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Abstract 

Objective  To evaluate a recently proposed CT-based algorithm for diagnosis of clear-cell renal cell carcinoma (ccRCC) 
among small (≤ 4 cm) solid renal masses diagnosed by renal mass biopsy.

Methods  This retrospective study included 51 small renal masses in 51 patients with renal-mass CT and biopsy between 2014 
and 2021. Three radiologists independently evaluated corticomedullary phase CT for the following: heterogeneity and attenu-
ation ratio (mass:renal cortex), which were used to inform the CT score (1–5). CT score ≥ 4 was considered positive for ccRCC. 
Diagnostic accuracy was calculated for each reader and overall using fixed effects logistic regression modelling.

Results  There were 51% (26/51) ccRCC and 49% (25/51) other masses. For diagnosis of ccRCC, area under curve 
(AUC), sensitivity, specificity, and positive predictive value (PPV) were 0.69 (95% confidence interval 0.61–0.76), 78% 
(68–86%), 59% (46–71%), and 67% (54–79%), respectively. CT score ≤ 2 had a negative predictive value 97% (92–99%) 
to exclude diagnosis of ccRCC. For diagnosis of papillary renal cell carcinoma (pRCC), CT score ≤ 2, AUC, sensitivity, 
specificity, and PPV were 0.89 (0.81–0.98), 81% (58–94%), 98% (93–99%), and 85% (62–97%), respectively. Pooled inter-
observer agreement for CT scoring was moderate (Fleiss weighted kappa = 0.52).

Conclusion  The CT scoring system for prediction of ccRCC was sensitive with a high negative predictive value 
and moderate agreement. The CT score is highly specific for diagnosis of pRCC.

Clinical relevance statement  The CT score algorithm may help guide renal mass biopsy decisions in clinical prac-
tice, with high sensitivity to identify clear-cell tumors for biopsy to establish diagnosis and grade and high specificity 
to avoid biopsy in papillary tumors.

Key Points   
• A CT score ≥ 4 had high sensitivity and negative predictive value for diagnosis of clear-cell renal cell carcinoma (RCC) among  
   solid ≤ 4-cm renal masses.

• A CT score ≤ 2 was highly specific for diagnosis of papillary RCC among solid ≤ 4-cm renal masses.

• Inter-observer agreement for CT score was moderate.
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Introduction
Among incidentalomas detected at abdominal imag-
ing, renal masses are common [1, 2]. Though most solid 
(> 25% enhancing tissue [3]) renal masses are malignant, 
small (≤ 4 cm) solid masses can be benign in up to 20% of 
instances [4, 5]. Clear-cell renal cell carcinoma (ccRCC) 
is the most common RCC subtype and is also aggressive. 
In patients managed with active surveillance (AS), ccRCC 
is the most common cause of disease progression and 
metastasis (though occurring rarely) [6]. In current clini-
cal practice, diagnosis of ccRCC among small solid renal 
masses is only possible by pathological analysis after 
extirpative therapy or biopsy. Pre-operative histological 
diagnosis would be desirable to both (1) reduce benign 
resection rates and (2) better inform AS management 
decisions [7]. Yet, renal mass biopsy is underutilized [8]. 
Renal mass biopsy is an additional diagnostic procedure 
that may delay treatment, is invasive (median complica-
tion rate of 8%) [9], and can be non-diagnostic in up to 
20% of masses [10].

Dr. Pedrosa and colleagues have developed a clear-cell 
likelihood score (ccLS) system, which is a 5-tiered Likert 
scale that estimates the likelihood that a solid renal mass 
is a ccRCC using multiparametric MRI [11]. The ccLS 
can diagnose ccRCC with moderate accuracy and a high 
negative predictive value, and has been shown to have 
substantial inter-observer agreement [12–14]. A limita-
tion of the ccLS is that renal masses are more frequently 
evaluated by CT than by MRI, owing to their incidental 
depiction on examinations performed for other reasons 
(most frequently CT), shorter examination times of CT, 
lower cost of CT, and increased accessibility to CT [15]. 
A predictive CT algorithm for diagnosis of ccRCC has 
been recently published [16] and could serve as an alter-
native to the ccLS in patients without MRI. The algo-
rithm was recently validated by Lemieux and colleagues, 
who showed a high sensitivity and a high negative predic-
tive value for diagnosis of ccRCC and high specificity for 
diagnosis of papillary (p) RCC [17].

Any imaging algorithm employed to diagnose renal 
masses, including the ccLS and CT score, should help 
guide management decisions and potentially improve 
patient selection for renal mass biopsy. The CT score may 
therefore be useful, to avoid biopsy in pRCC (due to its 
high specificity) and select patients for biopsy with pos-
sible ccRCC (due to high sensitivity). Avoiding biopsy 
entirely with non-invasive imaging is ideal; however, both 
CT and MRI suffer from an inability to reliably differen-
tiate ccRCC from oncocytic tumors (e.g., chromophobe 
RCC and oncocytoma) [18] and both the CT score and 
ccLS do not determine the grade of ccRCC which is an 
important consideration since low-grade ccRCC may 
also be amenable to surveillance at small sizes [7]. This 

study therefore aims to evaluate the CT-based algorithm 
for diagnosis of ccRCC and secondarily for diagnosis of 
pRCC  among small (≤ 4  cm) solid renal masses which 
were diagnosed by renal mass biopsy.

Methods
Patients
This retrospective study received institutional review 
board (IRB) approval with a waiver of the requirement for 
written patient informed consent. A fellowship-trained 
genitourinary radiologist (N.S.) and fellowship-trained 
genitourinary pathologist (T.A.F.), both with 11  years 
of post-training experience, searched the institutional 
pathology database and PACS (Enterprise Radiology 
Software, Change Healthcare Corporation) from January 
2014 to January 2021 for renal masses in adult patients 
(age ≥ 18  years) that were imaged by CT prior to renal 
mass biopsy, yielding a pathologic diagnosis. This search 
identified 314 patients. Patients were excluded for the fol-
lowing reasons: CT did not use a complete renal protocol 
or biopsy was performed > 12 months after CT (n = 156); 
size of resected mass (based on mean of axial short-axis 
measurement, axial long-axis measurement, and coronal 
measurement) greater than 4 cm on CT (n = 107). There-
fore, the final study population consisted of 51 patients 
with a total of 51 biopsy confirmed small (≤ 4 cm) renal 
masses, evaluated by multiparametric CT. Figure 1 shows 
the flow of patient selection.

All CT examinations were performed for characteriza-
tion or staging of renal masses. All included masses had 
a circumscribed (i.e., noninfiltrative) appearance on CT, 
and no patient had suspected T3 disease or metastases 
on CT. The mean interval between CT and biopsy was 
4 ± 4 months (range, 1–12 months). No patient received 
intervening therapy between the CT and surgical resec-
tion. Institutional fellowship-trained genitourinary 
pathologists established the histological diagnosis for 
each mass as part of clinical care by pathologic evalua-
tion of the specimens following partial or total nephrec-
tomy using the WHO criteria for renal tumors [19]. In 
cases where biopsy was inconclusive or non-diagnostic, 
repeat biopsy or pathology after surgery was used to 
establish the final diagnosis. ccRCCs were assigned an 
International Society of Urogenital Pathology (ISUP) 
nuclear grade. Histologic diagnoses were retrieved from 
the pathology reports.

CT protocol
CT examinations were performed using a variety 
of different multi-detector computed tomography 
(MDCT) scans with 64 to 320 channels. Examinations 
used a triphasic renal-mass CT protocol that com-
prised an unenhanced acquisition of the kidneys, a 
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corticomedullary-phase acquisition of the kidneys, and a 
nephrographic-phase acquisition of the entire abdomen. 
The timing of the corticomedullary phase was deter-
mined by bolus tracking using a circular ROI placed in 
the abdominal aorta at the level of the diaphragm, with 
acquisition 15 s after reaching an attenuation threshold of 
100 HU (corresponding with approximately 30–40 s after 
injection). The nephrographic phase was acquired 80  s 
after the corticomedullary acquisition (approximately 
110–120  s after injection). Typical scan parameters for 
patients examined on 64-channel systems included 120 
kVp, automatic tube current modulation using a standard 
deviation (SD) of 15 for noise, and tube rotation of 0.5 s. 
Images were reconstructed in the axial plane with a slice 
thickness of at least 2.5 mm, with additional generation 
of sagittal and coronal multi-planar reformatted images. 
Reconstruction used iterative reconstruction algorithms 
that were selected to be as similar as possible across ven-
dors. Patients were generally administered 105  mL of 
non-ionic contrast material at a fixed IV rate of 3.5 mL/s 
using a power injector followed by a saline flush. The 
renal-massed CT protocol was compliant with recom-
mendations for renal mass evaluation from the Society of 
Abdominal Radiology Disease Focused Panel on RCC [3].

Radiologist interpretation
Two fellowship-trained radiologists, with 12 and 17 years 
of post-fellowship and an abdominal radiology fellow, 
independently reviewed CT images (C.W., R.H., F.E.). 
The radiologists were informed of the location of the 
mass in each patient for evaluation, but were blinded to 
pathology results.

To derive the CT score for each mass, the radiologists 
first independently assigned a heterogeneity score using 
a 5-point Likert scale where 1, completely homogene-
ous; 2, mostly homogeneous; 3, mixed areas of homoge-
neous and heterogeneous component (also described as 
mixed heterogeneity); 4, mostly heterogeneous; and 5, 
completely heterogeneous as described in the study by Al 
Nasibi et al [16]. Heterogeneity was assessed on the cor-
ticomedullary phase, as selected by Al Nasibi et  al [16] 
because a previous work has shown that texture features 
in renal masses show the greatest variation among histo-
logic diagnoses in the corticomedullary phase [20].

The radiologists then recorded the corticomedullary 
phase attenuation ratio of the mass relative to the renal 
cortex as described in the study by Al Nasibi et  al [16]. 
For homogeneous masses, a region of interest (ROI) 
encompassed approximately two-thirds of the mass’s 
area (based on subjective visual assessment), avoiding the 
mass’s edges where it interfaced with renal parenchyma, 
renal sinus, or retroperitoneal fat. For heterogenous 
masses, the ROI encompassed approximately two-thirds 
of the mass’s most hyperattenuating area (based on sub-
jective visual assessment) and was required to measure 
at least 5 mm in diameter. An ROI was placed on renal 
cortex ipsilateral to the mass on corticomedullary-phase 
images (typical ROI size, 5 mm), using the same axial slice 
as was used for measuring the mass attenuation (Figs. 2 
and 3). The corticomedullary-phase attenuation ratio of 
the renal mass was then calculated by dividing the atten-
uation of the mass by the attenuation the renal cortex 
and the absolute value was converted into a score from 
1 to 3 where 1 = mild < 0.40, 2 = moderate 0.40–0.75, and 
3 = intense > 0.75, similar to the three-tiered stratification 

Fig. 1  Flow diagram depicting patient inclusion and exclusion criteria for the study
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of the corticomedullary-phase enhancement ratio in the 
ccLS system used for MRI [13].

The CT score
The CT score is a 5-tiered algorithm which uses first the 
heterogeneity and then the mass-to-renal cortex attenu-
ation ratio (Appendix 1). For each mass, each radiologist 
recorded a CT score for each tumor. Prior to recording 
the data, both radiologists were provided with a short 
presentation depicting the imaging features and how to 

apply them and the diagnostic algorithm. Two examples 
of application of the CT score using the corticomedullary 
attenuation ratio and heterogeneity score are provided in 
Figs. 2 and 3.

Proposed revisions to the CT score
Since the most common false positive diagnosis for 
ccRCC at multiphase CT is an oncocytoma/oncocytic 
neoplasm [16], we explored whether the use of seg-
mental enhancement inversion (SEI) could further 

Fig. 2  A 69-year-old female patient with ISUP grade 2 clear-cell RCC measuring 25 mm in the left kidney. Axial CT images in the (a) unenhanced, (b) 
corticomedullary, and (c) nephrographic phases at the same level depict the mass (arrows). The mass shown is mostly heterogeneous and shows 
intense enhancement in b. Circular regions of interest (ROI) were placed in the most enhancing component of the mass and in the ipsilateral 
renal cortex (circles, b), to determine the mass-to-cortex corticomedullary attenuation ratio. Heterogeneity scores were assigned subjectively 
using a 5-point Likert-type scale. These two features were used to inform development of the CT score. In this patient, the mass showed avid 
enhancement (mass-to-cortex corticomedullary enhancement ratio > 0.75) and was considered mostly heterogeneous (heterogeneity score, 4) 
by both radiologists, resulting in CT score 5

Fig. 3  A 59-year-old male patient with papillary RCC measuring 19 mm in the left kidney. Axial (a) unenhanced, (b) corticomedullary, and (c) 
nephrographic phase contrast-enhanced CT images depict the mass as having mild enhancement (mass-to-cortex corticomedullary attenuation 
ratio < 0.4) and mostly homogeneous as rated by both radiologists. The CT score is 1
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improve performance of the CT scoring system. SEI 
has been included into the ccLS system [21] as a fea-
ture which downgrades tumors into lower ccLS cat-
egories since it has been described in oncocytomas 
[22]. Radiologists therefore compared the corticome-
dullary phase and nephrographic phase images for 
each tumor and recorded whether SEI was present 
(areas within the tumor with a “flip-flop” pattern of 
enhancement: one area washes-out (de-enhances) 
and another area washes-in (progressively enhances)) 
as described by Kim et al [22]. Prior to recording SEI, 
both radiologists reviewed the diagnostic criteria for 
SEI and several illustrative examples. SEI results were 
adapted to the original CT score using a proposed 
revision to the CT score by Eldehimi et  al [23] and 
revised CT scores were recorded for each patient 
and each radiologist. In this revision, the presence of 
SEI downgrades a CT score 4 tumor by one category 
[23]. A renal mass corticomedullary to nephrographic 
phase attenuation ratio > 1.5 was also proposed to 
upgrade CT score 3 or 4 tumors by one category 
[23]. Nephrographic phase attenuation was measured 
using copy-paste function matching measurements 
used in the corticomedullary phase.

Lemieux et al noted a similar performance of the CT 
score in their study, when excluding tumor heteroge-
neity and using only corticomedullary phase attenua-
tion ratio, also improving inter-observer agreement 
[17]. Accordingly, we also calculated CT scores using 
the proposal by Lemieux et al [17], excluding heteroge-
neity data, for each tumor and each radiologist.

Statistical analysis
The number of ccRCC, pRCC, and other renal masses 
was tabulated. The area under the receiver operator 
characteristic (AUC) curve, sensitivity, specificity, and 
positive predictive value (PPV) for diagnosis of ccRCC 
using a CT score of  ≥ 4 and the negative predic-
tive value (NPV) for CT score of  ≤ 2 were calculated 
as described in the study by Al Nasibi et  al [16] and 
also using the revised proposals by Eldehimi et al [23] 
and Lemieux et  al [17]. Comparisons were conducted 
using 95% confidence intervals (CIs), where overlap in 
95% CI indicated no significant difference. The diag-
nostic accuracy of the CT score for pRCC, using a CT 
score ≤ 2, was also calculated. Diagnostic accuracy of 
the CT score for diagnosis of ccRCC and pRCC was 
derived overall using fixed effects logistic regression 
modelling controlling for the radiologist. The inter-
observer agreement for CT score was performed using 
Fleiss weighted kappa. Statistical analysis was per-
formed using STATA BE version 17.0 (Statcorp).

Results
A summary of patient demographic features and his-
tologic diagnoses is provided in Table  1. A total of 51% 
(26/51) of masses were ccRCC, and 49% (25/51) had 
other histologic diagnoses. Among the remaining masses, 
44% (11/25) were benign (9 oncocytoma, 2 fat-poor angi-
omyolipoma), and 56% (14/25) were malignant or had 
malignant potential. The most common malignancy in 
the study sample after ccRCC was papillary RCC (N = 8) 
(Table 1). In total, there were 8% (4/51) masses with ini-
tial non-diagnostic renal mass biopsy (2 clear-cell RCC, 2 
papillary RCC) where diagnosis was later established by 
repeat biopsy or nephrectomy. In the other 92% (47/51 
masses), a diagnosis of renal mass subtype was estab-
lished at initial biopsy and among masses which later 
underwent surgery, there was no change in mass subtype 
after surgical pathology.

Age did not differ between patients with ccRCC and 
those with other histologic diagnoses (68 ± 11  years vs 
61 ± 12 years, respectively; p = 0.37). Among patients with 
ccRCC, 65% (17/26) were male compared to patients with 
other histologic diagnoses where 64% (16/25) were male 
(p = 0.63). Mean mass size also did not differ compar-
ing ccRCC and other histologic diagnoses (28 ± 8 [range 
15–40] mm for ccRCC and 25 ± 8 [range 13–40] mm for 
other masses), p = 2.0).

For diagnosis of ccRCC, using fixed effects logis-
tic regression modeling, AUC, sensitivity, specific-
ity, and positive predictive value (PPV) were 0.69 
(95% confidence interval 0.61–0.76), 78% (68–86%), 

Table 1  Patient demographic and renal mass characteristics

Unless otherwise indicated, values indicate the number of patients

RCC​ renal cell carcinoma, SD standard deviation

Characteristic Value
(n = 51)

Age (y), mean ± SD 67 ± 12

Sex

  Men 33

  Women 18

Size (mm), mean ± SD

  Clear-cell RCC​ 28 ± 8

  All other histologic diagnoses 25 ± 8

Histologic diagnosis

  Clear-cell RCC​ 26

  Papillary RCC​ 8

  Oncocytoma 9

  Oncocytic neoplasm 1

  Chromophobe RCC​ 3

  Fat-poor angiomyolipoma 2

  Clear-cell papillary RCC​ 1

  XP11 translocation RCC​ 1
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59% (46–71%), and 67% (54–79%), respectively. CT 
score ≤ 2 had a negative predictive value 97% (92–99%) 
to exclude diagnosis of ccRCC. For diagnosis of pRCC, 
AUC, sensitivity, specificity, and PPV were 0.89 (0.81–
0.98), 81% (58–94%), 98% (93–99%), and 85% (62–
97%), respectively. Inter-observer agreement for CT 
scoring was moderate (Fleiss weighted kappa = 0.52 
[range 0.46–0.60]).

A summary of the individual radiologists’ perfor-
mance using the CT score for diagnosis of ccRCC and 
pRCC is provided in Tables 2 and 3. Results using the 
revisions proposed by Eldehimi et al and Lemieux et al 
are presented in Table  4. There was no difference in 
AUC comparing the original CT score to either pro-
posed revision (overlapping 95% CI). The sensitivity 
was highest using the revision proposed by Eldehimi 
et al, but at the cost of lower specificity, and the worst 
performing system was the proposed revision by 
Lemieux et  al; however, differences were not signifi-
cant (overlapping 95% CI).

Considering the 4 masses with initially non-diag-
nostic renal mass biopsy, the CT score predicted the 
final diagnosis with 100% accuracy in all 4 masses for 
both radiologists. That is, both clear-cell RCC had CT 
score ≥ 4 and both papillary RCC had CT score ≤ 2.

Discussion
This study aimed to validate a recently proposed mul-
tiparametric CT algorithm in a consecutive cohort of 
small (≤ 4 cm) solid renal masses undergoing renal mass 
biopsy. The purpose of the CT scoring system was origi-
nally to differentiate clear-cell RCC from other histologic 
diagnoses among solid renal masses measuring ≤ 4  cm; 
however, investigators have shown a secondary benefit, 
which is high accuracy for diagnosis of papillary RCC [16, 
17]. In this study, the CT scoring system had moderate 
agreement across three radiologists. A CT score ≥ 4 had 
high sensitivity for diagnosis of ccRCC, and CT score ≤ 2 
had high NPV for exclusion of ccRCC. Moreover, a CT 
score ≤ 2 was highly accurate for diagnosis of papillary 
RCC. The CT score may represent a useful clinical tool 
when evaluating solid renal masses ≤ 4 cm by renal-pro-
tocol CT due to its ability to identify clear-cell tumors 
among small (≤ 4 cm) solid renal masses with high sensi-
tivity and to diagnose papillary RCC with high specificity. 
This may help treating physicians better inform biopsy 
decisions, potentially avoiding biopsy in papillary RCCs, 
while performing biopsy in masses suspected to repre-
sent clear-cell RCC, establishing diagnosis and grade.

A CT score ≥ 4 achieved moderate to high sensitivity 
for diagnosis of ccRCC. In the original study proposing 

Table 2  Diagnostic accuracy of the CT score system for diagnosis of clear-cell renal cell carcinoma derived by the CT score (1–5) for 
three individual radiologists and overall in 51 small (≤ 4 cm) solid renal masses diagnosed by renal mass biopsy

Data in parentheses represent 95% confidence intervals
1 Area under the receiver operator characteristic curve. A CT score ≥ 4 indicates a positive result and a CT score ≤ 2 indicates a negative result
2 Overall data derived by fixed effects logistic regression modelling

Area under the ROC curve1 Sensitivity Specificity Positive predictive value Negative predictive value

Radiologist 1 0.67 (95% CI 0.55 to 0.80) 90% (95% CI 73 to 98) 45% (95% CI 24 to 68) 68% (95% CI 51 to 82) 77% (95% CI 46 to 95)

Radiologist 2 0.66 (95% CI 0.53 to 0.80) 69% (95% CI 49 to 85) 64% (95% CI 41 to 83) 71% (95% CI 51 to 87) 61% (95% CI 38 to 80)

Radiologist 3 0.72 (95% CI 0.59 to 0.85) 76% (95% CI 56 to 90) 68% (95% CI 45 to 86) 76% (95% CI 56 to 90) 68% (95% CI 45 to 86)

Overall2 0.69 (95% CI 0.61 to 0.76) 78% (95% CI 68 to 86) 59% (95% CI 46 to 71) 67% (95% CI 54 to 79) 72% (95% CI 61 to 80)

Table 3  Diagnostic accuracy of the CT score system for diagnosis of papillary renal cell carcinoma derived by the CT score (1–5) for 
three individual radiologists and overall in 51 small (≤ 4 cm) solid renal masses diagnosed by renal mass biopsy

Data in parentheses represent 95% confidence intervals
1 Area under the receiver operator characteristic curve. A CT score ≤ 2 indicates a positive result
2 Overall data derived by random effects logistic regression modelling

Area under the ROC 
curve1

Sensitivity Specificity Positive predictive 
value

Negative predictive value

Radiologist 1 0.86 (95% CI 0.68 to 1) 71% (95% CI 29 to 96) 100% (95% CI 91 to 100) 100% (95% CI 48 to 100) 96% (95% CI 85 to 99)

Radiologist 2 0.98 (95% CI 0.95 to 1) 100% (95% CI 59 to 100) 95% (95% CI 84 to 99) 78% (95% CI 40 to 97) 100% (95% CI 92 to 100)

Radiologist 3 0.85 (95% CI 0.66 to 1) 71% (95% CI 29 to 96) 98% (95% CI 88 to 100) 83% (95% CI 36 to 100) 96% (95% CI 85 to 99)

Overall2 0.89 (95% CI 0.81 to 0.98) 81% (95% CI 58 to 94) 98% (95% CI 93 to 99) 85% (95% CI 62 to 97) 97% (95% CI 92 to 99)
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the CT score algorithm, sensitivity was 71% for one 
reader and 42% for the other reader [24]. In a subsequent 
study by Lemieux et al, a sensitivity of 74% was reported 
which compares favorably to our results [17]. The PPV 
in our study was slightly lower, when compared to the 
initial description of the CT scoring system [16] where 
PPV were 71% and 79% but again similar to Lemieux et al 
who report a pooled PPV of 59% [17]. Comparatively, 
the multi-parametric MRI ccLS has shown a similar sen-
sitivity of 75% but higher PPV of 76% in a multi-center 
study by Schieda et al [16]. In another study, with more 
experienced radiologists, PPV of the ccLS for diagnosis 
of ccRCC increased to 87% indicating that there is likely 
a positive learning effect when applying the system [25]. 
Whether a similar positive effect on the PPV of the CT 
score can be achieved with increased reader experience is 
unknown and will require further assessment.

We evaluated recent proposed revisions to the CT 
score published by Eldehimi et al and Lemieux et al [17, 
23]. The ccLS system uses segmental enhancement inver-
sion (SEI) as a feature to help diagnose oncocytoma in 
category 4 tumors [21]. In our study, the proposed modi-
fications by Eldehimi et al, which include adding SEI, did 
not alter overall accuracy and, although sensitivity was 
higher, this was at the cost of lower specificity. Similarly, 
the modifications proposed by Lemieux et al [17], namely 
to remove tumor heterogeneity focusing only on tumor 
corticomedullary attenuation ratio, did not alter overall 
AUC but had the lowest performance of the three sys-
tems tested.

A CT score ≤ 2 had a high NPV in our study and this 
threshold was highly accurate for diagnosis of papillary 
RCC. These results are similar to the study by Al-Nasibi 
et  al where an NPV of 85–88% was reported [16]. At 
MRI, the ccLS also has shown a high NPV for score ≤ 2 
tumors with a reported rate of 88% in the multicenter 
study by Schieda et  al [14]. The specificity for diagno-
sis of pRCC, when CT score is ≤ 2, compares favorably 
to results by Al-Nasibi et  al and Lemieux et  al [17, 24]. 
Imaging diagnosis of pRCC has become more important 
recently, since pathological distinction of type 1 and type 
2 pRCC is no longer performed in the 2022 WHO clas-
sification of renal tumors [26].

Inter-observer agreement in our study was moder-
ate, comparable to the studies by Al-Nasibi et  al and 
Lemieux et al [16, 17], but lower than reported using the 
MRI ccLS system [14]. This difference can be expected 
given the use of subjective assessment of tumor tex-
ture, which is a dominant feature in the algorithm [17]. 
Despite training and experienced radiologists, subjective 
assessment of tumor texture is likely to remain a feature 
with at best moderate agreement and future iterations of 
the algorithm might aim to improve agreement through 
use of more quantitative techniques such as texture 
analysis. Although Lemieux et  al [17] report improved 
inter-observer agreement when eliminating tumor het-
erogeneity from the CT scoring system, in our study, 
this strategy resulted in the lowest diagnostic accuracy 
(although the difference was not significant).

This study has limitations. The sample consisted 
only of masses which underwent renal mass biopsy 

Table 4  Diagnostic accuracy of the original CT score system, the revision proposed by Eldehimi et  al. [23] and Lemieux et  al. [17] 
for diagnosis of clear-cell renal cell carcinoma for three individual radiologists and overall in 51 small (≤ 4  cm) solid renal masses 
diagnosed by renal mass biopsy

Data in parentheses represent 95% confidence intervals
1 Area under the receiver operator characteristic curve. A CT score ≥ 4 indicates a positive result and a CT score ≤ 2 indicates a negative result
2 Overall data derived by fixed effects logistic regression modelling

Area under the ROC 
curve1

Sensitivity Specificity Positive predictive value Negative predictive 
value

Original CT score

Overall2 0.69 (95% CI 0.61 to 0.76) 78% (95% CI 68 to 86) 59% (95% CI 46 to 71) 67% (95% CI 54 to 79) 72% (95% CI 61 to 80)

Eldehimi et al
Proposed revision

Reader 1 0.70 (95% CI 0.58 to 0.81) 96% (95% CI 82 to 100) 43% (95% CI 22 to 66) 70% (95% CI 53 to 83) 90% (95% CI 55 to 100)

Reader 2 0.70 (95% CI 0.58 to 0.82) 90% (95% CI 73 to 98) 50% (95% CI 28 to 72) 70% (95% CI 53 to 84) 79% (95% CI 49 to 95)

Reader 3 0.64 (95% CI 0.51 to 0.77) 82% (95% CI 63 to 94) 45% (95% CI 24 to 68) 66% (95% CI 48 to 81) 67% (95% CI 38 to 88)

Lemieux et al
Proposed revision

Reader 1 0.62 (95% CI 0.49 to 0.74) 83% (95% CI 64 to 94) 41% (95% CI 21 to 64) 65% (95% CI 47 to 80) 64% (95% CI 35 to 87)

Reader 2 0.62 (95% CI 0.49 to 0.76) 65% (95% CI 46 to 82) 59% (95% CI 36 to 79) 68% (95% CI 48 to 84) 56% (95% CI 34 to 77)

Reader 3 0.57 (95% CI 0.43 to 0.71) 69% (95% CI 49 to 85) 45% (95% CI 24 to 68) 62% (95% CI 44 to 79) 53% (95% CI 29 to 75)
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for histologic diagnosis of mass subtype. It is possi-
ble that renal mass biopsy diagnosis could be differ-
ent compared to diagnosis after surgical resection; 
however, diagnostic accuracy of biopsy for renal mass 
subtype is high [9] in diagnostic specimens, and in our 
study, in masses with a biopsy diagnosis of subtype 
that underwent surgery, subtype pathology was con-
cordant in all cases. A population of renal mass biopsy 
could be biased, particularly at our institution where 
renal mass biopsy is not universally applied to all cT1a 
renal masses and might include a higher proportion 
of oncocytic neoplasms. Therefore, the natural inci-
dence of cT1a renal masses is not represented in our 
study and diagnostic performance of the CT scoring 
system should be expected to be higher in a popula-
tion considering all consecutive cT1a renal masses 
due to a higher prevalence of ccRCC [4]. This might 
be expected to lower performance of the CT score due 
to lower prevalence of ccRCC. Renal-protocol CT was 
performed according to Society of Abdominal Radiol-
ogy Disease Focused Panel on RCC recommendations, 
although using different CT models. This variability 
in equipment could have negatively influenced the 
observed performance of the derived CT score.

In conclusion, in this study, a CT scoring system 
applied for diagnosis of clear-cell RCC among solid renal 
masses measuring ≤ 4  cm had moderate inter-observer 
agreement, high sensitivity and NPV for diagnosis of 
ccRCC and high specificity for diagnosis of papillary 
RCC. These results could inform biopsy decisions in 
clinical practice, potentially avoiding biopsy in tumors 
diagnosed as papillary RCC and concentrating biopsy on 
suspected clear-cell RCC to establish diagnosis and his-
tological grade better informing management decisions.

Abbreviations
AS 	� Active surveillance
ccLS 	� Clear-cell likelihood score
ccRCC​	� Clear-cell renal cell carcinoma
CIs	� Confidence intervals
ISUP	� International Society of Urogenital Pathology
MDCT	� Multi-detector computed tomography
Mp	� Multi-parametric
MRI	� Magnetic resonance imaging
NPV	� Negative predictive value
PPV	� Positive predictive value
pRCC​	� Papillary renal cell carcinoma
SD	� Standard deviation
SEI	� Segmental enhancement inversion

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1007/​s00330-​023-​10434-4.

Below is the link to the electronic supplementary material. Supplementary 
file1 (PDF 153 KB)

Funding
The authors state that this work has not received any funding.

Declarations

Guarantor
The scientific guarantor of this publication is Dr Nicola Schieda.

Conflict of interest
The authors of this manuscript declare no relationships with any companies, 
whose products or services may be related to the subject matter of the article.

Statistics and biometry
Statistical analysis performed by Dr. Nicola Schieda.

Informed consent
Written informed consent was waived by the Institutional Review Board.

Ethical approval
Institutional Review Board (Ottawa Hospital Research Ethics Board) approval 
was obtained.

Study subjects or cohorts overlap
None.

Methodology

• retrospective
• cross-sectional study
• performed at one institution

Author details
1 Department of Medical Imaging, The Ottawa Hospital, 1053 Carling Avenue, 
Room C159, Ottawa, ON K1Y 4E9, Canada. 

Received: 11 August 2023   Revised: 11 August 2023   
Accepted: 13 September 2023

References
	1.	 Meyer HJ, Pfeil A, Schramm D, Bach AG, Surov A (2017) Renal incidental 

findings on computed tomography: frequency and distribution in a large 
non selected cohort. Medicine (Baltimore) 96:e7039

	2.	 O’Connor SD, Pickhardt PJ, Kim DH, Oliva MR, Silverman SG (2011) 
Incidental finding of renal masses at unenhanced CT: prevalence and 
analysis of features for guiding management. AJR Am J Roentgenol 
197:139–145

	3.	 Silverman SG, Pedrosa I, Ellis JH et al (2019) Bosniak classification of cystic 
renal masses, version 2019: an update proposal and needs assessment. 
Radiology. https://​doi.​org/​10.​1148/​radiol.​20191​82646:​182646

	4.	 Remzi M, Ozsoy M, Klingler HC et al (2006) Are small renal tumors harm-
less? Analysis of histopathological features according to tumors 4 cm or 
less in diameter. J Urol 176:896–899

	5.	 Pahernik S, Ziegler S, Roos F, Melchior SW, Thuroff JW (2007) Small renal 
tumors: correlation of clinical and pathological features with tumor size. J 
Urol 178:414–417; discussion 416–417

	6.	 Finelli A, Cheung DC, Al-Matar A et al (2020) Small renal mass surveil-
lance: histology-specific growth rates in a biopsy-characterized cohort. 
Eur Urol 78:460–467

	7.	 Schieda N, Krishna S, Pedrosa I, Kaffenberger SD, Davenport MS, Silver-
man SG (2021) Active surveillance of renal masses: the role of radiology. 
Radiology. https://​doi.​org/​10.​1148/​radiol.​20212​04227:​204227

	8.	 Patel DN, Ghali F, Meagher MF et al (2021) Utilization of renal mass biopsy 
in patients with localized renal cell carcinoma: a population-based study 
utilizing the National Cancer Database. Urol Oncol 39:79 e71–79 e78

	9.	 Marconi L, Dabestani S, Lam TB et al (2016) Systematic review and meta-
analysis of diagnostic accuracy of percutaneous renal tumour biopsy. Eur 
Urol 69:660–673

3999

Published: 16 November 2023

https://doi.org/10.1007/s00330-023-10434-4
https://doi.org/10.1007/s00330-023-10434-4
https://doi.org/10.1148/radiol.2019182646:182646
https://doi.org/10.1148/radiol.2021204227:204227


(2024) 34:3992-4000                               Eldihimi et al. European Radiology   

	10.	 Lim CS, Schieda N, Silverman SG (2019) Update on indications for percu-
taneous renal mass biopsy in the era of advanced CT and MRI. AJR Am J 
Roentgenol. https://​doi.​org/​10.​2214/​AJR.​19.​21093:1-​10

	11.	 Kay FU, Canvasser NE, Xi Y et al (2018) Diagnostic performance and 
interreader agreement of a standardized MR imaging approach in the 
prediction of small renal mass histology. Radiology 287:543–553

	12.	 Canvasser NE, Kay FU, Xi Y et al (2017) Diagnostic accuracy of multipara-
metric magnetic resonance imaging to identify clear cell renal cell 
carcinoma in cT1a renal masses. J Urol 198:780–786

	13.	 Johnson BA, Kim S, Steinberg RL, de Leon AD, Pedrosa I, Cadeddu JA 
(2019) Diagnostic performance of prospectively assigned clear cell likeli-
hood scores (ccLS) in small renal masses at multiparametric magnetic 
resonance imaging. Urol Oncol 37:941–946

	14.	 Schieda N, Davenport MS, Silverman SG et al (2022) Multicenter evalua-
tion of multiparametric MRI clear cell likelihood scores in solid indetermi-
nate small renal masses. Radiology. https://​doi.​org/​10.​1148/​radiol.​211680:​
211680

	15.	 Baldari D, Capece S, Mainenti PP et al (2015) Comparison between com-
puted tomography multislice and high-field magnetic resonance in the 
diagnostic evaluation of patients with renal masses. Quant Imaging Med 
Surg 5:691–699

	16.	 Al Nasibi K, Pickovsky JS, Eldehimi F et al (2022) Development of a mul-
tiparametric renal CT algorithm for diagnosis of clear-cell renal cell carci-
noma among small (</=4 cm) solid renal masses. AJR Am J Roentgenol. 
https://​doi.​org/​10.​2214/​AJR.​22.​27971

	17.	 Lemieux S, Shen L, Liang T et al (2023) External validation of a five-tiered 
CT algorithm for the diagnosis of clear-cell renal cell carcinoma: a retro-
spective five-reader study. AJR Am J Roentgenol. https://​doi.​org/​10.​2214/​
AJR.​23.​29151

	18.	 Kang SK, Huang WC, Pandharipande PV, Chandarana H (2014) Solid renal 
masses: what the numbers tell us. AJR Am J Roentgenol 202:1196–1206

	19.	 Moch H, Cubilla AL, Humphrey PA, Reuter VE, Ulbright TM (2016) The 2016 
WHO classification of tumours of the urinary system and male genital 
organs-part A: renal, penile, and testicular tumours. Eur Urol 70:93–105

	20.	 Nguyen K, Schieda N, James N, McInnes MDF, Wu M, Thornhill RE (2021) 
Effect of phase of enhancement on texture analysis in renal masses 

evaluated with non-contrast-enhanced, corticomedullary, and nephro-
graphic phase-enhanced CT images. Eur Radiol 31(3):1676–1686. https://​
doi.​org/​10.​1007/​s00330-​020-​07233-6

	21.	 Pedrosa I, Cadeddu JA (2022) How we do it: managing the indeter-
minate renal mass with the MRI clear cell likelihood score. Radiology 
302:256–269

	22.	 Kim JI, Cho JY, Moon KC, Lee HJ, Kim SH (2009) Segmental enhancement 
inversion at biphasic multidetector CT: characteristic finding of small 
renal oncocytoma. Radiology 252:441–448

	23.	 Eldehimi F, Pickovsky JS, Al Nasibi K, Schieda N (2023) Proposed modifica-
tions to the multiparametric CT score for diagnosis of ccRCC using hyper-
attenuation, segmental enhancement inversion, and ADER: a secondary 
analysis. AJR Am J Roentgenol 221:144–146

	24.	 Al Nasibi K, Pickovsky JS, Eldehimi F et al (2022) Development of a mul-
tiparametric renal CT algorithm for diagnosis of clear cell renal cell carci-
noma among small (</= 4 cm) solid renal masses. AJR Am J Roentgenol. 
https://​doi.​org/​10.​2214/​AJR.​22.​27971:1-​10

	25.	 Steinberg RL, Rasmussen RG, Johnson BA et al (2020) Prospective per-
formance of clear cell likelihood scores (ccLS) in renal masses evaluated 
with multiparametric magnetic resonance imaging. Eur Radiol. https://​
doi.​org/​10.​1007/​s00330-​020-​07093-0

	26.	 Alaghehbandan R, Siadat F, Trpkov K (2022) What’s new in the WHO 2022 
classification of kidney tumours? Pathologica 115:8–22

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Springer Nature or its licensor (e.g. a society or other partner) holds exclusive 
rights to this article under a publishing agreement with the author(s) or other 
rightsholder(s); author self-archiving of the accepted manuscript version of 
this article is solely governed by the terms of such publishing agreement and 
applicable law.

4000

https://doi.org/10.2214/AJR.19.21093:1-10
https://doi.org/10.1148/radiol.211680:211680
https://doi.org/10.1148/radiol.211680:211680
https://doi.org/10.2214/AJR.22.27971
https://doi.org/10.2214/AJR.23.29151
https://doi.org/10.2214/AJR.23.29151
https://doi.org/10.1007/s00330-020-07233-6
https://doi.org/10.1007/s00330-020-07233-6
https://doi.org/10.2214/AJR.22.27971:1-10
https://doi.org/10.1007/s00330-020-07093-0
https://doi.org/10.1007/s00330-020-07093-0

	Evaluation of a multiparametric renal CT algorithm for diagnosis of clear-cell renal cell carcinoma among small (≤ 4 cm) solid renal masses
	Abstract 
	Objective 
	Methods 
	Results 
	Conclusion 
	Clinical relevance statement 
	Key Points 

	Introduction
	Methods
	Patients
	CT protocol
	Radiologist interpretation
	The CT score
	Proposed revisions to the CT score
	Statistical analysis

	Results
	Discussion
	Anchor 19
	References


