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Purpose: In recent years, there has been an increase in the incidence of small renal masses

(SRMs) and nephrectomy was the standard management of this disease in the past. Currently,

the use of active surveillance has been recommended as an alternative option in the case of

some patients with SRMs due to its heterogenicity. However, limited studies focused on the

regarding risk stratification. Therefore, in the current study, we developed a nomogram for

the purpose of predicting the presence of high-grade SRMs on the basis of the patient

information provided (clinical information, hematological indicators, and CT imaging data).

Patients and methods: A total of 329 patients (consisting of development and validation

cohort) who had undergone nephrectomy for SRMs between January 2013 and May 2016

retrospectively were recruited for the present study. All preoperative information, including

clinical predictors, hematological indicators, and CT predictors, were obtained. Lasso regres-

sion model was used for data dimension reduction and feature selection. Multivariable

logistic regression analysis was applied for the establishment of the predicting model. The

performance of the nomogram was assessed with respect to its calibration and discrimination

properties and externally validated.

Results: The predictors used in the assessment of the nomogram included tumor size, CT

tumor contour, CT necrosis, CT tumor exophytic properties, and CT collecting system

oppression. Based on these parameters, the nomogram was evaluated to have an effective

discrimination and calibration ability, and the C-index was found to be 0.883 after internal

validation and 0.887 following external validation.

Conclusion: Based on the aforementioned findings, it can be concluded that CT imaging–

based preoperative nomogram is an effective predictor of SRMs and hence can be used in the

preoperative evaluation of SRMs, due to its calibration and discrimination abilities.
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Introduction
Due to the widespread use of cross-sectional abdominal imaging over the last

couple of decades, there has been an increase in the diagnosis of small renal masses

(SRMs), which are tumors of 4 cm or less.1 However, previous studies have

suggested that 20–30% of SRMs are benign, even the majority of the tumors of

which were found to be low-grade cancers with a low-malignancy potential.2–4

Actually, American Society of Clinical Oncology Clinical Practice Guideline has

recommended that active surveillance should be an initial management option for

SRM patients who have significant comorbidities and limited life expectancy.5
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Meanwhile, guidelines for renal mass and localized renal

cancer provided by American Urological Association

Education and Research also suggested that active surveil-

lance has emerged as an initial management strategy for

patients with cT1a (<4 cm). Not just those with limited life

expectancy or poor performance status, active surveillance

can also be an acceptable initial option for management in

all patients when the oncologic risks are particularly low.6

However, there is a low specificity in defining high-risk

patients. Previous studies suggested that tumor size and

the grade of the tumors were significant clinical predictors

for metastasis.2,7,8 Therefore, preoperative prediction of

high-grade tumor is of high significance.

Currently, no urine or serum diagnostic markers have

been reported for the diagnosis of renal cell carcinoma

(RCC). The application of renal mass biopsy (RMB) has

increased in recent years but this method has limited accu-

racy when detecting high-grade and potentially aggressive

tumors.9–11 Therefore, the limited but potentially useful

information of the characteristics and radiographic character-

istics of patients are becoming increasingly significant. There

has been accumulating evidence highlighting the potential

relationship that might exist between hematological indica-

tors and histological subtype of renal masses. Saroha et al

reported that a low absolute lymphocyte count (ALC) was

associated with the high-grade pathological type in patients

with clear cell renal carcinoma.12 Moreover, Karlo et al

developed a nomogram with a concordance index of 0.829

based on the analysis of clinical and CT data to determine

treatment regimens for indolent renal cortical tumors before

treatment.13

The technique of nomogram has been applied and vali-

dated in patients with variable tumor sizes and clinical stages.

However, the greatest value of the nomogram would lie in

differentiating between benign vs malignant and high-grade

vs low-grade tumors in patients with SRMs. Fuhrman grade

is the most significant prognostic variable to predict clinical

outcomes in renal cancers, and it is also an independent risk

factor predicting prognosis in major surgical series.14 Herein,

we construct a nomogram for patients with SRMs to predict

the high-grade histopathological subtype based on the clin-

ical and CT characteristics of patients.

Materials and methods
Patients
The experimental protocols of the present study had been

approved by our institutional review board. The included

patients were diagnosed with SRMs (tumors 4 cm or less)

who had undergone nephrectomy (radical or partial) at our

institution between January 2013 and May 2016. Patients

with multiple masses, where metastasis is detected or

suspected, were excluded from the study. A total of 329

patients whose preoperative imaging and hematological

indicators were available within 1 week prior to surgery

were included in the cohort study. The total cohort subjects

were then randomly assigned to the development cohort

(217 patients) and validation cohort (112 patients) groups.

The final model was assessed by development cohort,

followed by the external validation in the validation

cohort. The study was approved by the research ethics

committee of Tianjin medical university. Written informed

consents were obtained from patients before enrolling into

the study. We also have complied with the World Medical

Association Declaration of Helsinki regarding the ethical

conduct of research involving human subjects.

The clinical presentations of patients were categorized

as symptomatic or asymptomatic. Tumors with manifesta-

tions, including hematuria, pain, and fever or weight loss,

were identified as symptomatic. Tumors with Fuhrman

grade I and II or benign pathology were classified as low

grade as well as indolent tumors. Grade III and IV neo-

plasms, sarcomatoid features, and papillary type II pre-

sence were defined as high grade as well as aggressive

tumors. Histological subtype and Fuhrman grade of all

tumors were assessed by board-certified pathologists in

our institutional.

All CT images consisted of nonenhanced imaging of

the abdomen as well as contrast-enhanced imaging that

were obtained during the nephrographic and urographic

phases following the administration of iodinated contrast

agent. All CT data were analyzed by board-certified radi-

ologists without any knowledge of clinical or histopatho-

logical features. The criteria of the radiographic features

had been previously introduced.13 In this study, the fea-

tures were as follows:

1. The largest tumor diameter on the CT imaging;

2. The presence of necrosis (a tumor was deemed as

necrotized if ill-defined; hypodense areas of the

tumor did not enhance at all during the nephro-

graphic and urographic phase);

3. Tumor’s contour, recorded as either ill-defined or

well-defined (ill-defined tumor contour was

recorded if the tumor was not clearly delineated
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from all adjacent anatomical structures during the

nephrographic phrase);

4. Tumor exophytic properties were defined as the

tumor contour profile highlighting the outline of

the kidney on CT imaging.

5. CT collecting system oppression was defined as

direct contact and oppression between the tumor

and the collecting system.

Figure 1 Illustrates examples of all the features.

The purpose of this study was to design a preoperative

nomogram for the prediction of the unfavorable high-

grade histopathological subtype of SRMs. The clinical

predictors (i.e., age, gender, body mass index (BMI), pre-

sentation mode), hematological indicators (i.e., ALC, neu-

trophil-to-lymphocyte ratio (NLR)), and predictors derived

from CT imaging (i.e., tumor size, necrosis, tumor contour,

tumor exophytic properties, collecting system oppression)

were combined in order to evaluate the prediction model.

Statistical analysis
Fisher’s exact test was applied to assess the differences

between high-grade and low-grade tumors with respect

to the distribution of gender, presentation mode, necro-

sis, tumor contour, tumor exophytic properties, and

collecting system oppression. Wilcoxon rank sum test

was applied to analyze the differences in age, BMI,

tumor size, ALC, and NLR between patients with

high-grade tumors and those with low-grade tumors.

The least absolute shrinkage and selection operator

(LASSO) method was adopted to select the most effec-

tive predictive features based on the development cohort

due to its performance in the regression of high-dimen-

sional data.15 Multivariable logistic regression analysis

was then performed for the development of the diagnos-

tic model to predict high-grade tumors. To improve the

quality of the quantitative tool, we developed a nomo-

gram on the basis of multivariable logistic analysis in

the development cohort. Calibration curves were plotted

to assess the calibration of the nomogram. External

validation was performed with the use of the data

obtained from the validation cohort. The C-index was

employed as an indicator to present predictive accuracy,

which is critical for the area under the receiver operat-

ing characteristic curve. The C-index ranges from 0.5

(equivalent to a coin toss) to 1 (perfect prediction).

Statistical analysis was conducted with R software (ver-

sion3.4.4; http://www.Rproject.org). Two-sided p-values

<0.05 were considered to indicate statistically significant

differences.

Figure 1 Predictive features on CT imaging as assessed: (A and B) exophytic properties; (C) necrosis and well-defined tumor contour; (D) ill-defined tumor contour; and

(E) collecting system oppression.
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Results
Associations of clinical predictors with

histopathological subtype of tumors
Table1 shows the demographic and histopathological informa-

tion on 329 patients with SRM treated with nephrectomy. The

clinical, hematological and CT characteristics of all patients

that were taken into consideration during the development and

validation of the cohort are summarized in Table 2. There were

no significant differences in the prevalence of high-grade

tumors between the two cohorts. No significant differences

were observed in gender (p=0.155), age (p=0.580), BMI

(p=0.064), and clinical presentation mode (p=0.113) between

the patients with high-grade tumors and those with low-grade

tumors. No significant differences were found in ALC

(p=0.154) and NLR (p=0.064) between patients with high-

grade tumors and those with low-grade tumors. However, low-

grade tumors were significantly smaller than high-grade

tumors (2.9±0.8 cm vs 3.5±0.4 cm; p<0.001). As for the

predictors derived from CT imaging, the presence of necrosis,

ill-defined tumor contour, tumor exophytic properties, and

collecting system oppression was significantly associated

with high-grade tumors (all p≤0.05, Table 2).

Feature selection and predictive

nomogram development
All the 12 clinical, hematological, and CT features were

reduced to 4 potential predictors on the basis of information

of patients in the development cohort (Figure 2A and B).

These features were nonzero coefficients in the LASSO

logistic regression model. According to the incremental dis-

crimination of the model and our clinical experience, the

tumor exophytic properties of CT examination were added

into the final nomogram. The predictors included in the final

model were CT tumor size, CT necrosis, CT tumor contour,

CT tumor exophytic properties, and CT collecting system

oppression. A multivariable logistic regression model was

established to predict the binary outcome of tumor histo-

pathological subtype (Table 3), which was presented as the

nomogram (Figure 3).

Validation of the predictive nomogram
Since the data from the development cohort were used to

construct the nomogram, the results of external validation

cohort were employed to validate the nomogram. There

was consistency in the calibration curve of the nomogram

for the probability of high-grade histological subtype of

tumors between prediction and observation in both devel-

opment and validation cohorts (Figure 4A and B). The C-

index was 0.883 and 0.887 for external validation based on

internal validation of the nomogram (Figure 5A and B).

Discussion
We established a nomogram as it is beneficial in the pre-

diction of the risks associated with unfavorable histologi-

cal subtype in patients with SRMs due to the biological

heterogeneity of SRMs. Following a retrospective review

of clinical and CT imaging data from 329 patients, we

found that tumor size, CT necrosis, CT tumor contour, CT

tumor exophytic properties, and CT collecting system

oppression were identified as the strongest predictors for

the histopathological subtype of SRMs in regression mod-

eling. Afterward, a C-index of 0.887 was obtained from

the nomogram after external validation.

Large surgical data have indicated that approximately

20–30% of SRMs are benign. Moreover, only 20–25%

malignant tumors have an aggressive potential (i.e. high

Fuhrman grade, sarcomatoid features, or papillary type II

presence), whereas 55–60% have been reported to display

indolent behaviors.2,16,17 Therefore, an accurate identifica-

tion of unfavorable histopathological subtype would allow

the surgeon to determine appropriate management which

enables patient reassurance and avoids any invasive poten-

tial in the processes of diagnosis or treatment. Percutaneous

renal biopsy was previously used for pretreatment assess-

ment which was regarded as the most appropriate

Table 1 Demographic and histopathological information on

development and validation cohort

Characteristic Development

cohort

Validation

cohort

Histopathological type, no. (%)

Clear cell RCC 141(65.0) 77(68.8)

Papillary RCC type Ⅰ 24(11.1) 10(8.9)

Papillary RCC type Ⅱ 5(2.3) 2(1.8)

Chromophobe RCC 18(8.3) 8(7.1)

Other 5(2.3) 2(1.8)

Oncocytoma 15(6.9) 8(7.1)

Angiomyolipoma 9(4.1) 5(4.5)

Nephrectomy, no. (%)

Partial 156(71.9) 76(67.9)

Radical 61(28.1) 36(32.1)

Fuhrman grade, no. (%)

Low grade 153(70.5) 81(72.3)

High grade 64(29.5) 31(27.7)

Abbreviation: RCC, renal cell carcinoma.
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method.18,19 However, due to risks, sampling error, and the

relatively high possibility of irrelevant clinical data

obtained, the application of renal biopsy has limited value

in predicting the histopathological subtype of tumors.10,20

When a malignancy is found during biopsy examination,

the positive predictive value is reported to be >95% and the

negative predictive value is >80%.21 Despite the reported

accuracy of renal biopsy in determining histological

Figure 2 Feature selection on the basis of the least absolute shrinkage and selection operator (LASSO) binary logistic regression model. (A) The tuning parameter (λ) in the

LASSO model was chosen to be 10 cross-validations with a minimum standard. The area under the receiver operating characteristic (AUC) curve was plotted versus log (λ). By
using the minimum standard and the 1 standard error of the minimum standard (1-SE standard), dotted vertical lines were drawn at the optimum value. The value of λ was 0.063
and the log (λ) was −2.76 (1-SE standard) according to 10-fold cross-validation. (B) LASSO coefficient profile for 14 features. A coefficient profile plot was generated for the log

(λ) sequence. A vertical line was drawn at the value selected using 10-fold cross-validation, where the best (λ) resulted in 4 non-zero coefficients.
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subtype, most current cohorts do not assess tumor grade or

they are not precise even though they do. In fact, core

biopsies for renal masses could potentially result in the

underestimated and unclear grade assessment in more than

half of the patients (55%) prior to surgical resection.22

Consequently, percutaneous renal biopsy alone is not the

most effective and accurate preoperative management.

Nowadays, nomograms have been broadly developed

to predict patients’ survival on the basis of data acquired

before or after resection of renal tumors. Lane et al estab-

lished a nomogram using clinical data (gender, age, smok-

ing history, and clinical presentation) and tumor size to

predict the biological potential of SRMs before the inter-

vention. The nomogram was developed using retrospective

data from 862 patients who underwent partial nephrect-

omy for a single, solid, enhanced, or clinical T1 tumor.

The nomogram had a bootstrap-corrected C-index of 0.644

after internal validation and an even lower C-index of

0.557 after the prediction of potentially aggressive histo-

logical findings.23 Using a multi-institutional data set of

European patients, Jeldres et al also constructed a model to

predict high Fuhrman grade (III–IV) prior to performing a

nephrectomy. Predictors included age at diagnosis, gender,

tumor size, and symptom classification. The findings

showed that only tumor size was significantly associated

with the high Fuhrman grade in the univariate analysis,

and the most accurate multivariate nomogram as the

Fuhrman grade prediction was only 58.3% accurate.24

Given the limitations of clinical features in the evalua-

tion of the histological subtype of SRMs, other preopera-

tive characteristics of patients must be involved in the final

nomogram. Kutikov et al developed a nomogram using the

RENAL nephrometry score, which was the first study that

illustrated the relationship between tumor anatomy and

histological subtype. The nomogram offered a useful tool

for the preoperative prediction of tumor histological sub-

type (area under the curve [AUC]: 0.76) and grade (AUC:

0.73).25 In addition, Raj et al constructed a pretreatment

nomogram that predicted the development of metastatic

recurrence following nephrectomy based on data from

2517 patients. The predictors included gender, size of the

primary renal mass, evidence of lymphadenopathy, or

necrosis observed in the preoperative imaging examination

as well as the mode of presentation. The C-index was

0.80.26 Karlo et al also developed a nomogram including

1201 patients, with CT features combined with clinical

Table 3 Risk features for high-grade small renal mass

Intercept and variable β Odds ratio (95% CI) P

Intercept −5.112 0.006

Size 0.820 2.270 (1.158–4.451) 0.017

Necrosis 1.736 5.673 (2.399–13.411) <0.001

Exophytic properties −1.545 0.213 (0.086–0.529) 0.001

Tumor contour 1.377 3.962 (1.639–9.574) 0.002

Collection system oppression 1.798 6.038 (2.760–13.212) <0.001

Note: β is the regression coefficient.

Figure 3 Nomogram for evaluating the risk of high-grade tumor histological subtype. Points were assigned by plotting a straight line from the proper spot on each predictor

level up to the “Points” level; sum points achieved for each predictor and locate this sum on “Total Points” axis, then drawn a straight line down to determine the

corresponding probability of high-grade tumor histological subtype.
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data in order to predict indolent renal cortical tumors.

BMI, tumor size, and CT features composed the final

nomogram whose C-index was 0.829 after external

validation.13 Therefore, the preoperative CT image fea-

tures may be associated with tumor histological subtype

and prognosis. Our final model, which aimed to predict

high-grade tumor histological subtype in SRMs, included

many predictors including CT, namely, tumor size, the

presence of tumor necrosis, tumor contour (either well-

or ill-defined), CT tumor exophytic properties, and CT

collecting system oppression. After external validation,

the nomogram presented with a C-index of 0.887.

CT tumor contour was added since high-grade tumors

were considered to display undefinable delineation toward

Figure 4 Calibration curves of the nomogram in the development (A) and validation (B) cohort. Calibration curves depict the calibration of final model based on the

agreement between the predicted risk of high-grade histological subtype and the observed outcome of high-grade histological subtype. The solid line represents the

performance of the nomogram, and the position which was closer to the diagonal dashed line represents a better prediction.
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the normal renal parenchyma. With this hypothesis, we

found that high-grade tumors presented with significantly

ill-defined contours more often than low-grade tumors

(Table 2). We also revealed that high-grade tumors

resulted in the distinct suppression of CT collecting system

more frequently than low-grade tumors (Table 2).

However, the tumor size may have been a confounding

factor affecting the finding; given that a renal cortical mass

Figure 5 Receiver operator characteristics (ROC) curve developed from patients of development (A) and validation (B) cohort when nomogram was used to predict high-

grade tumor vs low-grade tumor histological subtype.

Abbreviation: AUC, area under the curve.
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grows large, it will finally oppress the collecting system.

Moreover, high-grade tumors were significantly larger

than low-grade tumors in our study (3.44±0.49 cm vs

2.90±0.81 cm; p<0.001). However, previous studies have

reported that large interpolar and hilar tumors often indi-

cated high-grade cancers.25,27 We were aware of the cor-

relation between tumor histological subtype and tumor

location in our study. Our results showed that low-grade

tumors represented exophytic feature more frequently than

high-grade tumors (Table 2). The association between

anatomic features and histological subtype had been pre-

viously described.28,29 Venkatesh et al documented that in

123 patients who underwent laparoscopic partial nephrect-

omy, only 55% of “highly exophytic” tumors were malig-

nant and nearly all (96%) of them were low-grade.29

Initially, we speculated whether or not there was a

correlation between hematological indicators and tumor

histological subtype, since a number of studies suggested

a relationship between hematological indicators and tumor

prognosis. Saroha et al reported that low ALC was asso-

ciated with high-grade histological subtype, higher pT

stage, and TNM stage in patients with clear cell renal

carcinoma.12 Mehrazin et al also suggested that ALC

was correlated with higher TNM stage and unfavorable

overall survival in patients with papillary carcinoma.30

Viers et al reported that NLR was independently asso-

ciated with cancer-specific and all-cause mortality among

patients with localized renal cortical carcinoma.31 Despite

these findings, our results found no significant difference

in ALC and NLR between high-grade tumors and low-

grade tumors, which may be attributed to the limitation in

the cohort data.

Although our study was able to provide an insight into

the preoperative nomogram, there were several limitations.

Foremost, this was a single-institutional and retrospective

study and its sample size was limited. Although we devel-

oped the nomogram and validated it externally, more fol-

low-up researches are still required to confirm the findings.

In addition, there was a lack of specific predictors that

could effectively predict tumor histological subtype,

regardless of our undeniable effort to collect patient’s

preoperative data. It may be possible that some missing

variables could promote the discriminatory power of the

nomogram, such as enhancing pattern of SRMs. It has

been reported that nodular enhancement and presence of

multicystic tumor architecture on CT imaging were sig-

nificantly associated with aggressive tumors.25

Conclusion
In conclusion, based on all available information from 329

patients, we developed a nomogram which could accurately

predict high-grade SRMs. Since there were several limita-

tions in the existing method of RMB, we provided a risk-

stratification scheme that combined the nomogram and selec-

tive RMB. This could potentially be a new and improved

option for clinicians when performing preoperative evalua-

tion and selecting the best treatment regimen for SRMs.
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