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OBJECTIVE. The purpose of this study was to determine whether qualitative and quan-
titative MRI feature analysis is useful for differentiating type 1 from type 2 papillary renal
cell carcinoma (PRCC).

MATERIALS AND METHODS. This retrospective study included 21 type 1 and 17
type 2 PRCCs evaluated with preoperative MRI. Two radiologists independently evaluated vari-
ous qualitative features, including signal intensity, heterogeneity, and margin. For the quanti-
tative analysis, a radiology fellow and a medical student independently drew 3D volumes of
interest over the entire tumor on T2-weighted HASTE images, apparent diffusion coefficient
parametric maps, and nephrographic phase contrast-enhanced MR images to derive first-order
texture metrics. Qualitative and quantitative features were compared between the groups.

RESULTS. For both readers, qualitative features with greater frequency in type 2 PRCC
included heterogeneous enhancement, indistinct margin, and T2 heterogeneity (all, p < 0.035).
Indistinct margins and heterogeneous enhancement were independent predictors (AUC, 0.822).
Quantitative analysis revealed that apparent diffusion coefficient, HASTE, and contrast-enhanced
entropy were greater in type 2 PRCC (p <0.05; AUC, 0.682—0.716). A combined quantitative and
qualitative model had an AUC of 0.859. Qualitative features within the model had interreader
concordance of 84-95%, and the quantitative data had intraclass coefficients of 0.873—0.961.

CONCLUSION. Qualitative and quantitative features can help discriminate between
type 1 and type 2 PRCC. Quantitative analysis may capture useful information that comple-

ments the qualitative appearance while benefiting from high interobserver agreement.

apillary renal cell carcinoma

(PRCC) comprises 10-15% of all

renal cell carcinomas, making it

the second most common subtype
after clear cell RCC [1]. Previous studies have
shown that PRCC has more favorable out-
comes than clear cell RCC, including a lower
incidence of metastasis and a better survival
rate [1, 2]. However, despite the overall better
prognosis of PRCC, discrete type 1 and type 2
histologic subtypes of PRCC have been identi-
fied, and each has distinct biologic behavior
[3]. Several series have shown that type 2
PRCC is associated with higher nuclear grade,
higher pathologic stage, and poorer survival
than type 1 PRCC [2,4-7]. Because of the ag-
gressiveness of type 2 tumors, conservative
treatment options, such as surveillance, percu-
taneous ablation, and nephron-sparing proce-
dures, may not be appropriate. Furthermore,
adjuvant treatment and modified postsurgical
surveillance protocols may be warranted for
high-risk tumor subtypes [2, 8].

MRI has excellent utility in differentiating
PRCC from other renal neoplasms on the ba-
sis of T2 signal intensity, apparent diffusion
coefficient (ADC) map values, and enhance-
ment pattern [9, 10]. Because evolving strate-
gies for management of small incidental renal
masses include less aggressive percutaneous
ablation and even active surveillance, predic-
tion of type 2 PRCC through imaging is im-
portant for appropriate therapy, given the ag-
gressive behavior of the tumors. Previous
studies have not shown imaging features on
conventional MR images that are reliable for
differentiating PRCC subtypes [11, 12]. Al-
though type 2 PRCC has been found to have
indistinct margins on CT images and hetero-
geneous signal intensity on MR images, the
overlap with type 1 tumors limits the utility of
these qualitative features for prospective dif-
ferentiation of PRCC subtype [11, 13].

Quantitative texture analysis has emerged
as a valuable tool for the evaluation of vari-
ous malignancies and has shown promise for
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TABLE |: Demographics of 37 Patients With 38 Papillary Renal Cell Carcinomas

Type of Papillary Renal Cell Carcinoma
Characteristic 1 2
Sex?

Male 20(88.2) 14 (87.5)
Female 1(11.8) 2(12.5)
Age® 57.5(36-80) 63.2(41-81)
Size (cm)° 2.9+£1.9(0.9-8) 4.7+3.5(1.2-15.5)

Side?
Left 12(57.1) 9(52.9)
Right 9(42.9) 8(47.1)
Pathologic stage?
1 19(90.5) 13(76.5)
2 2(9.5) 2(11.8)
3 0(0) 2(11.8)
4 0(0) 0(0)

@Data are raw number with percentage in parentheses. Type 2 percentages do not always total 100 owing to rounding.

bData are mean with range in parentheses.
¢Data are mean + SD with range in parentheses.

differentiation and outcome prediction of re-
nal masses [14, 15]. This technique extracts
pixel intensity and position data that may not
be visible to the naked eye, thus it may af-
ford more accurate and reliable lesion char-
acterization. First-order texture metrics are
derived from analysis of pixel intensity his-
tograms and include measures such as mean
intensity, kurtosis (histogram flatness), en-
tropy (irregularity), and skewness (histo-
gram asymmetry) [15]. Although several
studies have shown encouraging results de-
riving texture parameters from a single 2D
slice, results of whole-tumor analysis encom-
passing the entire 3D tumor volume have
been found to be more representative of het-
erogeneity [16—19].

The purpose of our study was to evaluate
the performance of quantitative whole-tumor
volume histogram analysis and qualitative
feature assessment for the differentiation of
type 1 from type 2 PRCC on MRI. We hy-
pothesized that quantitative analysis would
have complementary diagnostic utility.

Materials and Methods
Subjects

This retrospective study was approved by the
institutional review board with waiver of informed
consent and was HIPAA compliant. We searched
our nephrectomy database for patients with PRCC
who had undergone preoperative MRI, and we
identified 59 tumors. Tumors were excluded for
the following reasons: pathology report not speci-
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fying PRCC subtype (n = 17), lack of diagnostic-
quality DWI in preoperative MRI (n = 3), and size
smaller than 1 cm (n = 1). The final cohort was 38
PRCC:s (type 1, 21; type 2, 17) in 37 patients. One
patient had two tumors, both type 2 PRCC. Patient
demographic information and tumor characteris-
tics are shown in Table 1.

MRI Technique

MRI examinations were performed with 1.5-T
systems (Magnetom Sonata, Symphony, or Avan-
to, Siemens Healthcare). Because multiple MRI
units were used and the technologist adjusted ac-
quisition parameters to optimize the study, repre-
sentative sequence parameters are provided. These
included the following: axial 2D T1-weighted in-
and opposed-phase gradient-echo sequences (TR,
160-200 ms; opposed-phase TE, 2.0-2.5 ms; in-
phase TE, 4.2-5.0 ms; flip angle, 80°; 70-80%
rectangular FOV, 300-500 mm?; matrix, 112—
208 x 256; section thickness, 6—8 mm); axial or
coronal HASTE (TR/TE, infinite/62—103; flip an-
gle, 150-180°; FOV, 325-500 mm?; matrix, 179—
320 x 256-380; section thickness, 4—6 mm); and
axial fat-suppressed single-shot echo-planar DWI
with b values of 0, 400, and 800 s/mm? (TR/TE,
1500-2000/65-86; 70—-80% rectangular FOV,
325-500 mm?; matrix, 144-192 x 192; section
thickness, 6—8 mm). ADC maps were constructed
at the MRI unit by means of monoexponential fit.
Axial unenhanced and gadolinium-enhanced 3D
fat-suppressed spoiled gradient-echo T1-weighted
volume interpolated breath-hold acquisitions were
also performed (TR/TE, 3.1-4.5/1.1-1.9; flip an-

gle, 12°; 70-80% rectangular FOV, 300-500-
mm; matrix, 125-175 x 256; section thickness,
2-3 mm). The contrast-enhanced images were ac-
quired during the corticomedullary, nephrograph-
ic, and excretory phases after administration of 0.1
mmol/kg gadopentetate dimeglumine (Magnevist,
Bayer HealthCare), which was injected at 2 mL/s
and followed by a 20-mL saline bolus.

Qualitative MRI Analysis

For the qualitative analysis, two blinded radiol-
ogists (readers 1 and 2) with fellowship training in
abdominal imaging and 1 year of experience inde-
pendently evaluated the images. The following tu-
mor features were assessed: tumor size, visible loss
of signal intensity on T1-weighted in-phase images
(indicating hemosiderin), T1 and T2 signal inten-
sity, heterogeneity in relation to renal cortex, DWI
signal intensity in relation to cortex (highest b val-
ue), margin distinctness on contrast-enhanced imag-
es, enhancement heterogeneity in the nephrographic
phase, hypovascularity (tumor signal intensity less
than renal cortex signal intensity on nephrographic
phase contrast-enhanced images), and necrosis on
HASTE and contrast-enhanced images.

In a subsequent qualitative analysis, the abdom-
inal radiologist (reader 2) and an abdominal imag-
ing fellow (reader 4) independently reviewed each
patient’s complete MRI examination and provided
an overall diagnostic impression of either type 1
or type 2 PRCC based only on qualitative features.
For this analysis, sensitivity and specificity and in-
terreader concordance were computed.

Quantitative MRI Analysis

For the quantitative analysis, locally devel-
oped software (Firevoxel) was used to draw 3D
volumes of interest (VOISs) over the entire tumor
on the ADC maps and HASTE and nephrograph-
ic phase contrast-enhanced images. This task was
performed independently by two readers, a medi-
cal student (reader 3) and the abdominal imaging
fellow (reader 4). Both readers underwent a train-
ing session and were given detailed instructions
on how to use the software to draw the largest VOI
possible over every slice that contained the tumor
while avoiding the extreme edge. The VOI file and
histogram information were saved to a file and
processed separately. For ADC, HASTE, and con-
trast-enhanced images, skewness, kurtosis, and
entropy were computed. For ADC, mean signal
intensity was also computed.

Statistical Analysis

For the qualitative analysis, standard summary
statistics were used to calculate frequencies of im-
aging features seen in each PRCC subtype. A Fish-
er exact test and binary logistic regression were
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TABLE 2: Qualitative MRI Feature Analysis of Papillary Renal Cell Carcinoma (PRCC)

Reader1 Reader2
Interreader
Feature Type 1 PRCC Type 2 PRCC p? Type 1PRCC | Type2PRCC p? Concordance (%)

No. of tumors 21 17 21 17

Hemosiderin present 2(9.5) 3(17.6) 0.640 8(38.1) 8(47.1) 0.743 7
T2 hypointense 15(71.4) 8(47.1) 0.185 15(71.4) 8(47.1) 0.185 79
T2 heterogeneous 11(52.4) 15(88.2) 0.034 11(52.4) 16(94.1) 0.010 92
Hyperintense DWI 20(95.2) 15(88.2) 0.577 21(100) 16(94.1) 0.447 89
T1isointense or hyperintense 19(90.5) 16 (94.1) 1 17(81.0) 15(88.2) 0.672 82
T1 heterogeneous 15(71.4) 13(76.5) 1 9(42.9) 14 (82.4) 0.025 74
Indistinct tumor margin 1(4.8) 8(47.1) 0.005 0(0) 9(52.9) 0.0001 84
Hypovascular 19(90.5) 14(82.4) 0.640 20(95.2) 17 (100) 1 89
Heterogeneous enhancement 10 (47.6) 16 (94.1) 0.004 11(52.4) 15(88.2) 0.034 95
Necrosis 1(4.8) 2(11.8) 0.577 2(9.5) 4(23.5) 0.378 87

Note—Except for number of tumors, data are raw number with percentage in parentheses.

aFisher exact test. Bold type indicates p<0.05.

used to assess for associations between qualitative
imaging features and papillary subtype. For the
quantitative analysis, a Mann-Whitney exact test
was used to compare mean histogram measures
between papillary subtypes. Stepwise variable
selection in the context of binary logistic regres-
sion was used to identify combinations of quanti-
tative and qualitative imaging features represent-
ing significant independent predictors of papillary
subtype. In the search for only independent pre-
dictors of a given type (either quantitative or qual-
itative), the results from the two readers provid-
ing the respective measure were combined into a
single overall dataset. Because the readers provid-

ing qualitative data (readers 1 and 2) were differ-
ent from those providing quantitative data (read-
ers 3 and 4), the analysis to examine combinations
of both binary and numeric measures predictive of
papillary subtype was based on a combined dataset
consisting of results from all four combinations of
the two groups of readers. In particular, in the com-
bined dataset, the data for each subject consisted
of numeric measures from reader 1 combined with
binary measures from reader 3 and of correspond-
ing sets of results for reader pairs 1 and 4, 2 and
3, and 2 and 4. Interreader concordance for quali-
tative analysis was determined by calculating the
frequency with which both readers rendered the

same assessment for each imaging feature. For the
quantitative analysis, interreader agreement was
measured using intraclass correlation (< 0.2 indi-
cating no agreement; 0.21-0.40, poor agreement;
0.41-0.60, fair to moderate agreement; 0.61-0.80,
good to substantial agreement; > 0.81, very good to
excellent agreement). All statistical tests were con-
ducted at the two-sided 5% significance level with
SAS software (version 9.3, SAS Institute).

Results

The results of the qualitative MRI feature
analysis are presented in Table 2. Features
present significantly more frequently in type

TABLE 3: Quantitative First-Order Texture Parameters of Type | and Type 2 Papillary Renal Cell Carcinomas (PRCCs)

Reader3 Reader 4
Value Type 1 PRCC Type 2PRCC p? Type 1 PRCC Type 2PRCC p?

Apparent diffusion coefficient

Mean 105.55 + 35.87 122.72 + 44.00 0.102 112.76 + 38.26 119.71 +42.57 0.302
Skewness 0.15+0.51 0.19+0.42 0.883 0.11+0.60 0.20+0.39 0.930
Kurtosis 0.12+0.89 0.18+0.76 0.618 0.35+0.80 0.20+0.77 0.618
Entropy 4.29+0.59 471+0.44 0.026 4.40+0.48 4.70+0.46 0.049
Contrast-enhanced

Skewness 0.19+0.39 0.52+1.14 0.481 0.38+0.30 0.41+0.78 0.883

Kurtosis 0.24+0.74 0.47 +1.03 0.792 0.42+1.13 0.46+0.89 0.445

Entropy 4.14+0.67 4.65+0.49 0.026 4.27+£0.62 4.72+0.42 0.026
HASTE

Skewness 0.49+0.66 0.48+0.54 0.649 0.52+0.62 0.53+0.54 0.639
Kurtosis 0.60+1.89 0.41+0.93 0.670 0.67+1.90 0.66+1.19 0.577
Entropy 471+0.75 5.27+0.57 0.058 4.85+0.63 5.34+0.50 0.035

Note—Data are mean + SD.

a8Mann-Whitney test. Bold type indicates p < 0.05.
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2 than type 1 PRCC for both readers 1 and
2 included T2 heterogeneity (reader 1, 88.2%
vs 52.4%; reader 2, 94.1% vs 52.4%), indis-
tinct tumor margin (reader 1, 47.1% vs 4.8%;
reader 2, 52.9% vs 0%), and heterogeneous en-
hancement in the nephrographic phase (reader
1, 94.1% vs 47.6%; reader 2, 88.2% vs 52.4%)
(all, p < 0.035). Examples of lesions are shown
in Figures 1 and 2. T1 heterogeneity was sta-
tistically significant only for reader 2 (Table 2).

The presence of hemosiderin, T2 signal
intensity, diffusion signal intensity, T1 hy-
perintensity, T1 heterogeneity, enhancement
in relation to renal cortex, and necrosis did
not show a statistical difference between the
PRCC subtypes (Table 2). Interreader con-
cordance ranged from 71% to 95%. Multi-
variate logistic regression analysis revealed
that indistinct margin (p = 0.004) and hetero-
geneous enhancement (p = 0.019) were inde-
pendent predictors of papillary subtype, to-
gether having an AUC of 0.822.

The separate qualitative analysis in which
two readers (readers 2 and 4) independently
used all available MRI sequences to predict
PRCC subtype showed sensitivity of 70.6%
and 47.1%, specificity of 85.7% and 85.7%,
and AUC of 0.78 and 0.66. The interreader
concordance for this analysis was 74%.

The quantitative univariate texture analy-
sis revealed that mean entropy was greater in
type 2 PRCC than in type 1 PRCC on ADC
and contrast-enhanced nephrographic phase
images for both readers (p < 0.05) (Table 3).
HASTE entropy was significantly greater for
reader 4 (p = 0.035) and nearly reached sig-
nificance for reader 3 (p = 0.058). Skewness,
kurtosis, and mean ADC did not have statis-
tically significant differences for either read-
er. Logistic regression analysis revealed that
for reader 3, ADC, nephrographic contrast-
enhanced, and HASTE entropy were sig-
nificant predictors of PRCC subtype (AUC,
0.682-0.716). For reader 4, nephrographic
contrast-enhanced and HASTE entropy were
predictors of PRCC subtype (AUC, 0.704—
0.714). Interreader agreement for entropy
was very good to excellent for all sequenc-
es, with an intraclass coefficient of 0.899
for ADC, 0.961 for HASTE, and 0.873 for
nephrographic phase imaging (Table 4).

When both quantitative and qualitative
measures were allowed to compete for inclu-
sion in the prediction model, HASTE entro-
py (p = 0.004), indistinct margin (p < 0.001),
and heterogeneous enhancement (p = 0.002)
were identified as independent predictors of
papillary subtype, together having an AUC of
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TABLE 4: Interreader Agreement for Quantitative Analysis Performed With

Intraclass Correlation

95% Confidence Limits
Value Intraclass Correlation Coefficient Low High

ADC

Mean 0.799 0.647 0.890

Skewness 0.492 0.204 0.700

Kurtosis 0.473 0.187 0.685

Entropy 0.899 0.814 0.946
HASTE

Skewness 0.921 0.855 0.958

Kurtosis 0.941 0.887 0.969

Entropy 0.961 0.860 0.984
Contrast-enhanced

Skewness 0.754 0.576 0.864

Kurtosis 0.713 0.514 0.840

Entropy 0.873 0.763 0.933

Note—ADC = apparent diffusion coefficient.

0.859. Nearly all (19/21) of the type 1 PRCCs
were pathologic stage I; the other two were
stage II. Two of 17 type 2 PRCC were stage
II1, two were stage 11, and 13 were stage I.

Discussion

In this study, we identified qualitative MRI
features and quantitative first-order textur-
al histogram metrics that are associated with
PRCC subtype. For both readers, the presence
of indistinct margins and heterogeneous en-
hancement had good performance for the pre-
diction of PRCC subtype (AUC, 0.822). The
quantitative model revealed that entropy mea-
sures on nephrographic contrast-enhanced
and HASTE images were predictors of PRCC
subtype for both readers (AUC, 0.682—-0.716).
A model combining quantitative and qualita-
tive features revealed that HASTE entropy, in-
distinct margins, and heterogeneous enhance-
ment were predictors of a subtype with good
performance (AUC, 0.859).

Previous studies have shown that type 2
PRCC has indistinct margins on CT images
[11, 13], but there was overlap with type 1 tu-
mors. For example, Egbert et al. [11] found
that indistinct margins were present in 6% of
type 1 and 33% of type 2 PRCCs, whereas
Yamada et al. [13] found that 37.5% of type
2 tumors had distinct margins. In our study,
indistinct margins were infrequently seen in
type 1 PRCC but were seen in approximate-
ly one-half of type 2 PRCCs. Our qualitative
model showed that tumor margin indistinct-

ness on MR images was an independent pre-
dictor, whereas other previous studies did not
show such an association [11, 12]. The rea-
son for this difference is unclear, but possi-
ble explanations include the smaller number
(six) of type 2 PRCCs in one study [11] or the
poorer spatial resolution of MRI compared
with CT, which may make it more difficult
to detect subtle areas of margin indistinct-
ness. In our study, both readers were instruct-
ed to assess tumor margin on the contrast-
enhanced images, which have 2-mm slice
thickness (interpolated) at our institution.

As we did, other investigators found over-
lap in tumor heterogeneity on both CT and
MR images. Although Egbert et al. [11] found
that all type 2 PRCCs were heterogeneous in
at least one MRI sequence, nearly one-half of
type 1 tumors also exhibited this feature. In
our study, we also found overlap of these im-
aging features: approximately one-half of type
1 PRCCs were heterogeneous on T2-weighted
and contrast-enhanced images.

Subjective qualitative assessment is prone
to interreader variability, as observed in our
study, in which interreader concordance was
as low as 71% for certain features. The inter-
reader concordance for overall prediction of
subtype when only qualitative features were
used was 74%. These factors somewhat lim-
it the role of qualitative feature assessment
alone in guiding clinical management and
warrant evaluation of other potential diag-
nostic criteria, such as quantitative factors.
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Fig. 1—43-year-old man with 4.2-cm type 1 papillary renal cell carcinoma.
A, Axial HASTE MR image shows homogeneous T2 hypointensity.

B, Axial T1-weighted contrast-enhanced MR image shows homogeneous enhancement with well-defined margin.

C, Contrast-enhanced MR image shows shaded volume of interest drawn over whole lesion.
D, Corresponding histogram of signal intensities binned by factor of 40 reveals mean entropy of 3.62 for both readers.

Quantitative analysis has several advan-
tages, including minimization of variability
related to reader subjectivity, as found in our
study, in which there was very good to ex-
cellent interreader agreement. Although our
quantitative model alone had worse AUCs
than the qualitative model for subtype pre-
diction, the combined model had slightly bet-
ter AUCs. A possible cause of the poorer per-
formance of the quantitative model is that the
readers were instructed to draw the largest
VOI possible over the tumor while avoiding
the extreme edge. This was done to avoid the
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effects of volume averaging with the adjacent
renal parenchyma or fat, but the consequence
of such a technique is that data regarding tu-
mor margin are lost. Because the qualitative
model revealed that margin distinctness was
a predictor of tumor subtype, it is possible
that use of a more robust quantitative mod-
el that extracted information related to lesion
margin would have improved performance.
Further refinement of lesion segmenta-
tion technique and quantitative modeling may
prove to be a useful complementary analyt-
ic tool, especially because subjective qualita-

tive feature analyses are prone to interobserver
variability and tumor subtype overlap. A mod-
el that allows successful prediction of PRCC
subtype can help steer patients to appropriate
therapy. This therapy may include more timely
intervention for aggressive tumors and conser-
vative therapy for indolent lesions, especially
in patients whose condition precludes surgery.
Furthermore, patients with the more aggressive
type 2 PRCC subtype may need a more aggres-
sive postsurgical surveillance protocol.
Research findings have shown the value of
texture analysis in various renal applications,

AJR:206, March 2016
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Fig. 2—61-year-old man with 4.8-cm type 2 papillary renal cell carcinoma.

A, Axial HASTE MR image shows heterogeneous T2 signal intensity.

B, Contrast-enhanced T1-weighted MR image shows heterogeneous enhancement with indistinct margins.
C, Contrast-enhanced MR image shows shaded volume of interest drawn over whole lesion.

D, Corresponding histogram of signal intensities binned by factor of 30 reveals mean entropy of 5.82 for both readers.

including tumor classification and prediction
of tumor stage and response to chemother-
apy [14, 20, 21]. Statistical analysis of his-
togram variability can be a useful measure
of lesion characterization. Kurtosis provides
information about the distribution of inten-
sities near the mean; positive kurtosis indi-
cates a greater chance of finding intensity
values near the mean, and negative kurtosis
indicates a greater chance of encountering
extreme values within the tails. Skewness re-
flects the asymmetry of the histogram; a pos-
itive skew indicates a larger tail on the right,
and a negative skew indicates a larger tail on

AJR:206, March 2016

the left. Entropy is a measure of the irregu-
larity of gray-level distribution; greater val-
ues reflect increased lesion heterogeneity. A
random distribution has high entropy, which
generally indicates greater heterogeneity
[22]. At histologic examination, type 2 PRCC
has larger cells with a higher nuclear grade
than does type 1 PRCC [3]. It may be pos-
sible that the imaging heterogeneity reflects
the microscopic structure of type 2 PRCC.
ADC entropy has also been found to be use-
ful for lesion evaluation in the adnexa, where
investigators found that greater entropy was
associated with malignancy [23].

Although texture analysis is a tool that does
not require acquisition of additional images
during the examination, lesion segmentation
and quantitative analysis do require additional
time at the point of interpretation. We used lo-
cally developed texture analysis software, but
there are commercially available (TexRAD,
TexRAD, Ltd.) and free (MaZda, Technical
University of Lodz) programs. Because these
stand-alone software programs allow the im-
port of DICOM image data, PACS compati-
bility issues are not a major concern.

Several limitations to this study warrant
mention. First, it was a retrospective analysis
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with a small sample size. We evaluated first-
order texture features, which do not reflect
spatial information. Drawing of VOIs was
done manually, possibly introducing vari-
ability, but there was very good to excellent
interreader reproducibility. There remains
debate as to whether subtyping of PRCC
has prognostic significance because not all
studies have consistently shown worse out-
comes in type 2 PRCC [24]. It has also been
acknowledged [24] that correct histologic
subtyping requires experience, because oth-
er renal tumors can be misclassified as type
2 PRCC. We did not have pathologists rere-
view the slides for this study because the ini-
tial interpretation was performed by patholo-
gists with genitourinary expertise.

Conclusion

Our results show that there are individual
qualitative and quantitative features associ-
ated with PRCC subtype, but a model com-
bining the two may be a complementary ap-
proach that mitigates the limitations of each.
Quantitative analysis may capture useful
supplementary diagnostic information with
the benefit of high interobserver agreement.
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