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Abstract

Introduction: Many patients with small renal masses (SRM) undergo surgical resection of benign and potentially indolent renal masses.

We review the available literature to quantify the proportion of renal tumors that are low-risk based on clinical radiographic size, and quan-

tify the number of low-risk masses surgically removed in the United States.

Methods: We systematically reviewed the literature for studies including pathologic findings after excision of renal masses. Inclusion

criteria required studies capture both benign and malignant histology at surgical pathology, tumor grade, and stratification by radiographic

tumor size. We queried our institutional database using the same parameters. Meta-analysis results were applied to SEER incidence and

management data for renal masses. Very-low-risk tumors were defined as benign or grade 1 cT1a, and low-risk tumors as benign, grade 1,

or grade 2 cT1a.

Results: A total of 733 titles were reviewed at title screening with 6 full text articles and our institutional database included for

meta-analysis. Pooled estimates of benign, very-low-risk, and low-risk tumors were stratified by tumor size: ≤2 cm (25.5%, 40.1%,

and 89.3%), 2 to 3 cm (21.2%, 34.1%, and 84.5%), 3 to 4 cm (16.1%, 26.6%, and 77.1%), 4 to 6 cm (11.9%, 23.8%, and 66.4%), and

>6 cm (7.2%, 12.6%, and 50.3%). An estimated 3,300 benign, 5,400 very-low-risk, and 13,600 low-risk SRMs were resected in

2014 in the United States.

Conclusion: A substantial portion of patients with SRM are undergoing surgical excision despite harboring tumors of low metastatic

potential. The rate of high-grade histology increased with increasing clinical radiographic size, which can be used in counseling and deci-

sion-making regarding placement on active surveillance. The number of low-risk SRM removed annually in the United States increased

from 8,500 in 2000 to 13,600 in 2014 with stabilization in recent years. � 2019 Elsevier Inc. All rights reserved.
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Surveillance
1. Introduction

Approximately 64,000 new cases of kidney cancer were

diagnosed in the United States in 2018 [1]. Since the adap-

tation and widespread use of cross-sectional imaging, the

rate of detection of renal masses has increased [2,3]. More-

over, stage migration has occurred so that small renal
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masses (SRM), clinically localized cortical tumors less than

4 cm (cT1a), account for almost half of all new renal cell

carcinoma (RCC) diagnoses [4]. Interestingly, this stage

migration has not manifested in an improved cancer-spe-

cific mortality for localized RCC, which indicates that

many of these incidentally discovered SRM are unlikely to

pose significant threat to the patient and suggests the possi-

ble overtreatment [2,5,6].

Management and treatment decisions for renal masses

are heavily reliant on clinical imaging as renal mass biopsy
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and preoperative tissue sampling has a selective role in the

management of clinically localized renal masses suspicious

for malignancy [7]. Active surveillance (AS) has emerged

as a safe initial management strategy for all patients with

tumors less than 2 cm and older patients with comorbidities

who have larger tumors [2,7]. Several studies have shown

an inverse correlation between radiographic size of renal

mass and chance of harboring benign or low-grade pathol-

ogy in surgical specimens [8−17]. In this study, we per-

formed a systematic review of the available literature to

evaluate the association of radiographic renal tumor size

with pathologic histology and grade after surgery; in addi-

tion, the number of surgically removed renal tumors of low

malignant potential in the United States is estimated. This

epidemiologic information may have important implica-

tions for patient counseling involving management deci-

sions for use of AS and other less invasive treatment

modalities for SRM.
2. Methods

2.1. Study selection

MEDLINE, The Cochrane Library, and PubMed were

systematically reviewed for all studies (January 2000−
December 2017) that included pathologic findings after sur-

gical removal of renal masses. The search was performed

using a combination of MeSH Terms and keywords, and

the algorithm used is listed in the Appendix. Only reports

written in the English language were reviewed. In addition

to the output with the above algorithm, references lists

were examined for any additional relevant studies.

The titles of all studies identified by the above search

method were reviewed for relevance. After title review,

pertinent abstracts were reviewed for inclusion. Articles

selected for full-text review and inclusion to the meta-anal-

ysis were required to have had reported (1) nucleolar grade

classification of malignant tumors and (2) number of

tumors per grade category with benign tumors stratified by

clinical radiographic size. Nucleolar grade was not adjusted

if the manuscript was published prior to the establishment

of the 2005 ISUP Nucleolar Grade standardization [18]. If

multiple publications were included from the same center

or the same patient population, the study was selected

which had captured more patients over the longest period

of time.

To augment the available literate, we queried our institu-

tional database of patients who underwent surgery for a

renal mass (2005−2015). Patients who underwent cryoabla-
tion or radiofrequency ablation were excluded; biopsy

pathology was also excluded. All remaining renal masses

were then stratified by clinical radiographic size. Number

of benign and low-grade renal masses was determined for

each size stratum and percentage of benign and low-grade

renal masses out of all renal masses resected in each size

stratum was calculated.
2.2. Analysis

The number of benign tumors and tumors representing

each pathologic grade as well as total tumors in each size

strata were tabulated. The percentage of benign and low-

grade tumors was then calculated for each size stratum.

Indolent renal masses were defined as “very-low-risk”

(clinical T1a: benign or grade 1) and “low-risk” (clinical

T1a: benign, grade 1, or grade 2) based on prior literature

reporting metastasis-free and cancer-specific survival

outcomes exceeding 95% for these renal masses after

surgical treatment [8] and a body of literature indicating

rates of metastatic disease <1% on surveillance [19].

Very-low-risk tumors capture the proportion of clinical

T1a masses that are benign or grade 1 renal cell carci-

noma on surgical pathology. Low-risk tumors captures

the proportion of clinical T1a masses that are benign,

grade 1 renal cell carcinoma, or grade 2 renal cell carci-

noma on surgical pathology. Meta-analyses applying ran-

dom effects modeling and Freeman-Tukey double arcsine

transformation were performed for studies meeting all

inclusion criteria.
2.3. National burden estimates

Surveillance, Epidemiology, and End Results (SEER;

US National Cancer Institute) incidence data for each year

from 2000 to 2014 for SEER 18 Registries were used to

estimate proportion of patients undergoing management

(surgery, thermal ablation, and no intervention) for renal

masses. The total incidence of kidney tumors in each year

from SEER Cancer Statistics Review was stratified by size

and then multiplied by the proportion receiving surgery to

estimate the number of masses surgically removed. The

proportion of benign or low-grade tumors from the meta-

analysis was then applied to the number of surgically

removed masses in each size stratum, allowing for an esti-

mation of the number of surgically resected benign or low-

grade renal masses in the United States each year.
3. Results

3.1. Study identification

A total of 733 articles were identified for title review and

114 proceeded to abstract review for relevance (Supple-

mental Figure 1). Abstracts were excluded for the following

reasons: if they did not define pathologic grade, if they did

not list pathologic grade or benign pathology by stratified

size, if the study was limited to only partial nephrectomy

pathology specimens, if the article selected only malignant

tumors, and/or if the study included pathology from biopsy

results. Of the 114 abstracts reviewed, 50 (44%) were

excluded because they did not contain pathologic data,

34 (30%) were excluded because they did not stratify path-

ologic data by clinical radiographic size, 9 (7%) were



Fig. 2. Ratio of indolent to potentially lethal tumors stratified by size.
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excluded because they were irrelevant, 4 (3%) were

excluded because they were not limited to clinically

localized masses, and 1 (1%) was excluded due to no

available full text source. Sixteen articles proceeded to

full text review with 2 (13%) excluded for including

duplicate data already represented in another study, 7

(44%) excluded due to incomplete size-stratification, and

1 (6%) excluded for absence of benign pathology. Six

full text articles including tumor histology (benign and

malignant), tumor grade, and tumor size stratification

were included [8,9,11,12,15,16]. From our institutional

database, 2,080 patients undergoing either partial or radi-

cal nephrectomy were identified and stratified by clinical

radiographic size.
3.2. Pooled estimates and meta-analysis

Data for 7,143 patients was analyzed from included

studies providing sufficient tumor size stratification and

tumor grade data. Pooled proportions of benign and

low-grade tumors were tabulated for all included studies

(Fig. 1). One study only reported Fuhrman grading for a

subset of patients with clear cell RCC, so sample sizes

for benign and low-grade tumors were adjusted

based on the total sample size to project the number of

low-grade tumors onto the full sample of malignant

tumors [8].

Meta-analysis results are detailed in Supplemental Fig-

ures 2 and 3. The proportion of benign tumors decreased

with increasing tumor size: 25.5% (≤2 cm), 21.2%

(2−3 cm), 16.1% (3−4 cm), 11.9% (4−6 cm), and 7.2%

(>6 cm). When considering both benign and low-grade

(grade 1) tumors, the proportions were 40.1% (≤2 cm),

34.1% (2 to 3 cm), 26.6% (3−4 cm), 23.8% (4−6cm), and

12.6% (>6 cm). Relaxing the criteria to allow grade 2

tumors (benign + grade 1 + grade 2), the proportions

increased to 89.3% (≤2 cm), 84.5% (2 to 3 cm), 77.1% (3

−4 cm), 66.4% (4−6 cm), and 50.3% (>6 cm). Fig. 2 dis-

play the ratio of masses with indolent pathology to poten-

tially lethal tumors by size strata.
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Fig. 1. Graphical depiction of the proportion of benign and nucleolar

grade 1 through 4 renal masses stratified by size.
3.3. National burden estimates

The number of patients with cT1a benign, very-low-risk,

and low-risk renal masses who underwent intervention

increased over time (Table 1). Of all patients with cT1a dis-

ease, the number of benign tumors resected rose from 2,080

to 3,393, very-low-risk tumors from 3,352 to 5,452, and

low-risk from 8,512 to 13,631 between 2000 and 2014

based on distribution data from all included studies. When

excluding one European study (Remzi et al.[6]) estimates

for the United States from 2000 to 2014 remain similar

with increase of 2,041 to 3,337 benign tumors, 3,317 to

5,402 very-low-risk tumors, and 8,505 to 13,624 low-risk

tumors. Notably, the overall incidence of kidney cancer has

plateaued in recent years; while the United States popula-

tion increased steadily over time, the proportion of masses

surgically resected decreased across size strata in compari-

son to AS and thermal ablation (Fig. 3). Therefore, a stable

number low-risk and very-low-risk masses were resected

from 2008 onward (Fig. 3).

4. Discussion

The growing number of incidentally detected SRM

poses an important management dilemma. The smaller the

size of the renal lesion on radiographic imaging, the higher

the probability of diagnosing it as a benign or indolent

neoplasm after surgical resection and pathologic evaluation

[8−17]. In addition, nucleolar grade is a significant inde-

pendent prognostic factor for RCC [19,20]. Studies have

shown a significant association between grade and cancer-

specific survival with 5-year cancer-specific survival >90%
for grade 1 and grade 2 tumors and a sharp drop-off to

<55% with grade ≥3 tumors [21]. We demonstrate that

among tumors measuring <3 cm, only 10% of renal masses

harbor high grade (grade 3 or grade 4) pathology and 40%

of renal masses are benign or grade 1. As hypothesized, the

likelihood of having high-grade disease increases as the

size of the renal mass increases. Nevertheless, many SRM

are removed routinely without preoperative pathologic

diagnosis, leading to significant overtreatment, and poten-

tially unnecessary morbidity and cost. We demonstrate the
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number of surgically resected benign, very-low-risk, and

low-risk tumors increased from 2000 to 2008; notably, the

number stabilized from 2008 to 2014 which may be due to

re-evaluation of the treatment paradigm in recent years for

SRM with low metastatic potential.

Radiographic size is the most accessible and frequently

used parameter for pretreatment decision-making among

patients presenting with renal masses. Radiographic and

pathologic size are closely correlated, making preoperative

imaging a reasonable tool for predicting probability of

adverse pathology [22]. Nomograms have been developed

looking at other factors potentially associated with aggres-

sive disease including age, symptomatic presentation, male

sex, and family history, but tumor size and patient sex

remain the only consistent predictors of malignant pathol-

ogy based on a recent review of the literature [23]. While

we have quantified the proportion of potentially indolent

tumors by size, the risk of clinical upstaging should also be

considered in patient counseling. Studies included in the

present review did not consistently quantify the risk for

upstaging to ≥pT3a, but a prior analysis provides estimates

of 4.5% for cT1a, 9.5% for cT1b, and 19.5% for cT2 tumors

[24]. Additional institutional studies in the literature sup-

port these estimates with one noting 5% of cT1b patients

are upstaged to pT2 and 9.8% to ≥pT3a [25,26]. The

increasing risk of upstaging with tumor size may further

support a decision to pursue surgery for tumors >4 cm in

size and especially for tumors >7 cm in size.

AS has been proposed as a reasonable initial manage-

ment option for patients with SRM and is most often used

in the elderly and comorbid population given they carry

more risks to balance during treatment selection [7]. AS

protocols were initially developed based on studies looking

at linear growth rate, although reported growth rates among

AS series have been variable and unreliable in indicating

high-grade tumors or those with higher malignant potential

[27]. Up to 30% of masses followed under AS have been

shown to undergo no radiographic growth, and of these,

none progressed to metastasis [19,28]. As the body of litera-

ture surrounding AS in RCC matures, clinical and radio-

logic criteria will likely be defined to predict tumor

behavior and differentiate indolent from more aggressive

tumor biology. The argument can be made that patients

with SRM less than 2 to 3 cm can be counseled and consid-

ered for a less invasive management strategy like AS due to

lower risk of high-grade pathology. The indications and

demographics of patients selected for AS may be expanded

in the future to include younger and healthier patients with

SRM given the evolving data demonstrating safety of sur-

veillance coupled with the probability that these patients

harbor indolent or benign tumors [20].

There are several limitations to the present study. Selec-

tion bias exists, as all included studies are retrospective and

limited to patients with clinically localized disease under-

going surgical extirpation at tertiary care and academic cen-

ters. Patients with clinical evidence of metastatic or



Fig. 3. The proportion of cT1a renal masses surgically resected per year stratified by size (solid lines − left-sided vertical axis) and total number of mass sur-

gically removed by risk category (dashed lines − right-sided vertical axis) from 2000 to 2014 (Surveillance, Epidemiology, and End Results Program).

H.D. Patel et al. / Urologic Oncology: Seminars and Original Investigations 37 (2019) 519−524 523
regional lymph node disease were excluded as they most

likely to harbor aggressive pathology and deserve prompt

treatment. Histologic grading was obtained from studies

across different years which may vary in consistency and

reliability of tumor grade reporting. Definitions for nucleo-

lar grade have change over time with the most recent ISUP

classification no longer grading chromophobe RCC and sar-

comatoid tumors automatically labeled grade 4 [29]. While

studies included in the meta-analysis span different itera-

tions of grading schema, the definition of low-grade tumors

has remained stable. In addition, histologic subtype infor-

mation was inconsistently reported across studies and could

not be analyzed as reliably as grade. However, as chromo-

phobe (not graded) and papillary RCC typically impart a

survival advantage over clear cell RCC, our meta-analysis

may underestimate the number of indolent cancers per size

stratum [19]. Lastly, other patient factors including presen-

tation, age, and sex, which impact management decisions,

were not consistently reported in studies to include in anal-

ysis. Future reports on surgically resected renal masses

should include clinical and pathologic stage, histologic sub-

type, and grade as well as long-term clinical oncologic out-

comes [30].

5. Conclusions

A substantial portion of patients with SRM are undergo-

ing surgical excision despite harboring tumors of benign

histology or low metastatic potential. The proportion of

patients found to have high-grade RCC increases with
increasing renal mass size on preoperative cross-sectional

imaging. Clinical radiographic size can estimate a patient’s

risk of benign or indolent pathology and be used in counsel-

ing and decision-making regarding placement on AS in

addition to age and comorbidity. The number of low-risk

SRM removed annually in the United States increased from

about 8,500 in 2000 to 13,600 in 2014 and has stabilized in

recent years.
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