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Pathological diagnostic
nomograms for predicting
malignant histology and
unfavorable pathology in
patients with endophytic
renal tumor

Xinxi Deng1,2†, Xiaoqiang Liu1,3†, Bing Hu1,3, Ming Jiang1,3,
Ke Zhu1,3, Jianqiang Nie1,3, Taobin Liu1,3, Luyao Chen1,3,
Wen Deng1,3, Bin Fu1,3* and Situ Xiong1,3*

1Department of Urology, The First Affiliated Hospital of Nanchang University, Nanchang, China,
2Department of Urology, Jiu Jiang NO.1 People’s Hospital, Jiujiang, China, 3Jiangxi Institute of
Urology, Nanchang, China
Purpose: To develop and validate nomograms for pre-treatment prediction of

malignant histology (MH) and unfavorable pathology (UP) in patients with

endophytic renal tumors (ERTs).

Methods:We retrospectively reviewed the clinical information of 3245 patients

with ERTs accepted surgical treatment in our center. Eventually, 333 eligible

patients were included and randomly enrolled into training and testing sets in a

ratio of 7:3. We performed univariable and multivariable logistic regression

analyses to determine the independent risk factors of MH and UP in the training

set and developed the pathological diagnostic models of MH and UP. The

optimal model was used to construct a nomogram for MH and UP. The area

under the receiver operating characteristics (ROC) curves (AUC), calibration

curves and decision curve analyses (DCA) were used to evaluate the predictive

performance of models.

Results:Overall, 172 patients withMHand 50 patientswith UPwere enrolled in the

training set; and 74 patients with MH and 21 patients with UP were enrolled in the

validation set. Sex, neutrophil-to-lymphocyte ratio (NLR), R score, N score and

R.E.N.A.L. score were the independent predictors of MH; and BMI, NLR, tumor size

and R score were the independent predictors of UP. Single-variable and multiple-

variablemodels were constructed based on these independent predictors. Among

these predictive models, the malignant histology-risk nomogram consisted of sex,

NLR, R score and N score and the unfavorable pathology-risk nomogram

consisted of BMI, NLR and R score performed an optimal predictive

performance, which reflected in the highest AUC (0.842 and 0.808,

respectively), the favorable calibration curves and the best clinical net benefit. In

addition, if demographic characteristics and laboratory tests were excluded from
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the nomograms, only the components of the R.E.N.A.L. Nephrometry Score

system were included to predict MH and UP, the AUC decreased to 0.781 and

0.660, respectively (P=0.001 and 0.013, respectively).

Conclusion: In our study, the pathological diagnostic models for predicting

malignant and aggressive histological features for patients with ERTs showed

outstanding predictive performance and convenience. The use of the models

can greatly assist urologists in individualizing the management of their patients.
KEYWORDS

endophytic renal tumor, pathological feature, malignant histology, unfavorable
pathology, the R.E.N.A.L. Nephrometry Score, pathological diagnostic
model, nomogram
Introduction

With the gradual increase in health awareness and the

development of diagnostic imaging techniques, the frequency

of accidental detection of small renal masses (SRMs,<4cm in

diameter) is increasing in clinical work, accounting for

approximately 50% of new renal cell carcinoma (RCC)

diagnoses. Although most endophytic renal tumors (ERTs) are

among them, they account for a very low percentage of SRMs

due to their specific anatomical features and have been

recognized as a surgical challenge.

ERTs were defined as tumors surrounded by normal renal

parenchyma and attributed to 3 points of the E element in the

R.E.N.A.L. Nephrometry Score (RENAL-NS) system (1, 2).

These tumors are classified as complex renal tumors with

higher R.E.N.A.L score because of the small size that does not

protrude from the renal surface and the deep location near the

renal collecting system. Partial nephrectomy (PN) has become

the gold standard for the treatment of SRMs with better long-

term benefits (3, 4). However, when the tumors are endophytic,

the treatment options should be reappraised, as PN for them

carries an increased surgical challenge and risk of perioperative

complications (5, 6). Additionally, radical nephrectomy (RN) for

ERTs simplifies surgical steps but with limited long-term

benefits. It’s reported that up to 25% of surgically removed

ERTs are benign (7), which challenges the necessity of surgery

for ERTs once the potential benefits of surgical intervention are

outweighed by the competing risks of mortality. Therefore,

active surveillance (AS) has been recommended especially for

patients who cannot tolerate surgery or are unwilling to undergo

surgery by the National Comprehensive Cancer Network

(NCCN) and the American Urological Association (AUA) (8,

9). Therefore, the pathological features of the tumor play a

crucial role in determining the treatment choice for patients

with ERTs.
02
Herein, we identified and quantified influence factors that

increased the risk of malignant histology (MH) and unfavorable

pathology (UP) for patients with ERTs. In addition, we first

constructed pathological diagnostic models which combined

demographic characteristics, laboratory tests and anatomical

characteristics to predict histological features for ERTs and

provided a pathological assessment tool.
Materials and methods

Patient cohort

The radiographic database was used to search for cases of

ERTs from 3245 patients who were initially diagnosed with renal

mass or carcinoma between June 1, 2012, and June 1, 2022, in

the First Affiliated Hospital of Nanchang University. Exclusion

criteria were: (1) Patients with exophytic renal tumor; (2)

Patients who had accepted intervention for the tumor before

imaging examination in our center; (3) Patients who did not

undergo surgery or percutaneous renal biopsy in the study

center, i.e., those without pathological data; (4) The

pathological diagnosis results were “pyelonephritis”, “renal

tuberculosis”, “kidney disease” and other non-neoplastic

lesions; (5) Multiple lesions include endophytic masses (n>3),

such as multiple renal cysts and renal angiomyolipomas with

endophytic lesions. The flow chart for screening patients with

ERTs was shown in Figure 1.
Research materials

Demographic characteristics, including age, sex, body mass

index (BMI), diabetes mellitus and hypertension, and laboratory

tests, including serum creatinine (Scr), hemoglobin (Hb), total
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cholesterol (TC), neutrophil to lymphocyte ratio (NLR), platelet

to lymphocyte ratio (PLR), lymphocyte to monocyte ratio

(LMR), albumin to globulin ratio (AGR) and prognostic

nutrition index (PNI), were extracted from the prospectively

managed clinical database. Tumor anatomical characteristics,

including laterality, tumor size and components of the

R.E.N.A.L.-NS system, were collected for all identified patients

by reviewing the radiographic database. In the R.E.N.A.L.-NS

system, a score of 1 to 3 was assigned to each of four key

anatomical characteristics (R, E, N and L score) based on the size

and location of tumors (Supplement Table 1). All cases scored 3

points in E score according to the definition. In addition, “h”

indicates that the tumor was located in the renal hilar. The

R.E.N.A.L. score of 4-6, 7-10, 10-12 were considered as low,

moderate and high anatomical complexity, respectively. The

radiographic data of all patients were independently reviewed

and scored by Situ Xiong and Ming Jiang, who received

professional training in image reading, and if necessary, the

disputed scores were corrected by Luyao Chen, a senior doctor.

All tumor specimens were reviewed by a single urological
Frontiers in Oncology 03
pathologist for pathological diagnoses. The pathological

features consisted of histological subtype, pTNM stage and

Fuhrman nuclear grade (I/II grade were classified into low

grade and III/IV into high grade) according to the eighth

edition of the American Joint Committee on Cancer (AJCC)

cancer staging manual.
Development, performance, and
validation of the nomograms

Included patients were randomly divided into the training

and validation sets in a ratio of 7:3. Then, patients were divided

into the benign histology (BH) group and the malignant

histology (MH) group based on histology types in the two sets,

respectively. Those diagnosed with MH were further enrolled

into the favorable pathology (FP) and unfavorable pathology

(UP) groups based on pathological features. Cases were defined

as UP following adverse histological features: pT3-4 RCC, high

Fuhrman grade RCC, RCC with necrosis, RCC with lymphatic
FIGURE 1

Flow chart of the included patients. ERTs, endophytic renal tumors; BH, benign histology; MH, malignant histology; FP, favorable pathology; UP,
unfavorable pathology.
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or vascular invasion, type II papillary RCC, and RCC with

rhabdoid or sarcomatoid histology (10–12). All categorical

variables compared using the Pearson c2 test were presented

in the form of numbers and percentages. As for continuous

variables, the normally distributed variables using the Student t

test presented as mean and standard deviation, and the non-

normally distributed variables using the Wilcoxon rank sum test

presented as median and interquartile range. We used binary

univariable and multivariable logistic regression analyses to

determine the independent risk factors of MH and UP in the

training set. Then, these independent factors were used to

construct single-variable and multiple-variable models to

predict MH and UP. If there were multicollinearity between

different variables in the multiple-variable model, we

constructed different models by combining each of them with

other clinically relevant and significant predictors. The receiver

operating characteristic (ROC) curve and the area under the

curve (AUC) were conducted to assess the predictive

performance of different models in both the training and

validation sets. Eventually, optimal models were used to

develop the malignant histology-risk nomogram and the

unfavorable pathology-risk nomogram based on the results of

ROC analyses. Calibration curves were used to evaluate the

calibration of the pathological diagnostic nomograms. Decision

curve analyses (DCA) were used to evaluate the clinical net

benefit , which can determine the clinical utility of

the nomograms.
Statistical analysis

All statistical analyses and graphs were performed using

SPSS 24.0 software (SPSS, Chicago, IL, USA) and R software

(version4.1.0). All tests were two-sided, and statistical

significance was associated with a P < 0.05.
Results

Characteristics of the study cohort

After a retrospective chart review, the clinical data of 333

patients with ERTs who underwent PN and RN were used for

analyses. Finally, 233 patients were enrolled in the training set, of

which 61 and 172 were in the BH and MH groups, respectively, and

122 and 50 were in the FP and UP groups, respectively. The

validation set included 100 patients with ERTs, including 26 in

the BH group, 74 in theMH group, 53 in the FP group, and 21 in the

UP group. Tables 1 and 2 summarized the clinical characteristics of

the groups in the training and validation sets. In the training set, sex

(P<0.001), NLR (P<0.001), R score (P<0.001), N score (P<0.001), L

score (P<0.001) and R.E.N.A.L. score (P<0.001) significantly differed

between the BH and MH groups; and BMI (P<0.001), NLR
Frontiers in Oncology 04
(P<0.001), PLR (P=0.029) tumor size (P=0.001) and R score

(P<0.001) significantly differed between the FP and UP groups.

There was no statistical difference in other variables between groups

(P > 0.05). In addition, no significant statistical difference was

observed between the training and validation sets (P > 0.05).
Univariable and multivariable analysis

After univariable logistic regression analyses (Table 3), we

observed that sex, NLR, R score, N score, L score, and R.E.N.A.L.

score were the influential factors for ERTs to be MH (all P<0.05).

BMI, NLR, PLR, tumor size and R score were the influential

factors for ERTs to be UP (all P<0.05). To eliminate the

collinearity within the R.E.N.A.L.-NS system, model 1a

consisted of sex, NLR, R score, and N score, and model 1b

consisted of sex, NLR, and R.E.N.A.L. score for MH were

constructed based on multivariable analyses. In addition, based

on multivariable analyses, model 2a consisted of BMI, NLR, and

R score, and model 2b consisted of BMI, NLR, and tumor size for

UP were constructed to eliminate the collinearity of tumor size

and R score. The AUC of each model was calculated in both the

training (Figures 2A, C) and validation sets (Figures 2B, D).

Compared with model 1b, model 1a had a higher AUC in both

the training and validation sets (0.842 vs. 0.804, P=0.039; 0.835

vs. 0.802, P=0.229, respectively). Model 2a achieved a higher

AUC than model 2b in the training and validation sets (0.808 vs.

0.800, P=0.525; 0.790 vs. 0.724, P=0.141, respectively). In model

1a, male (OR, 2.22; 95% CI, 1.07-4.59; P=0.032), a higher NLR

(OR, 2.18; 95% CI, 1.35-3.54; P=0.002), higher R score (OR, 3.32;

95% CI, 1.17-9.41; P=0.024) and higher N score (OR, 2.87; 95%

CI, 1.66-4.96; P<0.001) were statistically significantly associated

with an increased risk of MH (Table 3). In model 2a, a lager BMI

(OR, 0.79; 95% CI, 0.68-0.91; P=0.001), higher NLR (OR, 2.17;

95% CI, 1.48-3.18; P<0.001) and higher R score (OR, 3.70; 95%

CI, 1.70-8.07; P=0.001) increased the likelihood of MH (Table 3).

Then we constructed the malignant histology-risk nomogram

and the unfavorable pathology-risk nomogram according to

models 1a (Figure 3A) and 2a (Figure 3B), respectively.
Performance of nomograms

Among single- and multiple-variable models in identifying

MH for ERTs, the malignant histology-risk nomogram (model

1a) had the highest AUC of 0.842 (95% CI, 0.782 to 0.901) in the

training set (Figure 2A) and 0.835 (95% CI, 0.747 to 0.924) in the

validation set (Figure 2C). If demographic characteristics and

laboratory tests were excluded from the malignant histology-risk

nomogram, only the components of R.E.N.A.L.-NS were

included, the AUC decreased to 0.781 (P=0.001) in the

training set and decreased to 0.711 (P=0.013) in the validation

set (Figures 2A, C; Table 4). Among single- and multiple-
frontiersin.org
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variable models in identifying UP for ERTs, the unfavorable

pathology-risk nomogram (model 2a) had the highest AUC of

0.808 (95% CI, 0.740 to 0.877) in the training set (Figure 2B) and

0.790 (95% CI, 0.661 to 0.918) in the validation set (Figure 2D).

If demographic characteristics and laboratory tests were

excluded from the malignant histology-risk nomogram, only

the components of R.E.N.A.L.-NS were included, the AUC
Frontiers in Oncology 05
decreased to 0.660 (P<0.001) in the training set and decreased

to 0.639 (P=0.036) in the validation set (Figures 2B, D; Table 4).

The nomograms combining basic characteristics, laboratory

tests and anatomical features have better predictive

performance than the single-variable and R.E.N.A.L.-NS

models in identifying MH and UP. The calibration curves of

the malignant histology-risk nomogram and the unfavorable
TABLE 1 Demographic and clinical characteristics of the training and validation sets in BH vs. MH cohort.

Training set (233) Validation set (100) p value

Total BH (61) MH (172) p value

Demographic characteristics

Age, years, mean (SD) 48.91 (14.00) 48.30 (10.45) 49.13 (15.09) 0.635 48.32 (13.88) 0.722

Sex (male), n (%) 135 (57.9) 22 (36.1) 113 (65.7) <0.001 54 (54.0) 0.506

BMI, mean (SD) 23.50 (2.76) 23.27 (2.35) 23.58 (2.89) 0.443 23.04 (2.02) 0.093

Diabetes mellitus, n (%) 19 (8.2) 2 (3.3) 17 (9.9) 0.105 10 (10.0) 0.584

Hypertension, n (%) 38 (16.3) 7 (11.5) 31 (18.0) 0.234 14 (14.0) 0.595

Laboratory tests

Scr, mg/dL, mean (SD) 0.88 (0.39) 0.84 (0.18) 0.89 (0.44) 0.349 0.87 (0.21) 0.882

Hb, g/dl, mean (SD) 131.55 (15.84) 132.56 (12.11) 131.19 (16.99) 0.498 129.64 (8.23) 0.153

TC, mmol/L, mean (SD) 4.44 (0.91) 4.42 (0.76) 4.45 (0.96) 0.797 4.34 (0.34) 0.141

NLR, mean (SD) 2.14 (1.12) 1.62 (0.82) 2.32 (1.15) <0.001 2.20 (1.02) 0.628

PLR, mean (SD) 142.91 (58.31) 138.65 (46.59) 141.31 (57.00) 0.744 132.83 (39.11) 0.066

LMR, mean (SD) 4.62 (2.25) 4.94 (2.25) 4.51 (2.25) 0.200 4.73 (2.05) 0.668

AGR, mean (SD) 1.62 (0.26) 1.64 (0.22) 1.62 (0.27) 0.465 1.61 (0.16) 0.704

PNI, mean (SD) 50.20 (5.23) 50.25 (4.33) 50.18 (5.52) 0.921 49.99 (3.05) 0.652

Anatomical features

Laterality (right), n (%) 111 (47.6) 29 (47.5) 82 (47.7) 0.986 51 (51.0) 0.574

Tumor size, cm, mean (SD) 3.19 (1.14) 3.00 (0.90) 3.26 (1.20) 0.079 3.29 (0.92) 0.393

R.E.N.A.L.-NS system

R score, mean (SD) 1.33 (0.47) 1.08 (0.28) 1.41 (0.49) <0.001 1.30 (0.46) 0.639

N score, mean (SD) 2.66 (0.70) 2.11 (0.92) 2.85 (0.47) <0.001 2.66 (0.57) 0.990

L score, mean (SD) 2.35 (0.82) 2.02 (0.85) 2.47 (0.78) <0.001 2.36 (0.77) 0.898

Hilar location, n (%) 64 (27.5) 13 (21.3) 51 (29.7) 0.210 26 (26.0) 0.782

RENAL score, mean (SD) <0.001 0.358

4-6 (low complexity) 20 (8.6) 15 (24.6) 5 (2.9) 5 (5.0)

7-9 (moderate complexity) 83 (35.6) 27 (44.3) 56 (32.6) 42 (42.0)

10-12 (high complexity) 130 (55.8) 19 (31.1) 111 (64.5) 53 (53.0)

Pathologic characteristics

Malignant, n (%) 172 (73.8) 74 (74.00) 0.421

Clear cell RCC, n (%) – 139 (80.8) – 55 (74.3)

Papillary RCC, n (%) – 13 (7.6) – 10 (13.5)

Chromophobe RCC, n (%) – 7 (4.1) – 2 (2.7)

Other, n (%) – 13 (7.6) – 7 (9.5)

Benign, n (%) 61 (26.2) 26 (26.0) 0.636

Angiomyolipoma, n (%) 47 (77.1) – 17 (65.4)

Oncocytoma, n (%) 3 (4.9) – 2 (7.7)

Papillary adenoma, n (%) 4 (6.6) – 3 (11.5)

Other, n (%) 7 (11.5) – 4 (15.4)
fronti
BH, benign histology; MH, malignant histology; BMI, body mass index; Scr, serum creatinine; Hb, hemoglobin; TC, total cholesterol; NLR, neutrophil to lymphocyte ratio; PLR, platelet to
lymphocyte ratio; LMR, lymphocyte to monocyte ratio; AGR, albumin to globulin ratio; PNI: prognostic nutrition index; R.E.N.A.L.-NS, RENAL- Nephrometry Score; RCC, renal cell
carcinoma. Bolded numbers mean statistically different, i.e., p < 0.05.
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TABLE 2 Demographic and clinical characteristics of the training and validation sets in FP vs. UP cohort.

Training set Validation set (74) p value

Total (172) FP (122) UP (50) p value

Demographic characteristics

Age, years, mean (SD) 49.13 (15.09) 48.32 (14.50) 51.12 (16.42) 0.270 47.00 (13.71) 0.297

Sex (male), n (%) 113 (65.7) 81 (66.4) 32 (64.0) 0.764 47 (63.5) 0.742

BMI, mean (SD) 23.58 (2.89) 24.07 (2.71) 22.39 (3.01) <0.001 22.92 (1.80) 0.068

Diabetes mellitus, n (%) 17 (9.9) 12 (9.8) 5 (10.0) 0.974 7 (9.5) 0.918

Hypertension, n (%) 31 (18.0) 20 (16.4) 11 (22.0) 0.385 9 (12.2) 0.253

Laboratory tests

Scr, mg/dL, mean (SD) 0.89 (0.44) 0.87 (0.33) 0.93 (0.63) 0.448 0.87 (0.22) 0.673

Hb, g/dl, mean (SD) 131.19 (16.99) 131.60 (16.85) 130.18 (17.45) 0.620 129.86 (9.13) 0.431

TC, mmol/L, mean (SD) 4.45 (0.96) 4.45 (0.97) 4.46 (0.96) 0.937 4.35 (0.35) 0.259

NLR, mean (SD) 2.32 (1.15) 2.07 (0.98) 2.95 (1.30) <0.001 2.38 (1.08) 0.737

PLR, mean (SD) 141.31 (57.00) 135.87 (53.79) 156.05 (62.28) 0.029 133.74 (42.24) 0.250

LMR, mean (SD) 4.51 (2.25) 4.67 (2.32) 4.11 (2.05) 0.139 4.62 (2.09) 0.725

AGR, mean (SD) 1.62 (0.27) 1.63 (0.28) 1.58 (0.25) 0.313 1.61 (0.18) 0.932

PNI, mean (SD) 50.18 (5.52) 50.34 (5.66) 49.78 (5.20) 0.540 49.97 (2.93) 0.701

Anatomic features

Laterality (right), n (%) 82 (47.7) 56 (45.9) 26 (52.0) 0.467 38 (51.4) 0.597

Tumor size, cm, mean (SD) 3.39 (1.16) 3.20 (1.15) 3.83 (1.05) 0.001 3.42 (0.83) 0.765

R.E.N.A.L.-NS system

R score, mean (SD) 1.41 (0.49) 1.32 (0.47) 1.64 (0.49) <0.001 1.32 (0.47) 0.185

N score, mean (SD) 2.85 (0.47) 2.84 (0.50) 2.88 (0.39) 0.650 2.76 (0.52) 0.165

L score, mean (SD) 2.47 (0.78) 2.47 (0.77) 2.46 (0.81) 0.956 2.38 (0.74) 0.418

Hilar location, n (%) 51 (29.7) 34 (27.9) 17 (34.0) 0.424 22 (29.7) 0.990

RENAL score, mean (SD) 0.678 0.363

4-6 (low complexity) 5 (2.9) 4 (3.3) 1 (2.0) 3 (4.1)

7-9 (moderate complexity) 56 (32.6) 42 (34.4) 14 (28.0) 30 (40.5)

10-12 (high complexity) 111 (64.5) 76 (62.3) 35 (70.0) 41 (55.4)

Pathologic characteristics

Tumor histology 0.141 0.421

Clear cell RCC, n (%) 139 (80.8) 102 (83.6) 37 (74.0) 55 (74.3)

Papillary RCC, n (%) 13 (7.6) 8 (6.6) 5 (10.0) 10 (13.5)

Chromophobe RCC, n (%) 7 (4.1) 6 (4.9) 1 (2.0) 2 (2.7)

Other, n (%) 13 (7.6) 6 (4.9) 7 (14.0) 7 (9.5)

TNM stage

T1a, n (%) 98 (57.0) 83 (68.0) 15 (30.0) – 48 (64.9) 0.248

T1b, n (%) 45 (26.2) 39(32.0) 6 (14.2) – 19 (25.7) 0.936

T3a, n (%) 22 (12.8) – 22 (44.0) – 6 (8.1) 0.289

T3b, n (%) 7 (4.1) – 7 (14.0) – 1 (1.4) 0.441

N1, n (%) 3 (1.7) 0 3 (6.0) – 4 (5.4) 0.203

M1, n (%) 3 (1.7) 0 3 (6.0) – 2 (2.7) 0.638

Tumor grade

Fuhrman III-IV, n (%) 20 (13.8) 0 20 (52.6) – 11 (16.9) 0.554
Frontiers in Oncology
 06
 fronti
FP, favorable pathology; UP, unfavorable pathology; BMI, body mass index; Scr, serum creatinine; Hb, hemoglobin; TC, total cholesterol; NLR, neutrophil to lymphocyte ratio; PLR, platelet
to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; AGR, albumin to globulin ratio; PNI: prognostic nutrition index; R.E.N.A.L.-NS, RENAL- Nephrometry Score; RCC, renal cell
carcinoma. Bolded numbers mean statistically different, i.e., p < 0.05.
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TABLE 3 Univariate and multiple logistic regressions evaluating the relationship of demographic and clinical characteristics with MH and UP.

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

BH vs. MH cohort Model 1a Model 1b

Age 1.00 (0.98-1.03) 0.687

Sex 2.22 (1.07-4.59) 0.032 3.05 (1.52-6.09) 0.002

Female vs. Male 3.40 (1.85-6.25) <0.001

BMI 1.04 (0.94-1.16) 0.441

Diabetes mellitus 3.24 (0.73-14.44) 0.124

Hypertension 1.70 (0.71-4.08) 0.238

Scr 1.61 (0.58-4.48) 0.358

Hb 0.99 (0.98-1.01) 0.561

TC 1.04 (0.75-1.43) 0.817

NLR 2.33 (1.54-3.54) <0.001 2.18 (1.35-3.54) 0.002 2.30 (1.44-3.66) <0.001

PLR 1.00 (1.00-1.01) 0.591

LMR 0.92 (0.82-1.04) 0.202

AGR 0.65 (0.21-2.05) 0.462

PNI 1.00 (0.94-1.06) 0.929

Laterality

Left vs. Right 1.01 (0.56-1.80) 0.986

Tumor size 1.22 (0.95-1.58) 0.124

R score 7.87 (3.00-20.64) <0.001 3.32 (1.17-9.41) 0.024

N score 4.06 (2.60-6.31) <0.001 2.87 (1.66-4.96) <0.001

L score 1.90 (1.34-2.69) <0.001 1.08 (0.66-1.75) 0.766

Hilar location 1.56 (0.78-3.12) 0.212

R.E.N.A.L. score

4-6 vs.7-9 6.22 (2.05-18.91) 0.001 5.42 (1.63-18.05) 0.006

4-6 vs.10-12 17.53 (5.70-53.88) <0.001 15.42 (4.64-51.18) <0.001

FP vs. UP cohort Model 2a Model 2b

Age 1.01 (0.99-1.04) 0.269

Sex

Female vs. Male 0.90 (0.45-1.79) 0.764

BMI 0.80 (0.70-0.91) 0.001 0.79 (0.68-0.91) 0.001 0.77 (0.67-0.89) 0.001

Diabetes mellitus 1.02 (0.34-3.06) 0.974

Hypertension 1.44 (0.63-3.28) 0.387

Scr 1.31 (0.65-2.66) 0.455

Hb 1.00 (0.98-1.01) 0.618

TC 1.01 (0.72-1.43) 0.936

NLR 1.94 (1.43-2.62) <0.001 2.17 (1.48-3.18) <0.001 2.09 (1.43-3.05) <0.001

PLR 1.01 (1.00-1.01) 0.033 1.00 (0.99-1.00) 0.493 1.00 (0.99-1.00) 0.492

LMR 0.88 (0.75-1.04) 0.141

AGR 0.53 (0.15-1.82) 0.312

PNI 0.98 (0.92-1.04) 0.538

Laterality

Left vs. Right 1.28 (0.66-2.47) 0.468

Tumor size 1.67 (1.22-2.29) 0.002 1.64 (1.15-2.33) 0.006

R score 3.78 (1.89-7.55) <0.001 3.70 (1.70-8.07) 0.001

N score 1.19 (0.56-2.53) 0.649

L score 0.99 (0.65-1.51) 0.956

Hilar location 1.33 (0.66-2.70) 0.425

(Continued)
Frontiers in Oncology
 07
 fronti
ersin.org

https://doi.org/10.3389/fonc.2022.964048
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org


Deng et al. 10.3389/fonc.2022.964048
TABLE 3 Continued

Variables Univariate Analysis Multivariate Analysis

OR (95% CI) p value OR (95% CI) p value OR (95% CI) p value

R.E.N.A.L. score

4-6 vs.7-9 1.33 (0.14-12.95) 0.804

4-6 vs.10-12 1.84 (0.20-17.09) 0.591
Frontiers in Oncology
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 fronti
BH, benign histology; MH, malignant histology; FP, favorable pathology; UP, unfavorable pathology; BMI, body mass index; Scr, serum creatinine; Hb, hemoglobin; TC, total cholesterol;
NLR, neutrophil to lymphocyte ratio; PLR, platelet to lymphocyte ratio; LMR, lymphocyte to monocyte ratio; AGR, albumin to globulin ratio; PNI: prognostic nutrition index; R.E.N.A.L.-
NS, RENAL- Nephrometry Score. Bolded numbers mean statistically different, i.e., p < 0.05.
B

C D
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FIGURE 2

ROC curves of single-variable and multiple-variable models for evaluating the predictive performance of MH (A, B) and UP (C, D) in the training
set (A, C) and the validation set (B, D). ROC, receiver operating characteristic; MH, malignant histology; unfavorable pathology; NLR, neutrophil
to lymphocyte ratio; R.E.N.A.L.-NS, RENAL- Nephrometry Score; BMI, body mass index.
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pathology-risk nomogram demonstrated good agreement

between the actual observation and predicted probability in

both sets (Figures 4A–D). The result of DCA curves

demonstrated that using the nomograms to identify the

pathologic features and make treatment decisions had a higher

clinical benefit than either the “treat all” scheme or the “treat

none” scheme. In addition, compared to single-variable and

R.E.N.A.L.-NS models, both the malignant histology-risk and

unfavorable pathology-risk nomograms performed better in the

clinical decision (Figures 5A–D).
Discussion

It is always known that optimal management of tumors

should balance the potential benefit of intervention with the

competing risks of adverse effects and mortality. PN is the

preferred treatment for ERTs but with great surgical difficulty

and perioperative complications due to the complex anatomy.

RN for ERTs has a low risk of perioperative complications but is

limited with long-term benefits. In addition, it has been reported

that up to 25% of surgically removed ERTs are benign (7), which

challenges the necessity of surgery for ERTs.Therefore,
Frontiers in Oncology 09
international guidelines such as the NCCN and AUA have

recommended active surveillance (AS) as an alternative

treatment for patients who cannot tolerate surgery or are

unsuitable for surgery. Thus, the pathological features of ERTs

play an important role in patient management. CT and MRI are

the basis for the diagnosis of renal tumors but with moderate

specificity (70-80%) and low sensitivity (20%) for the diagnosis

of malignant tumors and cannot reliably distinguish subtypes of

RCC (13). If we can accurately evaluate the pathological

characteristics of ERT before the treatment determination, it

will help to individualize the treatment of the tumor. Thus, we

wanted to explore and validate a safe and reliable diagnostic

prediction model to evaluate the biological behavior of ERTs.

In our study, the probability of surgically resected ERTs as BH

and UP were 26.1% and 28.8%, respectively, which is in line with

the reported in the contemporary literature (14–17). The outcomes

of this study showed that some demographic characteristics,

inflammatory indicators and anatomical features of patients with

ERTs were related to pathological features.

Male was significantly more represented in MH than in BH

(65.7% vs. 36.1%, P<0.001) and was an independent risk factor

of MH (OR, 2.22; 95% CI, 1.07-4.59; P=0.032) in the training set.

As is well known, the sex ratio for malignant renal tumors has
TABLE 4 Predictive performance outcomes of the nomogram and R.E.N.A.L.-NS.

Group Nomogram R.E.N.A.L.-NS model p value

ACC SEN SPE AUC (95% CI) ACC SEN SPE AUC (95% CI)

BH vs. MH cohort

Training 0.80 0.77 0.81 0.85 (0.79-0.91) 0.80 0.53 0.91 0.80 (0.74-0.86) 0.005*

Validation 0.75 0.70 0.89 0.84 (0.75-0.92) 0.63 0.54 0.89 0.73 (0.63-0.84) 0.031*

FP vs. UP cohort

Training 0.72 0.80 0.69 0.81 (0.74-0.88) 0.67 0.64 0.68 0.66 (0.58-0.74) <0.001*

Validation 0.78 0.71 0.81 0.79 (0.66-0.92) 0.69 0.52 0.76 0.64 (0.52-0.76) 0.036*
fronti
ACC, accuracy; SEN, sensitivity; SPE, specificity; AUC, area under the curve; R.E.N.A.L.-NS, RENAL- Nephrometry Score.
*Delong test was used to compare the AUC of the nomogram and R.E.N.A.L.-NS. Bolded numbers mean statistically different, i.e., p < 0.05.
BA

FIGURE 3

The malignant histology-risk nomogram (A) consisted of sex, NLR, R score and N score and the unfavorable pathology-risk nomogram (B) consisted of
BMI, NLR and R score were developed to predict malignant and unfavorable pathology features for patients with ERTs. NLR, neutrophil to lymphocyte
ratio; BMI, body mass index.
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always been 2:1, regardless of age, geographical location and

ethnic background (18, 19), which was consistent with this

study. The present studies have demonstrated that sex played

an important role in evaluating localized renal mass pathology,

and the male was always independently associated with

malignancy (20–23).

In the immuno-oncology era, several studies have reported

the “obesity paradox” phenomenon for patients with adverse

RCC. In 2006, Parker etal. (24) found that overweight and obese

patients were more likely to develop less-aggressive tumors than

normal-weight patients. Tsivian etal. (25) reported that higher

BMI was associated with a lower grade of RCC in clinically

localized renal masses. In the same year, Bertrand etal. (26)

analyzed the associations between obesity metrics and

R.E.N.A.L.-NS, tumor grade and tumor stage in 99 patients

who underwent surgery. They found that patients with low-
Frontiers in Oncology 10
grade Fuhrman tumors had higher BMI than those with high-

grade tumors. Similar to the previously published series, BMI

was negatively associated with the UP in our study (OR, 0.79;

95% CI, 0.68-0.91; P=0.001). In addition, the meta-analysis

further confirmed that greater BMI significantly improved the

prognosis of patients with RCC (27).

It has been established that elevated NLR is associated with

malignant pathological findings in a variety of solid tumors

(prostate, endometrial, adrenal, lung, and thyroid cancers) (28–

32), including, of course, renal tumors (33, 34). In addition,

studies have also confirmed the association of NLR with

prognosis in RCC patients. Retrospective research on 2039

patients who underwent surgery for renal tumors by Viers

et al. suggested that NLR was a preoperative marker of

biologically aggressive RCC (34). Kim et al. found that an

elevated preoperative NLR was associated with higher-grade
B

C D

A

FIGURE 4

Calibration curves of the malignant histology-risk nomogram (A, B) and unfavorable pathology-risk nomogram (B, D) in the training set (A, C) and the
validation set (B, D). The 45° dotted diagonal line represents a perfect prediction, the red dashed line represents the predictive performance of the
nomogram, together with a bias-corrected black solid line.
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Fuhrman and pT3a stage in patients with ≤7 cm renal tumors

(35). A mate analysis evaluated the value of preoperative NLR in

predicting the prognosis of surgically resectable urinary cancers

and revealed that high preoperative NLR was associated with a

worse prognosis in RCC (OS: HR=2.06, 95%CI: 1.54-2.76,

P=0.131; CSS: HR=2.46, 95%CI: 1.46-4.16, P=0.178) (36). Our

results showed that NLR was not only independently associated

with MH (OR, 2.18; 95% CI, 1.35-3.54; P=0.002) but also with

UP (OR, 2.23; 95% CI, 1.50-3.31; P<0.001) for patients with

ERTs. These results suggest that NLR may be important markers

of biological behavior and have predictive utility in the pre-

treatment management of patients with ERTs.

After the R.E.N.A.L.-NS, a system to quantitate the salient

anatomy of renal masses, was introduced in 2009 (36), it has

become an increasingly used method to predict pathologic

features for renal tumors (37–41). In our study, Logistic

analyses demonstrated that ERTs with higher R score (OR,

3.32; 95% CI, 1.17-9.41; P=0.024) and N score (OR, 2.87; 95%

CI, 1.66-4.96; P=0.021) were independently associated with

MH and higher R score (OR, 3.74; 95% CI, 1.71-8.17; P=0.001)

was independently associated with UP. Several studies have

demonstrated that tumor size was significantly correlated with

malignant and adverse pathological features (4, 21, 42, 43, 45,

46). A retrospective study that included 592 patients with renal

tumors by Violette, P. et al. showed that tumor size was
Frontiers in Oncology 11
independently associated with a higher probability of benign

disease (22). Also, a study by Thompson, R. H. et al. has shown

that the risks of malignancy and high-grade tumors increase

with tumor size (47). Cuijian Zhang etal. (46) reported that the

tumor size was larger, and the grade and stage were prone to

higher. In their result, Fuhrman Grade III occurred in 6.9% of

renal tumors 2.1 to 4.0 cm in diameter and 22.3% of those of

4.1 to 7 cm in diameter. Therefore, they regarded 4 cm as a key

point in the dramatic change in tumor aggressiveness. A

retrospective study by Correa, A. F. et al. conducted on 334

men with SMRs showed that malignancy and high Fuhrman

grade occur more frequently when tumors near the collecting

system and renal sinus (48). Other authors reported similar

suggestions (37, 45). The definite mechanisms of how the N

score relates to malignant histology have not been elucidated.

But they (48) put forward a hypothesis that proximity to the

collecting system is a surrogate for tumor residence within the

unique microenvironment of the inner renal medulla. This

hostile environment promotes tumor survival and progression.

However, no statistically significant difference was observed in

the N score between the FP and UP groups in our study. Due to

the deep location of ERTs and the fact that they do not

protrude from the renal surface, most tumors are located

close to the renal collecting system. Additionally, the mean N

score of ERTs was 2.81 in our study, which further explains this
B

C D

A

FIGURE 5

Decision curve analysis for the malignant histology-risk nomogram (A, B) and unfavorable pathology-risk nomogram (C, D) for evaluating the
clinical utility in the training set (A, C) and validation set (B, D). NLR, neutrophil to lymphocyte ratio; R.E.N.A.L.-NS, RENAL- Nephrometry Score;
BMI, body mass index.
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difference from other studies. Therefore, the absence of

statistically significant differences in N scores between the

UP and FP groups can be explained. With anatomical

features of the tumor identified as a predictor of pathological

features, the R.E.N.A.L.-NS system may be a valuable risk

assessment tool for ERTs.

It seems logical to counsel patients with ERTs on their risk of

MH and UP based on demographic characteristics, preoperative

peripheral blood-derived systemic inflammatory response

markers, and tumor anatomical features. Hence, we

constructed several predictive models based on those

independent predictors of MH and UP. In both the training

and validation sets, the malignant histology-risk nomogram

consisted of sex, NLR, R score and N score and the

unfavorable pathology-risk nomogram consisted of BMI, NLR

and R score outperformed other single-variable models in

evaluating malignant and unfavorable pathology, respectively.

Due to the practicality and convenience of the R.E.N.A.L.-NS, it

was widely used to predict the pathological features of renal

tumors. However, in contrast, several authors believed that

R.E.N.A.L.-NS could not accurately predict malignancy or

aggressiveness (49–52). In the current study, we found that

when only the components of R.E.N.A.L.-NS were considered

to construct diagnostic prediction models, the predictive

performance of models would significantly decrease not only

for MH (AUC, 0.842 vs. 0.781 in the training set, P<0.001; AUC,

0.835 vs. 0.711 in the validation set, P=0.013) but also for UP

(AUC, 0.808 vs. 0.660 in the training set, P<0.001; AUC, 0.790

vs. 0.639 in the validation set, P=0.036) compared with

nomograms. These results revealed that the predictive efficacy

of the models could only be optimized when multiple factors

are combined.

The renal mass biopsy is the method for histopathological

diagnosis at pretreatment with high accuracy. The median

overall malignancy diagnostic rate was reported to be 92%

([IQR]: 80.6–96.8%) by a meta-analysis, with a sensitivity and

specificity of 99.7% (95% CI, 81.5–100%) and 93.2% (95% CI,

83.3–99.8%), respectively (53). Additionally, the renal mass

biopsy was also highly accurate in determining tumor tissue

type and tumor grade (the two-tier Fuhrman grading system),

with a concordance probability with surgical pathology of 90.3%

and 86.5%, respectively (53). However, the clinical application of

biopsy is limited due to the concerns about the risk of seeding

tumor cells via the needle tract, although it was extremely low

when coaxial needles were used (54). Additionally, considering

that preoperative biopsy of renal masses was not yet routinely

performed in China, we developed a malignant histology-risk

and an unfavorable pathology-risk nomogram to quantify the

likelihood of pre-treatment histological features of ERTs. The

outcomes of our study could improve the tumor risk assessment

and thus further guide the management of ERTs.
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Nevertheless, our study is not devoid of limitations. First,

our study was retrospective research based on a single central

database, so this study was subject to selection bias. Second,

anatomical characterization of tumors was based on the

RENAL-NS system by two-dimensional cross-sectional

imaging. As the difference in the experience and subjective

judgment between the observers, there were variabilities in the

assignment of scores. However, the nephrometry scores were

scored independently by two doctors who received professional

training in image reading, and the disputed scores were

corrected by a senior doctor, which mitigates the limiting

factor of the reliability of this study. Third, the sample size of

this study was small due to the particularly low incidence of

ERTs that account for about 10.8% of all renal tumors at our

center. Furthermore, some patients did not receive surgical

treatment due to the high risk, which further reduced the

sample size. For now, the models were developed with the

relatively large sample size we can achieve. But, as far as we

know, this is the first study to construct pathological diagnostic

models for patients with ERTs, which offer an alternative

pathological assessment tool for pre-treatment management.
Conclusion

In our study, the pathological diagnostic models for

predicting malignant and aggressive histological features for

patients with ERTs showed outstanding predictive

performance and convenience. The use of the models can

greatly assist urologists in individualizing the management of

their patients. These data, although encouraging, still await

large-sample multicenter validation before being applied to

clinical practice.
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33. Çalıs ̧kan S, Sungur M, Kaba S, özsoy E, Koca O, öztürk M0. Neutrophil-to-
Lymphocyte ratio in renal cell carcinoma patients. Folia Med (Plovdiv) (2018) 60
(4):553–7. doi: 10.2478/folmed-2018-0037

34. Viers BR, Thompson RH, Lohse CM, Cheville JC, Leibovich BC, Boorjian
SA, et al. Pre-treatment neutrophil-to-lymphocyte ratio predicts tumor pathology
in newly diagnosed renal tumors.World J Urol (2016) 34(12):1693–9. doi: 10.1007/
s00345-016-1821-7

35. Kim J, Park JS, Heo JE, Elghiaty A, Jang WS, Rha KH, et al. Neutrophil-to-
Lymphocyte ratio predicts pathological renal sinus fat invasion in renal cell
carcinomas of ≤7 cm with presumed renal sinus fat invasion. Yonsei Med J
(2019) 60(11):1021–7. doi: 10.3349/ymj.2019.60.11.1021

36. Zhan W, Xu W, Wenda W, Guoyang Z, Hao G, Yushi Z. Value of
preoperative neutrophil-to-Lymphocyte ratio in predicting prognosis of
surgically resectable urinary cancers: Systematic review and meta-analysis. Chin
Med Sci J (2020) 35(3):262. doi: 10.24920/003668

37. Kutikov A, Smaldone MC, Egleston BL, Manley BJ, Canter DJ, Simhan J,
et al. Anatomic features of enhancing renal masses predict malignant and high-
grade pathology: A preoperative nomogram using the RENAL nephrometry score.
Eur Urol (2011) 60(2):241–8. doi: 10.1016/j.eururo.2011.03.029

38. Wang H, Zhu Y, Yao X, Zhang S, Dai B, Zhang H, et al. External validation
of a nomogram using RENAL nephrometry score to predict high grade renal cell
carcinoma. J Urol (2012) 187(5):1555–60. doi: 10.1016/j.juro.2011.12.099

39. Chen S, Wu Y, Li X, Lin T, Guo Q, Chen Y, et al. R.E.N.A.L. nephrometry
score: A preoperative risk factor predicting the fuhrman grade of clear-cell renal
carcinoma. J Cancer (2017) 8(18):3725–32. doi: 10.7150/jca.21189
Frontiers in Oncology 14
40. Fonseca RB, Straub HM, Kapp ME, Cate F, Coogan A, Arora S, et al.
Diagnostic renal mass biopsy is associated with individual categories of PADUA
and RENAL nephrometry scores: Analysis of diagnostic and concordance rates
with surgical resection. Urol Oncol (2021) 39(6):371.e7–371.e15. doi: 10.1016/
j.urolonc.2021.02.022

41. Sun R, Zhao S, Jiang H, Jiang H, Dai Y, Zhang C, et al. Imaging tool for
predicting renal clear cell carcinoma fuhrman grade: Comparing R.E.N.A.L.
nephrometry score and CT texture analysis. BioMed Res Int (2021)
2021:1821876. doi: 10.1155/2021/1821876

42. Glassman D, Chawla SN, Waldman I, Johannes J, Byrne DS, Trabulsi EJ,
et al. Correlation of pathology with tumor size of renal masses. Can J Urol (2007) 14
(4):3616–20.

43. Corcoran AT, Russo P, Lowrance WT, Asnis-Alibozek A, Libertino JA,
Pryma DA, et al. A review of contemporary data on surgically resected renal
masses–benign or malignant? Urology (2013) 81(4):707–13. doi: 10.1016/
j.urology.2013.01.009

44. Pierorazio PM, Patel HD, Johnson MH, Sozio SM, Sharma R, Iyoha E, et al.
Distinguishing malignant and benign renal masses with composite models and
nomograms: A systematic review and meta-analysis of clinically localized renal
masses suspicious for malignancy. Cancer-Am Cancer Soc (2016) 122(21):3267–76.
doi: 10.1002/cncr.30268

45. Shin TY, Kim J, Koo KC, Lim SK, Kim DW, Kang MW, et al. Assessing the
anatomical characteristics of renal masses has a limited effect on the prediction of
pathological outcomes in solid, enhancing, small renal masses: Results using the
PADUA classification system. BJU Int (2014) 113(5):754–61. doi: 10.1111/
bju.12446

46. Zhang C, Li X, Hao H, Yu W, He Z, Zhou L. The correlation between size of
renal cell carcinoma and its histopathological characteristics: A single center study
of 1867 renal cell carcinoma cases. BJU Int (2012) 110(11b):E481–5. doi: 10.1111/
j.1464-410X.2012.11173.x

47. Thompson RH, Kurta JM, Kaag M, Tickoo SK, Kundu S, Katz D, et al.
Tumor size is associated with malignant potential in renal cell carcinoma cases. J
Urol (2009) 181(5):2033–6. doi: 10.1016/j.juro.2009.01.027

48. Correa AF, Toussi A, Amin M, Hrebinko RL, Gayed BA, Parwani AV, et al.
Small renal masses in close proximity to the collecting system and renal sinus are
enriched for malignancy and high fuhrman grade and should be considered for
early intervention. Clin Genitourin Cancer (2018) 16(4):e729–33. doi: 10.1016/
j.clgc.2018.01.017

49. Organ M, Macdonald LP, Jewett MAS, Ajzenberg H, Almatar A, Abdolell
M, et al. Classification tree for the prediction of malignant disease and the
prediction of non-diagnostic biopsies in patients with small renal masses. Can
Urol Assoc J (2018) 13(4):115–9. doi: 10.5489/cuaj.5196

50. Antonelli A, Furlan M, Sandri M, Minervini A, Cindolo L, Parma P, et al.
The R.E.N.A.L. nephrometric nomogram cannot accurately predict malignancy or
aggressiveness of small renal masses amenable to partial nephrectomy. Clin
Genitourin Canc (2014) 12(5):366–72. doi: 10.1016/j.clgc.2014.02.003

51. Koo KC, Yoo H, Shin TY, Kim J, Choi YD, Rha KH, et al. External validation
of the RENAL nephrometry score nomogram for predicting high-grade renal cell
carcinoma in solid, enhancing, and small renal masses. World J Urol (2014) 32
(1):249–55. doi: 10.1007/s00345-013-1159-3

52. Bagrodia A, Harrow B, Liu Z, Olweny EO, Faddegon S, Yin G, et al. Evaluation
of anatomic and morphologic nomogram to predict malignant and high-grade
disease in a cohort of patients with small renal masses. Urol Oncol: Semin Original
Investigat (2014) 32(1):37.e17–23. doi: 10.1016/j.urolonc.2013.03.003

53. Marconi L, Dabestani S, Lam TB, Hofmann F, Stewart F, Norrie J, et al.
Systematic review and meta-analysis of diagnostic accuracy of percutaneous renal
tumour biopsy. Eur Urol (2016) 69(4):660–73. doi: 10.1016/j.eururo.2015.07.072

54. Renshaw AA, Powell A, Caso J, Gould EW. Needle track seeding in renal
mass biopsies. Cancer Cytopathol (2019) 127(6):358–61. doi: 10.1002/cncy.22147

55. Kutikov A, Uzzo RG. The R.E.N.A.L. nephrometry score: A comprehensive
standardized system for quantitating renal tumor size, location and depth. J Urol
(2009) 182(3):844–53. doi: 10.1016/j.juro.2009.05.035
frontiersin.org

https://doi.org/10.1111/j.1464-410X.2012.11245.x
https://doi.org/10.1016/j.juro.2012.08.027
https://doi.org/10.1016/j.urology.2006.05.024
https://doi.org/10.1016/j.urolonc.2017.02.004
https://doi.org/10.1016/j.urolonc.2017.06.058
https://doi.org/10.1002/ijc.27639
https://doi.org/10.1186/s12894-022-00956-2
https://doi.org/10.5603/GP.a2021.0141
https://doi.org/10.7754/Clin.Lab.2020.200513
https://doi.org/10.1080/07357907.2021.1938110
https://doi.org/10.3389/fped.2021.802214
https://doi.org/10.2478/folmed-2018-0037
https://doi.org/10.1007/s00345-016-1821-7
https://doi.org/10.1007/s00345-016-1821-7
https://doi.org/10.3349/ymj.2019.60.11.1021
https://doi.org/10.24920/003668
https://doi.org/10.1016/j.eururo.2011.03.029
https://doi.org/10.1016/j.juro.2011.12.099
https://doi.org/10.7150/jca.21189
https://doi.org/10.1016/j.urolonc.2021.02.022
https://doi.org/10.1016/j.urolonc.2021.02.022
https://doi.org/10.1155/2021/1821876
https://doi.org/10.1016/j.urology.2013.01.009
https://doi.org/10.1016/j.urology.2013.01.009
https://doi.org/10.1002/cncr.30268
https://doi.org/10.1111/bju.12446
https://doi.org/10.1111/bju.12446
https://doi.org/10.1111/j.1464-410X.2012.11173.x
https://doi.org/10.1111/j.1464-410X.2012.11173.x
https://doi.org/10.1016/j.juro.2009.01.027
https://doi.org/10.1016/j.clgc.2018.01.017
https://doi.org/10.1016/j.clgc.2018.01.017
https://doi.org/10.5489/cuaj.5196
https://doi.org/10.1016/j.clgc.2014.02.003
https://doi.org/10.1007/s00345-013-1159-3
https://doi.org/10.1016/j.urolonc.2013.03.003
https://doi.org/10.1016/j.eururo.2015.07.072
https://doi.org/10.1002/cncy.22147
https://doi.org/10.1016/j.juro.2009.05.035
https://doi.org/10.3389/fonc.2022.964048
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

	Pathological diagnostic nomograms for predicting malignant histology and unfavorable pathology in patients with endophytic renal tumor
	Introduction
	Materials and methods
	Patient cohort
	Research materials
	Development, performance, and validation of the nomograms
	Statistical analysis

	Results
	Characteristics of the study cohort
	Univariable and multivariable analysis
	Performance of nomograms

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Supplementary material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


