formed using a respiratory triggered coronal single-shot-echo-planar
imaging (SS-EPI) sequence with b-values of 50, 800 and 1400 s/mm?
with diffusion gradients applied in three orthogonal directions (see
Table 2 for detailed parameters).

2.3. Image analysis

The image analysis workflow is shown in Fig. 1. DICOM images were
exported to an offline work-station for processing. Respiratory motion
artifacts in DW images with different b-values were minimized by one
reader (IS) using semi-automatic co-registration (FireVoxel, CAIZR, New
York University, NY). Registration was done separately for each kidney
(with and without the tumor), resulting in two datasets for each patient.
Next, two observers blinded for clinical and histopathological informa-
tion (IS and MA, with 1 and 3 years of experience in abdominal imaging,
respectively), independently drew ROIs on both registered DWI datasets.
Both readers were supervised by a radiologist (JF, 15 years of experience
in abdominal radiology). In tumor-bearing kidneys, the ROI covered the
entire tumor on all slices where tumor was visible. ROIs were also drawn
in the contralateral kidneys covering at least 5 cm® of the cortex for
reference measurements. The volumes of the ROIs were calculated. To
reduce partial volume effects, edge voxels were removed from the ROI
using a 3D morphological erosion [26]. A mono-exponential model, S/
So = exp (—b+ADC), was fitted voxel-wise to the measured signal in-
tensities (Sp), where b is the diffusion sensitivity parameter and So = S(b
= 0), using a nonlinear least squares method in MATLAB (v. R2019a,
MathWorks; Natick; MA, USA). The voxel-based ADC values of the
tumor and renal cortex ROIs were then used for histogram analysis.

Voxels with extreme signal intensity values (outside Tukey’s fences
with k = 1.5 based on the histogram analysis) were considered not
representative. To avoid influence of the resulting extreme ADC values
on the histogram analysis those voxels were removed from the analysis
[27]. Then, the following ADC histogram parameters were derived:
mean, mode, standard deviation, 5th percentile, 10th percentile, 25th
percentile, 75th percentile, 95th percentile, entropy, skewness and
kurtosis. (Fig. 2). Inter-observer agreement for tumor volume and

Table 2

Magnetic resonance imaging parameters.
Imaging parameter T2WI Axial T2WI Coronal DWI
TR/TE (ms) 2000/92 2000/103 2800/77
Flip angle O 150 140 90
No. of slices 30 30 35
Slice thickness (mm) 4 5 4
Field of view (mm) 450 x 450 400 x 400 380 x 309
Matrix size 320 x 256 320 x 256 192 x 154
Voxel size (mm x mm) 1.4 x 1.8 1.3 x 1.6 2.0 x 25
b-values (s/mm?) N/A N/A 50/800/1400

Note: T2WI = T2-weighted magnetic resonance imaging, DWI = diffusion
weighted magnetic resonance imaging, TR = repetition time; TE = echo time, N/
A = not applicable.
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histogram parameters were tested in ten randomly selected cases.
2.4. Pathological assessment

Biopsy or surgical pathology specimens obtained from solid tumor
regions were fixed in formalin, embedded in paraffin, cut into 4-um
sections and stained with hematoxylin and eosin. Histopathological di-
agnoses were made by a board-certified pathologist, according to WHO
classification of renal tumors [28].

2.5. Statistical analysis

For descriptive analysis, median (range) and mean (+SD) values
were calculated. Interobserver agreement, including 95% confidence
intervals, between tumor volumes and histogram measures of ten
randomly selected cases obtained by the two readers was tested using an
intraclass correlation coefficient (ICC, absolute agreement). The ICC
greater than 0.70 and 0.80 were interpreted as a good and excellent
agreement, respectively.

The Mann-Whitney test was used to compare the ADC histogram
parameters between the RCCs and oncocytomas and to compare the
tumor volume, age and BMI in the two patient groups. The differences
between the two groups by patient sex were assessed using the Chi-
square test.

To discriminate oncocytoma from RCC, a logistic regression model
was created using parameters that were significantly different between
the two tumor types or patient groups. Collinearity of model parameters
was tested using the variance inflation factor (VIF), defined as VIF = 1/
a- Rz), where R? is the coefficient of determination between a given
predictor (parameter) and all other predictors. A VIF > 4 was considered
as presence of multicollinearity, and such parameters were excluded
from the model.

First, logistic regression analysis for predicting oncocytoma was
performed using only the imaging derived parameters. A second model
was constructed by adding the demographic parameters. Receiver
Operating Characteristic (ROC) curves for both regression models were
created and the area under the curve (AUC) was calculated. The optimal
sensitivity and specificity were selected by maximizing the Youden’s
index (J = sensitivity + specificity-1). The ROC curves were compared
using the DeLong method [29]. Standard errors (SE) and confidence
intervals (CI) of AUC were calculated for comparison of the models
(www.medcalc.org).

A subgroup analysis including only oncocytoma and clear cell RCCs
was performed using logistic regression for predicting oncocytoma
presence. Likewise to the previous models, first, a model only including
the significantly different imaging derived parameters was constructed
followed by a second model including significantly different patient
characteristics.

A separate analysis was performed to evaluate the discriminative
value for oncocytoma using intra-patient ADC histogram parameter
differences between renal tumor and healthy renal cortical tissue. The
ADC histogram parameter differences in the oncocytoma and RCC group
were compared using the Mann-Whitney test. ADC histogram parame-
ters with significant, non-collinear differences between the oncocytoma
and RCC groups were used for logistic regression analysis to predict
oncocytoma and an ROC-AUC was calculated for this regression model.
To better translate findings to clinic, rather than consensus measure-
ment, measures from one observer (IS) were used for predictive
modeling.

Analyses were done using Statistical Package for the Social Sciences
version 25.0 (SPSS, IBM, Armonk, New York, USA). For all tests a p-
value <0.05 was considered statistically significant.

3. Results

Mean tumor volumes measured by reader IS and MA were 237 cm®


http://www.medcalc.org
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Fig. 1. Image analysis workflow.

(range, 11-604 em®) and 222 cm® (range, 11-538 cm®), respectively.
The interobserver agreement for tumor volume was excellent (ICC,
0.98). For the ADC histogram parameters, agreement was as follows:
mode 0.60, entropy 0.72, skewness 0.78, kurtosis 0.81; and for SD, mean
and all percentiles 0.98-0.99. Therefore, analyses were done using the
ROIs drawn by reader IS.

3.1. Imaging derived parameters

The ADC standard deviation and ADC entropy were statistically
significantly different between oncocytoma and RCC. The ROC-AUC for
these two parameters separately were 0.17 and 0.81, respectively. The
ADC mean, mode, kurtosis, and the ADC percentiles did not differ
significantly between the two tumor types (Table 3).

Mean largest tumor diameter was 7.6 + 3.2 cm (range, 2.2-14.6 cm)
for RCCand 4.2 + 2.1 cm (range, 2.2-7.1 cm) for oncocytoma. The mean
tumor volumes differed significantly between RCC (262 + 291 cm?
range, 6-1261 cm3) and oncocytoma (48 + 59 cmg; range, 3-169 cmg).

The ROC-AUC for tumor volume was 0.19.

No multicollinearity between the significantly different imaging
derived parameters was present. Therefore, three imaging-derived pa-
rameters - ADC standard deviation, ADC entropy, and tumor volume -
were used in the regression models. The imaging derived parameter
regression model ROC-AUC was 0.90, with the maximum sensitivity and
specificity of 86% and 81%, respectively (Fig. 3).

3.2. Incremental use of demographics

Analysis of demographic parameters showed sex to be statistically
significantly different between RCC and oncocytoma patients. Patient
age and BMI were not significantly different between the two groups
(Table 3). No multicollinearity between the significant ADC histogram
parameters and sex was observed. ROC-AUC for sex was 0.71. The
addition of patient sex to the imaging derived parameter regression
model resulted in ROC-AUC of 0.93 (AUC difference 0.03; 95% C.I.
—0.033 to 0.087; SE. 0.03) (Fig. 3). The maximum sensitivity and
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Fig. 2. Coronal T2-weighted image, showing a tumor (oncocytoma, red arrow) in the left kidney (A). Coronal diffusion weighted image (b = 50 mm?/s) showing the
same oncocytoma (B). Region of interest at one of the slices is shown in red (C). Calculated ADC map of the region of interest (D). ADC map of region of interest after
outlier removal (based on volumetric ADC histogram) (E). In (D-E), color bars show ADC values in s/mm?. In (F) the histogram of ADC values in this tumor is shown.
Whole tumor ADC values after outlier removal are shown in red. The outliers are depicted in blue. The vertical lines represent the mean and percentiles used for
statistical analysis.

specificity were 86% and 84%, respectively. ADC standard deviation and ADC entropy were statistically significantly
different between oncocytoma and clear cell RCC, likewise to the anal-
ysis including all RCC subtypes. The ADC mean, mode, kurtosis, and the
3.3. Oncocytoma versus clear cell RCC sub analysis ADC percentiles didn’t differ between the two tumor types (Table 4).
The ROC-AUC for these two parameters separately were 0.09 and 0.82

For the DWT histogram parameters in the subgroup analysis only the
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Table 3
Demographic and apparent diffusion coefficient histogram parameters in the
renal cell carcinoma and oncocytoma groups.

Variable Renal Cell Carcinoma Oncocytoma p-value*
(n=32) n=7)

Sex 0.018
Men 27 (84) 3(43)
Women 5(16) 4 (57)

Age (y) 65.1 +9.2 64.7 + 16.6 0.359

BMI (kg/m?) 27.8 + 3.8 26.9 + 5.0 0.583

Tumor volume (cm3) 262 + 291 48 + 59 0.012

Tumor diameter (cm) 7.6 +£3.2 4.2 + 2.1 0.013

Histogram parameters
Mean 1.50 + 0.32 1.49 £+ 0.59 0.770
Mode 1.35+0.31 1.48 + 0.59 0.400
Standard deviation 0.40 + 0.15 0.22 + 0.09 0.008
Skewness 0.33 £ 0.31 0.08 + 0.42 0.133
Kurtosis —0.05 + 0.54 0.07 £ 0.41 0.464
Entropy 3.14 + 0.14 3.31 £ 0.15 0.010
5th percentile 0.90 + 0.30 1.13 £0.51 0.200
10th percentile 1.01 + 0.28 1.20 + 0.52 0.242
25th percentile 1.21 +£0.28 1.34 £ 0.55 0.380
75th percentile 1.77 £ 0.41 1.63 + 0.64 0.826
95th percentile 2.22 +0.50 1.89 £0.71 0.242

Note: Data are mean + standard deviation; data in parentheses are percentages.
Mean, mode, standard deviation, and percentiles of apparent diffusion histo-
gram parameters are in x10~> mm?/s.

" Group differences were tested with the Mann-Whitney test, unless stated
otherwise.

™ Group difference tested with the chi-square test.

respectively. Furthermore, the median tumor volume differed signifi-
cantly between clear cell RCC and oncocytoma (151 cm?; range, 6-1261
cm® versus 41 cm?; range, 3-169 cm3). The ROC-AUC for tumor volume
was 0.14.

In the absence of any multicollinearity between the significantly
different imaging derived parameters - ADC standard deviation, ADC
entropy, and tumor volume - were used in this subanalysis likewise to
the previous regression models including all RCC subtypes. The ROC-
AUC of the imaging derived parameter regression model was 0.94,
with the maximum sensitivity and specificity of 88% and 86%, respec-
tively. Sex was the only statistically significantly different demographic

ROC Curve
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parameter between clear cell RCC and oncocytoma patients with an
ROC-AUC of 0.71. The addition of patient sex to the imaging derived
parameter regression model resulted in ROC-AUC of 0.94 (AUC differ-
ence 0.03; 95% C.I. —0.033 to 0.087; SE. 0.03) (Fig. 4). The maximum
sensitivity and specificity for this model were 84% and 100%,
respectively.

3.4. Intra-patient ADC histogram differences

Intra-patient comparison of ADC histogram parameter difference
between healthy renal cortex and tumor tissue showed a significant

Table 4
Demographic and apparent diffusion coefficient histogram parameters in the
clear cell renal cell carcinoma and oncocytoma groups.

Variable Renal Cell Carcinoma Oncocytoma p-value*
(n = 25) =7

Sex 0.035
Men 21 (84) 3 (43)
Women 4 (16) 4 (57)

Age (y) 66.4 + 8.6 64.7 + 16.6 0.537

BMI (kg/mz) 27.9 + 3.8 26.9 £ 5.0 0.632

Tumor volume (cm®) 303.0 + 310.9 48 + 59 0.004

Tumor diameter (cm) 81+33 42+21 0.006

Histogram parameters
Mean 1.57 4+ 0.30 1.49 £+ 0.59 0.982
Mode 1.40 £+ 0.28 1.48 + 0.59 0.538
Standard deviation 0.43 £ 0.13 0.22 + 0.09 0.001
Skewness 0.28 + 0.28 0.08 + 0.42 0.245
Kurtosis —0.15 + 0.48 0.07 + 0.41 0.245
Entropy 3.13+0.16 3.31 £0.15 0.011
5th percentile 0.92 £+ 0.30 1.13 £ 0.51 0.264
10th percentile 1.05 + 0.28 1.20 £+ 0.52 0.327
25th percentile 1.27 + 0.27 1.34 + 0.55 0.509
75th percentile 1.87 £ 0.37 1.63 £+ 0.64 0.538
95th percentile 2.34 + 0.44 1.89 £ 0.71 0.096

Note: Data are mean + standard deviation; data in parentheses are percentages.
Mean, mode, standard deviation, and percentiles of apparent diffusion histo-
gram parameters are in x10~> mm?/s.

* Group differences were tested with the Mann-Whitney test, unless stated
otherwise.

" Group difference tested with the chi-square test.
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Fig. 3. Receiver operator characteristic curves of the logistic regression models to predict oncocytoma presence. Depicted in blue is the ROC curve combining the
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difference in mean ADC, entropy and 5th, 10th, and 25th percentile
between RCC and oncocytoma (Table 5). Because multicollinearity was
found for mean ADC and ADC percentiles, only the 25th percentile was
used in the regression model combined with entropy because it has the
highest individual sensitivity (86%) and specificity (88%). ROC-AUC for
the model combining ADC entropy and 25th percentile was 0.86 with a
maximum sensitivity and specificity of 86%, and 81%, respectively.

4. Discussion

In this study we show that renal whole tumor ADC distribution pa-
rameters are of value in discriminating oncocytoma from RCC. A model
combining these parameters with tumor volume and patient sex yields
the highest diagnostic value to predict the presence of an oncocytoma.

Direct comparison of renal tumor mean ADC values between
different studies is cumbersome. Studies including the analysis of
oncocytoma are very scarce and numbers do not exceed 16 cases per
study [30]. In recent literature 13 studies analyzed ADC values collected
from a total of 69 oncocytoma, resulting in an ADC value ranging

Table 5
Intra-patient apparent diffusion coefficient histogram parameter differences
between renal tumor and healthy cortex.

Variable Renal Cell Carcinoma  Oncocytoma p-value
Tumor volume (cm®) 262 + 291 48 + 59 0.012
Healthy cortex volume (cm®) 11.5+ 3.2 11.5+ 2.4 1.000
Mean —2.76 + 0.55 —2.13+0.71 0.030
Mode —2.75 + 0.55 —-1.91 +1.23 0.050
Standard deviation —0.09 + 0.18 —0.16 £+ 0.15 0.310
Skewness 0.32 £ 0.51 0.28 + 0.59 0.770
Kurtosis —0.39 £+ 0.62 0.0.30 + 0.41 0.630
Entropy —0.07 £0.19 0.10 £ 0.14 0.030
5th percentile —2.55 + 0.62 -1.82 +0.76 0.010
10th percentile —2.63 £+ 0.56 —1.90 + 0.76 0.010
25th percentile —2.74 + 0.52 —2.04 +0.72 <0.010
75th percentile —2.79 + 0.61 —2.24 £ 0.74 0.060
95th percentile —2.86 + 0.74 —2.36 +£ 0.71 0.090

Note: Data are in mean + standard deviation. Mean, mode, standard deviation,
and percentiles are in x10~> mm?/s.
" Group differences were tested with the Mann-Whitney test.

between 1.61 and 2.40 mm?/s [19,31,32]. In agreement with our
findings, mean oncocytoma ADC values reported in literature overlap
with RCC ADC values. Accordingly, it is not feasible to derive reliable
thresholds for ADC values [31].

Several factors may contribute to the reported heterogeneity in ADC
values. First, differences in the used equipment and imaging parameters
are a major issue. Studies evaluating the optimal imaging parameters are
lacking, resulting in a wide variety of used protocols hampering direct
comparison of results between different studies. Second, most reported
studies used subjective free hand placement of ROIs covering small parts
of the tumor for obtaining ADC values. Voxel signal intensity hetero-
geneity within the tumor, based on histopathologic features, makes this
approach prone to inter-/intraobserver variability. Third, the use of
mean ADC values for tumor characterization is susceptible to extreme
ADC values within a tumor.

To avoid subjective ROI placement and potential sampling bias, and
to reduce the effect of ADC value heterogeneity on our analysis, we used
whole tumor volume analysis. This method resulted in a good inter-
observer agreement. However, accurate whole tumor segmentation
and subsequent ADC parameter calculation requires high quality images
with minimum artefacts. In daily practice these images may be hard to
acquire because of - for instance - movements of the kidney due to
breathing. In our study two scans were excluded from analysis due to
artifacts hampering accurate tumor segmentation. This may introduce a
bias in favor of the diagnostic accuracy of the model. Furthermore, to
reduce the effect of extreme ADC values in the differentiation of renal
tumors, diffusion parameter histogram analysis can be of value because
distribution parameters are independent of signal intensity [33].

We showed that tumor ADC standard deviation and entropy have
discriminative value for predicting benign nature of renal tumors. Our
findings are in concordance with the study by Li et al., analyzing whole
tumor volumes of 92 renal masses <4 cm, including 7 oncocytoma and
13 angiomyolipoma [34]. Their study showed a significant difference in
entropy between oncocytoma and the three most common RCC sub-
types. Also, a significant difference in ADC standard deviation value
between papillary RCC and oncocytoma was found. Histogram analysis
failed to show significant differences in ADC mean, median, and per-
centiles, as well as in skewness and kurtosis. In the study by Li et al. the
highest AUC (0.851; optimal 80%; specificity 86%) for differentiating
malignant from all benign renal tumors combined was achieved in a
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model combining ADC mean, 90th percentile, and entropy. ADC histo-
gram parameters cannot be compared directly to our study due to dif-
ferences in imaging parameters. Also, AUCs in our study are not
provided for differentiation of oncocytoma separately. In contrast to our
study, Paschall et al. concluded that clear cell RCC cannot be differen-
tiated from oncocytoma using whole volume ADC histogram parameters
based on their study including 26 oncocytoma, 97 clear cell, and 29
papillary RCCs. Analysis of ADC histogram parameters (including me-
dian, mean, skewness, kurtosis and a wide variety of percentiles) of
papillary versus clear cell RCC and papillary RCC versus oncocytoma did
show significant differences. In their study also larger and complex
cystic tumors were included, and for diffusion-weighted imaging b-
values with a maximum of 800 s/mm? were used.

We also analyzed the predictive value of non-diffusion weighted
radiographic and demographic features. In agreement with a study by
Bhindi et al., we found that smaller tumor size (although our study used
volume instead of largest diameter) and female gender are predictive for
a benign tumor [35]. Their study only included T1-2 tumors (300
benign, and 2350 malignant). The number of included oncocytomas is
not clear. Although other studies reported differences in age or patient
BMI between RCC and oncocytoma, we did not confirm these findings.
Our finding is supported by a recent meta-analysis analyzing composite
models and nomograms including radiographic results combined with
demographic or clinical characteristics. This analysis, including 20
studies with 12.149 patients, showed that the only significant predictors
of malignancy were tumor size (effect size, 1.33-fold increased risk per
centimeter), and male sex (effect size, 2.71). The results were not sig-
nificant for other tumor characteristics, age, and BMI [23]. Despite
being in line with existing literature, results from our study regarding
patient sex should be interpreted with care due to the uneven distribu-
tion of men and women between the RCC and oncocytoma groups. The
smaller sample size of our cohort is the most likely explanation for the
strong male predominance in the RCC group, which does not reflect the
2:1 male predominance from larger studies [1]. This uneven distribution
may skew result in favor of women having an oncocytoma, and the true
impact of adding patient sex to a composite model may be less
significant.

Oncocytoma and chromophobe RCC share morphologic, immuno-
histochemical, molecular, and ultrastructural characteristics. These
similar characteristics make it hard to histologically distinguish onco-
cytoma from especially the eosinophilic variant of chromophobe RCC
[9]. This specific differentiation is stressed by the malignant potential of
chromophobe RCC lacking in oncocytoma. Furthermore, 3% - in case of
solitary small renal tumors - up to one-third - mostly in the context of
genetic disorders - of the oncocytic tumors are hybrid and have a RCC,
thus malignant, component [10,36]. This can be a potential pitfall for
renal mass biopsies. A previous study analyzing MRI features (DWI not
included) of oncocytoma and chromophobe RCC showed overlap in
imaging parameters and concluded that differentiation was not reliably
possible [5]. Unfortunately, our study did not include enough chromo-
phobe RCC cases for a separate analysis.

Using whole tumor analysis on imaging, selective tumor (under)
sampling is avoided and small foci of RCC in hybrid tumors may be
diagnosed. This may have a significant impact on the choice of treat-
ment. The insight on the natural course of untreated renal tumors has
grown due to an increase in patients followed by active surveillance. The
risk for progression differs between the histological subtypes of RCC,
with clear cell RCC being an unfavorable subtype [37]. Thus, an
increased ability to characterize renal lesion through imaging may lead
to a change in clinical decision making.

The generalizability of our method to a different dataset is important
for future development of prediction models to aid clinical decision
making. The predictive value of sex and tumor size has been confirmed
in multiple studies. However, the direct comparability of diffusion pa-
rameters to other studies, such as mean ADC value, is depending heavily
on the used imaging parameters. The use of histogram distribution
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parameters, such as entropy, is not dependent on signal intensity and
may be a more robust parameter for comparison between studies. Future
studies including larger, and most likely more heterogeneous datasets
for analysis using machine learning techniques may benefit from the use
of these parameters.

This study has several other limitations. Due to the small numbers,
the included RCC subtypes (clear cell, papillary and chromophobe) were
grouped for analysis. The unique tissue characteristics of these subtypes
may have contributed to a broader range in parameter values. However,
the subanalysis in which these subtypes were excluded did not alter our
findings. Focus of future studies should be differentiation of oncocytoma
from especially clear cell and chromophobe RCC, as papillary RCC can
often be differentiated based on the enhancement pattern. Larger co-
horts better reflecting real world data should be used to confirm our
findings. Another possible drawback for use in clinical routine may be
the methods used for image analysis in this study, which are software
dependent and time consuming. Also, clinical decision making is not
only dependent on the odds of a renal lesion being malignant. Other
factors such as comorbidities and tumor characteristics increasing the
risk for surgical complications should be taken into account. Models
taking these factors into account are very complicated to develop.

In conclusion, we showed that renal whole tumor ADC distribution
parameters are of value in discriminating oncocytoma from RCC. A
model combining ADC standard deviation and entropy, tumor volume,
and patient sex yielded the highest diagnostic value. Intra-patient dif-
ference in ADC 25th percentile and entropy between renal tumor and
healthy cortex can also be of additional value. Although the diagnostic
accuracy of the proposed model, and the preliminary data on which the
results are based do not yet justify clinical use, this study does stimulate
further research using whole tumor ADC histogram parameters to
differentiate renal tumors.
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