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ABSTRACT

This review discusses the evaluation of renal cell carcinoma (RCC) subtypes using computed tomography
(CT) and magnetic resonance imaging (MRI). RCC is a malignancy with different histopathological subtypes,
constituting approximately 90% of adult kidney tumors. It has been reported that these subtypes show significant
differences in terms of clinical behavior, treatment response, and prognosis. In the study, CT and MRI findings of
subtypes such as clear cell RCC (ccRCC), papillary RCC (pRCC), chromophobe RCC (chRCC), medullary RCC
(mRCC), collecting duct RCC (cdRCC), and multiloculated cystic RCC (mcRCC) were compared. It was stated
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that CT is the first-choice imaging method in the staging and surgical planning of RCC and provides detailed
information about the tumor size, vascularity, and metastatic spread. On the other hand, it has been emphasized
that MRI allows better characterization of RCC subtypes with its soft-tissue resolution and contrast agent usage
advantage. The study draws attention to the different imaging features of each subtype and details the role of
these findings in the clinical decision-making process. It has been stated that ccRCC exhibits intense contrast
enhancement and rapid washout pattern in the corticomedullary phase on CT and appears hyperintense on
T2A and hypointense on T1 weighted imaging (T1A) on MRI. It has been stated that pRCC has hypovascular
features, has lower contrast enhancement, and has homogeneous borders. It has been stated that chRCC has a
less vascular structure and exhibits moderate contrast enhancement in the corticomedullary phase. It has been
reported that mRCC has invasive features and is usually diagnosed at an advanced stage while cdRCC has a very
aggressive clinical course. It has been stated that mcRCC contains distinct cystic areas between the septa, has a
well-circumscribed structure, and generally has a low malignancy potential. As a result, it has been stated that
detailed evaluation of CT and MRI findings of RCC subtypes plays a critical role in the diagnosis, treatment, and
prognosis of these subtypes. It has been emphasized that the findings presented in this study will contribute to the
development of more targeted treatment approaches in RCC management.

Keywords: Renal cell carcinoma, Computed tomography imaging, Magnetic resonance imaging, Papillary renal
cell carcinoma, Clear cell renal cell carcinoma

INTRODUCTION

Renal cell carcinoma (RCC) is a malignancy that accounts for approximately 90% of adult kidney
tumors and is generally known as a disease with a high rate of metastatic diagnosis. One of the
most important features of RCC is that it is divided into a wide variety of histopathological
subtypes. These subtypes show significant differences in terms of clinical behavior, treatment
response, and prognosis. Clear cell RCC (ccRCC) is the most common subtype and accounts for

This is an open-access article distributed under the terms of the Creative Commons Attribution-Non Commercial-Share Alike 4.0 License, which allows others
to remix, transform, and build upon the work non-commercially, as long as the author is credited and the new creations are licensed under the identical terms.
©2025 Published by Scientific Scholar on behalf of Journal of Clinical Imaging Science

Journal of Clinical Imaging Science « 2025 « 15(10) | 1


https://orcid.org/0000-0003-1615-5771
https://orcid.org/0000-0002-2805-8664
https://orcid.org/0000-0003-4041-9669
https://orcid.org/0000-0001-7513-4968
https://dx.doi.org/10.25259/JCIS_160_2024

Baytok, et al.: Renal cell carcinoma subtypes: Imaging insights

70-80% of all RCC cases. Papillary RCC (pRCC) is seen in
approximately 10-15%, while chromophobe RCC (chRCC)
is less common and is diagnosed in 5%. Less common RCC
subtypes include medullary RCC (mRCC), collecting duct
RCC (cdRCC), and multiloculated cystic RCC (mcRCC), but
these types, although rare, can have quite aggressive clinical
courses.!!

Radiological methods such as computed tomography (CT)
and magnetic resonance imaging (MRI) play a critical role in
the diagnosis of RCC subtypes. CT is one of the first-choice
imaging methods for staging and surgical planning of RCC
and provides detailed information about the size, vascularity,
and metastatic spread of tumor. On the other hand, MRI
offers significant advantages in terms of contrast agent
use and allows better characterization of RCC subtypes,
especially thanks to its soft-tissue resolution. Imaging
findings can help determine the histopathological subtype of
the tumor and play an important role in the clinical decision
process in terms of predicting the patient’s prognosis.**

This review will address the CT and MRI imaging
characteristics of RCC subtypes, with a detailed assessment
of the characteristic findings of each subtype. The imaging
features of RCC types will be highlighted, and the clinical and
prognostic significance of these findings will be examined.

MATERIAL AND METHODS

In this review, studies conducted in 15 years to examine
the CT and MRI features of RCC subtypes were evaluated.
The study was conducted with a comprehensive literature
review aiming to access up-to-date and reliable information.
PubMed and Google Scholar databases were used to scan the
studies included in the research.

Screening method

During the literature review, keywords targeting various
subtypes of RCC and their CT and MRI findings were used.
These keywords are RCC, ccRCC, pRCC, chRCC, mRCC,
Bellini duct carcinoma, multilocular cystic RCC, CT, MRI,
imaging features, and tumor subtype characterization in the
past 15 years.

Inclusion and exclusion criteria
Included studies

Original research articles examining the CT and MRI features
of RCC subtypes were included in the screening process.
These studies included detailed reviews of histopathological
and imaging findings of different RCC subtypes. The
publication dates of the studies were limited to a 15-year
period (2009-2024).
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Excluded studies

Small case series, studies with limited sample sizes,
systematic reviews, and studies that did not provide sufficient
histopathological information on RCC subtypes or focused
only on invasive methods such as biopsy were excluded from
the screening [Figure 1].

CT AND MRI TECHNIQUES IN FOCUS:
IMAGING CHARACTERISTICS ACROSS RCC
SUBTYPES

CT and RCC subtypes

CT is one of the basic imaging methods in the diagnosis and
staging of RCC and shows different contrast enhancement
patterns according to tumor subtype and vascularity. Routine
dynamic CT examination consists of pre-contrast and post-
contrast multiphasic images. In pre-contrast examination,
fat, calcification, and hemorrhage areas in the lesion content
are detected and density measurement is also performed to
contribute to lesion characterization.” The post-contrast
series are known as the corticomedullary phase (after
20-45 s), nephrogenic phase (after 60-90 s), and excretory
phase (after >5 min). In the corticomedullary phase, the
renal cortex shows peak enhancement and becomes more
prominent compared to the hypovascular medulla; thus,
the vascularization of tumors localized in the cortex, their
relationship with neighboring vascular structures, and
hypervascular metastases, if any, can be detected. However,
the nephrogenic phase, in which the parenchyma is
uniformly enhanced, plays an important role in the detection
of small hypovascular masses that may be overlooked in
the corticomedullary phase. In the excretory phase, the
relationship of the lesions with the collecting ducts and
ureter is determined.

The choice of contrast agents is also of great importance
in the detection and diagnosis of ccRCC. Various contrast
agents allow for better visualization of the vascular structure
of the tumor and allow for clearer differentiation of lesions.
Commonly used contrast agents such as iopamidol and
iohexol allow the characteristic vascular structure of ccRCC
to be visualized on CT."! Especially in large lesions, the
uniform distribution of contrast agents helps to better detect
the size and borders of tumor.*!

ccRCC

Known as the most common type of RCC and originating
from the proximal tubule, these tumors are characterized
by intense contrast enhancement in the corticomedullary
phase and rapid wash-out in the nephrogenic phase.
The tumor usually has irregular borders and is markedly
hypervascular.”’ In particular, patients with localized RCC
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Figure 1: PRISMA flow diagram.

lesions without surrounding invasion or distant metastasis
had a significantly higher 5-year survival rate (91.7%),
highlighting the critical importance of early diagnosis in
improving patient survival'”! [Figure 2].

CcRCC wusually presents as heterogeneous iso-hypodense
lesions compared to normal renal parenchyma on CT. The
characteristic feature of ccRCC on IV contrast-enhanced CT
is rapid wash-in and wash-out. The tumor shows rapid and
intense contrast enhancement in the corticomedullary phase,
while in the nephrogenic phase, the density of the lesion,
which shows rapid contrast washout, decreases rapidly and
becomes lower than the surrounding renal parenchyma.
In addition, more heterogeneous enhancement is seen in
ccRCC.M

In the study conducted by Wang et al., it was reported that
CT had 88% sensitivity and 82% specificity in detecting
ccRCC." Depending on the level of vascularity, tumors may
show homogeneous or heterogeneous enhancement, which
helps distinguish ccRCC from other renal tumors.' Zhu
et al. and Gentili et al. compared RCC subtypes with imaging
findings, emphasizing the importance of contrast patterns in
distinguishing ccRCC from oncocytoma (ONC).!'>1*!

pPRCC

Known as the second most common type of RCC and
originating from the proximal tubule, these tumors are
prominent with their hypovascular characteristics and
exhibit lower contrast enhancement after Intravenous
(IV) contrast injection. This tumor, which does not show

significant contrast enhancement in the corticomedullary
phase on dynamic CT examination, reaches peak
enhancement level in the nephrogenic phase. Compared to
ccRCC, pRCC usually has more homogeneous and regular
borders!" [Figure 3].

It is known that pRCC shows less contrast enhancement than
ccRCC.M! This difference in contrast enhancement is related
to the microvascular density within the tumor. Calcification
is more common in pRCC than in ¢ccRCC on non-contrast
CT. However, the presence of calcification is not significant
in distinguishing these two tumors.!"®

There are two types of pRCC. Type 1 consists of small
cells with basophilic cytoplasm and uniform small round
nuclei, while type 2 consists of large cells with eosinophilic
cytoplasm and large spherical-shaped nuclei."”! Murugan et
al’s (2022) study examined the long-term follow-up results of
199 pRCC cases and revealed that type 1 pRCC has a better
prognosis.!*®l

The study by Delahunt et al. shows that type 1 and type 2
pRCC are morphologically defined for the 1% time. It is
emphasized that type 2 pRCC has a larger tumor size and
higher nuclear grade. This suggests that type 2 pRCC may
follow a more aggressive course and is also invasive on CT
imaging.!"¥ The study by Klatte et al. shows that type 1 pRCC
tends to show a more limited growth and invasion pattern on
CT imaging.!"”!

The study by Sukov et al. showed that larger tumors and
cases with lymphovascular invasion had a more aggressive
and widespread appearance on CT. These findings support
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Figure 2: (a) A 65-year-old woman with a mass in the left kidney observed on CT in the portal phase, (b) On MRI, the mass appears
heterogeneously hyperintense on T2-weighted and fat-suppressed T2-weighted images,(c) while areas within the mass demonstrate focal
diffusion restriction on diffusion-weighted imaging (DWI) (d) and apparent diffusion coefficient (ADC) maps.

Figure 3: A 54-year-old man with a localized exophytic mass lesion in the left kidney, showing no
significant contrast enhancement (a) on the pre-contrast phase, (b) corticomedullary phase, (c)
nephrogenic phase images (Papillary renal cell carcinoma).

the general understanding that type 2 pRCC generally has a
worse prognosis and is more obvious on imaging.®”!

Type 1 pRCC generally has a better prognosis and a more
limited pattern of invasion, which may be associated with less
aggressive findings on CT and MRI, while type 2 pRCC may
have a more aggressive and invasive course. This information
provides important clues on how to interpret imaging
findings in the diagnosis and treatment of pRCC.1?"

chRCC

This subtype of RCC, which is the third most common and
originates from the collecting duct, shows a homogeneous
structure. The tumor, which can show different contrast
enhancement patterns in IV contrast-enhanced CT
examinations, most often shows moderate contrast enhancement
in the corticomedullary phase. While no significant vascularity
is observed in dynamic CT images of this type, it tends to have
less contrast enhancement than ccRCC? [Figure 4].

Studies on chRCC show that these tumors generally have a
better prognosis and that imaging findings are typically well-
circumscribed, hypodense lesions. Amin et al. emphasize
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Figure 4: A 53-year-old woman with a mass lesion in the upper pole
of the left kidney, displaying macrolobulated contours and minimal
contrast enhancement in the portal phase on (a) axial and (b)
coronal planes on CT (Chromophobe renal cell carcinoma).

that chRCC has lower metastasis rates than other subtypes,
while these tumors have higher long-term survival rates.?**!l
It has also been found that tumor size, small vessel invasion,
and necrosis are associated with poor prognosis.®!

mRCC

It is one of the aggressive types of RCC and has an irregular
and invasive appearance on CT. It is usually hypovascular
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and does not show significant contrast enhancement in the
late phase.”?”! The known features are the tendency to involve
the right kidney, caliectasis, intratumoral necrosis, and
accompanying lymphadenopathy.””

In the 2024 study by Lebenthal et al., a distinction was made
between mRCC with SWI/SNF-related matrix-associated
actin-dependent regulator of chromatin subfamily B member
1 (SMARCBL1) deficiency and RCCU-MP (RCC, medullary
phenotype), the subtype of RCC with a medullary phenotype.
The study emphasizes that mRCC often presents with hematuria
and usually metastasizes to retroperitoneal lymph nodes.!

MRCC is a rare and aggressive tumor that is usually seen in
young patients with sickle cell disease, especially in African
individuals, and imaging findings provide important clinical
clues. Studies emphasize that these tumors are usually
diagnosed at an advanced stage and have a heterogeneous
structure with no clear borders on imaging.”*”!

Lebenthal et al. study demonstrates the current management
approaches and improved survival with response to
treatment. This study examines the differences between
mRCC and RCCU-MP (RCC, medullary phenotype)
associated with SMARCBI deficiency and indicates
that current imaging techniques are important in better
characterizing tumor spread. In addition, retroperitoneal
lymph node metastases are frequently observed in these
tumors and methods such as CT and MRI play a critical role
in the diagnosis of metastases.!

Collecting duct RCC (¢dRCC)

This rare subtype, which is located in the medullary region
and has a very aggressive course, has invasive and irregular
borders on CT. As the tumor size increases, it can extend
from the medulla to the renal pelvis and cortex, hemorrhage,
and necrosis areas and cystic components are also noted
within the tumor.® A heterogeneous uptake is observed
after IV contrast injection.

In the study by Karakiewicz et al., it was stated that the
prognosis of cdRCC is quite poor and is mostly metastatic
at the time of diagnosis. On imaging, it was determined that
these tumors usually invade the renal sinus.?!

In the study by Gupta et al, mRCC and ¢dRCC were
compared clinically and histopathologically. The study
revealed that although there were some similarities between
the two tumor types, mRCC had a worse prognosis.*
CdRCC has been shown to be medullary, poorly contrasting,
and frequently cystic.l*>*)

mcRCC

A multiloculated cystic tumor with a fibrous capsule
containing cystic areas of different sizes separated by septa

on CT may show different degrees of contrast enhancement
in the septa after IV contrast.** Calcification can be
observed in the walls and septa in approximately 20% of
tumors.

McRCC radiologically contains well-defined cystic structures
and is a cystic mass separated by septa with minimal or no
solid components within the tumor. In CT and MRI, these
cystic structures usually have thin, regular septa, and mild
contrast enhancement is observed in the septa after contrast
injection.’** These tumors are usually located in the renal
cortex and contain distinct cystic structures."

In two recent studies, methods such as contrast-enhanced
ultrasound (CEUY), contrast-enhanced computed
tomography (CECT), and lipid-to-carbohydrate ratio (L/C)
ratio provided effective measurements in distinguishing
RCC subtypes.”**”l These studies support the importance
of imaging features in the diagnosis of subtypes of RCC
[Table 1].

MRI and RCC subtypes

Although CT examination is the most commonly used
method in the diagnosis of RCC, MRI examination is an
imaging method that has been increasingly used in recent
years due to its advantages such as not containing ionizing
radiation, high contrast resolution, and functional imaging
techniques. Conventional sequences used in MRI consist
of T2-weighted imaging (T2WI), chemical shift imaging
(CSL in and out phases), and T1-weighted images (T1WIs)
taken before and after IV gadolinium injection (T1WT).B®
The combination of these sequences with dynamic contrast-
enhanced examinations and diffusion weight imaging
(DWI) is defined as multiparametric MRI. MRI provides
the advantage of providing detailed information in terms of
soft-tissue resolution of RCC and plays an important role
in tumor characterization with signal intensities in different
subtypes.

The presence of intratumoral fat plays a critical role in the
differential diagnosis of RCC types. While intralesional
macroscopic fat is detected by frequency selective fat
suppression techniques, microscopic fat can only be detected
in gradient echo sequences (in and out phases). The presence
of lipid within the tumor shows increased signal in the in
phases, while signal loss is noted in the out phases."

ccRCC

The most common type of all RCC and ccRCC is 95% sporadic.
However, it can also be encountered rarely with familial and
Von Hippel-Lindau disease. The vast majority of cases are
associated with 3p deletion.*” It is more symptomatic than
other types and is often encountered as advanced stage and
metastatic disease.””’ On MR, it appears iso-hypointense with
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Table 1: Summary of RCC imaging characteristics and study details on CT.

Study Study design  Number Mean Tumor type Tumor  Vascularity Main finding

of age size (cm)
patients  (years)

Klatte et al., Retrospective 158 61,9  pRCC (Type 1/2) 4,9/6,6  Vascular invasion:  Type 1 pRCC was

(2009)1! 35% (Type 2) versus generally found to
10% (Type 1). be less aggressive

and trisomy 7 and
17 gains were more
common.

Sukov et al., Retrospective 395 62,5 pRCC (Type 1/2) N/A Fat invasion: Tumor size, nuclear

(2012)10 8%. Sarcomatoid grading and
differentiation: 1%. lymphovascular

invasion were found
to affect pRCC
prognosis.

Zhu et al., 20132 Retrospective 20 52 cdRCC 3,6 Lower Predominantly
enhancement medullary, poorly
compared to defined and solid,
normal renal cortex often with cystic or

necrotic components,
hyperdensity to renal
cortex

Hu et al., 201413 Retrospective 6 46 cdRCC 53 Weak and Predominantly
heterogeneous located in the
enhancement medulla, showed

weak and
heterogeneous
enhancement,
frequent infiltrative
growth, complex
cystic features

Ren et al., 20157 Retrospective 46 58 ccRCC/ONC ONC: 3,6 ONC: Prolonged ONC: Lower density

ccRCC: 4,3 enhancement. in corticomedullary

ccRCC: Early phase, higher

washout, higher lesion-to-cortex ratio

microvascular in nephrographic

density. phase (prolonged
enhancement).
ccRCC: Higher density
in corticomedullary
phase

He et al., 2015 Retrospective 17 33,8 Xpll.2RCC 5,6 Hypervascular in Hypervascular,
corticomedullary bright contrast in
phase, early corticomedullary
washout in later phase, with cystic,
phases heterogeneous

areas; potential
distinguishing CT
features.

Xie et al. 2016 Retrospective 82 53 ccRCC/lipid poor 4,6 High vascularity Wash-in and

AML washout on CT can
differentiate ccRCC
from lipid-poor
AML.

(Contd...)
Journal of Clinical Imaging Science « 2025 « 15(10) | 6
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Table 1: (Continued).

Gentili 2020 3 Retrospective 76 63,9

Liang 2021 B¢ Retrospective 125 53.6

chRCC

Murugan et al., Retrospective 199 65
(2022)tl 1/2)
Quetal., 202357 Retrospective 81 60

LVI: Lenfovascular invasion

ccRCC, ONC,
chRCC, pRCC,
mcRCC, AML

ccRCC/pRCC/

Wang et al., 2021®)  Retrospective 105 54,6/51 ccRCC/AML

ppRCC (Type

ONC/ccRCC

2,8 ONC: Isodense
ccRCC: Hypodense

1,4-11cm  Moderate
vascularity with
contrast uptake
2,8/2,7  ccRCC shows high
vascularity

3,5 N/A

4,8 Moderate
vascularity
with mixed
enhancement

Study Study design  Number Mean Tumor type Tumor  Vascularity Main finding
of age size (cm)
patients  (years)
Zhu et al., 201712 Retrospective 52 N/A  ccRCC/ONC N/A High vascularity, LKR and ALKR from
homogeneous CT phases effectively
contrast pattern differentiate ccRCC,

chRCC, and ONC with
significant sensitivity
and specificity

RO showed isodense
L/C (0.9, 80%
accuracy) and lower
ALAD, with early
washout, while RCC
was hypodense

with prolonged
enhancement.

CEUS+CECT
differentiates RCC
subtypes.

RER_CMP+SHR _
CMP in CMP phase
offers best accuracy

Type 1 shows good
survival; poor
prognosis linked to
LVI, high mitotic
activity, tumor

>7 cm, pT3 stage, and
sarcomatoid features.
Type 1 and 2 share
78% genetic overlap.

Peripheral
vascularity: L/C ratio
oncocytoma <1.0,
ccRCC>1.0.

RCC: Renal cell carcinoma, CT: Computed tomography, ccRCC:Clear cell RCC, pRCC: Papillary RCC, chRCC: Chromophobe RCC,

c¢dRCC: Collecting duct RCC, mcRCC: Multiloculated cystic RCC, ONC: Oncocytoma, AML: Angiomyolipoma, ALAD: Aorta-lesion-attenuation-difference,
N/A: Not applicable, LKR: Lesion-kidney-ration, L/C: Ratio of lesion to cortex, CEUS: Contrast-Enhanced Ultrasound, CECT: Contrast-Enhanced Computed
Tomography, RER-CMP: Relative enhancement ratio of corticomedullary phase, SHR: Standardized heterogeneous ratio of corticomedullary phase,

renal parenchyma on T1WI and hyperintense on T2WI. These
characteristic signal features are important in distinguishing
it from other types.""* Necrosis, hemorrhage, and cysts may
create variable signals. Necrotic areas are typically observed
with high signal on T2ZWT but not stained on contrast-enhanced
series. In dynamic contrast-enhanced MRI, intense contrast
enhancement is observed in the corticomedullary phase, while
a rapid wash-out is noted in the nephrogenic phase.”” In
addition, a hypointense rim or pseudocapsule formed by tumor
growth and compression of adjacent renal parenchyma can be
observed on both TIWTI and T2WT [Figure 5].

The high vascularity of this type can be clearly assessed
with MRI. In particular, ccRCC tumors show contrast
enhancement patterns due to their vascular structure.
This allows us to better understand the extent of
the tumor’s blood supply and its relationship with
surrounding tissues. The MRI features of ccRCC play a
critical role not only in the diagnostic process but also
in determining the tumor’s prognosis and optimizing the
treatment plan.['¥

Beek et al. reported that MiT-RCC is characterized by well-
defined pseudocapsules and lobulated morphology.*!
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Table 2: MRI characteristics and main findings of renal cell carcinoma (RCC) subtypes across studies.

Study Study Design Sample Meanage Imaging RCC Type T1 Characteristics T2 Characteristics  Diffusion Restriction = Enhancement Main Findings
Size Method Pattern
Oliva et al Retrospective 45 64 1,5 Tesla pRCC, ccRCC  No T1 signal pRCC: T2 N/A N/A T2 imaging aids RCC differentiation
200911 MRI intensity ratio hypointense ccRCC: pRCC (T2 hypointense), ccRCC (T2
differencepRCC vs T2 hyperintense hyperintense)
ccRCC
Rosenkrantz Retrospective 41 67 1,5 Tesla ONC, chRCC Hypointense Heterogeneous lipid noted in some Peripheral, well- Central Scar: 50%-60.7% in ONC,
20100 MRI chRCC. circumscribed,no  33.3%-40% in chRCC.
fat/vein invasion,
segmental
enhancement
inversion in 13.3%-
42.9%.

Hindman Retrospective 23 56 CT/MRI mcRCC N/A N/A N/A N/A MCcRCC lesions behaved benignly, with

2012061 no metastasis or recurrence.

Hindman Retrospective 108 59 (ccRCC) MRI ccRCC, AML Signal loss on AML: Low SI N/A Necrosis and cystic ~ Opposed-phase imaging lacked

201216 54(AML) opposed-phase relative to cortex degeneration reliability, but small size and low T2 SI

imaging showed strongly associated; were significantly  strongly predicted AML.

no significant ccRCC: High SI associated with

difference AML more frequent. ccRCC

and ccRCC

Gupta 20122 Clinicopathologic 52 55/22 Various c¢dRCC/mRCC  Hypo to isointense heterogeneous Heterogeneity and c¢dRCC: c¢dRCC: Aggressive, metastatic,
analysis hyperintense restricted diffusion Heterogeneous desmoplastic stroma, infiltrative
mRCC: Rapid, high margins. mRCC: Highly aggressive,
vascularity advanced stages, linked to sickle cell
anemia.

Zhu 201382 Retrospective 20 52 CT, c¢dRCC Isointense Iso- or hypointense ~ N/A lower enhancement Medullary; poorly defined, often solid

mpMRI with cystic/necrotic changes, may
include calcifications, show higher
radiodensity on CT, lower enhancement
and isointensity on T1/T2 MRIL

Cornelis Retrospective 90 64,1 mpMRI ccRCC/pRCC/  pRCC: Slow and pRCC: Low pRCC: Low ADCratio  pRCC: Low Will pRCC: Low T2WTI signal, low ADC.

201414 chRCC/ONC/ low enhancement. T2WI chRCC: (ADCr <54.2). (<30.9). ONC: High wash-in, low wash-out.
AML ONC: Early Intermediate T2ZWI  ccRCC: Moderate ADC ONC: High Wil2 Minimal-fat AMLs: High T2WT signal

and strong ONC: T2WI ratio. (>257). in non-fat saturated sequances.
enhancement. signal is similar to ONC: Higher ADC chRCC: Delayed
parenchyma. values. Wol2 (> -8.8).
Murray 2016/ Retrospective 64 62,2/57,3  mpMRI pRCC/AML Chemical shift T2WT alone can't N/A N/A Chemical shift MRI aids pRCC
TIWI MRI differentiate pRCC distinction but lacks sufficient sensitivity
distinguishes and AML alone.
pRCC
Jeong 20167 Retrospective 152 N/A CT/MRI ccRCC, pRCC,  Similar for AML Lower in AML N/A N/A Fat-invisible AML is best differentiated
chRCC (0.97) and RCC (0.75) compared to from RCC by tumor-to-cortex ratios
(0.89) RCC (1.21) on T2WI MRI and unenhanced CT,
while chemical-shift MRI shows poor
accuracy.

Canvasser Retrospective 110 57 mpMRI ccRCC/pRCC/  ccRCC: Mostly high signal. ~ ccRCC: Intense ccRCC: Cortical ccRCC: 78% sensitivity, 80% specificity

2017148 chRCC/benign ~ Heterogeneous, contrast uptake in contrast uptake. (ccLS 4-5); ccLS 1-2 indicates benign/

microscopic fat. cortical regions. non-ccRCC.

Zhang 2017 Prospective 36 58 mpMRI ccRCC/pRCC/  ccRCC: Iso- to ccRCC: ccRCC: Variable; ccRCC: ASL correlates with DCE; ccRCC:
chRCC/AML hyperintense; Hyperintense; pRCC: Minimal Heterogeneous heterogeneous, pRCC: low perfusion

pRCC: pRCC: Hypointense with high Ktrans
Hypointense and Kep; pRCC:
Lower Ktrans and
Kep
Park 2017 Retrospective 56 54,4(AML) mpMRI AML/RCC No intensity AML: RCC had lower ADC N/A ADC predicted RCC vs. AML, with
55,7(RCC) difference AML vs  Predominantly low higher accuracy when combined with
RCC T2WT intensity male sex; minimal-fat AMLs had higher
ADC, while T2WI metrics lacked
differentiation.

Kay 20181+ Retrospective 103 56,7 mpMRI ccRCC/pRCC/  Signal ccRCC: High T2 N/A ccRCC: High Diagnosis accuracy: 81% for ccRCC,

chRCC/ONC/ intensity in the signal; pRCC and enhancement; 91% for pRec.
AML corticomedullary ~ benign lesions: Low pRCC: Low
phase. T2 signal. enhancement;
ONC: Segmental
enhancement
inversion.
Vendrami et al ~ Retrospective 47 56/60 1,5-3 Tesla  pRCC Typel/2 Typel: 54% iso, Type 1: Type 2 tumors had Type 1: Type 2 pRCC shows more heterogeneity,
2018¢2 mpMRI 23% hypo, 23% Homogeneous lower mean ADCs Predominantly necrosis, and benefits from texture
hyperintense (36%); homogeneous analysis for differentiation.
Type 2: 56% iso, Heterogeneous (65%) Type 2:
31% hypo, 13% (64%) - Type 2: Predominantly
hyperintense Homogeneous heterogeneous
(12%); (75%)
Heterogeneous
(88%)
Johnson Retrospective 57 61.7 mpMRI ccRCC/pRCC/  High intravoxel fat Heterogeneous Significant diffusion Heterogeneous ccLS 4-5 scored ccRCC at 84% accuracy,
201947 (ccLS chRCC/ONC/ signal signal in ccRCC, low  restriction in ccRCC enhancement ccLS 1-2 scored non-ccRCC at 100%.
(Clear Cell  benign signal in pRCC in ccRCC;
Likelihood homogeneous low
Score)) enhancement in
pRCC.

Zhu 20215 Retrospective 33 52,1 CT/MRI mcRCC, cdRCC  Hypointense mcRCC: N/A mcRCC: Thickened mcRCC better-defined boundaries,
Hyperintense; enhancing internal ~ exogenous growth, and excellent
c¢dRCC: septations and survival, cdRCC infiltrative growth,
Hypointense mural soft-tissue renal pelvis/ureter involvement, and

nodules poor prognosis with high metastasis and
mortality.

Steinberg Retrospective 434 60 mpMRI ccRCC/pRCC/  Assessed per ccLS ~ Assessed per ccLS B800 diffusion- Heterogeneous, ccLS1-2: mostly benign; ccLS5: 93%

2021 chRCC using intensity using intensity weighted images. moderate ccRCC

patterns patterns

De Silva Retrospective 66 N/A 3 Tesla ccRCC/pRCC/  Isointense Hypointense Moderate restriction Homogeneous, ONC:s the highest ADC (max), pRCC

2022162 MRI chRCC/ONC/ mild the lowest ADC, ccRCC has higher
AML ADC than pRCC and chRCC

Dunn 20221%!  Retrospective 102 56.9 1,5 Tesla ccRCC/pRCC/  ccRCC: Higher ccRCC: Typically N/A ccRCC: >75% ccLS: 85% sensitivity, 82% specificity,

mpMRI chRCC/ONC/ signal intensity T2WT hyperintense enhancement; 83% accuracy; ccLS >4 strongly predicts
AML ADER aids subtype ccRCC
differentiation
Beek 2023144 Retrospective 6 12 1,5 Tesla MiT-RCC: 2 Mostly isointense.  Mostly hypointense ~ Median ADC: 0.70- homogeneous MiT-RCC: T2-hypointense, well-defined
MRI patients (33%); 1.20 x 107> mm?/s; strong pseudocapsules (4/6), median volume
ccRCC: 2 lower in MiT-RCC. enhancement 393 cm?, lobulated shape (4/6).
patients (33%);
Other types: 2
patients.

Wang 2024 Retrospective 105 62 mpMRI ccRCC, pRCC,  Intensity T2WT hyperintense ~ Lower ADC values Lower TCEIL in Male gender, high RENAL score,
c¢hRCC, cdRCC  variations, signals. Less indicate higher adverse pathology.  necrosis, irregular margins, and low
mRCC pseudocapsules, hypointense signals  cellular density and ADC predict adverse pathology.

and necrosis. in sarcomatoid aggressiveness.

components.

ccRCC: Clear cell renal cell cancer, pRCC: Papillary renal cell cancer, chRCC: Chromofobe cell renal cell cancer, mRCC: Medullary RCC, cdRCC: Collecting duct RCC, mcRCC: Multiloculated cystic RCC, AML: Angiomyolipoma, ONC:

Oncocytoma
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Figure 5: A 60-year-old woman with a lesion observed as hypointense compared to the renal
parenchyma in precontrast fat-suppressed T1-weighted imaging, containing a hyperintense area
suggestive of focal hemorrhage. The mass shows contrast enhancement except for the central cystic
areas in the corticomedullary phase and nephrogenic phase on dynamic MR examination, displayed
sequentially in the images (Clear cell renal cell carcinoma).

Figure 6: A 54-year-old man with a lesion observed as hypointense in T2-weighted imaging on axial (a) and coronal (b) planes on MRI,
hyperintense on DWI (c), and showing diffusion restriction suggestive of malignancy on ADC (d) (Papillary renal cell carcinoma).

Figure 7: A 54-year-old man with a lesion observed as hypointense in precontrast fat-suppressed T1-weighted imaging (a), showing no
significant contrast enhancement in the corticomedullary phase (b) and nephrogenic phase (c), with the subtraction image (d) confirming
the absence of contrast enhancement (Papillary renal cell carcinoma).

MRI-based apparent diffusion coefficient (ADC) and contrast ~ ¢cRCC and its other subtypes can be accurately classified
pattern analyses have been reported to be important in  using the clear cell likelihood score (ccLS) system.!*®*”I It has
distinguishing RCC subtypes.*”! It has also been stated that  been reported that ccRCC shows high vascularity and cortical
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Figure 8: A 53-year-old woman with a mass that is iso-hypointense compared to the renal parenchyma in T2-weighted imaging on axial (a)
and coronal (b) planes on MRI, with focal hyperintense areas noted sporadically. The mass is observed to be hyperintense on DWI (c) and
shows diffusion restriction suggestive of malignancy on ADC (d) (Chromofobe renal cell carcinoma).

Figure 9: A 67-year-old man with a mass lesion in the right kidney, which appears hyperintense on
T2-weighted imaging (a) and shows significant signal loss on fat-suppressed T2-weighted imaging (b)
due to macroscopic fat content. In dynamic MRI, the lesion, heterogeneously hypointense compared
to the renal parenchyma on precontrast fat-suppressed T1-weighted imaging (c), shows moderate
contrast enhancement in the corticomedullary phase (d), nephrogenic phase (e), and (f) late phases
(Angiomyolipoma).

contrast enhancement, and the ccLS 4-5 score is effective in
identifying ccRCC with 78% sensitivity and 80% specificity.!**!

pRCC

It often tends to grow slowly and presents as well-circumscribed
fibrous-encapsulated solid masses. It is usually recognized by
hypointense appearance and low contrast enhancement on
T2WI on MRI [Figures 6 and 7].*) Due to its hypovascular
characteristics, it shows minimal contrast enhancement in the
corticomedullary phase, while it is hypointense compared to the
renal parenchyma in the nephrogenic phase. There are studies
indicating that the most effective examination in differentiating
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from ccRCC is the corticomedullary phase.™ As the lesion size
increases, heterogeneity secondary to necrosis, hemorrhage, and
calcifications may be observed. It may show also sarcomatous
differentiation at a rate of 5%. Type 2 pRCC has been determined
to have higher invasiveness than type 1 and to have a more
heterogeneous appearance on CT. Similarly, type 2 tumors
have been seen to have more frequent infiltrative edges and
calcifications on MRLP" In addition, the presence of intratumoral
hemorrhage on MRI of pRCC stands out as an important feature
that can distinguish such tumors from fat-poor angiomyolipomas
(AMLs). It has been shown that using quantitative tissue analysis
on MRI can differentiate between type 1 and type 2 pRCC, and
these analyses can improve model accuracy.*
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chRCC

This tumor, which is most commonly seen in the 6™ decade
and has a similar distribution between men and women, is
the 3* most common type of RCC. This tumor, which usually
shows a solid growth pattern, is cytogenetically associated with
multiple monosomies (1 and 2) and hypodiploidy.* It has the
best prognosis among RCC types, with a 5-year surveillance of
around 78-92%.12Y Often shows high signal intensity on T2A
and low homogeneous enhancement after contrast injection.*
The enhancement patterns of chRCCs show intermediate signal
changes compared with other RCC subtypes. For example, the
signal intensity change of chRCCs in the corticomedullary
phase is lower than that of ccRCC but higher than that of
pRCC. ChRCCs show intermediate enhancement in the arterial
and venous phases and washout in the late phase [Figure 8].

ChRCC and ONCs may present similar imaging findings
due to their similar histological and ontogeny features.
ONCs originate from intercalated cells in the collecting
ducts and may show central scarring and wheel-like contrast
enhancement like chRCC.F*! Among hypovascular tumors,
chRCC, which comes after pRCC, can reach large sizes
but shows relatively homogeneous contrast enhancement
compared to pRCC.

mRCC

This aggressive tumor originates from the medullary
collecting ducts and occurs at a young age. It has low signal
on TIWI and T2WI in MRI and has invasive features.
Heterogeneous contrast enhancement is noted in IV contrast-
enhanced MRLP MRCC is often located in the medulla
region of the kidney and is observed as a heterogeneous mass
with ill-defined borders. The tumor can usually reach large
sizes and is often necrotic. MRCC usually has an aggressive
course and tends to spread to surrounding tissues, especially
caliectasis and retroperitoneal lymph node enlargement.
These distinctive features identified on MRI are important
in supporting the diagnosis of mRCC, especially in young
patients with sickle cell anemia.”

Studies have reported that while cdRCC and mcRCC have
aggressive biological behaviors and tendencies toward
widespread metastasis, mRCC has a better prognosis.©2***!

cdRCC

This tumor, which is seen in <1%, is a very aggressive subtype
of RCC. The average age of onset is 55.° On MRI, they
appear as masses localized in the medulla, with ill-defined
borders, isointense on T1WI, low signal on T2WI, invasive
in the medullary region, and showing heterogeneous contrast
enhancement.®”! These tumors often appear as heterogeneous
complex masses consisting of solid or solid-cystic

components.’” The enhancement patterns are different from
other renal tumors. cdRCC shows low contrast enhancement
compared to the cortex and medulla; limited enhancement
in the corticomedullary phase and no significant washout in
the late phases. This weak and heterogeneous enhancement
stands out as an important distinguishing feature in
diagnosis.® It often shows infiltrative growth and tends
to spread to the renal pelvis. Invasion of these tumors into
surrounding tissues and lymph nodes is common, so the
rate of metastasis is high. Perinephric stranding and vascular
invasion are often observed on MRI.

mcRCC

This type, encountered as cystic masses separated by septa,
may show asymmetric wall thickening. The average age of
onset is 51, and the female-male ratio is 1/3. In T2WI on
MRI, cystic foci appear hyperintense, while septa appear
hypointense. In IV contrast-enhanced MRI, septa become
apparent with contrast enhancement.” It usually presents
as a multi-chambered cystic mass with well-defined, thin
septa. In addition, in some cases, small nodular structures or
calcifications may be seen on the septa.(!]

De Silva et al. and Dunn et al. emphasized that ADC values
and enhancement patterns present significant differences
among RCC subtypes.[>%l Wang et al. showed that low ADC
values were associated with increased cellular density and
aggressive pathologies.*® These studies provide important
data to more clearly distinguish the imaging findings of
different RCC subtypes.

AML and RCC distinction

AML is the most common benign kidney tumor and consists
of various dysmorphic vascular structures, smooth muscle
cells, and mature fat tissue. The vast majority of this tumor
is sporadic and is associated with tuberous sclerosis complex
and lymphangioleiomatosis at a rate of 20%.1! As the tumor
size increases, it creates a risk of bleeding due to dilatation and
pseudoaneurysm formation in the vascular structures it contains.

CT imaging findings provide decisive features in
distinguishing AML from RCC. Classic AMLs can be easily
distinguished due to the macroscopic fat they contain, but
fat-poor AMLs (<25% fat component) and some types of
RCC can be difficult to distinguish by imaging. In AML, the
T2A signal increases as the fat content increases, while the
decrease in the fat content creates a lower signal [Figure 9].1°]
Fat-poor AMLs usually show homogeneous and prolonged
enhancement, which is an important distinguishing feature
compared to RCC. In studies using CT, 79% of AMLs showed
homogeneous enhancement and 58% showed prolonged
enhancement; this was found to be much lower in RCC
cases.[! CT histogram analysis is also an effective technique
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to distinguish fat-poor AMLs from RCC; densityless than -10
HU is more common in AMLs than in RCC, supporting the
diagnosis of AML.*”) In addition, scoring systems developed
using multidetector CT help to eliminate the confusion
created by different subtypes of RCC and achieve high
accuracy in distinguishing AMLs from RCC. In this system,
the combination of parameters such as long-short diameter
ratio, enhancement characteristics, and homogeneous
enhancement increases diagnostic accuracy.®

In fat-poor AMLs, the ADC values in DWTI are significantly
higher than in RCC. This situation stands out as an important
criterion in distinguishing AMLs from RCCs, especially in
small-sized tumors. Studies have shown that the ADC values
of RCCs are lower than AMLs and the accuracy rate of this
distinction is quite high.[®!

CSI can also be effective in distinguishing AML and RCC.
Studies using chemical shift signal intensity index (CS-SII) values
have shown that CS-SII values of fat-poor AMLs are higher than
those of RCC. This technique is particularly useful in defining
RCC subtypes. CS-SII values support the characterization of
AML as well as pRCC and chRCC subtypes."!

Fat-poor AMLs with low signal intensity on T2WI MRIs can
also be distinguished from RCC. This low signal intensity
is a distinguishing feature, especially when combined
with ADC, and supports the correct diagnosis in small
renal masses. However, this feature does not differ from
some other RCC subtypes, and biopsy may be required for
definitive differentiation.”" Hindman N et al. emphasized the
importance of T2 signal intensity and cystic degeneration in
distinguishing AML with minimal fat and ccRCC!*! [Table 2].

CONCLUSION

The different histopathological subtypes of RCC can be
better understood by characterizing them with advanced
imaging modalities such as CT and MRI. Examining the
imaging features of these subtypes plays a critical role in
the diagnosis and treatment process, providing important
insights into each subtype’s unique clinical course and
prognosis. Therefore, detailing the imaging findings of RCC
contributes to the identification of more targeted treatment
approaches and plays a key role in improving patient
outcomes.
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