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Introduction
Small solid renal masses (SRMs), defined as solid (>25% of
the lesion exhibiting enhancement) renal masses less than 4
cm in diameter, are a frequent incidental cross-sectional im-
aging finding (1). Eighty percent of SRMs are malignant, with
clear cell renal cell carcinoma (ccRCC) being the most com-
mon subtype of renal cell carcinoma (RCC) (2). Some sub-
types of RCC, such as papillary RCC (pRCC) or chromophobe
RCC (chrRCC), often exhibit indolent behavior (as do some
low-grade ccRCCs) and may be safely surveilled for growth
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Small solid renal masses (SRMs) are frequently detect-
ed at imaging. Nearly 20% are benign, making careful
evaluation with MRI an important consideration before
deciding on management. Clear cell renal cell carcino-
ma (ccRCC) is the most common renal cell carcinoma
subtype with potentially aggressive behavior. Thus,
confident identification of ccRCC imaging features is a
critical task for the radiologist. Imaging features distin-
guishing ccRCC from other benign and malignant renal
masses are based on major features (T2 signal intensity,
corticomedullary phase enhancement, and the presence
of microscopic fat) and ancillary features (segmental en-
hancement inversion, arterial-to-delayed enhancement
ratio, and diffusion restriction). The clear cell likelihood
score (ccLS) system was recently devised to provide a
standardized framework for categorizing SRMs, offering
a Likert score of the likelihood of ccRCC ranging from

1 (very unlikely) to 5 (very likely). Alternative diagnoses
based on imaging appearance are also suggested by the
algorithm. Furthermore, the ccLS system aims to stratify
which patients may or may not benefit from biopsy. The
authors use case examples to guide the reader through
the evaluation of major and ancillary MRI features of
the ccLS algorithm for assigning a likelihood score to an
SRM. The authors also discuss patient selection, imaging
parameters, pitfalls, and areas for future development.
The goal is for radiologists to be better equipped to guide
management and improve shared decision making be-
tween the patient and treating physician.
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rather than definitively managed with resection or ablation.
The clear cell likelihood score (ccLS) system was devised in
recent years to create a systematic approach for assessing the
MRI features of SRMs and assigning a ccRCC likelihood score
(3-6). Comprehensive SRM assessment includes integrating
many contributing imaging features, which can make inter-
pretation challenging. Stating that an enhancing SRM is sus-
picious for RCC does not adequately advance the care of the
patient. The ccLS system guides both novice and experienced
abdominal imagers and allows organized SRM assessment,
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B The ccLS algorithm should be applied only to solid masses (>25% solid en-
hancing component) without macroscopic fat.

B Renal protocol MRI should meet minimum technical standards, as recom-
mended by the Society of Abdominal Radiology Disease-Focused Panel on
Renal Cell Carcinoma, when applying the ccLS algorithm.

B With the ccLS algorithm, the clinician is provided a Likert score reflecting the
likelihood of ccRCC. The score choices include 1 (very unlikely), 2 (unlikely), 3
(intermediate likelihood), 4 (likely), and 5 (very likely).

B After a ccLS is determined, the algorithm also offers other entities to consider
in the differential diagnosis on the basis of the combination of imaging fea-
tures present, such as oncocytoma with SEI, fpAML with an ADER equal to
or greater than 1.5 and marked diffusion restriction, pPRCC with T2-weighted
hypointensity and mild CMP enhancement, and chRCC based on variable T2-
weighted and CMP characteristics.

B Subtraction imaging is not formally used in the ccLS scheme in assessing the
pattern of CMP enhancement but provides a simpler method of assessing
the intensity of enhancement, as precontrast T1-weighted signal intensity is
automatically factored into the subtracted sequence signal intensities of the
SRM and renal cortex.

thus providing more complete renal lesion characterization.
The ccLS characterization can influence management, such as
obviating biopsy of SRMs with a low or high ccLS and appro-
priately suggesting biopsy for SRMs with an intermediate ccLS.

In this article, we provide a guide for using the ccLS system
to assess an SRM by outlining imaging parameters and pro-
tocol design; discuss when to apply the ccLS algorithm; and
describe the algorithm’s application, pitfalls, and areas for fu-
ture development. A series of case examples depict the steps
and nuances in using the ccLS system. The reader should feel
equipped to use the ccLS system in assessing an SRM to pro-
vide optimal value to the patient and urologist.

Background
Renal masses, a common incidental finding, are increasingly
recognized owing to the expanding role of cross-sectional im-
aging (7). Many incidental SRMs cannot be characterized at
the time of detection because of indeterminate imaging fea-
tures on a noncontrast or single-phase contrast-enhanced CT
examination (8). In such cases, a dedicated renal examination
is required to determine whether a mass represents a benign
cyst or solid renal neoplasm (9). Among SRMs further char-
acterized as solid and enhancing, up to 20% represent benign
lesions such as angiomyolipoma (AML) or oncocytoma, with
an even higher frequency of benignity among lesions less
than 1 cm in size (3,10). Furthermore, although the majority
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of SRMs represent RCCs, many exhibit indolent behavior and
rarely metastasize when small (ie, SRM <4 cm) (11,12).

Accordingly, the increasing detection of RCC and higher
rates of surgical therapy have not resulted in a decrease in
mortality for RCC (13). Therefore, radiologists and urologists
are frequently presented with management challenges when
encountering SRMs because they are common, often benign,
and, if malignant, frequently indolent. Improvements in risk
stratification would help identify patients who can safely en-
roll in active surveillance rather than undergo invasive pro-
cedures such as biopsy, ablation, or resection. This would be
especially helpful among patients who are older and/or have
comorbidities; active surveillance carries a low risk of devel-
opment of metastatic disease (<2%) and has a comparable
mortality rate to that of definitive therapy in appropriately
selected patients (14).

Among commonly encountered RCC subtypes, the clear
cell subtype (ie, ccRCC) is typically most aggressive (15). Con-
firmation of malignant histologic findings and subtyping of
RCC can be accomplished with percutaneous biopsy. How-
ever, biopsy has its own set of considerations and risks. First,
biopsy may not be feasible in all cases, such as in a patient
with coagulopathy or certain tumor locations without a safe
percutaneous window. Second, biopsy is invasive and has sub-
stantial potential risks (albeit low rates of complications) in-
cluding life-threatening hemorrhage (16). Finally, the biopsy
may be nondiagnostic in up to 20% of cases owing to sampling
error, insufficient tissue, and/or a cystic change or necrosis
within the tumor (17). In our practice, renal biopsy is used
only in selected cases, such as for borderline surgical candi-
dates, patients with current or prior nonrenal malignancy (eg,
lymphoma or melanoma), surgical planning in the setting of
multifocal disease, and concurrent percutaneous ablation. An
expanding body of literature has identified imaging features
that help radiologists predict the histopathologic character-
istics of an SRM, potentially obviating biopsy for treatment
decisions (5). This so-called virtual biopsy can be performed
concomitantly with dedicated renal protocol MRI, without an
added risk or cost to the patient.

An important limitation of imaging in renal lesion charac-
terization is a lack of adequate standardization, leading to sub-
jectivity of interpretation. To address this limitation, the ccLS
system, a standardized framework for categorizing SRMs, was
initially developed at the University of Texas Southwestern
Medical Center in 2017 (version 1.0) and later revised in 2022
(version 2.0) (6,18). The ccLS algorithm is based on multipara-
metric MRI rather than CT owing to its ability to help detect
microscopic (intravoxel) fat, characterize tumor cellularity by
using diffusion-weighted imaging (DWI), and acquire multi-
ple dynamic postcontrast phases without ionizing radiation.
The ccLS system is used to categorize SRMs on the basis of
the probability that an SRM represents ccRCC according
to a Likert scale from 1 through 5, where 1 is very unlikely
and 5 is very likely. In multicenter internal and external val-
idation studies, a ccLS of 4 or more had a moderate to high
sensitivity (75%-85%) and specificity (78%-82%) for the diag-
nosis of ccRCC, with moderate to near-perfect interobserver
agreement (x, 0.58-0.82) (19,20). Importantly, a ccLS of 2 or
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less had a high negative predictive value (88%) for ruling out
ccRCC histology (19).

In a cohort of renal masses of any size, the percentage of
ccRCC among each ccLS was 5% (ccLS 1), 6% (ccLS 2), 35%
(ccLS 3), 78% (ccLS 4), and 93% (ccLS 5) (21). In a separate
multicenter study of cT1la masses only (ie, <4 cm), the per-
centage of ccRCC among each ccLS was 6% (ccLS 1), 38%
(ccLS 2), 33% (ccLS 3), 72% (ccLS 4), and 81% (ccLS 5) (19).
A higher ccLS is also correlated with faster growth of an SRM
(22). Taken together, these validation studies strongly support
the role of the ccLS system in the risk stratification of SRMs
in selected patients.

Patient Selection

The ccLS algorithm may be most valuable for assessing renal
masses equal to or smaller than 4 cm (T1a designation in the
American Joint Committee on Cancer TNM staging system),
since a significant proportion of these masses will be benign or
exhibit indolent behavior at follow-up. Although, in principle,
the same radiologic algorithm would apply to SRMs larger than
4 cm (T1b or T2) and can be used for characterization, resec-
tion is typically advocated in that scenario (23). Nevertheless,
assigning a ccLS may still be helpful if surveillance would be
considered, such as in patients with significant comorbidities.

The ccLS algorithm should be applied only to solid masses
(>25% solid enhancing component) without macroscopic fat.
Cystic renal masses, defined as having less than 25% solid
enhancing component, should be characterized by using the
Bosniak classification system, which was most recently up-
dated in 2019 (Fig 1) (24,25). The simple renal cysts and cystic
components of renal masses can be identified by the homo-
geneous T2-weighted hyperintensity mirroring simple fluid
elsewhere in the abdomen, such as cerebrospinal fluid or
normal bile, and by the absence of enhancement or diffusion
restriction (Fig 2) (26).

By comparison, hemorrhagic or proteinaceous cysts re-
quire careful assessment for enhancement with postcontrast
T1-weighted sequences to arrive at the correct diagnosis, as
they often exhibit confounding imaging features such as T2-
weighted hypointensity, T1-weighted hyperintensity, and oc-
casionally diffusion restriction. Subtraction sequences are of
particular value for hemorrhagic or proteinaceous cysts, as
the lesion should appear as a black hole on postcontrast im-
ages after the intrinsic T1-weighted hyperintensity is removed
(Fig 3). Additional imaging features that can be helpful to
identify hemorrhage include the presence of a rim of mag-
netic susceptibility from hemosiderin deposition, evidenced
by in-phase signal intensity loss relative to that on the cor-
responding opposed-phase image, although this finding can
also be seen with hemorrhagic RCCs.

Macroscopic fat is considered diagnostic of a classic (fat-
rich) AML in the ccLS algorithm and obviates further charac-
terization, with the caveat that RCC with osseous metaplasia
(rare) could conceivably contain foci of macroscopic fat (27).
Macroscopic fat can be diagnosed in several ways (Fig 4). The
first method compares the signal intensity of an SRM on a T1-
or T2-weighted image with and without the application of fat
suppression, which can be performed with any method (fre-
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Figure 1. Cystic ccRCC in a 65-year-old man. Coronal postcon-
trast delayed phase T1-weighted MR image shows a cystic right
lower pole renal mass best characterized by using the Bosniak
classification system (version 2019) for cystic renal masses, with
a Bosniak IV category determined on the basis of the presence
of an enhancing nodule (convex protrusion with acute margins)
larger than or equal to 4 mm (arrow). The ccLS should not be
applied to cystic renal masses, defined as having less than 25%
solid enhancing component. Grade 1 ccRCC was found at par-
tial nephrectomy.

quency-selective fat saturation, inversion recovery, or the
Dixon method) (28). Sequence parameters such as echo time
and repetition time should ideally be as similar as possible
between the standard and fat-suppressed sequences if this
method is used to minimize effects upon signal weighting.
The second method involves the use of chemical shift imag-
ing to help assess the presence of an India ink artifact (type 2
chemical shift artifact) on opposed-phase images at the junc-
tion of the mass and normal renal parenchyma, indicating a
fat-water interface. This may present challenges for exophytic
masses at the poles of the kidney, where no normal kidney is
in the imaging plane to identify the India ink artifact.

The third method is to compare the signal intensity of an
SRM to that of adjacent retroperitoneal fat with a fat-only Dixon
sequence, which is reconstructed from a chemical shift gradi-
ent-echo acquisition. Classic (fat-rich) AML should exhibit at
least some foci of signal intensity similar to that of retroperi-
toneal fat, indicating the presence of macroscopic fat. Rarely,
a large amount of iron or hemosiderin could result in hyperin-
tense signal on fat-only Dixon images owing to aliasing. Thus,
the signal intensity of macroscopic fat should be hyperintense
on both fat-only Dixon and in-phase images. In practice, we use
all three of these techniques for a comprehensive evaluation.

Imaging Protocol
Renal protocol MRI should meet minimum technical stan-
dards, as recommended by the Society of Abdominal Radiol-
ogy Disease-Focused Panel (DFP) on Renal Cell Carcinoma,
when applying the ccLS algorithm (29). Our imaging proto-
col at 1.5 T is detailed in the Table. In addition to sequences
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Figure 2. Probable ccRCC incidentally identified at MRI
of the lumbar spine in a 39-year-old woman. (A) Axial
T2-weighted MR image shows a heterogeneously T2-hy-
perintense mass (arrow), which might be mistakenly
characterized as cystic at initial inspection. (B) Axial post-
contrast corticomedullary phase (CMP) T1-weighted MR
image shows solid enhancement (arrow). Microscopic fat
was also present (not shown), with a ccLS of 5 (very likely
ccRCC). An SRM should be characterized as cystic only
after careful inspection at postcontrast imaging.

Figure 3. Hemorrhagic renal cyst in a 45-year-old
woman with metastatic adenocarcinoma from an un-
known primary site. (A) Axial precontrast T1-weighted MR
image shows uniform T1 hyperintensity in a right renal
mass (arrow). (B) Axial postcontrast CMP T1-weighted
subtraction MR image shows no internal enhancement
of the mass (arrow), consistent with a hemorrhagic cyst.
Subtraction imaging is particularly helpful in assessing
renal masses that exhibit intrinsic T1 hyperintensity to fa-
cilitate detection or exclusion of enhancement. The ccLS
is not applied to hemorrhagic renal cysts.

Figure 4. Classic (fat-rich) AML in a 45-year-old woman. (A) Axial fat-suppressed T2-weighted MR image shows hypointensity of a right re-
nal mass (arrow) that is similar to that of retroperitoneal fat (x). The comparison T2-weighted MR image without fat suppression (not shown)
showed a renal mass with similar signal intensity to that of fat. (B) Axial opposed-phase MR image shows an India ink artifact at the margin
between the mass and normal kidney (arrow), indicating a fat-water interface. (C) Axial fat-only Dixon T1-weighted MR image shows hyper-
intensity of the mass (arrow), which matches that of retroperitoneal fat (). All three of these findings can be used to diagnose a classic (fat-
rich) AML, to which a ccLS should not be applied.

suggested by the Society of Abdominal Radiology DFP on
RCC, our protocol includes T2-weighted multishot fast spin-
echo sequences with and without fat suppression to detect
macroscopic fat within an SRM by loss of signal intensity, an
approach that may be more familiar to some readers. Mac-
roscopic fat detection can also be accomplished by using the
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Dixon technique for chemical shift imaging, in which fat-only
and water-only Dixon sequences are reconstructed from ac-
quired opposed-phase and in-phase data. If a three-dimen-
sional chemical shift sequence is used (as we do in our proto-
col) rather than the two-dimensional acquisition mentioned
in the Society of Abdominal Radiology DFP on RCC protocol
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Sample Protocol for Renal MRI
Section Thick- Matrix TR Acquisition Time
Sequence Name ness (mm) (pixels)  (msec) TE (msec) NSA (sec) Notes
Coronal T2W sin- 6 320 X 320 1000 100 1 90 (multiple Whole-abdomen coverage
gle-shot fast SE breath holds)
Axial 3D Dixon T1IW 3 260 X 320 6.68  2.39,4.77 1 14 (single breath  Acquire in-phase and op-
spoiled GRE hold) posed-phase images, reconstruct
fat-only and water-only images
Axial T2W single- 4 320 X 320 1000 100 1 120 (multiple Whole-abdomen coverage
shot fast SE breath holds)
Axial T2W fast SE 6 260 X 320 3000 93 1 40 (multiple Cover kidneys only; not part of
breath holds) DFP recommendations, optional
sequence
Axial T2W fat-sup- 6 260 X 320 3000 93 1 60 (multiple Cover kidneys only; not part of
pressed fast SE breath holds) DFP recommendations, optional
sequence
Axial single-shot DWI 6 256 X 268 9500 56 2,4,10 180 (free breath- Obtain b values of 50, 400, and 800
ing) sec/mm?; reconstruct ADC map
Axial 3D precontrast 3 260 X 320  5.09 2.33 1 12 (single breath
T1W spoiled GRE hold)
Coronal 3D precontrast 3 260 X 320  5.09 2.33 1 12 (single breath
T1W spoiled GRE hold)
Axial 3D T1IW CMP 3 260 X 320  5.09 2.33 1 12 (single breath  30-sec delay or late arterial phase
spoiled GRE hold) by bolus tracking or test bolus
methods; generate subtraction
images from precontrast acqui-
sition
Axial 3D T1W venous 3 260 X 320  5.09 2.33 1 12 sec (single 70-sec delay; generate subtraction
phase spoiled GRE breath hold) images from precontrast acqui-
sition
Axial 3D T1W nephro- 3 260 X 320  5.09 2.33 1 12 sec (single 150-sec delay; generate subtrac-
graphic phase breath hold) tion images from precontrast
spoiled GRE acquisition
Coronal 3D T1W 3 320 X 320 4.67 2.39 1 14 sec (single 210-sec delay; generate subtrac-
delayed phase breath hold) tion images from precontrast
spoiled GRE acquisition
Axial 3D T1W 3 320 X 320 4.67 2.39 1 14 sec (single 300-sec delay; generate subtraction
delayed phase breath hold) from precontrast acquisition
spoiled GRE
Note.—CMP = corticomedullary phase, DFP = Society of Abdominal Radiology Disease-Focused Panel on Renal Cell Carcinoma, GRE =
gradient-recalled echo, NSA = number of signal averages, SE = spin echo, TE = echo time, TR = repetition time, 3D = three dimensional,
T1W = T1-weighted, T2W = T2-weighted.

and advocated by previous authors (6,30), adjusting the flip
angle from the vendor default of 10° to 18° may improve de-
tection and depiction of microscopic fat.

Imaging Parameters
The various imaging features used in the ccLS algorithm are
summarized in Figure 5 (6). Details and nuances regarding
each of the major and ancillary features are discussed in the
following sections.

Major Features

T2-weighted Signal Intensity.—T2-weighted signal intensity is
the first major feature of SRM assessment in the ccLS algo-
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rithm, with lesions considered as T2 hyperintense, isointense,
or hypointense. T2-weighted characteristics of the SRM
should be compared with those of the normal renal cortex on
the same section with a non-fat-suppressed single-shot fast
spin-echo T2-weighted sequence in the axial or coronal plane.
We perform this sequence with thinner sections in the axial
plane to avoid volume averaging, but a coronal acquisition
is also helpful for facilitating cortical comparison for polar
masses. The dominant signal intensity of the solid enhancing
component of the mass should be assessed, as the nonenhanc-
ing component of a mass can vary in signal intensity depending
on the presence of cystic change, necrosis, or hemorrhage. Of-
ten, the delayed phase postcontrast images can be useful when
selecting a region of the mass for assessment of T2-weighted
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ccLS: Imaging Parameters

SEl: Segmental enhancement
inversion where hyper- and
hypoenhancing foci on CMP
become hypo- and
hyperenhancing on delayed
phase, respectively

T2: Evaluate signal of enhancing component on single-
shot FSE

-
-

1o

Isointense

Hyperintense Hypointense

CMP Enhancement: Visually inspect relative to cortex; if
uncertain, calculate % enhancement:

ADER: Arterial-to-delayed enhancement ratio akin to
“washout”; threshold of 1.5

gumor (gﬁi = ?re)/ﬁre ' ADER = —<MP —Pre
ortex ( ~ Pre)/Pre 4 r ) " Delayed — Pre
Intense: >70% ;
Moderate: 40-70% . (397 —127)
: - ——— < =297 i Py
Mild: <40% Intense Moderate (218 —127) Delaye

DWI: Qualitatively compare renal mass signal intensity to
cortex on b800 and ADC.
Should be markedly
hyperintense on high b-
value DWI AND markedly
hypointense on ADC.

Microscopic Fat: Qualitatively assess; if unsure, quantify
using “2 standard deviation rule”:

(Slin phase — Slopposed phase) >
(Std devyy, phase Std devopposed phase)

(67-19) > (5 + 5) - >~

In Phase Opposed Phase DWI b800

Figure 5. Chart shows the imaging parameters assessed when applying the ccLS algorithm. ADC = apparent diffusion coefficient, b800 = b

value of 800 sec/mm?, FSE = fast spin echo.

signal intensity, as the solid component of some renal masses
may enhance most conspicuously in a delayed fashion. Sub-
traction images also aid in detecting enhancement of regions of
the mass that may enhance less than normal renal parenchyma
and other hyperenhancing foci within the same mass.

T1-weighted Corticomedullary Phase Enhancement.—As the
second feature of SRM assessment, enhancement is assessed
at the corticomedullary phase (CMP) on T1-weighted gado-
linjum-enhanced MR images and characterized as intense,
moderate, or mild. As with T2-weighted signal intensity, visual
assessment of CMP enhancement can be performed initially
by comparing the most enhancing portion of the SRM to the
normal renal cortex on the same section. If uncertainty persists
after visual inspection (particularly in distinguishing moderate
from mild enhancement), the percentage of enhancement of
the mass from the precontrast phase (Pre in the subsequent
formula) to the CMP can be compared between the SRM and
normal renal cortex by using the following formula:

Tumor (CMP — Pre)/Pre
Cortex (CMP — Pre)/Pre

A threshold greater than 75% is used for intense enhancement,
between 40% and 75% is used for moderate enhancement, and
less than 40% is used for mild enhancement. Using the same
sequence type and parameters at each dynamic contrast phase
is essential for robust quantification.

Microscopic Fat.—Microscopic fat, the preferred term of the
Society of Abdominal Radiology DFP on RCC, refers to a
combination of fat and water within a voxel (27) and serves
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as a major feature in the ccLS algorithm. Microscopic fat can
be qualitatively assessed as visually evident signal intensity
loss within an SRM when comparing the opposed-phase se-
quences to the in-phase sequences. Alternatively, hyperin-
tensity identified with a fat-only Dixon sequence that is less
than that of adjacent retroperitoneal fat can be considered an
indicator of microscopic fat and enables rapid screening of
the kidneys for fat-containing lesions, although the presence
of microscopic fat should be confirmed on in-phase and op-
posed-phase images. If uncertainty persists after visual in-
spection, quantification by using the two standard deviation
rule is recommended by comparing the difference of region
of interest signal intensities (SI) to the sum of standard devi-
ations (Std dev) by using the following formula:

(SIinphase - Slopposedphase) >

(Std dev i phase + Std dev opposed phase)-
Ancillary Features

Segmental Enhancement Inversion.—Segmental enhance-
ment inversion (SEI) is a dynamic postcontrast imaging find-
ing in which an SRM exhibits differential enhancement in
portions of the mass whereby initially hyperenhancing com-
ponents become hypoenhancing and initially hypoenhancing
components become hyperenhancing. This pattern may be at-
tributable to the combination of a compactly arranged cellular
component, which initially avidly enhances and subsequently
washes out, and a fibrous component, which enhances in a
delayed fashion (31). This inversion of enhancement char-
acteristics may be more apparent at delayed phase imaging,
such as at 5 minutes, rather than at the nephrographic phase.
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A somewhat controversial finding, SEI exhibits poor interob-
server agreement in recent studies (20).

Arterial-to-Delayed Enhancement Ratio.—The arterial-to-de-
layed enhancement ratio (ADER) refers to an SRM exhibiting
avid enhancement at CMP imaging and subsequently relative
hypoenhancement at delayed phase imaging performed at least
2-3 minutes or later after contrast material administration.
Quantitatively, a threshold ratio of greater than or equal to 1.5
is used in the following calculation to be considered positive:

ADER M'
Delayed — pre

If delayed phase imaging is performed in a different plane
than the CMP, visual assessment may be substituted for
quantification.

Diffusion-weighted Imaging.—In the ccLS algorithm, an SRM
is considered to restrict diffusion if the enhancing compo-
nent exhibits predominantly hyperintense signal intensity on
high-b-value diffusion-weighted images of at least 800 sec/
mm?, with corresponding hypointensity on the apparent dif-
fusion coefficient (ADC) map.

Homogeneity and Heterogeneity.—Although not formally
considered an ancillary feature in the ccLS algorithm, homo-
geneity of an SRM is used as a tiebreaking feature for T2-hy-
pointense and intensely enhancing masses (6). Homogeneity
and heterogeneity are not specifically defined but should be
visually assessed with all acquired sequences.

ccLS Algorithm

The ccLS algorithm (Fig 6) establishes a straightforward step-
wise approach in applying the observations described pre-
viously in assessing renal masses. With the ccLS algorithm,
the clinician is provided a Likert score reflecting the likeli-
hood of ccRCC. The score choices include 1 (very unlikely), 2
(unlikely), 3 (intermediate likelihood), 4 (likely), and 5 (very
likely). Differential diagnoses (if applicable) that may be con-
sidered on the basis of imaging characteristics are also sug-
gested. An online resource is available to work through the
algorithm (32). In our experience, calculating the ccLS takes
less than 3 minutes for a typical case.

The first step in the ccLS algorithm is establishing whether
the algorithm should be used at all. Cystic, nonenhancing, and
macroscopic fat-containing masses are excluded from the ccLS.
The major criteria of T2-weighted signal intensity (hyperin-
tense, isointense, or hypointense), CMP enhancement (intense,
moderate, or mild). and microscopic fat are then assessed in a
stepwise fashion. The ancillary features of SEI, ADER, diffu-
sion restriction, and homogeneity need to be assessed, only if
directed to do so by the flowchart, in a binary (yes or no) fash-
ion. Tiebreaking rules, presented as footnotes in the ccLS algo-
rithm, are integrated into the provided flowchart for easier use.

After a ccLS is determined, the algorithm also offers other
entities to consider in the differential diagnosis on the basis of
the combination of imaging features present, such as oncocy-
toma with SEI, fat-poor AML (fpAML) with an ADER greater
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than or equal to 1.5 and marked diffusion restriction, pRCC
with T2-weighted hypointensity and mild CMP enhance-
ment, and chrRCC based on variable T2-weighted and CMP
characteristics. We discuss the various steps to follow in the
algorithm by describing the typical imaging features of renal
neoplasms and other diagnostically challenging cases.

Typical Imaging Features of Primary SRMs

Clear Cell RCC

The typical ccRCC constitutes one end of the SRM imaging
spectrum with T2-weighted isointensity or hyperintensity
and intense, often heterogeneous, CMP enhancement (5). To
distinguish ccRCC from other T2-hyperintense SRMs such
as oncocytomas or chrRCCs, the presence of microscopic fat
should be evaluated (Fig 7). Microscopic fat, a consequence
of intracytoplasmic lipid and/or glycogen (why the “clear
cell” name is used owing to lipid-rich clear cells at histologic
examination), is frequently present in the enhancing compo-
nent of a ccRCC. For non-AML SRMs, microscopic fat is most
common in ccRCC but can rarely occur with other histologic
conditions (32). Although the ccLS system does not set a spe-
cific threshold discriminating ccRCC from other histologic
conditions on the basis of the degree of microscopic fat, a 25%
signal intensity loss has been proposed elsewhere in the liter-
ature (33). DWI characteristics of a ccRCC may overlap with
those of benign renal masses, typically with an ADC higher
than that of an fpAML or pRCC (33).

Papillary RCC

PRCC constitutes the opposite end of the SRM imaging spec-
trum when compared with ccRCC. A pRCC typically exhib-
its T2-weighted hypointensity and mild enhancement in the
CMP, with progressive enhancement on delayed phase post-
contrast images (Fig 8) (34). A pRCC typically markedly re-
stricts diffusion, a feature that can be helpful in identifying an
atypical T2-weighted isointense pRCC. Microscopic fat is not
a typical finding of pRCC. pRCCs are more likely than ccRCCs
to exhibit intrinsic T1-weighted hyperintensity and magnetic
susceptibility related to hemorrhage, but this feature is not
currently incorporated into the ccLS (33-39).

Chromophobe RCC

chrRCC does not have a characteristic imaging pattern at
MRI, unlike ccRCC and pRCC. A chrRCC can have variable
T2-weighted signal intensity (hyperintense or isointense);
variable, although frequently homogeneous, CMP enhance-
ment; and well-circumscribed margins (40). The CMP en-
hancement of a chrRCC can range between that of a pRCC
and a ccRCC (Fig 9). Although not integrated into the ccLS
algorithm, marked diffusion restriction favors a diagnosis of
chrRCC over oncocytoma (41,42).

Oncocytoma

Similar to chrRCCs, oncocytomas can exhibit variable T2-
weighted signal intensity (typically hyperintense or iso-
intense) and CMP enhancement (intense or moderate). Dif-
fusion restriction is typically less than that of a chrRCC. An
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Figure 6. Flowchart shows the ccLS algorithm. An enhancing renal mass (>25% enhancing, nonmacroscopic, and fat containing) should be assessed

in a stepwise fashion by first assessing T2-weighted signal intensity and then CMP enhancement (both relative to those of the normal cortex). Additional
features such as microscopic fat, SEl, ADER, diffusion restriction, and homogeneity are then applied as needed in the flowchart to determine a ccLS, with
scores ranging from 1 (very unlikely) to 5 (very likely) representing the likelihood of ccRCC. The alternative diagnoses to consider on the basis of the imag-
ing features are included below the ccLS. N = no, T2WI = T2-weighted imaging, Y = yes.

ccRCC in a 65-year-old man. (A) Axial T2-weighted MR image shows a heterogeneously T2-hyperintense 3.4-cm right renal mass (arrow). (B) Axial
postcontrast CMP T1-weighted MR image shows intense enhancement of the solid component of the mass (arrow). (C, D) Axial in-phase (C) and opposed-
phase (D) T1-weighted MR images show in-phase hyperintense signal (arrow in C), which becomes hypointense (arrow in D) and is consistent with the presence
of microscopic fat. The ccLS is 5 (very likely ccRCC). A grade 3 ccRCC was found at partial nephrectomy.

Figure 7.

(like pRCCs) but intensely enhancing at CMP imaging (un-
like pRCCs) owing to their angiomatous components. Un-
fortunately, a small minority of atypical ccRCCs can exhibit

imaging feature described with oncocytoma is SEI. However,
this feature is controversial since some RCCs may also exhibit
SEI (Fig 10) (43). The reported sensitivity and specificity for

SEI at MRI were 15% and 90%, respectively (43). Nevertheless,
in the ccLS algorithm, this feature triggers the suggestion of
oncocytoma as a differential diagnosis.

Fat-poor AML

Unlike their classic (fat-rich) counterparts, fpAMLs typically
contain little to no visible macroscopic or microscopic fat.
These masses are typically homogeneously T2 hypointense

Volume 43 Number 7

similar features. Two other imaging features are helpful for
suggesting a diagnosis of fpAML: diffusion restriction and
elevated ADER (Fig 11) (44). Marked diffusion restriction is
a hallmark of fpAML and much less common with ccRCC
(45). Although ccRCC and fpAML can both become hy-
pointense at delayed phase imaging, fpAML typically does
so to a greater degree. Hence, a threshold ADER greater than
or equal to 1.5 suggests a diagnosis of f{pAML in this setting
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Figure 8. pRCC initially incidentally identified at MRI of the spine in a 67-year-old man. (A) Axial T2-weighted MR image shows a T2-hypointense 1.5-cm left
renal mass (arrow). (B) Axial postcontrast CMP T1-weighted MR image shows mild enhancement of the mass (arrow). (C, D) Axial diffusion-weighted MR im-
age (C; b value = 800 sec/mm?) shows marked hyperintensity (arrow), and axial ADC map (D) shows corresponding hypointensity (arrow). The ccLS is 1 (very
unlikely to be ccRCC), with the primary consideration being pRCC, although fpAML can rarely have this appearance.

Figure 9. chrCC incidentally found at US in a 78-year-old man with incomplete bladder emptying. (A) Axial T2-weighted fat-suppressed MR image shows
predominant T2 isointensity (arrow) within a 3.8-cm right renal mass (*). (B) Axial postcontrast CMP T1-weighted MR image shows intense enhancement
(arrow) of the mass (75% mass-to-cortex ratio), which was measured in the most enhancing portion (dashed circle). (C) Axial postcontrast delayed phase
T1-weighted MR image shows no segmental enhancement inversion. A nonenhancing central scar (arrow) is present, suggesting oncocytoma as a possible
differential diagnosis. (D) Axial ADC map shows marked diffusion (arrow) restriction of the mass. The ccLS is 4 (likely ccRCC) with a differential diagnosis of
chrRCC, particularly given the marked diffusion restriction. Biopsy revealed a grade 2 chrRCC.

Figure 10. Oncocytoma in a 77-year-old man who previously underwent resection of a left renal oncocytoma. (A) Axial T2-weighted MR image shows a
T2-hyperintense 2.4-cm left renal mass (arrow). (B) Axial postcontrast CMP T1-weighted MR image shows intense enhancement of portions of the mass
(arrow), with less enhancement centrally (dashed oval). The most enhancing portion of the mass is used to categorize the degree of enhancement. (C) Axial
postcontrast delayed phase T1-weighted MR image shows SEI, with hypoenhancement of the initially hyperenhancing components (arrow) and hyperen-
hancement of the initially hypoenhancing components (dashed oval). No microscopic fat was present (not shown). Given the imaging features and prior his-
tory of the patient, a diagnosis of oncocytoma was suggested, with a ccLS of 3 (intermediate likelihood of ccRCC). (D) Axial technetium 99m-sestamibi fused
SPECT/CT image shows lesional tracer uptake (arrow) similar to that seen in the normal renal parenchyma, suggesting an oncocytic neoplasm. The mass has
grown slowly over 6 years of surveillance, doubling in diameter, which suggests indolence.

(46). Homogeneity is used as a tiebreaking rule in down- If macroscopic fat is questionably present in only a small
grading the ccLS of a T2-hypointense intensely enhancing volume, it may be reasonable to apply a ccLS to the other por-
mass, as an fpAML is more commonly homogeneous than tions of the mass, rather than categorizing an SRM as a classic
a ccRCC (47). (fat-rich) AML. In many such cases, other features of fpAML
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Figure 11. fpAML in a 31-year-old woman with lupus. (A) Coronal T2-
weighted MR image shows a homogeneously T2-hypointense 2-cm
right renal mass (arrow). (B) Axial postcontrast CMP T1-weighted MR
image shows intense enhancement (arrow). (C) Axial postcontrast de-
layed phase T1-weighted MR image shows hypoenhancement (arrow),
with an ADER of 1.6. (D) Axial diffusion-weighted MR image (b value =
800 sec/mm?) shows marked hyperintensity (arrow). (E) Axial ADC map
shows corresponding marked hypointensity, consistent with marked
restricted diffusion (arrow). The ccLS is 2 (unlikely ccRCC), with a pri-
mary differential diagnosis of fpAML, which was confirmed at partial
nephrectomy.

will be present and result in a correspondingly low ccLS. Pa- that of benign renal neoplasms (51). Figure 15 provides an
tient demographics may also be useful to consider, as AMLSs example in which the DWI findings are discrepant with the
have a predilection for middle-aged women (48). typical imaging features of pRCC. For small renal masses,
the anatomic colocalization of acquisitions with different b
Pitfalls and Observations values may be inaccurate owing to differences in breathing
patterns, leading to incorrect ADC calculations that may ac-
Atypical Imaging Features count for the findings in this case. The current iteration of
Many SRMs do not exhibit all of the classic imaging features the ccLS also does not leverage DWI in assessing oncocy-
of a particular renal neoplasm, precluding confident imag- toma (Fig 5), which may be of benefit as most oncocytomas
ing-based diagnosis. In these scenarios, the ccLS algorithm do not exhibit marked diffusion restriction (34).
provides valuable guidance in determining the probability of ccRCCs are not classically T2 hypointense. However,
an SRM representing a ccRCC or an alternative diagnosis. For within the ccLS algorithm, there exists a pathway for a het-
example, SEI is assessed in T2-hyperintense and T2-isointense erogeneous T2-hypointense SRM to be likely ccRCC (ccLS
SRMs exhibiting intense or moderate enhancement that do 4). This occurs if the mass is heterogeneous, T2 hypointense,
not contain microscopic fat. The presence of SEI decreases and intensely enhancing without ancillary features such as an
the ccLS and increases the likelihood of the SRM being an ADER greater than or equal to 1.5 or marked diffusion restric-
oncocytoma, but unfortunately SEI is not sufficiently specific tion that might decrease the ccLS. Figure 16 shows a ccRCC
for oncocytoma. Figures 12 and 13 show SRMs and findings that nearly follows this pathway (except that the mass is ho-
of SEI in two patients. mogeneous, which resulted in a ccLS of 3).

A central scar has been posited as a feature of oncocytoma fpAMLs typically exhibit intense enhancement at CMP im-
(50). Although it does not specifically play a role in the ccLS aging and washout at delayed phase imaging with no visible
algorithm, this feature is captured indirectly by the presence fat. However, atypical f{pAMLs may enhance only mildly and/
of SEI. Figure 14 demonstrates a differential diagnosis of RCC or contain microscopic fat (35). That said, microscopic fat is
and oncocytoma that was proposed in the original report on the far more common in ccRCCs than in fpAMLs (50). Diffusion
basis of the presence of a central scar. If the presence of a cen- restriction is not used by the current ccLS algorithm in this
tral scar is to be considered, careful evaluation of delayed phase setting but may also lead to a diagnosis of f{pAML rather than
enhancement is crucial in distinguishing between SEI (delayed ccRCC. Morphology may offer additional clues, such as the
hyperenhancement) and central necrosis (nonenhancement). “ice cream cone” pattern that has been described for AMLs
Central scars may also be present in ccRCCs and should be ig- in which the SRM has an angular or pyramidal interface with
nored if the ccLS is 4 or 5, indicating a high likelihood of ccRCC. the periphery of the kidney (52). Figure 17 depicts such a case,

DWI has been studied extensively in characterizing in which 6 years of stability confirmed the high likelihood of
SRMs, with a lower ADC reported for RCCs compared with benignity of an SRM that was never sampled.
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Figure 12. Probable oncocytoma incidentally identified at imaging in a 70-year-old man with shortness of breath. (A) Axial
T2-weighted MR image shows a T2-hyperintense 3.7-cm left renal mass (arrow). (B) Axial postcontrast CMP T1-weighted MR
image shows intense enhancement (arrow). (C) Axial postcontrast delayed phase T1-weighted MR image shows SEl, in which
the hypoenhancing central portion of the mass is now hyperenhancing (dashed circle) relative to the peripheral component
(arrow), which was previously hyperenhancing during the CMP. No microscopic fat was present (not shown). The ccLS is 3
(intermediate likelihood of ccRCC), with a differential diagnosis of oncocytoma based on the presence of SEI. On the basis of
the patient’s age, comorbidities, and probable need for radical rather than partial nephrectomy, the patient was actively sur-

veilled with stability of the mass over 18 months of follow-up.

Figure 13.

ccRCC in a 57-year-old woman. (A) Axial T2-weighted MR image shows a 4.5-cm endophytic renal mass with pre-

dominant T2 isointensity (arrows delineate boundaries of the mass) to normal renal parenchyma anteromedially (). (B) Axial
postcontrast CMP T1-weighted MR image shows moderate enhancement (arrow). (C) Axial delayed phase T1-weighted MR im-
age shows SEl, in which the hypoenhancing central portion of the mass is now hyperenhancing (dashed circle) relative to the
peripheral component (arrow), which was hyperenhancing during the CMP. No microscopic fat was present (not shown). The
ccLS is 2 (unlikely ccRCC), with an additional differential diagnosis of oncocytoma given the presence of SEI. After a discussion
with the urologist regarding the possibility of benignity but the need for long-term surveillance given the patient’s age, the pa-
tient ultimately opted for nephrectomy, which revealed grade 3 ccRCC. SEl, although suggestive of oncocytoma, can also be

seen with RCC.

Hemorrhage presents both challenges and opportunities
when using the ccLS algorithm to characterize an SRM. Only
enhancing components of a mass should be used for assess-
ment of T2-weighted signal intensity. Thus, attention must
be given at T1l-weighted postcontrast imaging to exclude
cystic foci that contain blood products before assigning a T2-
weighted signal intensity. Although hemorrhage associated
with an SRM has been seen more frequently in pRCC than
in ccRCC in our institutional experience, prior studies have
indicated conflicting results (36-38,44).

Technical Considerations

Subtraction imaging is not formally used in the ccLS scheme in
assessing the pattern of CMP enhancement but provides a sim-
pler method of assessing the intensity of enhancement, as pre-
contrast T1-weighted signal intensity is automatically factored
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into the subtracted sequence signal intensities of the SRM and
renal cortex. This eliminates a step in the calculation, presum-
ing there is little to no misregistration between the precon-
trast and CMP acquisitions (Fig 18). It is critical to assess the
degree of enhancement in the most avidly enhancing portion
of the mass rather than simply measuring it in the center (53).

The use of single-shot fast spin-echo T2-weighted sequences
in the ccLS algorithm is advocated with good reason, as image
acquisition is faster and less likely to be degraded by motion
artifact than would a multishot acquisition. However, the sig-
nal-to-noise ratio is lower owing to the undersampling of the
k-space, a relevant issue with low-field-strength MRI systems
(such as newer 0.55-T units) (Fig S1). A multishot fast spin-
echo sequence should be considered a reasonable alternative
for assessment if a non-fat-suppressed single-shot fast spin-
echo sequence was not performed, as we often encounter at
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Figure 14. Oncocytoma in a 56-year-old woman with smoldering multiple myeloma incidentally detected at fluorodeoxy-
glucose PET/CT. (A) Axial T2-weighted MR image shows a predominantly T2-isointense 4.4-cm left renal mass (arrow), which
is a central T2-hyperintense scar (dashed oval). (B) Axial postcontrast delayed phase CMP T1-weighted MR image shows
intense enhancement of the periphery of the mass (arrow). (C) Axial postcontrast T1-weighted MR image shows SElI, in which
the hypoenhancing central portion of the mass is heterogeneously hyperenhancing (dashed oval) relative to the peripheral
component (arrow), which was hyperenhancing during the CMP in B. The ccLS is 3 (intermediate likelihood of ccRCC), with a
differential diagnosis of oncocytoma based on the presence of SEl. Oncocytoma was diagnosed at left partial nephrectomy.

L i -

Figure 15. pRCC incidentally detected at abdominal MRI in a 37-year-old man with hepatic steatosis. (A) Axial T2-weighted
MR image shows a T2-isointense 1.3-cm left renal mass (arrows). (B) Axial postcontrast CMP T1-weighted MR image shows
mild enhancement (arrow). (C) Axial ADC MR image shows no diffusion restriction of the mass (ADC of 2 X 10— mm?/sec) (ar-
row). The ccLS is 2 (unlikely ccRCC) with a primary consideration of pRCC. Partial nephrectomy revealed a type 2 pRCC with
a grade of 3 or 4.

Figure 16. Probable ccRCC incidentally detected at CT colonography in an 82-year-old man. (A) Axial T2-weighted MR image shows a homogeneously
T2-hypointense 1.9-cm left renal mass (arrow). (B) Axial postcontrast CMP T1-weighted MR image shows intense enhancement (arrow). (C) Axial delayed
phase T1-weighted MR image shows hypointensity of the mass relative to the renal cortex (arrow). The ADER was calculated to be 1.4, which did not reach
the threshold of 1.5 to be considered positive. (D) Axial diffusion-weighted MR image (b value = 800 sec/mm?) shows no diffusion restriction of the mass (ar-
row). Microscopic fat was not present (not shown). Homogeneity is the final assessment in the ccLS algorithm for such a mass, with heterogeneity upgrading
an SRM to a ccLS of 4 and homogeneity, such as in this mass, resulting in a ccLS of 3 (likely ccRCC). Biopsy was deferred owing to the patient’s age and co-
morbidities, and the mass was actively surveilled for 4 years and grew by about 50% in maximal diameter during that time. The patient died of other causes.
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Figure 17. Indolent renal mass incidentally found at CT of the chest in a 72-year-old woman with dyspnea. (A) Axial T2-weighted MR image shows a T2-hy-
pointense 2.6-cm right renal mass (arrow). (B) Axial postcontrast CMP T1-weighted MR image shows mild enhancement (arrow), along with the “ice cream
cone pattern” with an angular interface at the periphery of the kidney. (C) Axial opposed-phase T1-weighted MR image shows hypointensity compared with
the signal intensity on the in-phase MR image (not shown), consistent with microscopic fat (arrow). (D) Axial ADC MR image shows marked hypointensity of
the mass (with corresponding hyperintensity on an diffusion-weighted MR image [not shown; b value = 800 sec/mm?Z)), indicating diffusion restriction (arrow).
The ccLS is 3 (intermediate), with no specific differential diagnosis offered by the ccLS algorithm. A diagnosis of fpAML was proposed at initial imaging, and
the mass has been stable for 6 years, indicating probable benignity.

Mass = 1372

Cortex = 1620 Cortex = 1051

A Cortex = 569

B Cc

Figure 18. ccRCC in a 63-year-old woman. (A) Axial precontrast T1-weighted MR image shows a 3-cm endophytic left renal
mass. (B) Axial postcontrast CMP T1-weighted MR image shows intense enhancement of the most avidly enhancing portion of
the mass (mass signal intensity: 1372 CMP and 426 precontrast; renal cortex signal intensity: 1620 CMP and 569 precontrast;
90% enhancement ratio). (C) Axial postcontrast CMP subtraction T1-weighted MR image can be used to simplify the calcu-
lation, since the subtraction signal intensity factors in the precontrast signal intensity. The enhancement ratio is (946/426)/
(1051/569), or 120%. The mass was T2 hyperintense with microscopic fat (not shown), resulting in a ccLS of 5 (very high likeli-
hood of ccRCC). Left nephrectomy revealed a grade 2 ccRCC.

outside imaging examinations submitted to our institution for extrarenal disease status (eg, progressive widespread metastatic
rereview. Masses that cannot be assigned a specific score on the disease) should be considered when determining the etiologic
basis of their appearance (unusual presentation, poor image features of an enlarging renal mass. Rare benign neoplasms,
quality, etc) should be assigned a ccLS of 3 (intermediate risk). such as neurofibroma (Fig S6) and metanephric adenoma (Fig
S7), are not included in the current ccLS algorithm (55).
Other Renal Neoplasms The ccLS algorithm does not account for patients with a
The current 2022 World Health Organization classification genetic predisposition for developing renal masses, such as
scheme for renal tumors includes over 30 types of renal epithe- in those with tuberous sclerosis (AML), von Hippel-Lindau
lial neoplasms, which would be impractical to integrate into an (ccRCC), Birt-Hogg-Dubé (chrRCC, oncocytoma), or heredi-
imaging system (54). Fortunately, after excluding the five most tary leilomyomatosis and RCC syndrome (pRCC) (56). In such
common diagnoses, the remaining categories collectively rep- cases, the pretest probability of a specific renal mass should
resent less than 5% of SRMs. More unusual variants, such as be considered and used to inform the final impression, rather
renal medullary carcinoma (an aggressive variant of RCC oc- than ccLS alone. For instance, an atypical fpAML is much
curring primarily in patients with the sickle cell trait) (Fig S2), more common than a ccRCC in a patient with tuberous scle-
clear cell papillary RCC, and molecularly classified RCCs, are rosis, and a lesion that has features typically indicating a
not addressed in the ccLS system. Additionally, in patients with higher ccLS should still be favored to represent an fpAML.
lymphoma (Fig S3), urothelial carcinoma (Fig S4), or nonrenal Conversely, in von Hippel-Lindau syndrome, nearly all solid
primary tumors that could metastasize to the kidney (Fig S5), renal lesions represent ccRCCs regardless of their imaging ap-
the ccLS may have diminished value (3). In the latter setting, pearance and ccLS.
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Future Directions

Imaging Stability

Imaging stability or an indolent growth pattern currently is
not considered in the ccLS algorithm. Occasionally, a newly
identified renal mass may be present in retrospect during a re-
view of prior examinations. Alternatively, a patient enrolled in
active surveillance may undergo serial imaging examinations
every 6-12 months to establish stability and/or growth rate. A
lesion that is stable or has an indolent pattern of growth could
conceivably be downgraded in its ccLS, in a manner similar
to that used in the Liver Imaging Reporting and Data System
(LI-RADS) algorithm, although no such mechanism exists in
the current iteration of the ccLS algorithm. After initial eval-
uation, MRI may not be repeated for surveillance owing to
cost considerations. However, there is a role for serial MRI
in several scenarios, such as if the SRM cannot be adequately
depicted and followed up with US, if the SRM is occult at sin-
gle-phase portal venous CT, if the SRM is in a young patient,
or if there is clinical desire to minimize potential long-term
ionizing radiation exposure from multiphasic CT examina-
tions. Further research may support the application of criteria
to downgrade the ccLS on the basis of growth patterns.

Grade and Clinical Management

Clinical management strategies based on the ccLS system
have been proposed: SRMs with a ccLS of 4 or 5 are recom-
mended to undergo definitive management, SRMs with a
ccLS of 3 are referred for biopsy, and SRMs with a ccLS of 1 or
2 undergo active surveillance when appropriate (6,57). This
approach could potentially reduce overtreatment of benign
or indolent SRMs. However, a reported 18% of SRMs with a
ccLS of 1 or 2 are high-grade neoplasms (International Soci-
ety of Urological Pathology grade of 3 or 4), and with such an
approach, approximately 5% of high-grade neoplasms among
SRMs would be recommended for active surveillance. Thus,
the low probability of a patient developing metastatic disease
while under surveillance needs to be carefully weighed. Fur-
thermore, the ccLS assumes that knowledge of ccRCC would
prompt definitive therapy, when in many cases, it would not
without knowledge of the grade of the tumor. Noninvasive
assessment of tumor grading at imaging by using radiomic
features and machine learning remains an ongoing investi-
gation (58), with potential applications to future iterations of
the ccLS.

Novel Molecular Tools

Novel molecular tools may further improve the ability of im-
aging to diagnose and stage ccRCC noninvasively. Technetium
99m-sestamibi SPECT/CT has been studied to distinguish tu-
mors in the oncocytoma-chRCC spectrum from other renal
neoplasms by using a cutoff tumor-to-background radiotracer
uptake ratio greater than 0.6, with reported specificity of 96%,
although the relatively low spatial resolution of SPECT makes
it impractical for lesions smaller than 2.0 cm (59). However,
reports from other institutions have indicated a lower sen-
sitivity and specificity of 66.7% and 89.5%, respectively (60).
How to integrate this information into future iterations of the

Volume 43 Number 7

14

Shetty et al

ccLS algorithm remains to be determined. In a recent phase
III clinical trial, the PET agent zirconium-89 girentuximab
demonstrated high diagnostic accuracy for the diagnosis
of ccRCC in patients with indeterminate renal masses (61).
Thus, if it is U.S. Food and Drug Administration approved,
this agent could supplement the MRI-based renal mass char-
acterizations afforded by the ccLS algorithm.

CT-based Algorithm for ccLS

MRI offers more comprehensive evaluation of renal masses
than multiphasic CT, but CT remains the primary imaging
option for many patients owing to the cost, availability, and
safety. A nascent CT equivalent of the MRI ccLS has been
recently proposed (62). Although it still needs further eval-
uation before widespread adoption (63), the proposed CT-
based algorithm has potential benefits compared to the more
complex MRI-based ccLS system. The CT-based algorithm
relies on mass-to-cortex corticomedullary enhancement ra-
tios and tumor heterogeneity in assigning a likelihood score
of 1-5, with a negative predictive value of a CT score of 2 or
less, similar to that of the MRI-based ccLS system. A vali-
dated CT companion system for the MRI-based ccLS system,
in a similar fashion to liver mass imaging with the LI-RADS,
may aid in adoption of standardized imaging evaluation of
SRMs.

Conclusion

Renal mass evaluation continues to evolve with increasing
use of active surveillance of patients with SRMs. SRMs pres-
ent a challenge and opportunity for the radiologist to im-
prove the patient outcome via more accurate initial manage-
ment, as active surveillance may be the best initial option for
patients with indolent renal neoplasms. Optimal evaluation
of the SRM at MRI requires a nuanced approach, integrating
multiple parameters when forming an ordered differential
diagnosis. In this article, we review the key concepts when
applying the ccLS system to characterize SRMs. By describ-
ing the application of the ccLS system, we aim to empower
the radiologist to characterize SRMs in a more accurate and
clinically useful fashion, thereby providing the urologist
and patient with improved tools to optimize shared decision
making for initial management.
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