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INTRODUCTION

Renal sinus invasion (RSI) is a principal route for the 
extrarenal extension of renal cell carcinoma (RCC) [1-3] and 
has prognostic significance for poor recurrence-free survival 
and overall survival after nephrectomy [4-6]. Furthermore, 
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RSI may have a worse prognosis than perinephric fat 
invasion, which is one of the pathologic features of the 
pT3a-stage disease [6]. In this regard, the preoperative 
evaluation of RSI is of interest for choosing between 
radical nephrectomy (RN) and nephron-sparing surgery and 
predicting prognosis after surgery [3,7].
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Recent technical improvements have led to broader 
indications for nephron-sparing surgery in patients with 
RCC, even highly complex tumors and large tumors [8]. 
Because of its remarkable advantages for lowering the risk 
of chronic kidney disease (CKD) and cardiovascular disease 
while providing equivalent oncological outcomes to RN [9-
11], partial nephrectomy (PN) is currently the standard 
treatment for patients with T1a tumors (≤ 4 cm) [12,13] 
and the preferred option for T1b tumors (≤ 7 cm) when 
technically feasible [14]. The choice between PN and RN is 
primarily made by considering multiple factors, including 
the expected volume of the remaining renal parenchyma, 
contralateral kidney function, anatomical tumor factors, and 
clinical staging [13]. In this regard, multi-phase contrast-
enhanced computed tomography (CT) plays an important 
role in the detection, staging, and evaluation of anatomical 
anomalies of tumors.

High tumor complexity is associated with higher 
upstaging rates from clinical T1 to pathological T3a after 
PN, as well as higher perioperative complications [15,16]. 
Two nephrometry systems are commonly used to evaluate 
tumor complexity: the radius (R), exophytic/endophytic 
(E), nearness to collecting system or sinus (N), anterior or 
posterior (A), and location relative to polar lines (RENAL) 
nephrometry system, and the preoperative aspects and 
dimensions for anatomical classification (PADUA) system 
[17,18]. These two systems gather information about the 
relationship between the tumor and renal sinus, using 
the ‘N component’ for the RENAL score and ‘renal sinus 
involvement’ for the PADUA classification. However, the 
determination of RSI based on these systems may not be 
sufficient, because anatomical renal sinus involvement 
presenting with tumors bulging into the renal sinus does 
not necessarily indicate RSI [19], and it may lead to more 
PN-eligible patients undergoing RN.

Several tumor features have been suggested as significant 
predictors of RSI, and they include tumor size, necrosis, 
tumor extension into the sinus (direct contact with or 
bulging into the renal sinus), and irregular margins or 
shapes [5,20-24]. The diagnostic accuracy of the clinical 
staging of RCC has been reported to be 64.5–75.5% [25,26], 
with rates of 8–12% for the upstaging of cT1 to pT3a 
after PN [27,28]. Clinical staging is one of the important 
factors for choosing between PN and RN, and it can impact 
perioperative surgical outcomes such as positive resection 
margin [28], and accurate clinical staging of RCC is crucial. 
However, to the best of our knowledge, no studies have 

investigated the association between tumor complexity and 
RSI, and only limited and small population-based studies 
have reported on the usefulness of CT-based tumor features 
for predicting RSI by RCC [5,20,21,29].

Therefore, the purpose of this study was to identify 
associations between renal tumor complexity and RSI for 
RCC ≤ 7 cm using the RENAL nephrectomy score and the 
PADUA classification [17,18]. In addition, we aimed to 
identify useful CT-based tumor features for predicting RSI in 
patients with RCC ≤ 7 cm.

MATERIALS AND METHODS

Patient Selection
Our Institutional Review Board approved this study 

and waived the requirement for written informed consent 
because of its retrospective nature (IRB No. 2017-1134). 
The records of our institution were retrospectively searched 
to identify patients who underwent RN for RCC with a tumor 
size of 7 cm or less between January 2014 and October 
2017. The exclusion criteria were a tumor larger than 7 cm 
(beyond cT2 stage), presence of nodal or distant metastasis, 
renal vein thrombosis, incomplete CT protocols (lack of 
coronal reconstructed images or enhanced images), and 
recurrent RCC. Among 648 patients who underwent RN for 
RCC, 276 (mean age, 57.7 years; range, 29–80 years) were 
included in this study after the exclusion of 372 patients 
for the following reasons: tumor size of > 7 cm (n = 260), 
N1 or M1 disease (n = 14), renal vein thrombosis (n = 24), 
incomplete CT protocol (n = 72), and nephrectomy for 
recurrent RCC (n = 2) (Fig. 1).

Clinical and histopathologic data including age, sex, 
histologic subtype, Fuhrman or International Society of 
Urological Pathology category, and presence of pathologic 
RSI were recorded. Pathologic stages were determined 
using RN specimens according to the 2017 American 
Joint Committee on Cancer (AJCC) 8th classification [30] 
by the consensus of two pathologists who specialized in 
urological pathology. The details of the histopathological 
examinations and CT image acquisition are summarized in 
the Supplementary.

Image Analysis for Tumor Complexity and Imaging 
Features

The RENAL scoring system and PADUA classification 
were used to evaluate the tumor complexity. These have 
been proposed as reproducible tools for determining the 
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anatomical complexity of tumors [17,18]. Based on the 
established criteria, including tumor size and anatomical 
information, renal masses were classified as low (4–6 for 
RENAL and 6–7 for PADUA), intermediate (7–9 for RENAL and 
8–9 for PADUA), and high (10–12 for RENAL and 10–14 for 
PADUA) complexity masses, as previously suggested. Among 
the components, the proximity of the tumor to the collecting 
system or sinus (‘N’ component, ≥ 7 mm; > 4 but < 7 mm; or 
≤ 4 mm) for the RENAL score, and renal sinus involvement 
(involved or not) for the PADUA classification were evaluated 
as markers of the relationship between the tumor and renal 
sinus fat for anatomical renal sinus invasion.

To evaluate their potential for predicting RSI, the following 
tumor features of each RCC were recorded: 1) enhancement 
pattern (homogeneous vs. heterogeneous), 2) shape (round 
vs. lobulated), 3) margin at the interface of the tumor and 
renal sinus fat (non-contact with renal sinus fat or smooth 

margin vs. non-smooth margin); 4) sign of a finger-like 
projection (Fig. 2). Tumors with a nodular appearance and 
a smooth contour or those covered with a pseudocapsule 
were categorized as having a smooth margin, whereas those 
showing an irregular margin or budding appearance at the 
interface of the tumor and renal sinus fat in the axial and 
coronal images were categorized as a non-smooth margin. A 
finger-like projection was defined as a renal mass showing 
a focal “finger-like” invasion of the renal sinus fat. All 
images were independently evaluated by two radiologists 
(with 8 and 3 years of experience in interpreting cross-
sectional imaging) who were blinded to the histopathologic 
results or clinical outcomes. Any discrepancies between 
the interpretations of the two readers were resolved at a 
consensus meeting, and consensus data were used for the 
univariable and multivariable analyses.

Patients who underwent radical nephrectomy for renal cell carcinoma
between 2014 and 2017 (n = 648)

Final study population
(n = 276)

Tumor size > 7 cm (n = 260)
Definite nodal or distant metastasis (n = 14)
Renal vein thrombosis (n= 24)
Incomplete CT imaging (n = 72)
  - No available excretory phase images
  - No available coronal reformatted images
Recurrent renal cell carcionoma (n = 2)

Fig. 1. Flow diagram for patient recruitment.

Fig. 2. Representative examples and graphical illustrations of tumor features of RCC. Coronal CT scans and graphical illustrations 
demonstrating the margin characteristics of RCC. 
A. Smooth margin. The renal mass demonstrates a well-defined border completely covered by a pseudocapsule. B. Non-smooth margins. The renal 
mass shows a lobulated and disrupted pseudocapsule at the interface of the renal mass and renal sinus fat. C. Finger-like projections. The renal 
mass shows a focal “finger-like” protrusion (arrow) into the renal sinus fat. RCC = renal cell carcinoma

A B C
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Statistical Analysis
Comparisons between RCC patients with or without the 

presence of RSI were evaluated using chi-squared and 
Fisher’s exact tests for categorical variables and t tests or 
Mann-Whitney U tests for continuous variables. Associations 
between renal complexity and the frequency of RSI were 
evaluated using the Cochran-Armitage test for trends.

Univariable and multivariable (to adjust for the tumor 
features and anatomical factors of the ‘N’ component of 
the RENAL score or ‘renal sinus involvement’ of the PADUA 
classification) logistic regression analyses were performed 
to identify the variables associated with RSI. Variables with 
p < 0.05 in the univariable logistic regression analysis were 
entered into the multivariable logistic regression analysis 
while considering multicollinearity. 

The sensitivity, specificity, positive predictive value (PPV), 
negative predictive value (NPV), and accuracy of significant 

imaging findings were calculated. The inter-reader 
agreement for the tumor features was evaluated using 
Gwet’s AC1, which is a more stable inter-rater reliability 
coefficient than Cohen’s κ analysis [31], and the AC1 values 
were interpreted as follows: 0.00–0.20, poor; 0.21–0.40, 
fair; 0.41–0.60, moderate; 0.61–0.80, good; and 0.81–1.00, 
excellent. Statistical significance was set at p < 0.05. The 
statistical analyses were conducted using SPSS version 22 
(IBM Corp.) and MedCalc Statistical Software version 19.2 
(MedCalc Software Ltd).

RESULTS

Patient Characteristics
Of the 276 included patients, 81 (29.3%) had RSI. The 

baseline characteristics of the patients with and without 
RSI are summarized in Table 1. 

Table 1. Characteristics of the 276 Patients Included in the Study
RSI Absent (n = 195) RSI Present (n = 81) P

Mean age, years* 56.4 ± 11.5 60.7 ± 10.7 0.004
Sex 0.883

Male 127 (65.1) 52 (64.2)
Female 68 (34.9) 29 (35.8)

Mean lesion size, cm* 4.76 ± 1.53 5.42 ± 1.53 0.001
Histologic subtype 0.006

Clear cell 156 (80.0) 75 (92.6)
Non-clear cell 39 (20.0) 6 (7.4)

Fuhrman or ISUP grade 0.003
1 or 2 132 (67.7) 40 (49.4)
3 or 4 63 (32.3) 41 (50.6)

Tumor complexity
Mean RENAL score* 8.34 ± 1.66 9.32 ± 1.23 < 0.001
Mean PADUA score* 9.71 ± 1.70 10.82 ± 1.15 < 0.001

Imaging features by consensus reading
Enhancement pattern 0.018

Homogeneous 22 (11.3) 2 (2.5)
Heterogeneous 173 (88.7) 79 (97.5)

Shape   < 0.001
Round 93 (47.7) 17 (21.0)
Lobulated 102 (52.3) 64 (79.0)

Margin < 0.001
No contact or smooth 131 (67.2) 16 (19.8)
Non-smooth 64 (32.8) 65 (80.2)

Finger-like projection < 0.001
No 176 (90.3) 53 (65.4)
Yes 19 (9.7) 28 (34.6)

*Data are presented as mean ± standard deviation. Otherwise, the data are number of patients with the percentage in the parentheses. 
ISUP = International Society of Urological Pathology, PADUA = preoperative aspects and dimensions used for an anatomical classification, 
RENAL = radius, exophytic or endophytic, nearness to collecting system or sinus, anterior or posterior, and location relative to polar lines, 
RSI = renal sinus invasion
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Tumor Complexity and CT Imaging Features for Predicting 
RSI

Tumors were classified into low (n = 32), intermediate 
(n = 152), and high (n = 92) complexity according to 
RENAL nephrometry, and low (n = 22), intermediate  
(n = 67), and high (n = 187) complexity according to the 
PADUA classification. As the complexity grade increased, 
the frequency of RSI also increased, with RSI rates of 9.4% 
(3/32), 25.7% (39/152), and 42.4% (39/92) (Fig. 3A) for 
the low, intermediate, and high RENAL scores (p < 0.001) 
and 0.0% (0/22), 14.9% (10/67), and 38.0% (71/187) for 
the PADUA classification, respectively (p < 0.001) (Fig. 3B). 
Regarding tumor features, heterogeneous enhancement 
(97.5% [79/81] vs. 88.7% [173/195]; p = 0.018), a 
lobulated shape (79.0% [64/81] vs. 52.3% [102/195]; p < 
0.001), non-smooth margins (80.2% [65/81] vs. 32.8% 
[64/195]; p < 0.001), and finger-like projections (34.6% 
[28/81] vs. 9.7% [19/195]; p < 0.001) were significantly 
associated with RSI (Table 1).

Univariable analysis revealed that tumor size (odds ratio 
[OR] = 1.33, p = 0.002), tumor near the renal sinus fat or 
collecting system ≤ 4 mm (OR = 5.30, p = 0.007) according 
to the RENAL nephrometry score, tumors with renal sinus 
involvement (OR = 10.19, p = 0.002) according to the 
PADUA classification, heterogeneous enhancement (OR = 
5.02; p = 0.032), lobulated shape (OR = 3.43; p < 0.001), 
non-smooth margin (OR = 8.51; p < 0.001), and a finger-
like projection (OR = 4.89; p < 0.001) were associated with 
pathologic RSI (Table 2). When variables of tumor size, 
anatomical renal sinus involvement, margin, and finger-like 
projection were entered into the multivariable analysis, a 

non-smooth margin (adjusted OR = 5.55 or 5.88; p < 0.001) 
and a finger-like projection (adjusted OR = 2.49 or 2.62, p < 
0.012) were significant independent predictors of RSI.

The sensitivity, specificity, PPV, NPV, and accuracy for 
predicting RSI are summarized in Table 3. When anatomical 
features between the tumor and renal sinus were evaluated 
using the ‘N’ component of the RENAL score or ‘renal sinus 
involvement’ of the PADUA classification, the NPVs were 
91.7% (33/36) and 95.2% (40/42), respectively, while the 
accuracies were 40.2% (111/276) and 43.1% (119/276), 
respectively. For both readers, tumors with a non-smooth 
margin or finger-like projection showed lower NPVs (non-
smooth margin; 89.0% [145/163] for reader 1 and 86.3% 
[120/139] for reader 2 and finger-like projection; 77.7% 
[174/224] for reader 1 and 75.0% [165/220] for reader 
2) but higher accuracies (65.9–75.4% for both readers) 
than those with anatomical renal sinus involvement based 
on the ‘N’ component of the RENAL score or ‘renal sinus 
involvement’ of the PADUA classification. The presence of a 
non-smooth margin or a finger-like projection demonstrated 
comparable NPVs (91.3% [136/149] for reader 1 and 90.0% 
[117/130] for reader 2) and a higher accuracy (73.9% 
[204/276] for reader 1 and 67.0% [185/276] for reader 2) 
than anatomical renal sinus involvement. 

The Gwet’s AC1 values, which represent inter-reader 
agreements, are presented in Table 4. Inter-reader 
agreements were moderate for shape (AC1, 0.59; 95% CI, 
0.50–0.69) and margin (AC1, 0.60; 95% CI, 0.50–0.69), 
substantial for the presence of finger-like projections (AC1, 
0.78; 95% CI, 0.71–0.85), and good for the enhancement 
pattern (AC1, 0.91; 95% CI, 0.87–0.95). 

Fig. 3. Frequency of RSI according to tumor complexity using the RENAL nephrometry score (A) and PADUA classification (B).
PADUA = preoperative aspects and dimensions used for anatomical classification, RENAL = radius, exophytic or endophytic, nearness to collecting 
system or sinus, anterior or posterior, and location relative to polar lines, RSI = renal sinus invasion
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DISCUSSION

In patients with RCC ≤ 7 cm, the preoperative prediction 
of RSI is of interest for stratifying patients into cT1 and 
cT3a stages to choose between nephron-sparing surgery 
or another option and achieve better perioperative 
oncological outcomes. In this study, we demonstrated 
that the frequency of RSI increased as the anatomical 
complexity score increased. In highly complex tumors, 
the observed frequencies of RSI were 42.4% using the 
RENAL score and 38.0% using the PADUA classification. 
Concerning the imaging features, multivariable analysis 
showed that a non-smooth margin and a finger-like 
projection were significant predictors of RSI. When 
evaluated according to anatomical involvement of the renal 
sinus using the nearness to the renal sinus or collecting 
system for the RENAL score or renal sinus involvement for 
the PADUA classification, the NPVs were high (91.7% and 
95.2%, respectively) but the PPV and accuracy were low 
(PPVs, 32.5% and 33.8%; accuracies, 40.2% and 43.1%, 
respectively). By comparison, the presence of a non-
smooth margin or finger-like projection demonstrated 
comparably high NPVs (91.3% for reader 1 and 90.0% for 
reader 2), higher PPVs (53.5% for reader 1 and 46.6% for 
reader 2), and accuracy (73.9% for reader 1 and 67.0% 
for reader 2). The inter-reader agreements for a non-
smooth margin and finger-like projection were moderate 
to substantial (AC1 = 0.60, non-smooth margin, and 0.78 
for a finger-like projection, respectively). Our findings may 
provide valuable information for determining the clinical 
stage and surgical techniques in patients with RCC.

Owing to recent improvements in surgical techniques, 
the role of nephron-sparing surgery has been extended to 
facilitate better postoperative renal function and a lower 
likelihood of CKD [8,14]. Tumors with sizes of ≤ 4 cm, as 
well as those with sizes of 4–7 cm (T1b), are increasingly 
regarded as candidates for nephron-sparing surgery. In 
this regard, the role of clinical staging is important, 
especially considering the upstaging rates from clinical 
T1 to pathologic T3a and the potential positive resection 
margin after surgery [15,27,28,32,33]. In our analyses, a 
higher anatomical complexity, based on large tumor sizes, 
endophytic properties, and closeness to renal sinus fat 
or collecting systems, represented a higher risk of RSI. 
However, the descriptors for RSI based on the RENAL score 
and PADUA classification demonstrated high NPV but high 
false-positive rates and low accuracy, which could have Ta
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led to the selection of more PN-eligible patients for RN, 
as shown in our analysis. In this regard, valid tools for 
improving the accuracy and reducing the false-positive 
rate of RSI are necessary to classify patients based on the 
optimal surgical method and best oncological outcome.

Several studies have described tumor features for 
predicting RSI based on cross-sectional imaging, including 
a tumor size greater than 5 cm, irregular tumor margin, 
tumor extension into the sinus, and tumor necrosis [4,5,29]. 
Likewise, our study demonstrated two significant imaging 
features for predicting RSI: a non-smooth margin and a 
finger-like projection. Of these, a finger-like projection of 
an RCC is a novel feature that has not, to our knowledge, 
been previously reported in other studies. In daily practice, 
we observed that some RCCs had a distinct feature of a 
focally protruding portion from the round or lobulated mass 
that was distinguishable from the vascular extension of the 
tumor. We refer to this feature as a finger-like projection. 
A similar term was used to describe the morphological 
features of RCC in pathology [19]. A finger-like tumor 
extension within a vascular space in renal sinus fat is a 
feature favoring RSI, and it was associated with the highest 
score for the pathologic features suggestive of pT3a, as 
well as a high consensus among expert pathologists [19]. 
Given the expanding nature of RCCs and the lack of a 
fibrous capsule impeding tumor growth into the vascular 
tissue [3], a finger-like projection could be useful as an 
important imaging predictor of RSI. In our analysis, this 
feature showed high specificity and an acceptable NPV for 

both readers, with a substantial inter-reader agreement. We 
believe that this newly suggested imaging feature can be a 
useful marker to improve the diagnostic performance of RSI.

Preoperative RSI assessment for RCC should focus on 
improving NPV to reduce the risk of undertreatment, but 
the PPV and accuracy may be compromised. Because 
high-sensitivity readings for improving NPV can lead to 
a shift to radical surgery in patients who are eligible for 
nephron-sparing surgery, a balance between high NPV and 
acceptable accuracy is needed. If a non-smooth margin and 
a finger-like projection are taken into consideration when 
determining RSI, approximately 40% of patients could be 
reclassified as suitable for nephron-sparing surgery, which 
could lead to improved PPVs and accuracy. However, the PPV 
and accuracy appear suboptimal, particularly considering 
the high prevalence of RSI in the study cohort consisting of 
RN patients; therefore, further research will be necessary to 
improve the PPV and accuracy for the prediction of RSI.

This study had several limitations. First, there is the 
potential for selection bias because of the retrospective 
single-institution nature of the study. Second, we only 

Table 3. Diagnostic Performance of Imaging Features for Predicting Renal Sinus Invasion
Sensitivity Specificity PPV NPV Accuracy

Nearness ≤ 4 mm (RENAL) 96.3 (78/81) 16.9 (33/195) 32.5 (78/240) 91.7 (33/36) 40.2 (111/276)
Renal sinus involvement (PADUA) 97.5 (79/81) 20.5 (40/195) 33.8 (79/234) 95.2 (40/42) 43.1 (119/276)
Size ≥ 4 cm 79.0 (64/81) 31.8 (62/195) 32.5 (64/197) 78.5 (62/79) 45.7 (126/276)
Non-smooth margin

Reader 1 77.8 (63/81) 74.4 (145/195) 55.8 (63/113) 89.0 (145/163) 75.4 (208/276)
Reader 2 76.5 (62/81) 61.5 (120/195) 45.3 (62/137) 86.3 (120/139) 65.9 (182/276)

Finger-like projection
Reader 1 38.3 (31/81) 89.2 (174/195) 59.6 (31/52) 77.7 (174/224) 74.3 (205/276)
Reader 2 32.1 (26/81) 84.6 (165/195) 46.4 (26/56) 75.0 (165/220) 69.2 (191/276)

Non-smooth margin or finger-like projection
Reader 1 84.0 (68/81) 69.7 (136/195) 53.5 (68/127) 91.3 (136/149) 73.9 (204/276)
Reader 2 84.0 (68/81) 60.0 (117/195) 46.6 (68/146) 90.0 (117/130) 67.0 (185/276)

Data in parentheses represent the following: sensitivity = true positive cases/true positives + false negatives; specificity = true 
negatives/false positives + true negatives; PPV = true positives/true positives + false positives; NPV = true negatives/true negatives 
+ false negatives; and accuracy = true positives + true negatives/all cases. NPV = negative predictive value, PADUA = preoperative 
aspects and dimensions used for an anatomical classification, PPV = positive predictive value, RENAL = radius, exophytic or endophytic, 
nearness to collecting system or sinus, anterior or posterior, and location relative to polar lines

Table 4. Inter-Reader Agreement for the Imaging Features
Imaging Features Gwet’s AC1 95% CIs

Enhancement pattern 
  (homogeneous vs. heterogeneous)

0.91 0.87–0.95

Shape (round vs. lobulated) 0.59 0.50–0.69
Margin (smooth vs. non-smooth) 0.60 0.50–0.69
Finger-like projection 0.78 0.71–0.85

CI = confidence interval
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included patients undergoing RN, not those undergoing 
PN; therefore, the diagnostic performance for predicting 
RSI will not be the same for different clinical settings, 
including patients undergoing PN. For example, considering 
the high prevalence of highly complex tumors and 
high upstaging rate from cT1 to pT3a, the diagnostic 
performance for predicting RSI can be underestimated in 
the current study [15,27,28,32]. However, because RN 
specimens may permit more accurate pathologic staging, 
including a thorough evaluation of renal sinus fat, we 
chose patients who underwent RN. Furthermore, we only 
focused on the imaging features for predicting RSI, whereas 
other important features include perirenal fat invasion 
and renal vein or inferior vena cava invasion. However, 
considering RSI as a principal route for extrarenal extension 
and an indicator of a worse prognosis than perirenal fat 
invasion [6], the prediction of RSI should be extensively 
assessed. In addition, the moderate inter-reader agreement 
for non-smooth margins suggests that variability in the 
interpretation of CT-based tumor features by institutions 
and interpreting radiologists is still a concern.

In conclusion, the high complexity of RCC may reflect a 
greater chance of RSI and warrant a thorough evaluation 
of RSI. Anatomical renal sinus involvement, such as 
proximity to the renal sinus or invasion of the renal sinus, 
demonstrated low accuracy for predicting RSI despite the 
high NPVs. A non-smooth margin at the tumor-renal sinus 
interface and a finger-like projection into the renal sinus 
fat were both significant imaging features suggestive of RSI 
by RCC. Predicting RSI using these tumor features resulted 
in improved accuracy and PPVs while preserving the high 
NPVs, suggesting that CT-based tumor features are useful 
for evaluating RSI and determining the optimal surgical 
technique. A thorough evaluation of the relationship 
between the tumor and the renal sinus, especially for highly 
complex tumors, may improve decisions about preoperative 
staging and the optimal surgical technique.
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