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Abstract

Purpose—We conducted a systematic review and pooled analysis of small renal masses under 

active surveillance to identify progression risk and characteristics associated with metastases.

Materials and Methods—A MEDLINE search was performed to identify all clinical series 

reporting surveillance of localized renal masses. For studies reporting individual level data, 

clinical and radiographic characteristics of tumors without progression were compared to those 

progressing to metastases.

Results—18 series (880 patients, 936 masses) met screening criteria from which 18 patients 

progressing to metastasis were identified (mean 40.2 months). Six studies (259 patients, 284 

masses) provided individual level data for pooled analysis. With a mean follow up of 33.5±22.6 

months, mean initial tumor diameter was 2.3±1.3 cm and mean linear growth rate was 0.31±0.38 

cm/year. 65 masses (23%) exhibited zero net growth under surveillance; of which none progressed 

to metastasis. Pooled analysis revealed increased age (75.1±9.1 vs. 66.6±12.3 years, p=0.03), 

initial tumor diameter (4.1±2.1 vs. 2.3±1.3 cm, p<0.0001), initial estimated tumor volume 

(66.3±100.0 vs. 15.1±60.3 cm3, p<0.0001), linear growth rate (0.8±0.65 vs. 0.3±0.4 cm/yr, 

p=0.0001), and volumetric growth rate (27.1±24.9 vs. 6.2±27.5 cm3/yr, p<0.0001) in the 

progression cohort.

Conclusions—A substantial proportion of small renal masses remain radiographically static 

following an initial period of active surveillance. Progression to metastases occurs in a small 

percentage of patients and is generally a late event. These results indicate that in patients with 

competing health risks, radiographic surveillance may be an acceptable initial approach with 

delayed intervention reserved for those exhibiting significant linear or volumetric growth.
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Introduction

Few data evaluating the natural history of solid human malignancies under active 

surveillance (AS) are available and are limited to observational data from small cohort 

studies and limited prospective registries. Provocative data regarding the surveillance of 

localized prostate cancers1 and renal masses2, 3 in select patients have recently been 

presented, and despite the lack of level I evidence, these studies represent the most robust 

contemporary data regarding the natural history of untreated solid tumors.

Approximately 54,400 new cases of cancer of the kidney and renal pelvis are diagnosed 

annually in the United States, with the majority representing renal cell carcinomas (RCC)4. 

Due to the increased utilization of cross sectional abdominal imaging5, 6, the greatest 

increase in detection has been observed in small localized tumors (<4cm), and incidental 

detection of asymptomatic lesions now accounts for greater than 50% of all renal masses 

discovered7. A concurrent increase in median age at RCC diagnosis has also been observed, 

with the greatest increase in patients 70 to 90 years of age4. Radiographically stage I renal 

masses represent a heterogenous entity, with as many as 20% being benign8 and an 

estimated 20–25% being potentially aggressive9, 10.

Traditionally, clinical stage I renal masses have been treated with extirpation, most 

commonly by radical nephrectomy11. However, concerns that nephrectomy may predispose 

patients to the sequelae of chronic kidney disease12, 13 including increased cardiovascular 

risk and shortened overall survival14–16 has resulted in the increased utilization of nephron 

sparing procedures with the goal of preserving long term renal function without affecting 

cancer control17. Beyond excision, tumor ablation has been broadly applied, despite a lack 

of published endpoints, thereby confounding treatment decisions18. Whereas five year 

cancer specific survival of surgically treated stage I small renal masses (SRMs) remains in 

excess of 95%18, the formidability of RCC tumor biology has been questioned as no 

treatment data have been compared to lesions managed expectantly19. Moreover, there is a 

growing recognition that competing risks from co-morbidities may outweigh the benefit of 

intervention in elderly and infirmed patients20. While surgical excision is the empiric 

practice standard21, AS is now a recognized option in patients with limited life 

expectancy18. Here we report a systematic review and pooled analysis of published clinical 

series investigating the AS of SRMs to establish clinical and radiographic characteristics of 

lesions progressing to metastatic disease.

Materials and Methods

A MEDLINE search was conducted (1966–2010) using the National Center for 

Biotechnology Information database combining the following medical subject heading 

terms: “kidney, neoplasms, natural history, surveillance, ± delayed intervention” to identify 

all studies reporting on the observation of suspected renal malignancies. Included studies 

were limited to “English language”. Study titles and abstracts were reviewed to identify all 

series analyzing clinically localized lesions at the time of presentation based on standard 

radiographic staging protocols. Series investigating hereditary lesions, metastatic lesions at 

the time of initial presentation, and those that did not discriminate between localized and 
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metastatic disease were excluded. Our initial search revealed 105 articles, of which 23 

retrospective studies investigating the observation of localized solid renal tumors were 

identified (Figure 1). Five redundant series that were updated in subsequent publications 

were excluded22–26. 18 studies met final screening criteria3, 27–43, of which 5 reported 

individual level data30, 32, 33, 36, 41 which were pooled with unpublished individual level 

data from our previously reported institutional AS series3. From our systematic review, 

individual patient data for SRMs progressing to metastases (N+ or M+) were extracted as a 

case series for comparison purposes. Patients who progressed to metastasis within 6 months 

of surveillance were assumed to have undocumented or micrometastatic systemic disease at 

presentation and were not included in our progression cohort. In comparison to a traditional 

meta-analysis, only individual patient-level data were included in an effort to reduce the 

confounding effect of “ecologic fallacy”44, 45.

Each study was reviewed to extract patient and mass characteristics by a single investigator 

with the findings confirmed by the additional investigators. When available, indications for 

surveillance were categorized as absolute (patients who were not surgical candidates due to 

prohibitive competing health risks), relative (a potential need for renal replacement therapy 

following treatment), and elective (refuse surgical intervention despite acceptable or low 

operative and nephrologic risks)3. Extracted data included demographics, maximal tumor 

diameter (MTD; cm) and estimated tumor volume (ETV; cm3) at the time of presentation, 

MTD and ETV at the time of intervention or progression, duration of surveillance (months), 

calculated linear and volumetric tumor growth rates (cm/yr; cm3/yr), surgical pathology, and 

progression to metastatic disease. Tumor volume was calculated depending on the available 

dimensions reported on imaging data. If three dimensions were present an ellipsoid volume 

formula (0.5326xyz) was utilized. If two dimensions were present the formula 0.5326xy(x

+y/2) was utilized. If only one dimension was reported, the formula for the volume of a 

sphere (0.5326×3) was employed41.

Mean estimates were calculated for patient age, MTD and ETV, linear and volumetric 

growth rates, and duration of observation. Characteristics from pooled cohort studies were 

compared between SRMs exhibiting zero growth and positive growth during a period of 

observation and SRMs managed with observation alone and those who progressed to 

delayed intervention. Masses that progressed to metastasis under a period of observation and 

those that did not were compared using aggregated case and cohort data. Comparisons were 

performed using Wilcoxon rank-sum tests, with nominal p-values of 0.05 used as the criteria 

for statistical significance. Where possible, we confirmed Wilcoxon rank-sum p-values and 

point estimates using mixed effects linear regressions including random intercepts for study 

and patient46. For post-baseline measures, we included individual level follow-up time as a 

covariate in the regressions. However, due to small sample sizes and few patients with 

multifocal tumors (mean 1.1 observations per patient), the models were often not estimable. 

Analyses were conducted using STATA version 10 (StataCorp, College Stage, Texas).
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Results

Pooled analysis of small renal masses under observation

Our systematic literature review revealed 18 retrospective studies comprising 880 patients 

and 936 SRMs. Six studies with available individual level data (all ≤ level III evidence) met 

inclusion criteria for pooled analysis (259 patients, 284 SRMs). Five of the six identified 

studies were small (<50 patients)30, 32, 33, 36, 41, 43, while one series included 154 patients3. 

Pooled analysis of cohort studies (Table I) revealed a mean age of 66.6±12.3 years (median 

69; range 35–88) in 233 patients, with indication for AS meeting elective (75.6%), relative 

(10.9%), and absolute (13.5%) criteria respectively (n=193). 85.4% of lesions were 

categorized as solid and 14.6% as cystic (n=226), and multi-focal disease was reported in 

8.1% of patients. Mean MTD (n=284) and ETV (n=284) at the time of diagnosis were 

2.3±1.3 cm (median 2; range 0.2–12) and 15.1±60.0 cm3 (median 4.3; range 0.004–903.7) 

respectively. In comparison, mean MTD (n=252) and ETV (n=284) at the conclusion of 

observation were 3.0±1.6 cm (median 2.7; range 0.9–15) and 29.5±109.3 cm3 (median 10.3; 

range 0.27–1765.1). With a mean duration of observation (n=284) of 33.5±22.6 months 

(median 27.5; range 5.3–156), calculated linear (n=251) and volumetric (n=284) growth 

rates were 0.31±0.38cm/yr (median 0.25; range −1.4–2.5) and 6.3±27.4 cm3/yr (median 1.6; 

range −20.0–430.7). Of patients with available pathologic data, 88% of lesions were 

malignant (n=117), and predominantly low grade (80.5%). Of benign lesions, oncocytoma 

(10.3%, n=12) and angiomyolipoma (1.7%, n=2) were most common. Of malignant lesions, 

predominant histologic subtypes included clear cell (64.1%, n=75) and papillary (17.1%, 

n=20) disease, while mixed or unclassifiable (4.3%, n=5), chromophobe (1.7%, n=2) and 

collecting duct (0.9%, n=1) carcinomas were rare.

Sub-cohort analyses

Small renal masses with positive versus zero net growth—65 SRMs (22.9%) 

demonstrated zero net growth while under a period of surveillance. On pooled analysis, 

there was no difference in initial MTD between lesions exhibiting positive (N=219) and zero 

(N=65) growth (2.3±1.3 cm, [median 2; range 0.2–12] vs. 2.5±1.3 cm [median 2.1; range 1–

9]; p=0.21). Mean linear growth rate in the positive growth group (N=206) was 0.45±0.41 

cm/yr (median 0.34; range 0.02–2.7). Pathologic malignancy rates were comparable 

between groups (88.2% vs. 92.3%, p=1.0), but importantly, of the lesions that exhibited zero 

growth over time, none progressed to metastases.

Small renal masses progressing to intervention compared to those continuing 
active surveillance—Of the 284 SRMs from pooled cohort study data, 129 (45.4%) 

underwent delayed intervention after a mean period 30.5±21.8 months (median 24, range 

6.4–143), while 155 were managed strictly with surveillance. Reason for progression to 

therapy (n=85) included patient preference (57.2%), improved medical condition (7.1%), 

tumor growth (35.7%), or other (1.2%). Comparison of patients continuing surveillance and 

those who progressed to intervention revealed similar initial MTD (2.4±1.2cm [median 2.1; 

range 0.8–9] vs. 2.2±1.3 [median 2; range 0.2–12]; p=0.26) and initial ETV (14.3±35.3cm3 

[median 4.6; 0.27–381.3] vs. 16.0±80.3 [median 4.3; range 0.004–903.7]; p=0.30). 

However, significant differences were observed in the mean linear (0.24±0.35cm/yr [median 

Smaldone et al. Page 4

Cancer. Author manuscript; available in PMC 2015 February 16.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



0.17; range −0.64–2.7] vs. 0.38±0.39 [median 0.31; range −1.4–1.6]; p<0.001) and 

volumetric (4.8±12.3 cm3/yr [median 1.1; range −20.0 −102.8] vs. 8.5±38.4 [median 3.1; 

range −15.2–430.7]; p<0.001) growth rates. Difference in mean growth rate also reached 

statistical significance using linear mixed effects modeling (p=0.04).

Small renal masses progressing to metastases under periods of observation 
compared with those who did not progress—18 patients progressing to metastatic 

disease (case series) were identified from systematic review of 880 patients with SRMs 

under surveillance3, 27, 29, 31, 35, 38–40, 43, 47 (Table II). Indications for AS (n=13) were 

absolute in 61.5% and elective in 38.5%. All lesions that progressed had a positive growth 

rate over time. Pathologic confirmation of diagnosis was made in 9 cases (50%); three with 

percutaneous biopsy3, 38, 43, five at the time of surgical exploration3, 27, 39, and one 

unknown47. Of the 11 patients with available information, 8 (72.7%) were diagnosed with 

distant visceral or bony disease with or without positive lymphadenopathy, and 3 patients 

were diagnosed with pathologic lymph node involvement only (27.3%). Histologic subtype 

was predominantly clear cell (66.7%)3, 27, 35, 39, 43, 47 and papillary (22.2%)27, 38, with one 

lesion exhibiting mixed clear cell and papillary features (11.1%)3.

Comparing SRMs that progressed to metastatic disease (n=18) and those that did not 

(n=281), the duration of observation was similar between groups (40.2±31.2 vs. 33.3±22.6 

months; p=0.47), but there was a significant difference in mean patient age (75.1±9.1 vs. 

66.6±12.3 years; p=0.03). Trends in SRMs progressing to metastases (Table III) included 

larger tumors at diagnosis [initial MTD (4.1±2.1 vs. 2.3±1.3cm; p<0.001) and ETV 

(66.4±100.0 vs. 15.1±60.3 cm3; p<0.001)] as well as at the conclusion of observation [final 

MTD (5.9±2.1 vs. 3.0±1.6cm; p=<0.001) and ETV (132.1±170.9 vs. 29.0±109.7 cm3; 

p<0.001)]. Significant differences in both mean linear (0.80±0.7 vs. 0.30±0.4 cm/year; 

p<0.001) and volumetric growth rate (27.1±24.9 vs. 6.2±27.5 cm3/year; p<0.001) were also 

observed. Differences in patient age (p=0.03), initial MTD (p<0.001) and ETV (p=0.01), 

and volumetric growth rate (p=0.01) were confirmed using linear mixed effects models. 

Unadjusted point estimates were compared with adjusted estimates using fixed-effects 

components of the linear mixed effects models with only modest differences observed when 

model convergence was achieved.

Discussion

Retrospective cohort studies demonstrating that localized renal tumors exhibit slow 

radiographic growth and a low metastatic potential30 have led to increased interest in 

expectant management as an alternative to surgery or ablation in select candidates. This has 

been supported by recent data suggesting that 20% of SRMs are benign10, 48 and only a 

relatively small subset of localized renal masses exhibit potentially aggressive features49. As 

tumor size increases, there appears to be a greater probability of malignant pathology, high 

grade disease, clear cell histology,50, 51 and the presence of synchronous metastases52.

Although a clear association between tumor size and risk of metastasis has not been 

determined, most reports utilize a 3cm threshold that has been extrapolated from clinical 

data in patients with von Hippel-Lindau syndrome53. Substantiating this threshold, Nguyen 
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et al. estimated the risk of synchronous metastases to be <5% for tumors ≤3cm in 24,000 

patients using SEER data52. Although there is emerging anecdotal data suggesting that 

cT1b-2 tumors may be judiciously observed for short periods in select patients with 

significant medical co-morbidity26, the biology of these lesions must be distinguished from 

the infrequent case of a localized mass with aggressive malignant potential that develops 

metachronous disease during a period of AS. Supporting the notion that all metastatic 

tumors start off as SRMs, 5 of 15 (33%) patients progressing ultimately to metastatic disease 

were <3cm at diagnosis; although all lesions were ≥3cm at the time metastatic disease was 

detectable.

Linear growth rate on sequential imaging studies is currently the most common metric for 

assessing malignant potential, and is based on the assumption that the tumor is spherical and 

growth occurs uniformly in all directions54. However, linear growth may not fully reflect the 

overall change in tumor volume, which may be a more accurate method of quantifying 

biologic growth55. Similar to previous reports2, our pooled analysis yielded a cumulative 

linear growth rate of 0.31 cm/year and a volumetric growth rate of 6.3 cm3/year. Theses data 

confirm that a substantial proportion of carefully selected SRMs under AS exhibit slow 

growth kinetics, with the caveat that these observations are limited by a lack of consistent 

pathologic data. While intuitive that lesions undergoing definitive treatment grew at faster 

rates then those remaining on surveillance (0.38 cm/year vs. 0.24 cm/year, p<0.001), these 

data are also confounded by lack of standardized criteria for intervention among 

contemporary AS protocols. Furthermore, a large proportion of patients (57%) proceeded to 

intervention despite the absence of pre-determined clinical or radiographic triggers.

The most important endpoint is progression to metastasis. While the proportion of lesions 

that progressed is small (2%), no discernible clinical or demographic predictors of tumor 

growth or metastasis were identified. Lesions that progressed demonstrated a rapid linear 

growth rate (mean 0.8cm/yr), and were predominantly high grade, clear cell histology, and 

≥cT1b at the time of diagnosis, perhaps reflecting poor initial case selection or substantive 

competing risks56, 57. Importantly, a subset of tumors under surveillance exhibited no 

measurable growth over time (23%). When comparing lesions with zero and positive net 

growth, MTD at diagnosis was similar between groups, but of all the lesions exhibiting zero 

growth over time, there were no documented cases of metastatic progression. While the rate 

of malignancy in zero growth lesions appears similar to those of growing lesions at the time 

of surgical extirpation24 and biopsy proven benign lesions can grow at similar rates as 

malignant lesions39, 58, a positive growth rate may be the most accurate available predictor 

of potential for disease progression among readily available metrics. There has been one 

reported case of a 73 year old male with a 2.4cm renal mass progressing to bony metastases 

at 5 months with no increase in tumor size47. It is unclear from available data if this 

represents true clinical progression or occult undiagnosed systemic disease at the time of 

presentation and for this reason was not included in our progression cohort. This example 

also highlights the influence of patient selection with associated biases on our study’s 

findings. Inclusion of patients lost to follow up for prolonged periods and exclusion of 

patients with detectable systemic disease within 6 months inadvertently selects for less 

aggressive lesions with a more indolent course. While metastasis was generally a late event 
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(>3 years), prospective data evaluation designed to minimize selection bias is necessary 

prior to the widespread integration of active surveillance into community practice.

One emerging clinical strategy is to initially observe select patients and intervene when 

specified size or growth rate criteria are met. To date there are no consistent AS protocol 

entrance criteria, and prospective comparisons are fraught with accrual challenges. Current 

recommendations suggest imaging with a consistent modality at defined intervals (3 to 6 

months) which increase as stability of the lesion is demonstrated18. Patient age, indication 

for AS, radiation exposure, and risk of secondary malignancy must also be considered, and a 

transition to renal ultrasound or magnetic resonance imaging may be appropriate in select 

patients with stable growth kinetics. Importantly, patients must provide informed consent 

concerning the “calculated risks” of AS and understand that treatment may be necessary in 

the unlikely event their tumor exhibits rapid growth kinetics, a new or distant lesion, or 

clinical symptoms3, 18, 55. In an effort to match treatment to biology, we anticipate that renal 

mass biopsy will play a more prominent role in identifying suitable candidates for AS in the 

future. Percutaneous biopsy appears to be diagnostic in more than 80% with minimal risk of 

negative sequelae;59 although tumor undergrading60 and descriptive histology (for example, 

“oncocytic lesion”) remain problematic61. Biomarkers are required and ultimately may 

enhance the role of biopsy in management decisions on an individualized basis47, 62.

Conclusions

Our pooled analysis of carefully selected SRMs under AS demonstrates the indolent biology 

of localized tumors during an initial course of observation. 23% of these tumors exhibited 

zero radiographic growth, of which none metastasized. Eighteen lesions progressed to 

metastases with growth rates more than double (0.8cm/year) non-progressors (0.3cm/year), 

but these were generally late events (mean time to metastases 40.2 months). Of available 

characteristics, linear growth rate appears to be the most useful predictor of metastatic 

potential, but growth parameters and triggers for intervention must be more fully defined. 

Prospective randomized surveillance data are necessary but not forthcoming. In the absence 

of level I data, AS for localized solid renal masses should only be considered as an 

alternative to definitive therapy in select patients with limited life expectancy, competing 

health risks precluding surgery, or significant potential for requiring renal replacement 

therapy. Patients and clinicians must accept the calculated risks of surveillance of solid renal 

tumors and consider all treatment trade-off decisions. These provocative data may provide 

insight not only into the inherent biology of localized renal tumors, but perhaps other solid 

human malignancies.
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Figure 1. 
Flow diagram of study selection
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