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Abstract

Purpose—Several options exist for management of clinically localized renal masses suspicious 

for cancer, including active surveillance, thermal ablation and radical or partial nephrectomy. We 

summarize evidence on effectiveness and comparative effectiveness of these treatment approaches 

for patients with a renal mass suspicious for localized renal cell carcinoma.

Materials and Methods—We searched MEDLINE®, Embase® and the Cochrane Central 

Register of Controlled Trials from January 1, 1997 through May 1, 2015. Paired investigators 

independently screened articles to identify controlled studies of management options or cohort 

studies of active surveillance, abstracted data sequentially and assessed risk of bias independently. 

Strength of evidence was graded by comparisons.

Results—The search identified 107 studies (majority T1, no active surveillance or thermal 

ablation stratified outcomes of T2 tumors). Cancer specific survival was excellent among all 

management strategies (median 5-year survival 95%). Local recurrence-free survival was inferior 

for thermal ablation with 1 treatment but reached equivalence to other modalities after multiple 

treatments. Overall survival rates were similar among management strategies and varied with age 

and comorbidity. End-stage renal disease rates were low for all strategies (0.4% to 2.8%). Radical 

nephrectomy was associated with the largest decrease in estimated glomerular filtration rate and 

highest incidence of chronic kidney disease. Thermal ablation offered the most favorable 

perioperative outcomes. Partial nephrectomy showed the highest rates of urological complications 

but overall rates of minor/major complications were similar among interventions. Strength of 

evidence was moderate, low and insufficient for 11, 22 and 30 domains, respectively.
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Conclusions—Comparative studies demonstrated similar cancer specific survival across 

management strategies, with some differences in renal functional outcomes, perioperative 

outcomes and postoperative harms that should be considered when choosing a management 

strategy.
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carcinoma; renal cell; comparative effectiveness research; disease management; kidney neoplasms; 
surgical procedures; operative

Renal masses are a biologically heterogeneous group of tumors ranging from benign 

neoplasms to cancers that can be indolent or aggressive.1,2 Although the true incidence of 

renal masses suspicious for malignancy is unknown, approximately 80% of surgically 

resected tumors are malignant.1,3 All solid renal masses and cystic lesions with solid 

components are suspicious for renal cell carcinoma, which affects approximately 65,000 

new patients yearly and has a 5-year mortality rate of 35%.4

Several options exist for management of clinically localized renal masses suspicious for 

RCC, including active surveillance, thermal ablation and surgery. Surgery, including PN and 

RN, is an option for masses of all sizes (clinical stage T1 or T2), although PN is preferred 

for lesions smaller than 7 cm in diameter (clinical stage T1).5 Given the increased incidence 

of early, low stage tumors without improvement in cancer related deaths, active surveillance 

has emerged as an option for patients with small renal masses (4 cm or less, clinical stage 

T1a), a low likelihood of aggressive malignancy, a procedure limiting comorbidity and/or a 

limited life expectancy. If thermal ablation is used, which may include cryoablation and 

radio frequency ablation, the ideal circumstance is a small, clinically localized mass (clinical 

stage T1) and the procedure can be performed laparoscopically or percutaneously. Each 

management strategy has relative merits and risks in comparison to the others. As such, 

professional organizations, including the American Urological Association, European 

Association of Urology and the National Comprehensive Cancer Network®, refrain from 

defining strict selection criteria (ie patient or tumor) for particular treatment strategies, and 

selection criteria vary by organizational guidelines.5–7 Additional controversies exist 

regarding the ideal management for renal masses of different stages. For example PN has 

emerged as the recommended treatment for clinical stage T1 renal masses, yet the single 

RCT comparing RN and PN revealed no difference in overall survival among patients with 

kidney cancer.8 We performed this systematic review to better compare the effectiveness of 

the treatment options, taking into consideration oncologic outcomes, renal functional 

outcomes and complications, as well as competing health risks of patients with a renal mass 

suspicious for RCC.

METHODS

Data Sources and Searches

We report results from a broader systematic review.9 Full details on methods are available 

from the evidence report. We searched MEDLINE®, Embase® and the Cochrane Central 

Register of Controlled Trials from January 1, 1997 (the year the TNM Classification of 
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Malignant Tumours staging system for renal cell carcinoma was modified and the 

distinctions of T1a/T1b and T2a/T2b were created) through May 1, 2015. Therefore, clinical 

stage definitions are those of the American Joint Committee on Cancer as follows. T1a is 

defined as tumor 4 cm or smaller, T1b greater than 4 to 7 cm, T2a greater than 7 to 10 cm 

and T2b greater than 10 cm, N0 as node negative and M0 as no evidence of distant 

metastases. We also requested information from device manufacturers and searched 

ClinicalTrials.gov for relevant studies.

Study Selection, Data Extraction and Quality Assessment

Paired investigators independently screened articles to assess eligibility using predefined 

criteria to identify controlled studies of the management options or single cohort studies of 

active surveillance (Appendix 1). Paired investigators abstracted data sequentially and 

independently assessed risk of bias for individual studies. We used the Cochrane 

Collaboration tool for assessing risk of bias of RCTs.10 For nonrandomized studies of 

treatment interventions we used ACEOBAT-NRSI (A Cochrane Eisk of Bias Assessment 

Tool: for Non-Eandomized Studies of Interventions).11 Differences between reviewers were 

resolved through consensus.

Data Synthesis and Analysis

All studies were summarized qualitatively. LRFS was defined as the absence of any 

persistent or recurrent disease in the treated region of the kidney or associated renal fossa 

after a single, curative intent initial treatment. This definition included persistent 

enhancement of any treated mass, a visually enlarging neoplasm, new nodularity, failure of 

regression in size of the treated lesions and new satellite or port site lesions.

We conducted meta-analyses for outcomes using a random effects model with the 

DerSimonian and Laird method when there were at least 2 sufficiently homogeneous studies. 

We identified substantial statistical heterogeneity as an I2 statistic with a value greater than 

50%. All meta-analyses were conducted using Stata® 12.1.

We graded the strength of evidence using the scheme recommended by the Methods Guide 

for Effectiveness and Comparative Effectiveness Eeviews.12 Strength of evidence is an 

assessment that goes beyond evidence hierarchies, which focus solely on study design (RCT, 

retrospective cohort, etc). Studies evaluating a particular outcome for each pairwise 

comparison of management strategies are pooled to determine overall level of reporting bias, 

directness of outcome the studies assess, consistency of findings across included series and 

precision of effect estimates from the studies. The domains are independently evaluated by 2 

graders, followed by discussion to resolve conflicts. We graded the strength of evidence for 

the outcomes we classified during protocol development as the most important outcomes, 

including oncologic efficacy, renal functional outcomes, quality of life and OS.

Funding was provided by AHRQ. The funding source had no role in study selection, quality 

assessment or data synthesis, or in the decision to submit the article for publication.
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RESULTS

We identified 20,829 unique citations, of which 13,912 were excluded during the abstract 

screen. During the full text screening we excluded 1,028 citations. During key question 

applicability screening we excluded an additional 1,190 articles that did not meet 1 or more 

inclusion criteria (full report lists excluded articles and reasons for exclusion).9 Overall 147 

studies reported in 150 articles were included in the broader review. A total of 40 studies 

were unrelated to effectiveness (diagnostic questions were evaluated) and are excluded from 

this article. Therefore, 107 studies reported in 110 articles are included in this review of 

interventions for management of renal masses suspicious for localized RCC (fig. 1).9 

Participant and tumor characteristics are outlined in supplementary tables 1 and 2 (http://

jurology.com/). Strength of evidence is given with each comparison, and was at best 

moderate or low for many outcomes and often insufficient for comparisons involving active 

surveillance (supplementary tables 3 to 8, http://jurology.com/).

Oncologic Outcomes

A total of 60 studies (reported in 61 articles) provided data on at least 1 oncologic efficacy 

outcome (CSS, metastasis-free survival or LRFS). The series were grouped by category and 

included RCTs (1 study),8 institutional cohorts (48)13–60 and 11 studies (in 12 articles) of 

the SEER data set.61–72 An important distinction was made between institutional and SEER 

studies as the SEER program provides a national perspective but lacks important granular 

data to account for all potential confounding variables. It is noteworthy that many 

institutional studies also differ in included variables. In addition, SEER patients cannot be 

identified as undergoing active surveillance, but only as not having undergone surgery, and, 

therefore, are labeled as undergoing nonsurgical treatment. Median of median followup was 

about 60 months for RN and PN cohorts and 48.6 months for thermal ablation cohorts.

Cancer Specific Survival

CSS estimates in the primary analysis among all management strategies were 95% to 100% 

(median followup 22 to 120 months) and did not differ significantly among treatments 

(supplementary tables 9 to 11, http://jurology.com/). The strength of evidence was moderate 

for the finding of equivalent cancer specific survival for RN vs PN and thermal ablation vs 

RN, low for thermal ablation vs PN, and insufficient for all other comparisons and clinical 

predictors of CSS (Appendix 2). Figure 2 illustrates the meta-analysis of cancer specific 

survival among patients undergoing RN and PN. SEER (effect size 1.18 [range 0.94–1.42]) 

and non-SEER (1.08 [0.87 to 1.33]) studies showed comparable CSS.

In comparisons of RN and PN subgroup analysis demonstrated cancer specific survival to 

decrease with increasing tumor size. CSS was 97% vs 98.8%, 91% vs 90% and 82.5% vs 

86.7% for clinical stage T1a, T1b and T2 tumors, respectively. One RCT compared cancer 

specific survival between PN and RN for tumors that were 5 cm or smaller and found no 

statistically significant differences (hazard ratio 2.06, 95% CI 0.62 to 6.18) after a relatively 

long median followup of 112 months.8 It is noteworthy that the CI in that series was wide 

and there were only 12 renal cancer related deaths (4 in the RN group and 8 in the PN 

group). Comparative analyses of RN and PN indicated that increasing age, larger tumor size 
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and higher tumor grade were the most common predictors of worse cancer specific survival. 

However, there was no difference in cancer specific survival between RN and PN when 

stratified by age, tumor size or grade.14,16,27,28,30,35,36,61,62,66,67,71,73,74

Three studies assessed cancer specific survival for nonsurgical management vs RN and 

PN.67–69 RN and PN resulted in statistically significant improved cancer specific survival 

compared to nonsurgical treatment in 2 SEER-Medicare studies of patients with clinical 

stage T1a tumors (hazard ratio for cancer specific mortality 0.58 to 0.62 and 0.42 to 0.45 for 

RN and PN, respectively, compared to nonsurgical treatment).67,69 Analyses of these SEER 

data indicated that the cancer specific survival benefit of surgical intervention over 

nonsurgical treatment may be attenuated in patients 75 years or older or with high 

cardiovascular risk.68,69 A comparative study that evaluated RN and active surveillance 

resulted in similar cancer specific survival rates (90.7% vs 94.2%, p = 0.33), albeit with 

greater tumor size and stage in the patients undergoing surgery.55

Due to a paucity of comparative data, 8 uncontrolled studies of active surveillance were 

included and consisted of 2 prospective series, 1 population based retrospective study and 5 

single institution retrospective series.75–82 CSS rates were excellent, at 98% to 100%, with 

short followup (12 to 36 months). The prospective DISSRM (Delayed Intervention and 

Surveillance for Small Renal Masses) Registry compared active surveillance to any 

immediate surgical intervention and found active surveillance to be noninferior to primary 

intervention (CSS 100% vs 99%, median followup 2.1 years).76

Metastasis-Free Survival and Local Recurrence-Free Survival

None of the comparative analyses revealed a difference in metastasis-free survival, which 

ranged from 90.5% to 100% (Appendix 2, supplementary tables 9 to 11, http://

jurology.com/), with moderate strength of evidence for no difference between PN and 

thermal ablation (median of median followup 39.3 and 42.3 months, respectively) and low 

strength of evidence for no difference in other comparisons. It is noteworthy that metastasis-

free survival was similar in the comparative analysis of RN and active surveillance (94.5% 

vs 94.3%) at a median 53 and 44 months, respectively.55

The RCT comparing PN and RN for tumors 5 cm or smaller did not provide a statistical test 

but showed a somewhat higher rate of local recurrence for PN (6 patients) compared to RN 

(1).8 Meta-analysis confirmed no difference in LRFS for RN and PN (median of median 

followup 51.3 and 46.1 months, respectively) with low strength of evidence (supplementary 

table 9, http://jurology.com/).

Rates of LRFS were worse for thermal ablation compared to RN (low strength of evidence) 

and PN (moderate strength of evidence). In the 2 studies specifically comparing RN and 

thermal ablation LRFS was 97.4% and 100% for RN and 81% and 93% for thermal 

ablation.13,54 LRFS rates were generally higher in the 14 studies comparing PN and thermal 

ablation (median 98.9%, IQR 94.6% to 100% vs 93.0%, IQR 89.9% to 96.0%, 

supplementary table 11, http://jurology.com/). A number of the studies demonstrated 

secondary efficacy of thermal ablation, which is determined after multiple ablations. Rates 
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of LRFS when considering secondary efficacy ranged from 97% to 100%, and differences 

between PN and thermal ablation were no longer significant (fig. 2).

Few patients in the uncontrolled active surveillance studies exhibited metastases. Therefore, 

metastasis-free survival rates reflect cancer specific survival rates (98% to 100% at 12 to 36 

months).

Overall Survival

A total of 48 comparative studies (49 articles) addressed OS, of which 1 was a RCT and 9 

were studies of the SEER data set reported in 10 articles (Appendix 2, supplementary tables 

9 to 11, http://jurology.com/).61,62,64,65,67,68,70,83–85 Median of median followup was 60 

months for RN, 30 months for PN and 33.7 months for thermal ablation. Institutional 

cohorts generally exhibited minimal difference in overall survival between RN and PN (low 

strength of evidence).18,19,21,22,24,27,28,31,32,36,60,86–88 Authors of studies with statistically 

significant OS advantage for PN acknowledged differences in baseline characteristics (ie 

selection bias) that may have contributed to the observed findings.23,25,26,74 In 10 SEER 

studies comprising the majority of patients in this analysis PN was associated with a 

statistically significant overall survival benefit compared to RN for clinical stage T1a tumors 

but not for T1b tumors.61,64,65,67,68,70,83–85 Therefore, meta-analyses were different for 

SEER (effect size 1.23, range 1.13 to 1.33) and nonSEER studies (1.09, 0.88 to 1.34, 

supplementary table 9, fig. 2). Finally, the single RCT comparing RN and PN revealed no 

difference in overall survival among patients with kidney cancer and for those who were 

clinically and pathologically eligible, although it showed an unexplained benefit of RN 

compared to PN among the overall cohort.8

In most studies patients undergoing thermal ablation and active surveillance had inferior 

overall survival outcomes compared to those undergoing RN or PN (low strength of 

evidence). Many studies acknowledge that patients undergoing thermal ablation and active 

surveillance are often of advanced age, have multiple comorbidities and are unsuitable for 

extirpative surgery. SEER studies have demonstrated an overall survival advantage with RN 

and PN compared to nonsurgical treatment, even in patients with clinical stage T1a tumors, 

with similar findings of advanced age and comorbidity.67,68 Finally, overall survival ranges 

from 69% to 94% in uncontrolled studies of active surveillance.75–79,81

Renal Functional Outcomes

In patients undergoing treatment for a renal mass suspicious for clinical stage T1 or T2 RCC 

kidney function (measured through eGFR) consistently worsens by 1 to 40 ml/minute/1.73 

m2 in the immediate postoperative setting (first available postoperative measure within 1 to 7 

days) but improves during the next 1 to 6 months and remains relatively stable after that 

point. This improvement is more pronounced in thermal ablation arms, where final eGFR 

(primary renal functional outcomes from Kaplan-Meier curves or tabulated data closest to 1 

year) is on average 2.83 ml/minute/1.73 m2 better than postoperative eGFR. Improvement is 

not as pronounced in RN arms, where final eGFR is on average 0.83 ml/minute/1.73 m2 

better than postoperative eGFR. In addition, patients with optimal baseline renal function 

(eGFR greater than 90 ml/minute/1.73 m2) experience less decline in eGFR and no 
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appreciable difference in incidence of chronic kidney disease after undergoing PN compared 

to those undergoing RN.

RN is associated with worse renal outcomes compared to PN (moderate strength of 

evidence) and thermal ablation (moderate strength of evidence) with the final eGFR rate 

decreasing a median of 15 ml/minute/1.73 m2 lower following RN vs PN (−22.4 ml/minute/

1.73 m2 vs −7.4 ml/minute/1.73 m2) and 10.3 ml/minute/1.73 m2 lower following RN vs 

thermal ablation (−13.2 ml/minute/1.73 m2 vs −2.9 ml/minute/1.73 m2, Appendix 2, 

supplementary tables 9 and 10, http://iurology.com/, and fig. 2). The risk of all stages of 

chronic kidney disease was highest and estimated to be 32% (average incidence range 2% to 

70%) for patients undergoing RN. The risk of stage 3 chronic kidney disease was lower with 

PN (risk ratio 0.39) compared to RN (moderate strength of evidence) and was 3.48-fold 

higher with RN compared to thermal ablation (moderate strength of evidence, Appendix 2, 

supplementary tables 9 and 10, http://jurology.com/, and fig. 2).

Renal functional outcomes were similar between PN and thermal ablation (low strength of 

evidence). Only 2 comparative studies of renal functional outcomes included active 

surveillance. These studies revealed greater final eGFR, a smaller change in eGFR and a 

decreased incidence of stage 3 chronic kidney disease with active surveillance compared to 

RN (low strength of evidence). The evidence was insufficient to support a conclusion about 

the reported similarity of final kidney function between active surveillance and the nephron 

sparing arms because of the sparse data and inconsistencies in reporting of renal functional 

outcomes.

Quality of Life

Only 4 studies have evaluated comparative health related quality of life outcomes after RN 

and PN. In general, these studies show that RN may provide better quality of life regarding 

cancer control, and PN may offer decreased anxiety and depression. The limited number of 

series and differences in study methods prevented direct comparison of series, leading to an 

insufficient strength of evidence for all comparisons.

Perioperative Outcomes and Harms

Thermal ablation had the most favorable perioperative outcomes with fewer conversions to 

open surgery and shorter length of stay compared to RN, and less estimated blood loss, 

fewer blood transfusions, no conversions to open surgery or RN and shorter length of stay 

compared to PN. RN had a lower blood transfusion rate than PN (7.3% vs 16.3%, RR 0.75, 

95% CI 0.60–0.94) and PN had a higher blood transfusion rate than thermal ablation (4.6% 

vs 0.4%, RR 1.62, 95% CI 1.07–2.46). The strength of evidence was moderate for 

comparisons of the perioperative outcomes of RN and PN, and for comparisons of the 

perioperative outcomes of PN and thermal ablation.

Minor and major complication rates were similar for patients undergoing RN, PN and 

thermal ablation (low strength of evidence, Appendix 2, supplementary tables 9 to 11, http://

iurology.com/ and fig. 2). However, specific complications varied among management 

strategies. For instance patients undergoing PN had higher rates of urological complications 

including renal abscess, subsequent intervention, ureteral injury, urine leak and other 
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urological complications compared to those undergoing RN (supplementary table 9, http://

jurology.com/). Patients undergoing RN had higher rates of acute kidney injury and 

nonurological complications but lower rates of bleeding or urine leak compared to those 

undergoing thermal ablation (supplementary table 10, http://jurology.com/). Patients 

undergoing PN had higher rates of acute kidney injury, cardiovascular, hematological and 

respiratory harm but lower rates of infectious disease and wound complications compared to 

those undergoing thermal ablation (supplementary table 11, http://jurology.com/). The 

strength of evidence was insufficient for all other comparisons based on inconsistencies in 

the reporting of harms among studies (Appendix 2). The focus remains on comparative 

harms given that individual series vary regarding baseline comorbidities, which harms are 

reported and how these harms are categorized.

DISCUSSION

The findings of this systematic review should be considered in the context of the available 

evidence, which at times is limited by selection bias and followup as reflected in the strength 

of evidence ratings. The available literature suggests that overall survival and oncologic 

outcomes are similar between management strategies. In fact, cancer specific survival was 

excellent among all modalities and median 5-year survival approached 95% for clinical 

stage T1a tumors. Overall survival was highly dependent on patient comorbidity and 

competing risks of mortality. In the retrospective comparative studies, where selection bias 

exists, patients undergoing PN demonstrated superior overall survival to those undergoing 

thermal ablation or active surveillance, likely related to their excellent general health. In 

addition, patients undergoing nonsurgical treatment in SEER studies (ie those who did not or 

could not undergo surgery) had the worst overall survival compared to those undergoing RN 

or PN.

In summary, the current evidence does not reveal superiority of a single treatment modality. 

However, thermal ablation does not achieve local control equivalent to RN or PN without 

multiple treatments. Therefore, consideration of competing comorbidity is of paramount 

importance as differences in overall survival are largely driven by patient selection, and 

certain oncologic measures (cancer specific survival and metastasis-free survival) are 

generally similar based on the available literature.

As overall and cancer specific survival are driven by patient and tumor characteristics, 

respectively, consideration of renal functional outcomes, quality of life, perioperative 

outcomes and harms should be considered for each patient. Therefore, each management 

strategy offers a profile of outcomes, with relative merits and risks that warrant 

consideration for each individual. For instance the evidence shows worse renal functional 

outcomes with RN compared to other management strategies when considering the risk of 

acute kidney injury, more long-term changes in eGFR and progression of chronic kidney 

disease. However, RN carries a markedly lower blood transfusion rate and less urological 

harm than PN. Based on comparative data, thermal ablation has the most favorable 

perioperative outcomes (less estimated blood loss, shorter length of stay and fewer 

conversions to open or radical surgery) compared to RN or PN. While the overall rate of 

postoperative urological and nonurological complications is similar among management 
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strategies, the differential rates of specific postoperative complications vary by strategy. For 

instance despite similar overall complication rates, PN has the highest rate of postoperative 

bleeding, while patients undergoing RN have more respiratory harm and acute kidney injury. 

Since individual risk factors may have an important role in determining a treatment strategy, 

tailoring treatment to the specific susceptibility of a patient to harms may prove prudent.

We performed in-depth analysis of the existing literature to determine clinical predictors of 

comparative effectiveness. Data indicated that age, larger tumor size and higher tumor grade 

were the most common predictors of cancer specific survival, and age and comorbidities 

were the greatest predictors of overall survival. Limited data exist to explain the role of other 

clinical factors in predicting oncologic outcomes, overall survival, renal functional 

outcomes, quality of life, perioperative outcomes and harms among the management 

strategies. Evidence suggests that larger tumors are more likely to be malignant, and 

uncontrolled studies indicate that large masses may increase the likelihood of complications 

during PN (comparative data from this review did not demonstrate any increased risk of 

complications based on tumor size). Therefore, it may be reasonable to consider RN in 

patients with larger (clinical stage T1b or T2) tumors.

Studies suggest that baseline renal function is the best predictor of long-term renal 

functional outcomes regardless of type of surgery, so a patient with a large tumor and 

chronic kidney disease at baseline (stage 3 or 3b especially) may benefit from a nephron 

sparing approach. Therefore, the choice of treatment strategy is complex and dependent on 

patient and tumor characteristics as well as patient and physician preferences regarding risk 

of recurrence, survival, renal functional outcomes and complications. The current data do 

not provide strong enough evidence to support a particular surgical approach over another 

for different types of patient scenarios. The mitigating effects of these characteristics should 

be considered until stronger evidence is acquired. Future research should be geared toward 

providing more information to guide the choice of treatment strategy for different types of 

patients. It is noteworthy that comparative studies are most lacking for active surveillance 

compared to surgical modalities with insufficient evidence for most strength of evidence 

categories (Appendix 2).

This systematic review identified a number of shortcomings in the published data, and we 

offer several recommendations for future research in this area. The major limitation was the 

high level of selection bias in retrospective series. Whenever possible, prospective studies 

using objective selection criteria regarding patient and tumor characteristics are 

recommended. An additional limitation is the imprecise reporting of clinical stage among 

studies. As nephron sparing approaches are mostly indicated for clinically localized tumors, 

these series were included regardless of the reporting of clinical stage. However, studies of 

RN were included only if clinical stage was explicitly stated. We urge all investigators 

reporting outcomes on renal masses to consistently describe clinical stage since most 

treatment dilemmas in this patient population are encountered before a pathological 

diagnosis. Finally, studies of thermal ablation and active surveillance may include patients 

with benign tumors and may overestimate the efficacy of these treatment strategies. 

Improved diagnostics and judicious use of renal mass biopsy may improve our 

understanding of tumor biology in these cohorts. Future research may better objectify the 
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selection of a given management strategy and address issues of cost-effectiveness and long-

term sequelae of treatment.

CONCLUSIONS

Comparative studies reveal similar cancer specific survival across management strategies, 

with some differences in renal functional outcomes, perioperative outcomes and 

postoperative harms that should be considered when choosing a management strategy. 

Further research and data are needed to strengthen many aspects of the evidence base.
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APPENDIX 1

PICOTS (population, interventions, comparators, outcomes, timing, and setting) for the Key 

Questions

Population(s) Newly diagnosed adults (18 years or older) with solid renal masses (or cystic renal masses with a 
solid component) suspicious for stage I and II renal cell carcinoma, which corresponds to clinical 
stage T1 (less than 7 cm and organ confined) or T2 (greater than 7 cm and organ confined) renal 
masses

Interventions • Radical nephrectomy (open and minimally invasive)

• Partial nephrectomy (open and minimally invasive)

• Thermal ablation (e.g., radiofrequency ablation, cryoablation; surgical versus 
image-guided)

• Active surveillance

• Minimally invasive surgery may refer to standard laparoscopy or robot-assisted 
laparoscopy

• No microwave ablation

Comparators Comparisons include all of the management options listed above

Outcomes Final health outcomes

• Oncologic efficacy: Local recurrence-free survival, Metastasis-free survival, 
Cancer-specific survival

• Renal functional outcomes: Glomerular filtration rate decline, Incidence of 
chronic kidney disease, Incidence of end-stage renal disease

• Overall survival

• Quality of life

Adverse effects of management strategies

• Urologic complications: Acute kidney Injury, Hemorrhage, Urine leak, 
Hematuria, Loss of kidney, Ureteral injury (any injury of collecting system and 
ureter), Urinary tract infection

• Non-urologic complications (by organ system): Hematologic (thromboembolic), 
Gastrointestinal, Cardiovascular, Respiratory, Neurologic, Wound complications 
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(e.g. hernia and dehiscence), Infectious disease, Listed by severity of complications 
(using the Clavien Grading System if available):

Minor versus major
Minor (Clavien 1–2)*: conservative management or medications only
Major (Clavien 3–4)**: requiring intervention, resulting in permanent disability or death

• Need for subsequent interventions: embolization, drain placement, stent placement, 
etc.

• Perioperative outcomes: Blood loss (cc or mL), Blood transfusion (yes or no), 
Conversion to open surgery (%), Conversion to radical nephrectomy (%), Length 
of stay (days)

Type of study Controlled studies (randomized controlled trials, non-randomized controlled trials, and 
comparative cohort studies): All comparisons between interventions
Uncontrolled studies (single cohort studies): Data from uncontrolled studies that addressed active 
surveillance are described in the report.
Every other uncontrolled study that addressed Key Question 3 is listed in the appendix with the 
following data: Author, publication year, Study design, Intervention name, Number of patients, 
Followup, List of outcomes

Timing and Setting Any time point and setting

Clavien-Dindo system currently used for reporting of complications related to urologic surgical interventions (http://
www.surgicalcomplication.info/index-2.html).

APPENDIX 2

Strength of evidence for each domain of comparative effectiveness

RN v PN RN v TA RN v AS PN v TA PN v AS TA v AS Uncontrolled AS

Strength of Evidence

Cancer-specific survival Moderate Moderate Low Low Insufficient Insufficient Low

Metastasis-free survival Low Low Low Moderate Insufficient Insufficient Low

Local recurrence-free survival Moderate Low Insufficient Moderate Insufficient Insufficient Insufficient

Overall survival Low Insufficient Low Low Insufficient Insufficient Low

Continuous renal functional 
outcomes (serum creatinine, 
eGFR)

Moderate Moderate Low Low Insufficient Insufficient Insufficient

Categorical renal functional 
outcomes (CKD, ESRD)

Moderate Moderate Low Low Insufficient Insufficient Insufficient

Quality of life Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient Insufficient

Perioperative outcomes Moderate Low Insufficient Moderate Insufficient Insufficient Insufficient

Harms Low Low Insufficient Low Insufficient Insufficient Insufficient

AS: active surveillance; CKD: chronic kidney disease; ESRD: end stage renal disease; TA: thermal ablation.

Abbreviations and Acronyms

AHRQ Agency for Healthcare Research and Quality

CSS cancer specific survival

eGFR estimated glomerular filtration rate

LRFS local recurrence-free survival

OS overall survival
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PN partial nephrectomy

RCC renal cell carcinoma

RCT randomized controlled trial

RN radical nephrectomy

SEER Surveillance, Epidemiology and End Results

SR systematic review
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Figure 1. 
Summary of literature search
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Figure 2. 
Notable meta-analyses on effectiveness of radical vs partial nephrectomy, radical 

nephrectomy vs thermal ablation and partial nephrectomy vs thermal ablation. Effect size is 

given as relative risk for cancer specific survival and overall survival, and odds ratios for 

other outcomes. CKD, chronic kidney disease. sec., secondary. TA, thermal ablation.
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