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ABSTRACT

Objectives: The objective of this study was to define the characteristic 
imaging appearances of the common renal cell carcinoma (RCC) subtypes. 
Materials and Methods: The Institutional Review Board approval was obtained 
for this HIPAA-compliant retrospective study, and informed consent was waived. 
520 patients (336 men, 184 women; age range, 22–88 years) underwent preoperative 
cross-sectional imaging of 544 RCCs from 2008 to 2013. The imaging appearances 
of the RCCs and clinical information were reviewed. Data analysis was performed 
using parametric and nonparametric statistics, descriptive statistics, and receiver 
operating characteristic analysis. Results: The RCC subtypes showed significant 
differences (P < 0.001) in several imaging parameters such as tumor margins, 
tumor consistency, tumor homogeneity, the presence of a central stellate scar, 
T2 signal intensity, and the degree of tumor enhancement. Low T2 signal intensity 
on magnetic resonance imaging (MRI) allowed differentiation of papillary RCC from 
clear cell and chromophobe RCCs with 90.9% sensitivity and 93.1% specificity. 
A tumor‑to‑cortex ratio ≥1 on the corticomedullary phase had 98% specificity for 
clear cell RCC. Conclusion: The T2 signal intensity of the tumor on MRI and its 
degree of enhancement are useful imaging parameters for discriminating between 
the RCC subtypes while gross morphological findings offer additional value in RCC 
profiling.
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INTRODUCTION

Renal cell carcinoma (RCC) accounts for 90% of all malignant 
renal neoplasms in adults.[1‑3] Disease progression is fatal 
in up to 40%, making RCC the most lethal of all urologic 
malignancies.[4] 40% of RCCs are discovered incidentally 
on imaging examinations performed for nonurologic 
indications.[5] The incidence of RCC has increased globally, 
in part due to greater utilization of cross‑sectional imaging 
leading to improved tumor detection, and heightened 
public awareness of health‑related issues including obesity 
and smoking.[5‑7]

RCCs are classified histologically into distinct subtypes, 
of which clear cell,  papillary, and chromophobe 
tumors represent the majority. Broadly, clear cell 
tumors account for 70%, papillary tumors 10%–15%, 
and chromophobe tumors 5%–6%.[1,3,8,9] Subtype 
differentiation is important as the various subtypes are 
associated with differing biologic behaviors and clinical 
outcomes.[8‑10] Clear cell RCCs have a comparatively 
poor prognosis, papillary RCCs have an intermediate 
prognosis,  and chromophobe RCCs have the best 
prognosis of the three.[8‑10] Thus, RCC subtyping may 
impact clinical decision‑making and have therapeutic 
implications for patients. [11] Several reports have 
suggested that imaging can play a noninvasive role 
in subtype differentiation. [3,8,9,12,13] Clear cell  RCCs 
have a predilection toward tumor heterogeneity 
compared with other subtypes[3,13] due to intratumoral 
hemorrhage, necrosis, or cyst formation and are typically 
hypervascular on postcontrast studies.[13‑17] Papillary 
RCCs (generally type 1) typically appear homogeneous 
and hypovascular on cross‑sectional imaging.[12,13] Some 
chromophobe RCCs exhibit a homogeneous consistency 
despite being a relatively large size.[18] Spoke‑wheel 
enhancement and a central stellate scar – imaging 
findings initially observed in oncocytomas have 
recently been recognized in chromophobe RCCs as 
well.[19‑21] Several studies evaluated the degree of RCC 
enhancement subjectively and quantitatively[13,22‑27] while 
others correlated magnetic resonance imaging (MRI) 
findings such as diffusion‑weighted imaging (DWI) and 
apparent diffusion coefficient (ADC) values, with the 
RCC subtype.[28‑31] Thus, the objectives of this present 
study were: (1) to define the characteristic imaging 
appearances of the various RCC subtypes including 
quantifying the degree of tumor enhancement, (2) 
to integrate the imaging findings with relevant 
demographic and clinical parameters, and (3) to frame 
the results of this study in the context of the existing 
literature.

MATERIALS AND METHODS

The Ethics and Institutional Review Board approval 
was obtained, and informed consent waived for this 
retrospective study. The institution’s pathology database 
was scanned for all surgically resected RCCs from January 
2008 to December 2013. The search yielded a total of 
706 patients. Of this, 520 patients with 544 RCCs were 
enrolled into the study based on the following selection 
criteria: (1) surgically proven RCCs of either clear cell, 
papillary, or chromophobe subtype and (2) availability 
of relevant preoperative cross‑sectional imaging studies, 
including ultrasound (US), computed tomography (CT), 
and/or MRI, on the citywide picture archiving and 
communication system (PACS) system.

The following imaging parameters were documented in 
each RCC: Size, location, margins, lesion homogeneity, and 
consistency, presence or absence of septations or mural 
nodules, presence or absence of calcifications, intratumoral 
fat or central stellate scar, echogenicity on US, vascularity on 
Doppler, degree of enhancement on CT, phase of maximum 
enhancement on CT, signal characteristics on MRI, tumor 
stage, and presence or absence of tumor growth. In cases 
that included a four‑phase CT examination (unenhanced 
phase, corticomedullary phase [CMP], nephrographic 
phase [NGP], and excretory phase [EXP]), the absolute 
enhancement ratio (AER) and tumor‑to‑cortex ratio (TCR) 
were derived as quantitative indices of tumor enhancement. 
The CT attenuation of the RCC was obtained by drawing the 
largest region of interest (ROI) that could be accommodated 
within the most enhancing portion of the tumor on each 
available phase while avoiding cystic and necrotic areas 
and partial volume effects from adjacent structures. The 
renal cortex ROI was placed over a section of the ipsilateral 
kidney that was not involved by the tumor or alternatively 
over the contralateral kidney if the tumor had completely 
replaced the involved kidney.
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The maximum AER and the phase in which this occurred 
were documented. The following MRI parameters were 
evaluated: T1 and T2 signal intensity, presence or absence of 
intratumoral fat, ADC value of the tumor, and ratio of tumor 
ADC to renal parenchyma ADC for b‑value of 500 s/mm2. An 
ROI ≥1 cm2 was placed over the solid portion of the tumor 
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on the ADC map. To obtain the renal parenchyma ADC, 
an ROI of 1 cm2 was placed over the uninvolved ipsilateral 
renal cortex, or alternatively, the contralateral cortex if the 
tumor completely involved the kidney.

The clinical information of all 520 patients was reviewed 
for the following clinical variables: Age at tumor discovery, 
gender, body mass index, and a past medical history of any 
of the following ‑ hypertension, renal calculi, renal disease, 
renal transplant, previous cancer, a first‑degree relative 
with kidney cancer, a predisposing genetic syndrome, 
nonsteroidal anti‑inflammatory drug (NSAID) use, and 
smoking history.

Image interpretation
Two fellowship‑trained board‑certified abdominal 
radiologists (WF and GL) performed a consensus review 
of the tumor imaging features on all the cross‑sectional 
imaging studies, including US, CT, and MRI retrospectively 
with prior knowledge of the clinical and laboratory 
information. The images were displayed in digital imaging 
and communications in medicine format on the PACS 
workstation (IMPAX 6.1, AGFA Healthcare) in the radiology 
department of our institution.

Imaging techniques
The imaging modalities performed and the protocols 
employed varied because cases were acquired from several 
hospitals within the city. The subtle variations in technique 
over the 7‑year study period in this retrospective study may 
be a potential confounding factor. To minimize a potential 
bias from varying dynamic contrast‑enhanced CT imaging 
protocols, we studied the maximum tumor enhancement 
ratio and TCR on CT rather than actual values of tumor 
enhancement to quantitatively assess tumor enhancement 
in the three postcontrast phases. The typical protocols at 
our institution were as follows:
•	 	US	examinations	were	performed	using	a	1–5	MHz	

curved array probe with the patient either in a supine 
or in an oblique lateral position. Short‑axis and 
long‑axis sectional images of the tumor were acquired 
in gray‑scale and color Doppler modes

•	 	CT	examinations	included	a	combination	of	the	
following: An unenhanced CT phase, a CMP at 25 s 
after contrast injection, an NGP at 80 s after contrast 
injection, and an EXP at 120 s after contrast injection. 
Multiplanar axial, coronal, and sagittal datasets were 
acquired. Standard CT parameters include a slice 
thickness of 2 mm, reconstruction interval of 2 mm, 
tube voltage of 120 kVp, and a tube current of 240 mAs. 
Typically, 100 ml of nonionic iodinated contrast media 
was administered intravenously at 4 mL/s by power 
injection

•	 	MRI	examinations	were	performed	on	1.5‑T	clinical	
systems using a combination of unenhanced MR 
sequences and multiphasic contrast‑enhanced 
MR sequences typically acquired at 25–30 s after 
contrast injection (CMP), 75–80 s after contrast 
injection  (NGP), and 120–180 s after contrast 
injection (EXP). Standard unenhanced MR sequences 
included axial and/or coronal T1‑weighted dual‑echo 
in‑and‑out‑of‑phase sequences and axial and/or 
coronal turbo spin‑echo T2‑weighted sequences 
with or without fat suppression  (FS). Dynamic 
postcontrast examinations were performed using a 
3D FS T1‑weighted sequence following intravenous 
administration of gadolinium (0.1–0.2 mL/kg) at a rate 
of 2–5 mL/s by power injection. The slice thickness per 
sequence was 4–6 mm.

Statistical analyses
Continuous variables including patient’s age, tumor size, 
ADC values, maximum tumor enhancement ratio, and TCR 
on CT were expressed as mean ± standard deviation and 
categorical variables including patient’s gender and clinical 
history, tumor multiplicity, location, sonographic features, 
MRI signal features, phase of maximum tumor enhancement 
on CT, interval growth, and staging were expressed as 
values and percentages. The study data – missing values 
excluded – were subjected to the following statistical tests, 
where appropriate:
•	 Chi‑square	test	for	categorical	variables
•	 	One‑way	 ANOVA	 for	 continuous	 variables	

(post hoc analysis with a Bonferroni correction)
•	 	Descriptive	statistics (sensitivity,	specificity,	positive	

predictive value [PPV ], and negative predictive 
value [NPV])

•	 Receiver	operating	characteristic (ROC)	analysis.

All analyses were performed on commercially available 
statistical software (IBM SPSS Statistics, version 22, 2013, 
USA). P <0.05 was considered statistically significant.

RESULTS

There were 520 patients  (mean age – 60 years, age 
range – 22–88 years, 336 males and 184 females with a 
male to female ratio of 1.8) with 544 RCCs. 410 (78.8%) 
patients had 425 (78.1%) clear cell RCCs, 78 patients (15%) 
had 87 (16%) papillary RCCs, and 32 (6.2%) patients had 
32 (5.9%) chromophobe RCCs.

Demographic and clinical characteristics
Data on patient demographics and clinical characteristics 
are included in Table 1. A strong male predilection was 
observed for all subtypes – with the papillary subtype 
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showing a significantly greater proportion of males 
compared with the other subtypes. The papillary subtype 
had a significantly greater proportion of subjects with either 
preexisting renal disease or kidney transplants compared 
with the other subtypes. There were no significant 
differences between the subtypes for parameters such as 
age, history of hypertension, history of renal calculi, history 
of cancer, family history of renal cancer, a predisposing 
genetic syndrome, smoking history, NSAID use, or the 
proportion of subjects with none of the evaluable 
parameters.

Imaging characteristics
Data on the imaging characteristics of the tumor subtypes 
are included in Table 2. 425 tumors with clear cell subtype 
were evaluated by US, while 67 of those were evaluated by 
MRI and 387 of those were evaluated by CT. 87 tumors with 
papillary subtype were evaluated by US, while 11 of those 
were evaluated by MRI and 69 of those were evaluated by 
CT. 32 tumors with chromophobe subtype were evaluated 
by US, while 5 of those were evaluated by MRI and 31 of 
those were evaluated by CT. The chromophobe subtype had 
a significantly larger mean size compared with the papillary 
subtype [Figure 1]. The clear cell subtype had a significantly 
greater proportion of tumors that were poorly marginated 
and heterogeneous [Figure 2] compared with the other 
subtypes. Most papillary tumors were well marginated 
and homogeneous [Figure 3a]. While most chromophobe 
tumors were well marginated, this subtype had an equal 
number of homogeneous and heterogeneous lesions. The 
tumor consistency was most frequently completely solid 
for all subtypes – nevertheless, the clear cell subtype had a 
significantly lower proportion of tumors with a completely 
solid consistency and a significantly higher proportion of 
tumors with a mixed consistency (solid >cystic) compared 
with the other subtypes. A central stellate scar appeared 

to be an exclusive feature of the chromophobe subtype. 
It was visualized on CT and confirmed on histology in 
6 of 32 (18.8%) chromophobe tumors – no clear cell or 
papillary tumors showed a central stellate scar [Figure 4]. 
On US, hypoechoic, isoechoic, and hyperechoic tumors 
were found in all subtypes. However, the clear cell subtype 
had a significantly lower proportion of tumors that were 
hypoechoic and a significantly higher proportion of tumors 
that were hyperechoic compared with the other subtypes. 
The papillary subtype had a significantly greater proportion 
of tumors that were avascular on Doppler US compared 
with the others – most clear cell and chromophobe tumors 
showed vascularity. On MRI, the majority of papillary tumors 
showed low T2 signal intensity [Figure 3a]. This finding 
was a significant discriminator for the papillary subtype 
compared with the other subtypes. The majority of clear cell 
tumors [Figure 2] and 3 of 5 chromophobe tumors on MRI 
showed high T2 signal intensity. However, T2 isointensity 
with the renal cortex was found in a significantly greater 
proportion of chromophobe tumors (2 of 5, 40%) compared 

Table 1: Demographic and clinical characteristics of the renal cell carcinoma subtypes
CC P C P

Number of patients (%) 410/520 (78.8) 78/520 (15) 32/520 (6.2)
Age (years) 60±12 62±11 57±15 0.20
Age range 22-88 21-81 32-81
Gender (% male) 255/410 (62.2) 62/78 (79.5**) 19/32 (59.4) 0.01
Clinical information (%)

Hypertension 188/410 (45.9) 36/78 (46.2) 13/32 (40.6) 0.84
Renal calculi 30/410 (7.3) 9/78 (11.5) 4/32 (12.5) 0.31
Renal disease 76/410 (18.5) 29/78 (37.2**) 6/32 (18.8) 0.01
Transplant recipient 4/410 (1) 4/78 (5.1**) 0/32 (0) 0.04
History of cancer 53/410 (12.9) 9/78 (11.5) 3/32 (9.4) 0.81
Family history of renal cancer 3/410 (0.7) 0/78 (0) 0/32 (0) 0.49
Predisposing genetic syndrome 1/410 (0.2) 0/78 (0) 0/32 (0) 0.79
Smoking history 133/410 (32.4) 16/78 (20.5) 7/32 (21.9) 0.06
BMI ≥25 79/410 (19.3) 10/78 (12.8) 1/32 (3.1**) 0.04
NSAID usage 31/410 (7.6) 8/78 (10.3) 3/32 (9.4) 0.70
None of the above 103/410 (25.1) 20/78 (25.6) 12/32 (37.5) 0.31

**Data which are significantly different from that of the other groups. CC: Clear cell, P: Papillary, C: Chromophobe, BMI: Body mass index, NSAID: Nonsteroidal anti‑inflammatory drug

Figure 1: Boxplots show the tumor size of the renal cell carcinoma subtypes.
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Table 2: Imaging characteristics of the renal cell carcinoma subtypes
CC P C P

Number of tumors (%) 425/544 (78.1) 87/544 (16) 32/544 (5.9)
Multiplicity (%)

Single 397/410 (96.8) 73/78 (93.6) 32/32 (100) 0.14
Multiple 13/410 (3.2) 5/78 (6.4) 0/32 (0)

Location (%)
Right 184/412 (44.7) 47/83 (56.6) 11/32 (34.4) 0.17
Left 215/412 (52.2) 33/83 (39.8) 21/32 (65.6)
Bilateral 12/412 (2.9) 3/83 (3.6) 0/32 (0)
Transplant 1/412 (0.2) 0/83 (0) 0/32 (0)

Size (cm) 5.8±3.4 5±3.9** 7±4.5** 0.02 (overall)
P versus C; 
P=0.02*

Margins (%)
Well marginated 195/425 (45.9**) 76/87 (87.4) 27/32 (84.4) <0.001
Poorly marginated 230/425 (54.1**) 11/87 (12.6) 5/32 (15.6)

Homogeneity (%)
Homogeneous 30/425 (7.1**) 59/87 (67.8) 16/32 (50) <0.001
Heterogeneous 395/425 (92.9**) 28/87 (32.2) 16/32 (50)

Consistency (%)
Completely solid 195/425 (45.9**) 67/87 (77) 25/32 (78.1) <0.001
Completely cystic 29/425 (6.8) 5/87 (5.7) 0/32 (0)
Mixed with solid >cystic 179/425 (42.1**) 8/87 (9.2) 6/32 (18.8)
Mixed with cystic >solid 22/425 (5.2) 7/87 (8.1) 1/32 (3.1)

Central stellate scar (%) 0/419 (0) 0/86 (0) 6/32 (18.8**) <0.001
Calcifications (%) 81/425 (19.1) 15/87 (17.2) 11/32 (34.4) 0.09
Intratumoral fat (%)

Macroscopic fat on CT ± MRI 2/419 (0.5) 2/86 (2.3) 0/32 (0) 0.25
Microscopic fat on MRI 4/67 (6) 0/11 (0) 0/5 (0) 0.44

Septations, if completely cystic or cystic >solid (%) 33/51 (64.7) 4/12 (33.3) 0/1 (0) 0.36
Mural nodules (%) 5/51 (9.8) 1/12 (8.3) 0/1 (0) 0.89
Echogenicity (%)

Anechoic 14/232 (6) 1/42 (2.4) 0/11 (0) < 0.001
Hypoechoic 38/232 (16.4**) 19/42 (45.2) 5/11 (45.4)
Isoechoic 46/232 (19.8) 9/42 (21.4) 3/11 (27.3)
Hyperechoic 134/232 (57.8**) 13/42 (31) 3/11 (27.3)

Doppler ultrasound (%)
Avascular 25/223 (11.2) 21/41 (51.2**) 3/11 (27.3) <0.001
Vascular 198/223 (88.8) 20/41 (48.8**) 8/11 (72.7)

MRI signal (%)
Low T1 and T2 4/67 (6) 5/11 (45.5**) 0/5 (0) <0.001
Low T1, high T2 51/67 (76.1) 1/11 (9**) 3/5 (60)
High T1, low T2 1/67 (1.5) 5/11 (45.5**) 0/5 (0)
High T1 and T2 9/67 (13.4) 0/11 (0) 0/5 (0)
Low T1, isoechoic T2 2/67 (3) 0/11 (0) 2/5 (40**)

MRI signal subanalysis (%)
Low T2 5/67 (7.4) 10/11 (91**) 0/5 (0) <0.001
High T2 60/67 (89.6) 1/11 (9**) 3/5 (60)
Isoechoic T2 2/67 (2.9) 0/11 (0) 2/5 (40**)

ADC
Tumor 1836±511 1451±755 N/A 0.33
Tumor/kidney 0.8±0.2 0.8±0.5 N/A 0.74

Tumor enhancement on CT (%)
Appreciable (≥15 HU) 381/387 (98.4) 51/69 (73.9**) 31/31 (100) <0.001
Not appreciable (<15 HU) 6/387 (1.6) 18/69 (26.1**) 0/31 (0)

Maximum tumor enhancement ratio on CT: 3.2±1.7** 1.0±0.6 1.3±0.4 <0.001 (overall)
CC versus P; 
P<0.001*

CC versus C; 
P=0.003*

Phase of maximum tumor enhancement on CT (%)
Corticomedullary 81/99 (81.8**) 1/14 (7.1) 3/8 (37.5) <0.001
Nephrographic 17/99 (17.2**) 13/14 (92.9) 5/8 (62.5)
Excretory 1/99 (1) 0/14 (0) 0/8 (0)

TCR
Unenhanced 1.2±0.7 1.1±0.4 1.2±0.3 0.79

Contd...
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with cell clear (2 of 67, 2.9%) and papillary (0 of 11, 0%) 
tumors. Table 3 illustrates the diagnostic performance 
of MRI for detecting papillary and chromophobe tumors 
based on the T2 signal intensity.

Most RCCs irrespective of subtype showed tumor 
enhancement, in particular, clear cell tumors [Figure 5]. 
However, 18 of 69 (26.1%) papillary tumors – a statistically 
significant finding – did not show appreciable enhancement 
on CT (<15 HU difference in tumor density between 
enhanced and unenhanced CT images) [Figure 3b]. The 
maximum AER on CT was significantly greater for the clear 
cell subtype compared with the other subtypes [Figure 6]. 
The clear cell subtype had a significantly greater proportion 

of tumors that exhibited maximum enhancement on the 
CMP while the papillary and chromophobe subtypes 
had a significantly greater proportion of tumors that 
exhibited maximum enhancement on the NGP. The phase 
of maximum AER on CT was most frequently the CMP 
followed by the NGP and EXP for clear cell tumors and 
the NGP followed by the CMP and EXP for papillary and 
chromophobe tumors. The TCR for the clear cell subtype 
on all enhanced CT phases was significantly greater 
compared with that of the other subtypes. The diagnostic 
performance of TCR for differentiating the clear cell 
subtype from the other subtypes is illustrated in Figure 7 
and Table 4. The CMP showed the best performance – a 
CMP TCR ≥1 had a sensitivity of 31.9% (95% confidence 
interval [CI]: 26.1%–38.3%), specificity of 98% (95% CI: 

Table 2: Contd...
CC P C P

Corticomedullary 0.9±0.3** 0.4±0.2 0.5±0.1 <0.001 (overall)
CC versus P/CC 

versus C; P<0.001*
Nephrographic 0.7±0.1** 0.5±0.1 0.5±0.2 <0.001 (overall)

CC versus P/CC 
versus C; P<0.001*

Excretory 0.7±0.2** 0.6±0.1 0.5±0.1 <0.001 (overall)
CC versus P/CC 

versus C; P=0.01*
Interval growth (%)

Stable 28/47 (59.6) 6/11 (54.5) N/A 0.76
Progressive (≥20% increase) 19/47 (40.4) 5/11 (45.5) N/A

Stage (AJCC), (%)
I 260/425 (61.2) 64/87 (73.6**) 16/32 (50) <0.001
II 38/425 (8.9) 6/87 (6.9) 11/32 (34.4**)
III 76/425 (17.9) 12/87 (13.8) 4/32 (12.5)
IV 51/425 (12) 5/87 (5.7) 1/32 (3.1)

Extent of involvement (%)
Confined to kidney 298/425 (70.1) 70/87 (80.5) 27/32 (84.3) 0.27
Locally invasive 20/425 (4.7) 3/87 (3.4) 2/32 (6.3)
Vascular involvement 55/425 (12.9) 8/87 (9.2) 2/32 (6.3)
Organ metastases 16/425 (3.8) 4/87 (4.6) 0/32 (0)
Lymph node involvement 36/425 (8.5) 2/87 (2.3) 1/32 (3.1)

**Data which are significantly different from that of the other groups; *Post hoc analysis with a Bonferroni correction. N/A: Not applicable, CC: Clear cell, P: Papillary, C: Chromophobe, 
CT: Computed tomography, MRI: Magnetic resonance imaging, ADC: Apparent diffusion coefficient, TCR: Tumor‑to‑cortex ratio, AJCC: American Joint Committee on Cancer

Figure 2: A 79-year-old female with a pathologically proven clear cell renal 
cell carcinoma in the right kidney on an axial T2-weighted magnetic resonance 
image. The exophytic tumor (arrow) has a heterogeneous internal consistency, 
including foci of high signal intensity.

Figure 3: (a) A 62-year-old male with a pathologically proven papillary renal 
cell carcinoma in the left kidney on an axial T2-weighted magnetic resonance 
image. The well-circumscribed solid tumor (arrow) shows homogeneous low 
T2 signal intensity. (b) A 62-year-old male with a pathologically proven papillary 
renal cell carcinoma in the left kidney on an axial contrast-enhanced computed 
tomography image during the nephrographic phase. The well-circumscribed 
hypovascular solid tumor (arrow) has a homogeneous internal consistency.

ba
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89.6%–100%), PPV of 98.3% (95% CI: 94.4%–99.7%), and 
NPV of 28.7% (24.4%–33.4%) for the clear cell subtype.

The most common stage for all subtypes was stage 
1 – with the papillary subtype showing a significantly 
greater proportion of stage 1 tumors compared with 
the other subtypes. For stage 2 tumors, there was a 
significantly greater proportion of chromophobe tumors 
compared with the other subtypes. The proportion of 
stage 3 and 4 tumors was not significantly different 
between the subtypes. Despite the malignant etiology, 

over half of clear cell and papillary tumors were stable 
over a minimum period of 3 months. Furthermore, there 
were no significant differences in the proportion of stable 
versus progressive tumors between the two subtypes. 
The chromophobe subtype was not evaluated for this 
variable as none of the chromophobe tumors had a 
presurgical follow‑up examination of at least 3 months. 
Finally, there were no significant differences between the 
subtypes for the following parameters – single or multiple 
tumors, tumor location, calcifications, intratumoral fat, 

Table 3: Diagnostic performance of magnetic resonance imaging for papillary and chromophobe renal cell carcinomas based on T2 
signal intensity

Sensitivity + 95% CI Specificity + 95% CI PPV + 95% CI NPV + 95% CI
T2 low signal for papillary RCC (%) 90.9 (58.7-98.5) 93.1 (84.5-97.7) 66.7 (38.4-88.1) 98.5 (92.1-99.8)
T2 isoechoic signal for chromophobe RCC (%) 40 (6.5-84.6) 97.4 (91-99.6) 50 (8.3-91.7) 96.2 (89.3-99.2)
CI: Confidence interval, PPV: Positive predictive value, NPV: Negative predictive value, RCC: Renal cell carcinomas

Figure 4: A 54-year-old female with a pathologically proven chromophobe 
renal cell carcinoma in the right kidney on an axial contrast-enhanced 
computed tomography image during the nephrographic phase. The large 
well-circumscribed solid tumor (arrow) shows a hypoattenuating central stellate 
scar. A simple cyst is incidentally noted in the left kidney.

Figure 5: A 42-year-old female with a pathologically proven clear cell renal 
cell carcinoma in the right kidney on an axial contrast-enhanced computed 
tomography image during the corticomedullary phase. The complex cystic 
tumor has a hypervascular solid mural nodule (arrow).

Figure 6: Boxplots show the maximum tumor enhancement ratio on computed 
tomography of the renal cell carcinoma subtypes.

Figure 7: Receiver operating characteristic analysis of the diagnostic 
performance of tumor-to-cortex ratio for differentiating the clear cell subtype 
from the other renal cell carcinoma subtypes on various computed tomography 
phases.
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septations, mural nodules, ADC value, or the extent of 
tumor involvement.

DISCUSSION

Our study found several significant differences between the 
RCCs subtypes on imaging. This included gross morphologic 
findings such as the tumor margins (well marginated vs. 
poorly marginated), tumor consistency (completely solid 
vs. completely cystic vs. mixed solid and cystic), and tumor 
homogeneity (homogeneous vs. heterogeneous). Most 
nonclear cell RCCs were well marginated (>84%) and 
completely solid (≥77%) while over half of clear cell RCCs 
were poorly marginated and under half were completely 
solid. Over 92% of clear cell RCCs were heterogeneous 
while over 67% of papillary RCC were homogeneous. Our 
findings are consistent with the previous reports.[13,15,16,18,32] 
Among RCCs, a central stellate scar appeared to be 
an exclusive feature of the chromophobe subtype 
although it may also be found in oncocytoma.[19‑21] All 
cases involving a central stellate scar on imaging were 
confirmed histologically.

The tumor signal intensity on T2‑weighted MR images 
was a helpful subtype discriminator. 91% of papillary RCCs 
showed low T2 signal while over 89% of clear cell RCCs 
showed high T2 signal. This is consistent with the previous 
reports.[14,17,32,33]

Several studies found that the RCC subtypes can be 
differentiated by the tumor enhancement.[13,15,26,27,32,34] 
We found that a CMP TCR ≥1 had 98% specificity for 
differentiating clear cell from nonclear cell subtypes. 
Quantitative evaluation of tumor enhancement by Kim 
et al., and Jinzaki et al., yielded similar findings.[13,35] 
Compared with their studies, ours included a larger number 
of RCCs. Several other studies found that clear cell RCCs 
showed greater enhancement than nonclear cell RCCs 
but those studies did not evaluate tumor enhancement 
quantitatively.[22‑25] Avid enhancement in clear cell RCCs 
is attributed to its rich vascular network and alveolar 
microarchitecture.[22] Consistent with Young et al., we found 
that the maximum enhancement for clear cell RCCs was on 
the CMP and for nonclear cell RCCs on the NGP.[27] None 

of the nonclear cell RCCs and only 1 of 425 clear cell RCCs 
showed maximum enhancement on the EXP.

Kim et al., found that calcifications were more common 
in papillary  (32%) and chromophobe  (38%) RCCs 
compared with clear cell (11%) RCCs.[13] The ADC value 
on DWI has been investigated[15,28‑31] with Wang et al., and 
Taouli et al., suggesting a higher mean ADC value for clear 
cell RCCs compared with nonclear cell subtypes although 
Sandrasegaran et al., found no significant differences 
between the two. ADC comparisons between studies are 
made difficult by scanner variability and differences in MR 
acquisition parameters. Our study did not find any significant 
difference between subtypes for calcifications or ADC 
value, or parameters such as multiplicity, tumor location, 
intratumoral fat, septations, mural nodules, or the extent 
of tumor involvement. In terms of clinical characteristics, 
we found that a significantly higher proportion of patients 
with papillary RCCs had a history of renal disease or renal 
transplants. This is consistent with the previous reports.[36,37]

Over half of clear cell and papillary RCCs were stable over 
a minimum 3‑month period. This finding confirms that 
RCCs can show slow growth as suggested by others.[38] It 
is important, therefore, that radiologists are aware that 
interval stability in a renal mass does not necessarily equate 
to a benign etiology. More than half of clear cell RCCs were 
hyperechoic on US. Thus, a hyperechoic renal mass cannot 
be assumed to be an angiomyolipoma and such cases may 
require further assessment by CT/MRI.

The RCC subtypes have been shown to discriminate 
noninvasively on imaging based on a combination of 
parameters such as T2 signal intensity, the degree of tumor 
enhancement, and gross morphological findings. This has 
implications for patient care given that the different RCC 
subtypes are associated with different biologic behaviors, 
prognosis, and response to therapy. However, tissue 
diagnosis is generally required to determine if a lesion is 
benign or malignant.

Our study has several limitations. The number of 
papillary (87) and chromophobe (32) RCCs was relatively 
small due to their low incidence in clinical practice. There 
was a selection bias toward lower stage tumors given that 
most RCCs in our pathologic database were surgical cases 
performed for curative intent. The most common stage 
in all subtypes was stage 1, and the frequency of tumor 
invasion in our study was lower than in previous reports.[1,2] 
To maximize the number of eligible cases, we reviewed all 
available imaging studies, including those from outside 
institutions. In this retrospective study which included RCCs 
scanned over a 7‑year period, we noticed some technical 

Table 4: Receiver operating characteristic analysis of 
the diagnostic performance of tumor‑to‑cortex ratio for 
differentiating the clear cell subtype from other renal cell 
carcinomas subtypes on various computed tomography phases
TCR Az 95% CI P
Corticomedullary phase 0.93 0.89-0.95 <0.0001
Nephrographic phase 0.83 0.79-0.87 <0.0001
Excretory phase 0.75 0.69-0.80 <0.0001
TCR: Tumor‑to‑cortex ratio, Az: Area under the receiver operating characteristic curve, 
CI: Confidence interval
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variability between studies as a result of scanner differences 
and nonuniform imaging protocols. Therefore, our criterion 
of tumor enhancement was applied only to those cases 
from outside institutions where the imaging parameters 
were similar to those performed at our institution.

CONCLUSION

The T2 signal intensity of the tumor on MRI and its degree 
of enhancement are the most useful imaging parameters 
for discriminating between the RCC subtypes, and gross 
morphological findings such as the tumor margins, tumor 
consistency, tumor homogeneity, and a central stellate scar 
offer additional value in RCC profiling.
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