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Objective: Nuclear grading is an independent prognosis factor of clear-cell renal cell
carcinoma (ccRCC). A non-invasive preoperative predictive WHO/International Society of
Urologic Pathology (WHO/ISUP) grading of ccRCC model is needed for clinical use. The
anatomical complexity scoring system can span a variety of image modalities. The Centrality
index (CI) is a quantitatively anatomical score commonly used for renal tumors. The purpose
of this study was to develop a simple model to predict WHO/ISUP grading based on CI.
Materials and methods: The data in this study were from 248 ccRCC patients from five
hospitals. We developed three predictive models using training data from 167 patients: a CI-
only model, a valuable clinical parameter model and a fusion model of CI with valuable
clinical parameters. We compared and evaluated the three models by discrimination, clinical
usefulness and calibration, then tested them in a set of validation data from 81 patients.
Results: The fusion model consisting of CI and tumor size (valuable clinical parameter) had
an area under the curve (AUC) of 0.82. In the validation set, the AUC was 0.85. The decision
curve showed that the model had a good net benefit between the threshold probabilities of
5-80%. And the calibration curve showed good calibration in the training set and validation
set.

Conclusion: This study confirms that CI is associated with the WHO/ISUP grade of ccRCC,
and the possibility that a bivariate model incorporating tumor size may help urologist’s
evaluation patients’ prognostic.

Keywords: kidney, carcinoma, renal cell, nomograms, validation studies, decision support
techniques, anatomy, nephrectomy

Introduction

Renal cell carcinoma (RCC) is the most common adult malignant epithelial tumor
of the kidney." The most common pathological type is clear-cell renal cell carci-
noma (ccRCC). The nuclear grading of RCC is deemed as an important and
independent prognosis indicator. The higher the nuclear grading, the worse the
prognosis of patients.” Fuhrman grading (FG) is the most widely used nuclear
grading system. The interpretation is based on the size of tumor-cell nucleus, the
shape of nucleus and nucleolar prominence. However, these three pathological
parameters are equally important, which leads to difficulties in interpretation and
poor repeatability in practical application.® Therefore, WHO proposed to replace
FG with WHO/International Society of Urologic Pathology (WHO/ISUP) grading
system. The new grading system classifies RCC into grades 1—4 according to
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evaluation of nucleoli. The new criteria are simple and
clear, which improves the accuracy of RCC grading.*

A large number of previous radiological studies have
proven that ccRCC imaging features are correlated to FG.
The study methods included Magnetic resonance (MR)
perfusion,” MR diffusion,® enhancement on multiphase
contrast-enhanced computerized tomography (CT),” CT
histogram analysis® and radiomics,” etc. However, such
studies are relatively complicated and highly device-
dependent and require tedious post-processing. Therefore,
practical clinical application is difficult.

In addition, CT and MR can accurately assess the
anatomy of blood vessels, renal collection systems, renal
parenchyma, and renal tumors and provide a basis for the
development of preoperative plans.'® Currently, the appli-
cation of renal tumor anatomical complexity scoring sys-
tem based on CT imaging has been widely used. There are
many available anatomical scores, but the most popular
ones are the RENAL nephrometry score (RNS),'' the
PADUA score'? and the centrality index (CI)."* CI quan-
tifies the anatomical location of the tumor by calculating
the ratio of the distance between the tumor center and the
kidney center and the tumor radius.'* Many studies have
confirmed the association between the FG of RCC and the
15717 and Kutikov et al
performed the first study on the use of RNS for FG pre-
diction of RCC on CT."® It is worth noting that the anato-
mical complexity scoring system is not constrained by

anatomical features of the tumor,

image modalities and that the measurement is easy and
convenient.

Currently, the studies based on new grading are under-
way. Compared with FG, WHO/ISUP grading is more
accurate and can provide better prognosis information in
¢cRCC."? Delahunt et al have also proven that WHO/ISUP
grading is an independent prognosis factor of ccRCC.*°
The relation between radiographic and the new WHO/
ISUP grading also needs to be reassessed. This study
focused on ccRCC and tried to use relatively simple CI
to process multi-center and multi-mode image data and
establish a WHO/ISUP grading prediction model to pro-
vide a convenient and useful tool for accurate nuclear
grading prediction before clinical decision-making.

Materials and Methods

Patients
This retrospective study was conducted in accordance with
the ethical standards of Declaration of Helsinki and was

approved by the Hospital Review Board. The requirement
for informed consent was waived because this research
involved no more than minimal risk to the participants
and the waiver will not adversely affect the rights and
welfare of the participants. We ensure the confidentiality
of patient data. The CT/MR data of 248 patients with
ccRCC from January 2017 to May 2019 were included
in the study. All the tumors were pathologically confirmed
ccRCC based on surgically resected or percutaneous biop-
sied tissues. Of these, 167 cases as training dataset were
from three hospitals (The First Affiliated Hospital, College
of Medicine,

Hospital and Hangzhou First People’s Hospital) and 81

Zhejiang University, Zhejiang Cancer
cases from the other hospitals (Ningbo First Hospital and
Yijishan Hospital of Wannan Medical College) were used
as external validation dataset (Table 1). Consistent with
previous FG-related studies, the data were divided into
low-level groups (WHO/ISUP I-II) and high-level groups
(WHO/ISUP 1I-1V).

Cl Measurement

Two senior radiologists independently measured the image
data without knowing the pathological results. Figure 1
shows CI calculates the distance from the center of the
tumor to the center of the kidney using the Pythagorean

Table | Clinicopathological Characteristics of Training and
Validation Data Sets

Training (%) Validation (%) p value®
Gender: 0.72
M 108 (64.7) 55 (67.9)
F 59 (35.3) 26 (32.1)
Tumor grade: 0.69
High 51 (30.5) 22 (27.2)
Low 116 (69.5) 59 (72.8)
T stage: 0.29
TI 121 (72.4) 51 (63.0)
T2 20 (12.0) 17 (21.0)
T3 21 (12.6) 10 (12.3)
T4 5 3.0 337
N stage: 0.79
Nx/NO 158 (94.7) 78 (96.3)
N+ 9 (5.3) 337
M stage: 0.99
Mx/MO 156 (93.4) 76 (93.8)
MI 11 (6.5) 5(6.2)

Note: *Chi-square test.

submit your manuscript

10922

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Feng et al

Figure | Cl score. Distance y (blue line) between middle axial plane and plane of
maximum tumor diameter is calculated by multiplying the number of sections by
thickness of the section. Distance x (green line) is measured from the central 90-
degree axial reference point to the tumor center. Distance c (red line) is calculated
and divided by tumor radius to determine Cl.

theorem. First, the layer of the center of the renal sinus and
the maximum axial axis of the tumor were determined, and
then the maximum radius of the tumor, r, the vertical
distance from the center of the renal tumor to the long-
itudinal axis of the renal sinus, X, and the kidney, and the
distance from the center of the renal sinus to the horizontal
axis of the tumor center, y, were measured. The CI formula

was CI = \/X? + y?/r as described previously."?

Statistical Analysis
The 3.3.2 version of the R software (http://www.R-project.

org) was used for statistical analysis of the data in this
study. Consistency analysis of the measured data collected
by the two physicians was performed using intra-group
correlation coefficients (ICC). We performed descriptive
statistical analysis for training and validation cohorts,
comparing the qualitative variables using the chi-square
test and the continuous variable data using the two-sample
t-test or Wilcoxon test.

To develop the models for the individual prediction of
the WHO/ISUP grade based on the data of training
cohorts, a logistic regression with one variable or multiple
variables was performed on the basis of CI (Model A), of
valuable clinical parameters (p < 0.05 in Table 2)
(Model B), and of CI with valuable clinical parameters
(Model C). The detailed evaluation of the prediction
model based on the training data was divided into three
parts: discrimination, clinical usefulness and calibration.
The receiver operating characteristic curves (ROC) are
used to evaluate the low- and high-level discrimination
of the model for ccRCC. 1000 bootstrap resampling

Table 2 Comparison of Clinical Parameters and Anatomical
Score of Cases with Different WHO/ISUP Grade

Clinical Low (n=116) | High (n=51) | p value®
Parameters
Age (years) 57(50,64) 60(53.5,67) 0.06
Gender (n,%) 0.71
Male 70(60.3%) 33(64.7%)
Female 46(39.7%) 18(35.3%)
Tumor location (n,%) 0.92
Left kidney 52(44.8%) 24(47.1%)
Right kidney 64(55.2%) 27(52.9%)
Tumor size(cm) 3.12+1.31 6.55+2.22 <0.001
Anatomical score
Centrality index 24+£1.13 1.25+0.69 <0.001

Notes: *Chi-square test, wilcoxon test or Student’s t-test.

calculates the 95% confidence interval for the area under
the curve (AUC). Because the ROC is not sufficient to
show whether the model can facilitate actual clinical deci-
sion-making in a practical way, the clinical usefulness is
shown by the decision curve. Calibration was used to show
the relationship between the predicted value and the actual
value. In addition, Akaike’s information (AIC) criterion is
used to select the best prediction model, and a nomogram
is used to display the best model.

Finally, we used the most reliable model for the valida-
tion data, and we also performed diagnostic performance
evaluation using three factors: discrimination, clinical use-
fulness and calibration.

Results

The ICC of CI was 0.83. These results suggest that the
consistency of the CI values is quite satisfactory, and the
final data used in this work were the average of the two
observers. Table 2 lists the clinical parameters and CI for
low/high ccRCC patients in the training and validation
groups. In the training and validation group, there were
no significant differences in age, gender, or tumor location
among the low/high-grade patients (p>0.05), but there
were statistically significant differences in tumor size and
CI (p<0.05).

According to the results in Table 2, only tumor size
remained after clinical parameters screening. Further com-
bination with CI, a total of 3 models were constructed,
Model A based on CI alone, Model Bbased on tumor size
of clinical parameter and Model C combining CI and
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Table 3 Risk Factors for the Differentiation of the High- from Low-Grade ccRCC in the Different Models
Variables Coefficient OR (95% Confidence Interval) p value AIC
Model A Intercept 1.35 2.33(1.33, 3.78) 0.013 231.11
Centrality index —-1.18 1.29(0.29, 2.81) <0.001
Model B Intercept -2.51 0.08(0.03,0.16) <0.001 254.26
Tumor size 0.38 1.46(1.27,1.69) <0.001
Model C Intercept —-1.06 0.31 164.96
Centrality index —0.86 1.35(0.49, 2.54) <0.001
Tumor size 0.14 1.02(0.19, 1.58) <0.001

Abbreviations: OR, odds ratio; AIC, Akaike’s information.

tumor size. Table 3 lists the contributions of each of the
three models and the performance of the models in the
training/validation set. In the training set, the AUC of CI
univariate model was 0.77 (95% Confidence Interval
0.69-0.83), and the AUC of tumor size-based Model
B was 0.72 (95% Confidence Interval 0.74—0.88), slightly
smaller than the CI model. The fusion model of CI and
tumor size showed the optimal performance, with AUC of
0.82 (95% Confidence Interval 0.74-0.88) (Figure 2).

Training cohort

Comparison of the decision curve revealed that the net
benefit of Model C was significantly superior to that of
Model A and Model B (Figure 3). Finally, the AIC of
Model C was the smallest among the three models.
Through the above comparative analysis, fusion Model
C is undoubtedly the optimal model in this study.

In the external validation set, Model C had an AUC of
0.85 (95% confidence interval 0.77-0.91), the ROC curve of

the three models in the validation set is shown in Figure 2. It
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Figure 4 Calibration plot of nomogram. (A) Training cohort. (B) Validation cohort.

is not difficult to find that Model C was optimal. The
decision curve showed that this model had good clinical
net benefit within 5-80% (Figure 3). The final calibration
curve of the fusion model showed good consistency between
the predicted probability and the actual grade in the training
and validation sets (Figure 4). Model C showed a good
performance in external data validation. The nomogram of

the fusion model is presented in Figure 5.

Predicted Pr

Discussion
The pathological grading of ccRCC is related to metastatic

1,2! and sunitinib is not effective in the treatment

potentia
of high-grade metastatic RCC.** In the era of precision
therapy, the prediction of nuclear grade will be helpful for
clinical decision-making. Our results demonstrate that
WHO/ISUP grade of ccRCC is also related to the anato-

mical characteristics of tumors. In this study, we found
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Figure 5 Nomogram evaluating risks of a clear-cell renal cell carcinoma being high grade.
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that CI is an effective ccRCC low/high-grade prediction
factor, which is consistent with the studies in which the
RCC nuclear grading was predicted by anatomical scores.
When tumor size was also introduced into the model, the
bivariate prediction model showed excellent performance.
The prediction of WHO/ISUP grading can be completed
by a simple measurement.

Besides, we found that the efficiency of the CI model
in predicting WHO/ISUP grading is slightly higher than
that in the previous studies in which FG was predicted by
RNS.'® We speculate that this may be correlated to FG.
Previously, FG was determined by nuclear size and shape,
and nucleolar prominence, but these three parameters may
be inconsistent at times, and the determination of nuclear
shape and size has large subjective deviation.”’ The WHO/
ISUP grading system was simplified to the primary assess-
ment of nucleoli. In previous FG studies, it is likely that
partial FG was ambiguous, and wrong classification influ-
enced the study results. The WHO/ISUP grading solved
this problem. It might be the improved accuracy of nuclear
grading that made this prediction model more efficient.

CI is a simpler model, and the results are only one
value. CI equals 0 indicates that the tumor is in the center
of the kidney. The greater the value of CI, the further the
tumor is from the center of the kidney. A CI greater than
2.5 is considered indicative of low anatomical complexity
and scores below 2.5 indicate high complexity. Analysis of
results showed that high-grade tumors are closer to the
center of the kidney, which makes them highly complex,
while the lower grade tumors are far from the center and
are of lower complexity.'> Venkatesh et al reported that
only 3.7% of high FG tumors were exogenous, about 25%
were endogenous, and 96% of exogenous tumors were low
FG."” Tumors involving the collection system are asso-
ciated with higher grade, and this has been validated in
previous studies.”**** Because there are many thin-walled
veins and lymphatic vessels in the renal sinus, if the tumor
invades the renal sinus and veins, the sufficient blood
oxygen supply will promote further tumor growth, which
promotes invasiveness.”> This may be one mechanism
underlying the development of low CI in kidney cancer
associated with high WHO/ISUP grading.

Tumor size is also recognized as an independent prog-
nostic factor for RCC.?® Frank et al reported that 90.8% of
renal tumors smaller than 2 cm had a low grade,”’ and
Chen et al’s multiple regression analysis also suggested
that larger tumor size predicted ccRCC pathology.*> Many
studies have demonstrated that the larger the ccRCC

lesion, the more likely it is to be associated with a higher
grade.”®* The introduction of tumor size undoubtedly
improved the predictive performance of the model.

In previous nuclear grading prediction studies led by
radiologists, based on the quantitative analysis of MR
functional imaging, data acquisition was limited by
device and was difficult to implement clinically. The
studies based on CT were relatively simple; thus, the
application of the recently popular radiomic analysis in
FG prediction achieved good results.” However, Orlhac
et al pointed out that there is difference in texture para-
meters between different CT scanners and that the scan-
ning parameters of different hospitals are different, which
will affect the generalization ability of the model.*° The
CT radiomic model based on multi-phase enhancement
cannot be generalized to CTA data and more impossible
to be applied to the MR image. However, anatomical
scores can cover different image modalities. The data in
this study came from 5 different hospitals, and the scan-
ning devices and parameters were different. Such data
included the multi-modal image data of CT, CTA and
MR. Only anatomical scores can analyze these data.
With the development of multidisciplinary consultations,
these anatomical scores are coming to be understood by
radiologists. Alsaikhan et al proposed that CT reports of

SCOI'G:S.31

kidney cancer should include anatomical
Therefore, if the functional image parameters can be
utilized and integrated on the basis of the deep recon-
struction anatomical score in the future, the prediction
model would be improved further.

The limitations of this study are as follows: 1) Since
WHO/ISUP grading has not been applied for a long time
and many hospitals are still using FG, so the sample size in
this study was relatively small. Our data are limited to
Chinese hospitals, so there are selection biases, and data
from other countries are needed for further validation.
2) This study did not include RNS and PADUA score for
comparative analysis. And the central area of some tumors
was difficult to determine, and the scorers were subjective,
leading to poor consistency of CI in these cases. These
cases may be difficult to be analyzed using anatomical
scores. 3) The prediction model in this study was only
limited to distinguish high- and low-grade ccRCC.
However, in clinical practice, it is more important to
differentiate benign and malignant masses of kidney.
4) A small amount of pathological results was obtained

from puncture biopsy, which might have sampling error.
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Conclusion

This study confirmed that large tumors and smaller Cls are
helpful in predicting high-grade nuclear ccRCC. The WHO/
ISUP grading predictive model of ccRCC developed accord-
ing to these two parameters also performed well in external
validation. The parameters required for the model are simple
to measure, without the need for special software, and the
final nomogram is also very concise, without the need for
complex conversions. Objectively quantified prediction
probabilities will help urologists make clinical decisions.
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