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Abstract
Purpose Clear cell likelihood score (ccLS) may be a reliable diagnostic method for distinguishing renal epithelioid angio-
myolipoma (EAML) and clear cell renal cell carcinoma (ccRCC). In this study, we aim to explore the value of ccLS in 
differentiating EAML from ccRCC.
Methods We performed a retrospective analysis in which 27 EAML patients and 60 ccRCC patients underwent preoperative 
magnetic resonance imaging (MRI) at our institution. Two radiologists trained in the ccLS algorithm scored independently 
and the consistency of their interpretation was evaluated. The difference of the ccLS score was compared between EAML 
and ccRCC in the whole study cohort and two subgroups [small renal masses (SRM; ≤ 4 cm) and large renal masses (LRM; 
> 4 cm)].
Results In total, 87 patients (59 men, 28 women; mean age, 55±11 years) with 90 renal masses (EAML: ccRCC = 1: 2) were 
identified. The interobserver agreement of two radiologists for the ccLS system to differentiate EAML from ccRCC was 
good (k = 0.71). The ccLS score in the EAML group and the ccRCC group ranged from 1 to 5 (73.3% in scores 1–2) and 
2 to 5 (76.7% in scores 4–5), respectively, with statistically significant differences (P < 0.001). With the threshold value of 
2, ccLS can distinguish EAML from ccRCC with the accuracy, sensitivity, specificity, positive predictive value (PPV), and 
negative predictive value (NPV) of 87.8%, 95.0%, 73.3%, 87.7%, and 88.0%, respectively. The AUC (area under the curve) 
was 0.913. And the distribution of the ccLS score between the two diseases was not affected by tumor size (P = 0.780).
Conclusion The ccLS can distinguish EAML from ccRCC with high accuracy and efficiency.
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Graphical Abstract
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ccLS can dis
nguish EAML from ccRCC
with high accuracy and efficiency

ccLS≤2: EAML       ccLS>2: ccRCC

Accuracy:
All: 87.8%  SRM: 91.2%  LRM: 81.8%

Good interobserver agreement (k=0.71)
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Abbreviations
ccLS  Clear cell likelihood score
ccRCC   Clear cell renal cell carcinoma
EAML  Renal epithelioid angiomyolipoma
SRM  Small renal masses
LRM  Large renal masses
WHO  World health organization
MRI  Magnetic resonance imaging
PACS  Picture archiving and communication system
PPV  Positive predictive value
NPV  Negative predictive value
ROC  Receiver operating characteristic curve
AUC   Area under the curve
CI  Confidence interval
DWI  Diffusion-weighted imaging
ADER  Arterial-delayed enhancement ratio
SEI  Segmental enhancement inversion

Introduction

Renal epithelioid angiomyolipoma (EAML) is a rare variant of 
angiomyolipoma (AML), which accounts for 4.6–4.8% of all 
AML [1, 2]. Since 2004, EAML has been classified separately 
histologically and is defined as a renal mesenchymal neopla-
sia with malignant potential by the WHO [3, 4]. In general, 
EAML contains little or no adipose tissue [5–8]. The patho-
logical criteria for diagnosing EAML is the presence of at least 

80% epithelioid cells in the tumor [1, 2, 9]. Pathologically, 
the tumor showed obvious pleomorphism and nuclear atypia, 
accompanied by hemorrhage, necrosis, and cystic degeneration 
[10, 11]. Originating from the renal proximal tubule, clear cell 
renal cell carcinoma (ccRCC), is the most common histologi-
cal subtype of renal cell carcinoma (RCC) which accounts for 
about 75–80% of RCC [9]. In addition to its rich neovasculari-
zation, ccRCC also exhibits hemorrhagic, cystic, and necrotic 
features [12–15]. Therefore, EAML is often misdiagnosed as 
ccRCC. Patients with ccRCC are usually surgical candidates. 
Patients with EAML smaller than 4 cm can be active surveil-
lance through regular follow-up, on the other hand, patients 
with EAML larger than 4 cm go to surgery as their risk of 
bleeding is high. Treatment strategy and prognosis are quite 
different between the two entities. It is particularly important 
to make a correct diagnosis before surgery.

Several studies have examined the identification methods 
of EAML and ccRCC, however, the results may be less than 
ideal. Renal mass biopsy is a useful method, but it is an inva-
sive procedure, also exposed to false-negative results [16]. 
The rate of missed diagnosis is as high as 20% [17]. Magnetic 
resonance imaging (MRI) is useful for determining the sub-
types of RCC [18–21]. MR imaging features of EAML are not 
specific and the literature on EAML is limited to descriptive 
studies [22–25]. It is challenging to distinguish EAML and 
ccRCC through conventional imaging characteristics analysis. 
Clear Cell Likelihood Score (ccLS; 1-very unlikely, 2-unlikely, 
3-equivocal, 4-likely, and 5-very likely) based on a Likert scale 
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is a novel method for the diagnosis and differential diagnosis 
of solid renal tumors [26–28]. It utilizes standardized diag-
nostic algorithms to assign a ccLS score to each lesion based 
on T2WI signal intensity, corticomedullary enhancement, and 
microscopic fat [29]. The scoring system minimizes the influ-
ence of radiologists’ experience and could serve as a reference 
tool for junior radiologists in their daily diagnosis work. Using 
the ccLS algorithm, Canvasser et al. carried out a retrospec-
tive analysis of 67 small renal masses (SRM) and found that 
the accuracy of the scoring system in diagnosing ccRCC and 
non-ccRCC was 84% and 86%, respectively [28]. In a retro-
spective analysis of 102 renal masses, Dunn et al. found that 
the accuracy of the scoring system in diagnosing ccRCC in 
the cT1a and cT1b stages was 83% and 92%, respectively [30]. 
Nevertheless, it is not clear whether ccLS is a reliable diagnos-
tic method for distinguishing EAML and ccRCC.

In this study, we aimed to investigate the ccLS in the dif-
ferential diagnosis between EAML and ccRCC, hoping to 
provide an alternative approach for the accurate identifica-
tion of these two entities

Methods

Ethical approval

This retrospective cohort study was approved by the Ethics 
Committee and Institutional Review Board of our institution 
(S2021-070-01). Written informed consent was not required 

for this study because only fully anonymized MR images 
have been used.

Study population

Between June 2010 and December 2021, patients who 
underwent surgery for EAML at our hospital with a defini-
tive histological result (n = 38) were collected, as well as 
patients who underwent surgery for ccRCC between May 
2021 and July 2021 with a definitive histological result 
(n = 220) (Fig. 1). All the lesions were larger than 1 cm. 
Exclusion criteria: (a) absence of pre-operative mp-MRI 
examination performed more than 1 month from the date of 
surgery (n = 6 and n = 116, respectively); (b) renal biopsy, 
surgery, and other treatments before MRI examination (n 
= 2 and n = 5, respectively); (c) poor MR image quality 
(motion artifacts; low image resolution, etc.) (n = 1 and n 
= 5, respectively); (d) <25% enhancement (n = 2 and n = 
36, respectively).

MRI acquisition

MR imaging was performed on 1.5 T (GE Signa HDxt, 
Philips Multiva, and uMR570) and 3.0 T (GE Discovery 
MR750 and uMR770) systems using a surface phased-
array coil. Renal MRI protocols included axial fat-saturated 
 T2-weighted single-shot fast spin-echo imaging, the diffu-
sion-weighted sequence with low (50  mm2/sec) and high 

Fig. 1  Flowchart of the study cohort. ccRCC  clear cell renal cell carcinoma, EAML renal epithelioid angiomyolipoma, ccLS clear cell likelihood 
score
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(800  mm2/sec) b value, axial chemical shift  T1-weighted 
imaging, and dynamic contrast-enhanced  T1-weighted imag-
ing. MRI equipment and protocols used are shown in Tables 
E1–E4.

Imaging analysis and ccLS evaluation

Clear Cell Likelihood Score was defined as 1-very unlikely, 
2-unlikely, 3-equivocal, 4-likely, and 5-very likely. Before 
the formal evaluation, two radiologists (Y.W.H and Y.Z., 
with 3 years and 12 years of experience in genitourinary 
diagnosis, respectively) reviewed the ccLS scoring criteria 
in detail and performed the simulation evaluation to ensure 
that could properly use utilize this diagnostic tool. After 
the fellowship training and example case presentation, two 
radiologists who were blinded to the clinical and pathologic 
data, reviewed each tumor on the institutional picture archiv-
ing and communication system (PACS, DJ HealthUnion Sys-
tems Corporation) independently (Table E5).

For each radiologist, the following imaging features were 
observed and all lesions were scored based on the criteria 
of ccLS algorithm as follows [29, 31–33]. The interobserver 
agreement of ccLS between the two readers was evaluated.

Major criteria: (a) signal intensity on T2-weighted images 
(recorded as hypointense, isointense or hyperintense to the 
renal cortex). Only the solid component of the lesion was 
evaluated, avoiding cystic degeneration, necrotic areas, and 
tumor margins. Hyperintense on T2WI is defined as the 
predominant tumor signal intensity (> 50% solid compo-
nent) is higher than the renal cortex; isointense on T2WI is 
defined as the predominant tumor signal intensity (> 50% 
solid component) is similar to the renal cortex; hypointense 
on T2WI is defined as the predominant tumor signal inten-
sity (> 50% solid component) is lower than the renal cortex; 
(b) corticomedullary enhancement (calculated as intense (> 
75%), moderate (45–75%), or mild (< 40%) enhancement to 
the renal cortex on the corticomedullary phase). Note that 
only the most intense contrast enhancement of the lesion 
on the basis of visual should be evaluated. The calculation 
formula is: [(TCM−Tpre)/Tpre]/[(CCM−Cpre)/Cpre]×100%.  TCM 
and  CCM: the tumor and cortex corticomedullary SI;  Tpre 
and  Cpre: the tumor and cortex SI before contrast enhance-
ment; (c) microscopic fat (recorded as present or absent), 
refers to the fact that an unequivocal drop of signal inten-
sity comparing T1-weighted gradient-echo out-phase to in-
phase images. When the subjective evaluation is uncertain, 
it can be quantified by delineating the ROI. The standard is 

Fig. 2  Clear cell likelihood score (ccLS) diagnostic algorithm and 
image interpretation. Presence of enhancement in at least 25% of the 
mass and absence of macroscopic fat represent eligibility criteria for 
use of the ccLS algorithm. Signal intensity at T2-weighted single-
shot fast spin-echo imaging (T2) relative to renal cortex, enhance-
ment during the corticomedullary phase relative to renal cortex, and 
presence of microscopic fat are major criteria evaluated in every 
mass. Restriction in diffusion-weighted imaging (DWI), segmen-
tal enhancement inversion (SEI), and arterial-to-delayed enhance-

ment ratio (ADER) are ancillary findings, which are assessed when 
indicated in the algorithm. AML angiomyolipoma, ccRCC  clear cell 
renal cell carcinoma, chRCC  chromophobe renal cell carcinoma, 
Onco oncocytoma, pRCC  papillary renal cell carcinoma, SIart arte-
rial phase signal intensity (SI); SIpre pre-contrast SI; SIdel delayed 
phase SI. (From Pedrosa I, Cadeddu JA. How We Do It: Managing 
the Indeterminate Renal Mass with the MRI Clear Cell Likelihood 
Score. Radiology. 2022 Feb;302(2):256-269; with permission.)
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defined as (SI.tumor.IP − SI.tumor.OP) > (SD.IP + SD.OP). 
where SI.tumor.IP and SI.tumor.OP is the signal intensity 
of the tumor at in-phase imaging and out-phase imaging, 
and SD.tumor.IP and SD.OP is the standard deviation of the 
tumor at in-phase imaging and out-phase imaging.

Ancillary features: (a) marked restriction on diffusion-
weighted images (DWI, recorded as present or absent), refers 
to the fact that the lesions show the high signal on high b 
DWI and low signal on ADC; (b) segmental enhancement 

inversion (SEI, recorded as present or absent), refers to the 
fact that in the corticomedullary phase, the enhancement 
degree of the two regions of the tumor is different, whereas, 
in the delayed phase, the enhancement degrees are reversed; 
(c) arterial-to-delayed enhancement ratio (ADER,  SIart 
−  SIpre /  SIdel -  SIpre, where  SIart,  SIpre and  SIdel is the signal 
intensity of the tumor in the corticomedullary phase, pre-
contrast phase and delayed phase, respectively), similar to 
“washout”, refers to the lesions showing avid enhancement 

Fig. 3  The imaging parameters 
of clear cell likelihood score 
(ccLS) (a–z). White outlines 
delineate the boundaries of 
renal masses. Signal inten-
sity on T2-weighted images 
(hypointense, isointense or 
hyperintense) are shown in 
these images. Firstly, the 
enhancing portions of the tumor 
should be determined on the 
delayed phase (d–f), then signal 
intensity of the majority of the 
tumor compare to the renal 
cortex on T2-weighted images 
should be evaluated (a–c). 
Corticomedullary enhancement 
(mild, moderate, or intense) are 
shown in these images (g–i). 
The images should be inter-
preted as presence of segmental 
enhancement inversion (j–l). 
The images show that arterial-
to-delayed enhancement ratio 
was 1.68, which was higher than 
1.5 (m–o). The images show 
that arterial-to-delayed enhance-
ment ratio was 0.48, which was 
less than 1.5 (p–r). The images 
should be interpreted as pres-
ence of microscopic fat. Quan-
titative assessment was shown 
(SI.tumor.IP − SI.tumor.OP) 
> (SD.IP + SD.OP) (s, t). The 
images should be interpreted 
as abesence of microscopic fat. 
Quantitative assessment was 
shown (SI.tumor.IP − SI.tumor.
OP) < (SD.IP + SD.OP) (u, 
v). The images should be 
interpreted as presence of 
marked restriction (w, x). The 
images should be interpreted 
as no marked restriction (y, z). 
SI.tumor.IP and SI.tumor.OP is 
the signal intensity of tumor at 
in-phase imaging and out-phase 
imaging, and SD.tumor.IP and 
SD.OP is the standard deviation 
of the tumor at in-phase imag-
ing and out-phase imaging



3719Abdominal Radiology (2023) 48:3714–3727 

1 3

in the corticomedullary phase and subsequently relative 
hypoenhancement in the delayed phase. Positive is defined 
as the threshold ratio greater than or equal to 1.5, while neg-
ative otherwise. Disagreements were resolved by consensus. 
Figure 2 shows the ccLS algorithm and image interpretation. 
Figure 3 shows the imaging parameters of clear cell likeli-
hood score (ccLS).

In the final analysis, the evaluation result was utilized to 
compare the differences in the ccLS score between EAML 

and ccRCC and evaluate the diagnostic performance of 
ccLS for the two diseases. EAML is often more difficult to 
distinguish from ccRCC at smaller sizes. Considering the 
differences in preoperative diagnosis difficulty, treatment 
plan, and prognosis for small renal masses (SRM; ≤ 4 cm) 
and large renal masses (LRM; > 4 cm), then all cases were 
reclassified into two subgroups with a maximum diameter 
of 4 cm as the dividing line, and the effect of tumor size on 
the ccLS score was evaluated.

Fig. 3  (continued)

Table 1  Clinical data of patients 
with EAML and ccRCC 

Quantitative data are presented in the form of mean, median (inter-quartile range, IQR)
EAML renal epithelioid angiomyolipoma, ccRCC  clear cell renal cell carcinoma, SD standard deviation, 
BMI body mass index, RN radical nephrectomy, PN partial nephrectomy
*P < 0.05

EAML ccRCC P value

No. of patients (%) 27 (31%) 60 (69%)
No. of lesions (%) 30 (33%) 60 (67%)
Mean tumor size (cm) ± SD 5.4±4.5 (1.1–14) 3.6±2.3 (1.2–22) < 0.001*
Gender < 0.001*
 Male 11 (41%) 48 (80%)
 Female 16 (59%) 12 (20%)

Mean age (years) ± SD 40±5 57±10 < 0.001*
Side 0.655
 Left 14 (47%) 31 (52%)
 Right 16 (53%) 29 (48%)

Mean BMI ± SD 24.3±3.2 26.3±5.7 0.08
Symptom 0.129
 Yes 8 (30%) 8 (13%)
 No 19 (70%) 52 (87%)

Smoking history 4 (15%) 28 (47%) 0.004*
Drinking history 7 (26%) 38 (63%) < 0.001*
Hypertension history 4 (15%) 31 (52%) < 0.001*
Diabetes history 0 (0%) 12 (20%) 0.03*
Surgery 0.14
 RN 13 (48%) 19 (32%)
 PN 14 (52%) 41 (68%)
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Pathologic analysis

All pathologic results of tumors have been reviewed retro-
spectively by an experienced uropathologist (X.H.D., with 

20 years of experience) following the 2016 World Health 
Organization Classification of Tumors of the Urinary Sys-
tem and Male Genital Organs [9].

Fig. 4  A Sankey diagram 
illustrating the scmap cluster 
projection of the diagnosis 
of the cases, gender and age 
composition, tumor location, 
symptom, smoking history, 
drinking history, hypertension 
history and diabetes history as 
well as surgery

Fig. 5  Images in a 28-year-old man with a right-sided epithelioid 
angiomyolipoma mass (a–h). The lesion shows heterogeneous 
hypointense (arrowhead) on axial T2-weighted MRI scan (a), heter-
ogeneous mild enhancement that is lower to the adjacent renal cor-
tex (arrowhead) on axial corticomedullary-phase contrast-enhanced 

T1-weighted image (b). Axial T1-weighted gradient-echo in-phase 
(c) and opposed-phase (d) images indicate the absence of micro-
scopic fat in the mass (arrowhead), and photomicrograph helps con-
firm the diagnosis of EAML (e–h), The lesion was classified as ccLS 
1 according to clear cell likelihood score
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Statistical analysis

All data were analyzed statistically using Medcalc 19.5.1 
and Stata/MP16.0. Quantitative data were presented as 
mean ± standard deviation ( x ± SD). Independent sample 
t-test was used to compare the continuous variables of 
normal distribution. Mann Whitney U test was used to 
compare rank data and non-normally distributed variables. 
Cohen’s kappa coefficient was used to evaluate interob-
server agreement, with kappa values of < 0.20 being con-
sidered poor, 0.2–0.40 as fair, 0.41–0.60 as moderate, 

0.61–0.80 as good, 0.80–1.00 as excellent. The difference 
of the ccLS score between EAML and ccRCC in the whole 
study cohort and in two subgroups was compared using 
analysis of variance. And the receiver operating charac-
teristic curve (ROC) analysis was performed to evaluate 
the performance of the ccLS score for distinguishing the 
two diseases. P <0.05 indicated a statistically significant.

Fig. 6  Images in a 47-year-old man with a right-sided clear cell renal 
cell carcinoma mass (a–h). The lesion shows hypointense (arrow-
head) on axial T2-weighted MRI scan (a), no marked restriction on 
DWI (b), intense heterogeneous enhancement that is higher to the 
adjacent renal cortex (arrowhead) on axial corticomedullary-phase 

contrast-enhanced T1-weighted image. Quantitative analysis dem-
onstrated ADER < 1.5 (c–e), and photomicrograph helps confirm 
the diagnosis of ccRCC (f–h), The lesion was classified as ccLS 4 
according to clear cell likelihood score
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Results

Patient characteristics

A total of 90 lesions in 87 patients were included in this 
study and were divided into the EAML group (n = 27, one 
patient had four masses) and the ccRCC group (n = 60). 

There were 56 males (EAML, n=11; ccRCC, n=45) and 31 
females (EAML, n=16; ccRCC, n=15), aged 27 to 78 years 
(mean age 55 ± 11 years). Patient demographics and clinical 
characteristics are shown in Table 1 and Fig. 4. There were 
statistically significant differences in age, gender, smoking 
history, drinking history, hypertension history, and diabetes 
history between the two groups.

Imaging features and the ccLS score

The Cohen’s kappa coefficient of two radiologists for the 
ccLS system to differentiate EAML from ccRCC was 0.71 
(Table E5), indicating good consistency between the two 
radiologists.

In the EAML group (Fig. 5), 23 (76.7%) lesions showed 
hypointense on  T2WI, 18 (60.0%) lesions showed mild 
enhancement on the corticomedullary phase, 14 (46.7%) 
lesions showed microscopic fat, 27 (90.0%) lesions showed 
restriction on DWI, and cystic degeneration occurred in 11 
(36.7%) lesions, and arterial-delayed enhancement ratio 
(ADER) <1.5 in 17 (56.7%) lesions. In the ccRCC group 
(Fig. 6), 27 (45.0%) lesions showed hyperintense on  T2WI, 

Table 2  Imaging features and 
score distribution of EAML and 
ccRCC 

EAML renal epithelioid angiomyolipoma, ccRCC  clear cell renal cell carcinoma, ADER  SIart−SIpre/SIdel−
SIpre, DWI diffusion-weighted images

EAML All (%) ccRCC All (%)

1 2 3 4 5 1 2 3 4 5

T2 signal intensity
 Hyperintense 0 0 0 0 1 1 (3) 0 0 0 0 27 27 (45)
 Isointense 0 3 1 2 0 6 (20) 0 1 6 12 0 19 (32)
 Hypointense 18 1 3 1 0 23 (77) 0 2 5 7 0 14 (23)

Enhancement
 Intense 0 1 3 3 1 8 (27) 0 2 10 19 27 58 (96)
 Moderate 0 3 1 0 0 4 (13) 0 0 1 0 0 1 (2)
 Mild 18 0 0 0 0 18 (60) 0 1 0 0 0 1 (2)

Microscopic fat 9 2 1 2 0 14 (47) 0 2 4 15 18 39 (65)
ADER < 1.5 10 2 2 3 0 17 (57) 0 1 9 16 24 50 (83)
Cystic change 6 2 0 2 1 11 (37) 0 1 2 6 26 35 (58)
Restricted on DWI 16 4 3 3 1 27 (90) 0 3 8 9 10 30 (50)

Table 3  The scores of EAML and ccRCC 

ccLS clear cell likelihood score, EAML renal epithelioid angiomyoli-
poma, ccRCC  clear cell renal cell carcinoma

Group ccLS1-2 ccLS3 ccLS4-5 All

EAML 22 (74%) 4 (13%) 4 (13%) 30 (100%)
ccRCC 3 (5%) 11 (18%) 46 (77%) 60 (100%)
χ2 = 48.360,  v = 2 , P < 0.001

Fig. 7  Histology distribution of cohort by clear cell likelihood score 
(ccLS). ccRCC  clear cell renal cell carcinoma; EAML renal epithe-
lioid angiomyolipoma

Table 4  Comparison the scores of EAML and ccRCC in the whole 
study cohort and two subgroups

ccLS clear cell likelihood score, EAML renal epithelioid angiomy-
olipoma, ccRCC  clear cell renal cell carcinoma, SRM small renal 
masses, LRM large renal masses

Group ccLS1-2 ccLS3 ccLS4-5 All

SRM 13 (23%) 12 (21%) 32 (56%) 57 (63%)
LRM 12 (36%) 3 (9%) 18 (56%) 33 (37%)
All 25 (28%) 15 (17%) 50 (55%) 90 (100%)
F  = 0.249,  v = 2,  P = 0.780 > 0.05
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58 (96.7%) lesions showed intense enhancement on the 
corticomedullary phase, 39 (65.0%) lesions showed micro-
scopic fat, 30 (50.0%) lesions showed restriction on DWI, 
and cystic degeneration occurred in 35 (58.3%) lesions, 
and ADER < 1.5 in 50 (83.3%) lesions. There were sig-
nificant differences in T2 signal intensity, corticomedul-
lary enhancement, microscopic fat, cystic degeneration, 
and restricted diffusion on DWI between the two groups (P 

< 0.05). Table 2 shows the imaging features and the ccLS 
score of the EAML and ccRCC groups. Table 3 and Fig. 7 
show the distribution of the ccLS score between EAML and 
ccRCC groups, the difference was statistically significant (P 
< 0.001).

All lesions were divided into the SRM subgroup and 
the LRM subgroup. The distribution of the ccLS score 
for the two subgroups is shown in Table 4. The diagnostic 

Fig. 8  Receiver operating 
characteristic curve (ROC) 
shows the diagnostic perfor-
mance of clear cell likelihood 
score (ccLS) in the whole study 
cohort, the small renal masses 
(SRM) subgroup, and the large 
renal masses (LRM) subgroup. 
In the whole study cohort, area 
under the curve (AUC) was 
0.913. In the SRM subgroup, 
AUC was 0.969. In the LRM 
subgroup, AUC was 0.842. The 
Youden index is maximized at a 
cutoff value of 2

Table 5  Diagnostic 
performance of clear cell 
likelihood score (ccLS)

95% credible interval shown in parentheses
SRM small renal masses, LRM large renal masses, PPV positive predictive value, NPV negative predictive 
value

SRM LRM All

Number of lesions 57 (63%) 33 (37%) 90 (100%)
Accuracy 91.2% (80.7%–97.1%) 81.8% (64.5%–93.0%) 87.8% (79.2%–93.7%)
Sensitivity 75.0% (47.6%–92.7%) 89.5% (66.9%–98.7%) 95.0% (86.1%–99.0%)
Specificity 97.6% (87.1%–99.9%) 71.4% (41.9%–91.6%) 73.3% (54.1%–87.7%)
PPV 90.9% (81.0%–95.9%) 81.0% (64.7%–90.8%) 87.7% (79.7%–92.8%)
NPV 92.3% (62.9%–98.8%) 83.3% (56.4%–95.1%) 88.0% (70.4%–95.8%)
The Youden index 0.780 0.609 0.683
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performance of the whole study cohort and the two sub-
groups with the ccLS score was comparable (P = 0.780), 
indicating that the ccLS scores of the two diseases were 
unaffected by tumor size.

Diagnostic performance of ccLS

ROC curves are shown in Fig. 8, with AUC of all EAML 
and ccRCC in the whole study cohort was 0.913 [95% con-
fidence interval CI 0.834, 0.962], with statistical signifi-
cance (P < 0.001). The point with the maximum Youden 
index was chosen as the cut-off value, that is, defining 
EAML as scores ≤2 and defining ccRCC as scores >2. The 
overall accuracy, sensitivity, specificity, positive predictive 
value (PPV), and negative predictive value (NPV) were 
87.8%, 95.0%, 73.3%, 87.7%, and 88.0%. The diagnostic 
performance of ccLS for EAML and ccRCC is shown in 
Table 5. In the SRM subgroup, AUC was 0.969 (95% CI 
0.885–0.967), with statistical significance (P < 0.001), and 
a cut-off value of ≤2 was able to distinguish EAML from 
ccRCC with an accuracy, sensitivity, specificity, PPV and 
NPV of 91.2%, 75.0%, 97.6%, 90.9% and 92.3%, respec-
tively. In the LRM subgroup, AUC was 0.842 (95% CI 
0.673–0.945), with statistical significance (P < 0.001), and 
a cut-off value of ≤2 was able to distinguish two entities 
with accuracy, sensitivity, specificity, PPV and NPV of 
81.8%, 89.5%, 71.4%, 81.0%, and 83.3%, respectively.

Discussion

In this study, we evaluated ccLS to differentiate EAML 
and ccRCC, and found the best cutoff value to distinguish 
the two diseases through the ROC curve. The Youden 
index is maximized at a cutoff value of 2, that is, a ccLS 
score of 1–2 points is diagnosed as EAML, while a ccLS 
score of 3–5 points is diagnosed as ccRCC. Our study 
indicated that ccLS as a standardized grading system dem-
onstrates high performance in the differentiating EAML 
from ccRCC.

In line with the previous study [34], we found that high 
NPV for ccLS ≤ 2 and high PPV for ccLS ≥ 4 are helpful 
for differential diagnosis (AUC 0.913, P<0.001). EAML 
contains a large number of epithelioid cells [7] which may 
result in hypointensity on T2-Weighted imaging, and mild 
enhancement on the corticomedullary phase. This explains 
why most EAMLs have a ccLS score of 1–2. The pathol-
ogy of ccRCC is characterized by clear cytoplasm, and 
clear cell membrane, distributed in the hyper-vascularized 
stroma [35]. The tumor is usually isointense—hyperintense 
on T2-Weighted imaging, and intensely enhances on the 
corticomedullary phase. This is why the ccLS score of 4–5 
in most ccRCC is different on the 1–2 score of EAML. In 

addition, there was a good interobserver agreement between 
the two abdominal radiologists (k = 0.71). Previous studies 
showed moderate consistency (k = 0.53) in the assessment of 
renal tumors with the ccLS score [34, 36]. And as reported 
by Dunn [30], the interreader agreement for fpAML in cT1a 
(0.24–0.33) and cT1b (− 0.14 to 0.21) masses ranged from 
poor to fair. One explanation could be that only two patho-
logical subtypes were included in our study, reducing the 
possibility of confusion.

The proportion of EAML with the ccLS score 3–5 
is approximately 26.7% (8/30). The reason could be that 
EAML has low-grade malignant potential, few of them 
showing invasive growth and similar MR imaging features 
to ccRCC, such as cystic change, hemorrhage, necrosis, 
and microscopic fat. It has been reported that EAML could 
invade the renal sinus, perirenal fat, renal vein, the infrarenal 
vena cava, and local lymph nodes, as well as distant metasta-
sis to the lung, liver, and mesentery [10, 37]. Three instances 
of ccRCC were misdiagnosed as EAML due to the ccLS 
score of 2. Twelve percent of ccLS ≤ 2 tumors were evalu-
ated to be ccRCC in our study which is similar to the 10% 
reported by Ibrahim et al and the 11% reported by Steinberg 
et al [36, 38]. These lesions were iso-hypo signal intensities 
on T2WI, ADER >1.5, and had restriction at DWI. There-
fore, these lesions have a ccLS score of 2.

Small tumors are more difficult to distinguish from MR 
images [33]. Nevertheless, In accordance with Dunn et al 
[30], the AUC of ccLS in the SRM group was as high as 
0.97 in our study, suggesting that ccLS would be useful as a 
diagnostic tool for cT1a stage EAML and ccRCC. Steinberg 
[36] concluded that the ccLS score was not only suitable for 
small renal masses but also had a great diagnostic perfor-
mance for renal masses of all sizes and stages. Our present 
study shows that the diagnostic accuracy of the ccLS score 
for the SRM subgroup is 91.2%, and for the LRM subgroup 
is 81.8%, respectively. This indicates that the lesional size 
increased and led to an increased rate of misdiagnosis. How-
ever, the diagnostic performance of the scoring system for 
both diseases remained unaffected by the size of the renal 
tumor (P = 0.780). Tumor size may be a potential factor 
affecting the ccLS threshold for the whole study cohort and 
the LRM group. In accordance with the previous study [39], 
when the tumor size is larger, it is more likely to be malig-
nant and more likely to metastasize.

ccLS provides junior radiologists and non-abdominal 
radiologists with a novel approach to diagnosing renal 
tumors [40, 41], even when senior abdominal radiologists 
have difficulty distinguishing rare subtypes from common 
subtypes. But this approach should take into account patient 
factors (eg, age, gender, clinical presentation) and would 
need further validation before being accepted on a clinical 
basis [42]. Similar to previous studies [1, 2, 42–44], the age, 



3725Abdominal Radiology (2023) 48:3714–3727 

1 3

gender, smoking, drinking, hypertension, and diabetes in the 
two groups were also important for differentiation.

This study has some limitations. First, this study was 
a retrospective study with only 27 cases (30 lesions) of 
EAML, but there is the largest cohort related to EAML at 
present. Second, EAML may also be mistaken for other 
renal tumors, including poor fat AML and non-clear cell 
RCC. Further research will be conducted to evaluate the 
value of ccLS in the diagnosis and differential diagnosis of 
other renal tumors. Finally, the imaging assessment in this 
study was based on fat-saturated T2-weighted single-shot 
fast spin-echo images, which may therefore impact the image 
contrast [29].

In conclusion, ccLS could be an alternative approach in 
the differential diagnosis between EAML and ccRCC, thus 
potentially helping the management of EAML and ccRCC.
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