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Background: The prevalence of renal masses has escalated as a result of the 
augmented utilization of cross-sectional imaging techniques. The approach to 
managing renal masses may exhibit variability contingent upon the subtype of renal 
cell carcinoma (RCC). Aim: This research aimed to distinguish between clear cell 
and papillary RCCs, utilizing dynamic contrast magnetic resonance imaging (MRI) 
and diffusion‑weighted imaging (DWI). Materials and Methods: The study 
assessed the MR images of 112 patients with RCC. Two radiologists independently 
analyzed tumor size, vascular involvement, signal characteristics in T1- and 
T2-weighted sequences, the presence of hemosiderin, both microscopic 
and macroscopic fat content, enhancement patterns, and apparent diffusion 
coefficient (ADC) values derived from b‑values of 1000 s/mm². Results: Seventy 
patients had clear cell RCC, and 42 had papillary. In the clear cell RCC, microscopic 
fat content was significantly higher than the papillary RCC (P < 0.001). However, 
in papillary RCC, hemosiderin content was substantially greater (P = 0.001). 
On T2-weighted MR images, clear cell RCCs were usually hyperintense, while 
papillary RCCs were hypointense (P < 0.001). Even though the rapid enhancement 
pattern was observed in clear cell RCCs, the progressive enhancement pattern was 
more prevalent in papillary RCCs (P < 0.001). Conclusion: Hyperintensity on 
T2-weighted images, microscopic fat content, and rapid enhancement pattern may 
be indicative of clear cell RCC, whereas hypointensity on T2-weighted images, 
hemosiderin content, and a progressive contrast pattern may be diagnostic for 
papillary RCC.
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The management of renal masses may vary depending 
on the subtype of RCC. They respond differently to 
molecularly targeted therapy. Clear cell RCCs respond 
to tyrosine kinase inhibitors. However, the rapamycin 
inhibitor (temsirolimus) is more effective for treating 
nonclear cell RCCs.[10,11] For therapeutic regimens, it is 
essential to know the precise subtype of the RCC before 

Original Article

Introduction

T he frequency of incidental solid renal masses has 
grown due to the increased use of cross-sectional 

imaging.[1] The condition exhibits a mortality rate ranging 
from 30% to 40% and displays a higher incidence in 
males as compared to females. Apart from gender, RCC 
is associated with additional risk factors such as obesity, 
hypertension, smoking, and chronic kidney disease.[2,3] 
The three most prevalent subtypes of RCC are clear cell 
RCC, papillary RCC, and chromophobe RCC.[4,5] With a 
5-year survival rate of 44%–69%, clear cell carcinomas 
have a poorer prognosis than the other subtypes.[6-9]
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treatment. A biopsy can be used to diagnose solid renal 
masses histopathologically. Nevertheless, it can cause 
complications such as hemorrhage, requiring the use of 
noninvasive cross-sectional imaging.[12]

Due to the variability of imaging properties and the 
convergence of imaging features, the absence of 
effective imaging criteria for distinguishing RCC 
subtypes remains a difficulty. Multiparametric magnetic 
resonance imaging (MRI) is a valuable noninvasive 
method for the detection and evaluation of renal masses 
because of its substantial soft-tissue contrast that enables 
the characterization of lesions’ contrast enhancement 
pattern, microscopic or macroscopic fat content, and 
restriction of diffusion. This technique might aid in the 
classification of RCC subtypes. Clear cell RCC may 
be indicated by hyperintensity on T2-weighted images, 
microscopic lipid content, and a rapid enhancement 
pattern, whereas papillary RCC may be indicated by 
hypointensity on T2-weighted images, hemosiderin 
content, and a progressive contrasting pattern. In our 
study, we aimed to determine the diagnostic utility of 
multiparametric MRI in identifying and differentiating 
the most prevalent RCC subtypes.

Materials and Methods
Study population
This retrospective research was authorized by the 
Ethics Committee of our university (approval number: 
2023/95) and examined patients with RCC whose 
diagnosis was verified histologically following surgery 
from June 2016 to February 2023. The study’s inclusion 
criteria were as follows: (a) patients who underwent 
multiparametric 3T abdomen MRI before surgery; (b) 
patients with no invasive procedures carried out before 
the operation; (c) patients surgically confirmed to have 
RCC; (d) patients with clear cell or papillary RCC 
verified histopathologically.

The search resulted in the identification of 337 patients. 
52 patients treated at other hospitals, 107 patients without 
a 3.0T MRI examination, 28 patients who underwent 
presurgical invasive procedures, 13 patients whose image 
quality was not optimal for evaluation due to artifacts, and 
21 patients with pathological subtypes other than RCC (ten 
patients with angiomyolipoma, eight patients with renal 
oncocytoma, and three patients with metastasis) were 
omitted from this research. Only four of the remaining 
116 patients had chromophobe RCC. Due to the small 
sample size, these patients were excluded from the study. 
Finally, the study comprised a total of 112 patients (70 
with clear cell RCC and 42 with papillary RCC), including 
73 males and 39 females. The interval between the MRI 
and the operation varied between 7 and 14 days.

MRI examination
A 3.0-T MR unit (Verio; Siemens Medical Solutions, 
Erlangen, Germany) with a 16-channel phased array 
surface coil for signal reception was utilized for 
the examination. The imaging sequences included 
T2-weighted Half-Fourier Acquisition Single-Shot 
Turbo Spin Echo (HASTE) images in the transverse 
and coronal planes (25 slices; thickness: 3 mm with 
no intersection gap; TR/TE: 1000/95 ms; number of 
signals acquired: 2; voxel size: 1.2 × 1.2 × 4 mm), 
T1-weighted volumetric interpolated breath-hold 
examination (VIBE)-Dixon images in the transverse 
plane (30 slices; thickness: 3 mm with no intersection 
gap; TR/TE: 4.15/1.36 ms; number of signals acquired: 
2; voxel size: 1.2 × 1.2 × 3 mm) (reconstruction of 
fat, water in phase and opposed-phase images acquired 
before and after contrast during cortico-medullary, 
early nephrographic, and late nephrographic 
phases). For diffusion‑weighted imaging (DWI), 
respiratory-triggered single-shot echo-planar 
sequences were performed in the axial plane [matrix, 
160 × 192; FOV, 36–44 cm; slice thickness, 4 mm; 
intersection gap, 1 mm; bandwidth, 250 kHz/pixel; 
acquisition time, 4–5 min; flip angle, 90°; number of 
excitations (NEX), 6] and images were acquired at 
b-values of 1000 s/mm2.

Image analysis
Two radiologists with between nine and seventeen 
years of experience interpreting abdominal MRI scans 
evaluated MRI images separately. All patients were 
diagnosed with RCC; however, the histological subtype 
of the tumor was unknown to the researchers.

On axial T2-weighted sequences, the mean tumor size 
was measured. Vascular involvement was considered 
when renal vein invasion was present. Using T2-weighted 
HASTE and non-contrast T1-weighted VIBE-Dixon 
images, signal characteristics in the renal mass were 
evaluated only in the enhancing areas of the lesion. 
Analysis of post-contrast images allowed an accurate 
evaluation of the renal tumor’s enhancing portions. The 
signal intensity was classified as hypointense, isointense, 
or hyperintense relative to the renal cortex.

On opposed-phase images, a distinct decrease in signal 
intensity compared to in-phase images at the identical 
anatomic location is regarded as conclusive evidence 
of microscopic fat in a renal mass.[13] When the 
subjective evaluation was inconclusive, a quantitative 
evaluation utilizing a region of interest (ROI) was 
attempted. The presence of microscopic fat was 
ascertained by comparing the signal intensity within 
an ROI located within the mass on in-phase images 
to the signal intensity within the same ROI on 
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opposed-phase images. If the former was greater 
than the sum of the standard deviation of the ROI 
measurements on both in-phase and opposed-phase 
images, then the presence of microscopic fat was 
confirmed. The assessment of hemosiderin involved 
a comparison of signal intensity between in-phase 
imaging and opposed-phase imaging, with a focus 
on the susceptibility effect resulting in decreased 
signal intensity.[14] The evaluation of macroscopic fat 
presence in the lesion was conducted by assessing 
fat-suppressed T1-weighted sequences alongside 
in-phase and opposed-phase sequences.

The enhancement pattern was classified into two 
groups: rapid enhancement (which peaked during 
the cortico-medullary or nephrographic phase) and 
progressive enhancement (which peaked in the delayed 
phase). The identification of significant enhancement 
was confidently established through visual examination. 
To perform a quantitative evaluation of heterogeneous 
tumors, a region of interest (ROI) measuring 
approximately 100 mm2 was positioned within the tumor 
region exhibiting the highest degree of intense contrast 
enhancement, as determined by visible evaluation.

The minimum ADC value (ADCmin), mean 
ADC value (ADCmean), and maximum ADC 
value (ADCmax) were also assessed. The analysis of 
signal intensity in apparent diffusion coefficient (ADC) 
mapping is limited to the enhancing components of the 
masses, and cystic or necrotic areas were ruled out of 
the renal mass. For each lesion, a ROI was carefully 
formed on the ADC map to include as much of the 
lesion as possible [Figure 1].

Statistical analysis
With the assistance of the SPSS 25.0 software, statistical 
analyses were conducted. Using histograms and the 
Kolmogorov–Smirnov test, the conformance of the 
variables to the normal distribution was determined. 
Mean, standard deviation, median, and interquartile 
range (IQR) values were utilized for presenting 
descriptive statistics. The Pearson Chi-squared test was 
utilized to evaluate the association between categorical 
variables. The Mann–Whitney U test was used to 
compare non-normally distributed (nonparametric) 
variables between two groups. Instances with a 
P value of less than 0.05 were regarded as statistically 
significant.

Results
Patients
Our research included 112 patients. 70 patients (49 males, 
21 females) were characterized as having clear cell RCC, 

and 42 patients (24 males, 18 females) were identified 
as having papillary RCC based on histopathology. The 
mean ages of the two groups were 56.16 ± 13.04 and 
54.14 ± 10.91, respectively. Gender (P = 0.167) and 
age (P = 0.482) were not significantly different among 
the two subgroups.

Interobserver agreement
The level of agreement between the two observers was 
assessed with the interclass correlation coefficient (ICC) 
or Cohen’s kappa. Except for the difference in T1 
signal intensity compared to the kidney (kappa value 
of 0.73), both the ICCs and the kappa values were 
above 0.8, showing that there was almost perfect 
agreement [Table 1].

Image analysis
In the clear cell RCC group, the mean diameter of 
the tumor was 57.97 ± 33.50 mm, whereas the mean 
diameter of the tumor in the papillary RCC group was 
41.57 ± 27.24 mm. The clear cell RCC group had a 
larger mean tumor diameter than the papillary RCC 
group (P = 0.047).

The evaluation of MR image characteristics revealed 
a substantial difference between the microscopic fat 
and hemosiderin content of the masses. 43 (61.4%) 
of 70 clear cell RCCs and 6 (14.3%) of 42 papillary 
RCCs had microscopic fat, and the difference was 
statistically significant (P < 0.001) [Figure 2]. The 
sensitivity of the microscopic fat content was 72.8%, 
and the specificity was 98.2%. 18 (42.9%) of 42 
papillary RCCs and 8 (11.4%) of 70 clear cell RCCs 

Figure 1: An example of a manually generated ROI for analyzing 
ADC values on the ADC map. The lesion was hypointense on the axial 
T2W (a) (white arrow) and hyperintense on the DW image (b) It was 
hypointense on the ADC sequence. These sequences were referenced 
for specifics, and cystic areas inside the lesion were not evaluated (white 
arrow) (c) Thus, the ROI was placed on the ADC map (d)
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had hemosiderin [Figure 3]. The difference was 
quantitatively substantial (P = 0.001) [Table 2]. The 
hemosiderin content had a sensitivity of 71.1% and a 
specificity of 94.9%.

1 (2.4%) of 42 papillary RCCs and 4 (5.7%) of 70 
clear cell RCCs had macroscopic fat; the difference 
was not significant (P = 0.408). Vascular involvement 
was observed in 12 (17.1%) of 70 clear cell RCCs 

Table 1: MRI image features’ kappa values for lesions measured by two observers
Magnetic resonance imaging features Weighted kappa Level of agreement
Microscopic fat content 0.91 Almost perfect
Macroscopic fat content 0.85 Almost perfect
Hemosiderin content 0.82 Almost perfect
Vascular involvement 0.96 Almost perfect
Enhancement pattern 0.94 Almost perfect
T1 signal intensity compared to the renal cortex 0.73 Substantial
T2 signal intensity compared to the renal cortex 0.89 Almost perfect

Figure 2: Clear cell renal cell carcinoma in a 56-year-old woman. The lesion was heterogeneous, hyperintense on the axial T2W image (a) (white 
arrow) and hypointense on the axial fat-suppressed T1W image (b) The observation of hyperintensity in the in-phase series (c) and hypointensity in the 
opposed-phase series (d) was compatible with the presence of microscopic fat. In the contrast-enhanced sequences, mild wash-out was observed (e and f)

d

c

b f

a e

Figure 3: Papillary renal cell carcinoma in a 39-year-old man. Axial T2W (a) (white arrow) and fat-suppressed T1W (b) Images show heterogeneous signal 
intensity. In the in-phase (c) Opposed-phase (d) Series, hypointensity (white arrow) due to hemosiderin content was observed. In the contrast-enhanced 
sequences, progressive enhancement was observed (e and f)
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and 5 (11.9%) of 42 papillary RCCs. There was no 
statistically noteworthy difference (P = 0.454) [Table 2].

On T2-weighted MR images, 55 (78.6%) of 70 clear 
cell RCCs were hyperintense, whereas 6 (14.3%) of 
42 papillary RCCs were hyperintense in comparison 
to the renal cortex. The masses of 34 (80.9%) patients 
with papillary RCC and 10 (14.3%) patients with 
clear cell RCC were hypointense compared to the 
renal cortex [Figures 4 and 5]. With 87.5% sensitivity 

and 95.3% specificity, the difference was statistically 
significant (P < 0.001) [Table 2].

On T1-weighted MR images, 27 (64.3%) of 42 
papillary RCCs and 39 (55.7%) of 70 clear cell 
RCCs were isointense compared to the renal 
cortex. Compared to the renal cortex, the masses 
of 8 (19.0%) patients with papillary RCC and 
19 (27.2%) patients with clear cell RCC were 
hypointense. The signal intensity on T1-weighted MR 

Table 2: Comparison of papillary and clear cell renal cell carcinoma findings
Papillary RCC 

n (%)/mean±s.d.
Clear cell RCC 

n (%)/mean±s.d.
P

Age 54.14±10.91 56.16±13.04 0.482a

Sex Male 24 (57.1) 49 (70.0) 0.167b

Female 18 (42.9) 21 (30.0)
Tumor diameter (mm) 41.57±27.24 57.97±33.50 0.047a

Microscopic fat Absent 36 (85.7) 27 (38.6) <0.001b

Present 6 (14.3) 43 (61.4)
Macroscopic fat Absent 41 (97.6) 66 (94.3) 0.408b

Present 1 (2.4) 4 (5.7)
Hemosiderin Absent 24 (57.1) 62 (88.6) 0.001b

Present 18 (42.9) 8 (11.4)
Vascular involvement Absent 37 (88.1) 58 (82.9) 0.454b

Present 5 (11.9) 12 (17.1)
Enhancement pattern Rapid 5 (11.9) 52 (74.3) <0.001b

Progressive 37 (88.1) 18 (25.7)
T1 signal intensity compared 
to the renal cortex

Hyperintense 7 (16.7) 12 (17.1) 0.593b

Hypointense 8 (19.0) 19 (27.2)
Isointense 27 (64.3) 39 (55.7)

T2 signal intensity compared 
to the renal cortex

Hyperintense 6 (14.3) 55 (78.6) <0.001b

Hypointense 34 (80.9) 10 (14.3)
Isointense 2 (4.8) 5 (7.1)

RCC=Renal cell carcinoma. aMann–Whitney U Test; bChi-squared test 

Figure 4: Clear cell renal cell carcinoma in a 57-year-old man. The lesion was hyperintense on T2W sequences (a) (white arrow) and the apparent 
diffusion coefficient image showed hypointensity consistent with diffusion restriction (b) Hyperintensity in the in‑phase series (c) and hypointensity 
in the opposed-phase series (d) were observed, which was consistent with microscopic fat content. In the contrast-enhanced sequences, the arterial 
phase (e) shows rapid enhancement of the mass and wash-out in the delayed phase (f)
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images did not vary substantially between the two 
RCC subtypes (P = 0.593) [Table 2].

When assessing the enhancement characteristic of the 
RCCs, 52 (74.3%) of 70 clear cell RCCs peaked in 
the cortico-medullary or nephrographic phase, and 
37 (88.1%) of 42 papillary RCCs peaked in the delayed 
phase, which was statistically significant between the 
two groups (P < 0.001) [Figures 4 and 5]. The sensitivity 
was 87.5%, and the specificity was 95.3% [Table 2].

The ADCmin (0.789 × 10-3 mm²/s in the papillary 
RCCs, 0.624 × 10-3 mm²/s in the clear cell RCCs), 
ADCmean (1.536 × 10-3 mm²/s in the papillary RCCs, 
1.325 × 10-3 mm²/s in the clear cell RCCs), and 
ADCmax (2.013 × 10-3 mm²/s in the papillary RCCs, 
1.988 × 10-3 mm²/s in the clear cell RCCs) values of the 
papillary RCCs were all higher than those of the clear 

cell RCCs; however, the difference was not statistically 
significant. The P values were 0.412, 0.173, and 0.626, 
respectively [Figure 6].

Discussion
In this study, the diagnostic significance of 
multiparametric 3T MRI was assessed for distinguishing 
clear cell RCC from papillary RCC. Recent studies 
have demonstrated that clear cell RCC often exhibits 
high signal intensity in T2-weighted images, a 
propensity for heterogeneity due to necrosis, cystic 
degeneration, or bleeding, and hypo- to isointense 
signal intensity in T1-weighted images.[15] They were 
found to frequently exhibit heterogeneous enhancement 
during the arterial phase and enhance more rapidly 
than other RCC subtypes, which is a distinguishing 
characteristic amongst RCC subtypes. Clear cell 
carcinomas are further distinguished by the presence 
of intralesional microscopic fat, which may present 
as a loss of signal intensity on opposed-phase MRI 
sequences.[16-18] Our research revealed a statistically 
significant increase in microscopic fat content and 
hyperintensity on T2-weighted images in the clear 
cell RCC subtype, which is consistent with prior 
investigations. Clear cell RCCs tend to infiltrate blood 
vessels, most often the renal vein and inferior vena 
cava. Hence, the examination of vascular involvement is 
crucial.[19] However, no significant disparity was detected 
in vascular involvement between the two subtypes in 
our investigation.

Papillary RCCs frequently exhibit regions of cystic 
degeneration, hemorrhage, and necrosis.[20] They often 
have low T2 signal intensity and hypovascularity 

Figure 6: ADC values of papillary renal cell carcinomas and clear cell 
renal cell carcinomas are seen. Apparent diffusion coefficient values are 
expressed as × 10-3 mm²/s

Figure 5: Papillary renal cell carcinoma in a 25-year-old man. The lesion was hypointense on axial T2W (a) (white arrow) and fat-suppressed T1W (b) 
images. In the in‑phase (c) and opposed‑phase (d) series, no findings related to fat content were detected. In the contrast‑enhanced sequences, the mass 
is not significantly enhanced in the arterial phase (e) but progressively enhanced in the delayed phase (f)
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with progressive enhancement after contrast material 
injection, according to previous research,[21,22] and may 
include hemosiderin, causing signal loss on in-phase 
images compared to opposed-phase images in MRI 
imaging which was consistent with our study.

In addition, we investigated the contrast enhancement 
features of RCCs by measuring the signal intensity 
throughout various stages of multiparametric MRI 
and found that clear cell RCCs peaked in the 
cortico-medullary or nephrographic phase, whereas 
papillary RCCs peaked in the delayed phase. Similar 
to our study, Campbell et al. revealed that papillary 
RCC enhances less than the renal parenchyma in 
the early phases and exhibits gradual progressive 
enhancement, while clear cell RCC enhances more than 
the parenchyma during the cortico-medullary phase and 
shows wash-out during the late phases.[23] Chandarana 
et al.[24] observed that the cortico-medullary phase 
contrast enhancement ratio may distinguish clear cell 
RCC from papillary RCC with 90.9% sensitivity and 
84.2% specificity. Sun et al.[25] reported the greatest 
variation in signal intensity was in early-phase images. 
Comparing clear cell RCCs to nonclear cell RCCs as a 
whole, Serter et al.[26] observed an important difference 
in contrast enhancement ratio values in the venous phase 
only.

Similar to what we reported, Outwater et al. and Karlo 
et al. found that in clear cell RCC, as opposed to 
nonclear cell RCC, a visible reduction in signal intensity 
on opposed-phase series was detected substantially more 
often.[18,27]

Previous research has identified the presence of 
intralesional macroscopic fat in a subset of RCCs 
with clear cell differentiation. However, this is not 
a subtype‑specific finding, as papillary RCC may 
rarely include fat.[28] In our research, macroscopically 
substantial fat was not observed in RCCs.

In our study, clear cell RCC had lower ADC values 
than papillary RCC, although the difference was 
not statistically significant. Chen et al.[29] observed 
that the median ADC value for clear cell RCC was 
1.67 × 10-3 mm2/s, while for nonclear cell RCC it was 
3.67 × 10-3 mm2/s. According to different research, ADC 
signals with clear cell RCC were considerably lower.[30] 
On the contrary, Li et al.[31] found that nonclear cell RCC 
had lower ADC values than clear cell RCC, and the 
majority of samples with ADC values <1.42 × 10-3 mm2/s 
were nonclear cell RCC. This may be due to the 
patient cohort of the study. Long illness progression 
and substantial tumor growth were characteristics of 
the selected cases in their research. Large tumors are 

susceptible to cystic transformation, which can lead to 
higher ADC values in patients with clear cell carcinoma.

Our study had several limitations. We were unable to 
include cases of chromophobe cell carcinoma since 
we had just four cases. This may be because of their 
relatively low frequency; nevertheless, larger-scale 
investigations are necessary to confirm these 
observations. Patients whose mass was too advanced 
for resection were omitted. Due to the retrospective 
nature of our study, selection bias was unavoidable 
despite the use of strict criteria for inclusion. We did not 
evaluate the correlation between imaging and histology 
features of RCCs. The distribution of enhancement was 
determined by the tumor’s differentiation level and was 
associated with many alterations in its histology.

In conclusion, in MRI scans conducted with the 
preliminary diagnosis of renal mass, hyperintensity 
on T2-weighted images, microscopic fat content, and 
a rapid enhancement pattern may indicate clear cell 
RCC, while hypointensity on T2-weighted images, 
hemosiderin content, and a progressive contrasting 
pattern may suggest papillary RCC.
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