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Abstract.
BACKGROUND: Our goal is to review current literature regarding active surveillance (AS) of small renal masses (SRMs)
and identify trends in survival outcomes, factors that predict the need for further intervention, and quality of life (QOL).
METHODS: We performed a comprehensive literature search in PubMed and EMBASE and identified 194 articles. A
narrative summary was performed in lieu of a meta-analysis due to the heterogeneity of selected studies.
RESULTS: Seventeen articles were chosen to be featured in this review. Growth rate (GR) was not an accurate predictor of
malignancy, although it was the characteristic most commonly used to trigger delayed intervention (DI). The mean 5-year
overall survival (OS) of all studies was 73.6% ± 1.7% for AS groups. The combined cancer specific survival (CSS) for AS
is 97.1% ± 0.6%, compared to 98.6% ± 0.4% for the primary intervention (PI) groups, (p = 0.038).
CONCLUSIONS: Short and intermediate-term data demonstrate that AS with the option for DI is a management approach
whose efficacy (in terms of CSS) approaches that of PI at 5 years, is cost effective, and prevents overtreatment, especially in
patients with significant comorbidities.
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INTRODUCTION

Small renal masses (SRMs) are generally defined
as enhancing solid masses ≤ 4 cm in greatest diam-
eter on cross sectional, contrast enhanced imaging
(i.e. computerized tomography (CT) or magnetic
resonance imaging (MRI)) [1]. SRMs represent
approximately 60% of all newly identified renal
masses [2]. Standard treatment for SRMs currently is
primary intervention (PI) which includes minimally
invasive or open surgical partial or radical nephrec-
tomy (PN or RN) and thermoablative therapies (TTs)
[3]. TTs include percutaneous or surgical cryoabla-
tion (CA) and radiofrequency ablation (RFA). Active
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surveillance (AS) is a management strategy used for
select patients in which tumors are followed by serial
imaging [3]. Patients may undergo delayed interven-
tion (DI) based on their preference or as advised due
to growth rate (GR) or greatest tumor diameter (GTD)
> 4 cm, and/or histology on biopsy [3].

Despite earlier diagnosis in the setting of increased
use of cross-sectional imaging for unrelated reasons,
mortality rates from renal cell carcinoma (RCC) have
not improved [2]. Risks of earlier intervention include
overtreatment, as many SRMs are benign [20–30%],
and many RCCs are indolent [1]. There remains
a paucity of long-term data and randomized tri-
als to validate current treatment protocols. Recently,
however, several groups have published short to
intermediate-term results of prospective databases
regarding AS. In this review, we seek to compile
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more recent information published since 2010 regard-
ing outcomes of AS, as well as to identify areas
where knowledge is lacking. This review will focus
on solitary, solid SRMs in adult patients with a nor-
mal contralateral kidney. Special considerations for
patients with significant comorbidities also will be
discussed. Because of length limitations, cystic renal
lesions will not be reviewed.

METHODS

Search strategy and selection

A comprehensive literature search was performed
using the databases PubMed and EMBASE. Articles
were queried from the search criteria ([small renal
mass] AND [active surveillance] AND [expectant
management] AND [renal cell carcinoma]). We also
consulted AUA guideline statements [3], Campbell-
Walsh Urology [4], and other review articles for
additional relevant sources.

Articles were reviewed independently by the
authors and selected for inclusion based on Cochrane
standard methodological procedures [5]. Primary
endpoints were tumor GR, overall survival (OS) and
cancer specific survival (CSS), time to metastatic
disease, time to DI, reliability of biopsy, quality
of life (QOL), and cost. Patients’ inclusion criteria
included all ages with the majority being ≥ 18 years
of age, all races, all genders, all co-morbidities, all
life expectancies, all Eastern Cooperative Oncology
Group (ECOG) performance statuses, stage T1a renal
masses diagnosed by any imaging modality, with
or without prior biopsy. Exclusion criteria included
non-localized disease, masses > 4 cm, prior treatment
for RCC, genetic syndromes predisposing to RCC,
and prior systemic therapy for another tumor. All
study designs -non-randomized, prospective, and ret-
rospective studies- were included given the paucity of
data on this topic. We excluded case reports, other
review articles, non-English language manuscripts
and papers that were irrelevant to answering our pri-
mary end-points.

Bias and statistical analysis

Likelihood of bias is high due to lack of random-
ization and the retrospective nature of many of the
accepted studies. Due to the heterogeneity of reported
data, including different means and frequencies of
follow up in the series, and significant differences in
selection criteria, a meta-analysis was not feasible.

Fig. 1. PRISMA Flow Diagram. 194 Articles were identified from
PubMed and EMBASE search engines. EMBASE articles were
excluded unless were cited in AUA guidelines or Campbell Walsh
Urology and from this a total of 44 articles were carefully assessed.
Subsequently, 17 articles were summarized in this discussion.

Instead, a narrative summary of effect estimates was
analyzed and reported, and a mean was calculated
from pooled data when able. This form of analysis is
limited by its failure to account for sizes of the studies
relative to each other [6]. Risk of bias was assessed
using the Cochrane Risk of Bias Assessment Tool [7].

RESULTS

Study Selection and quality of the data

A PRISMA diagram of study selection appears in
Fig. 1 [8]. We identified a total of 39 publications
from the PubMed search and 155 articles from the
EMBASE search engine. Twenty-six articles were
duplicates from the PubMed and EMBASE searches.
A total of 17 articles were accepted for reporting.
Publications were rejected based upon manuscript
type: systematic reviews [13], opinion pieces [4], case
reports [1]; non-English language manuscripts [2],
and inclusion of patients with > T1 disease [5]. All
articles from the EMBASE search that were either
not also found in PubMed or cited in AUA guidelines
[3] were excluded from the review. Head-to-head
comparison was not possible due to the retrospective
nature of most of these studies.

To date, there are only two prospective tri-
als regarding survival and GR, and an additional
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prospective trial evaluating QOL while on AS. With
the development of multiple AS registries, more light
has been shed on the implications of AS; however,
data are still limited by the retrospective analysis of
prospectively accrued series meaning that the study
population is not necessarily powered to analyze
specific variables in question. Additional limitations
include lack of randomization, strong selection bias
for enrolling patients in AS, participation primarily
by tertiary referral centers, and lack of long-term data
given most publications had a median follow up of
approximately 2 years.

Two prospective registries for AS of SRMs have
published their data. The Renal Cell Consortium
of Canada consisting of seven Canadian academic
centers that have used a common surveillance pro-
tocol and enrolled a substantial number of patients,
though the focus is on older adults with limited
life expectancies. At entry into the registry, patients
had a renal mass biopsy (RMB) [9]. The second is
the Delayed Intervention and Surveillance for Small
Renal Masses (DISSRM) consortium. This consists
of 3 academic institutions in the United States (Johns
Hopkins University, Columbia University and Beth
Israel Medical Center in Boston) which has rigorous
criteria for follow up and DI, but little information
about initial biopsies as only 6.4% of patients in this
registry underwent biopsy initially [10].

Synthesis of results of individual studies

Imaging modalities
The AUA guidelines recommend an initial contrast

enhanced axial imaging study followed by reimaging
with either ultrasound (US) or cross-sectional imag-
ing every 3–6 months in patients who have chosen
AS; though they acknowledge that imaging intervals
can be customized based on patient and tumor fac-
tors [3].When analyzing US imaging one must keep
in mind the operator variability of US results; but,
if anatomy permits good visualization on US, then
US can reliably substitute for CTs or MRIs since its
accuracy is similar [10]. In general, cross sectional
imaging is performed regularly throughout surveil-
lance. The DISSRM registry uses a strict imaging
protocol consisting of reimaging with US after an
initial CT or MRI every 4–6 months for 2 years
followed by reimaging every 6–12 months. If US
imaging is of poor quality or any change in size is
noted, then cross sectional imaging is obtained [10].
This is consistent with findings in a systematic review
that evaluated AS surveillance protocols in 20 studies.

CT was the imaging modality used most frequently,
and most surveillance imaging was performed bi-
annually, with longer annual intervals for stable
SRMs [11]. Several alternative imaging modalities
are emerging to evaluate renal masses including con-
trast enhanced ultrasound imaging (CEUS), which
can be used as an alternative to serial cross-sectional
imaging. A recent retrospective study of 158 patients
undergoing AS noted no difference in median SRM
size between CEUS and CT at baseline, 12 months,
and 36 months; however, the authors did not directly
compare the size differences measured on CEUS and
CT between individual SRMs [12].

Tumor size and growth rate

As a general rule, the larger the SRMs are, the more
likely they are to harbor malignancies, with the most
common benign lesions being oncocytomas and lipid
poor angiomyolipomas (AMLs) (representing about
25% of SRMs < 1.5 cm in diameter to 18% of SRMs
3-4 cm in diameter) [13, 14]. Most malignancies are
clear cell RCCs of low nuclear grade (nuclear grade 1
and 2), with papillary (usually type I) RCCs and chro-
mophobe carcinomas being the next most common
malignancies. Higher grade clear cell and papillary
type II RCCs are less common, representing 20–25%
of SRMs in most series [15].

SRMs < 4 cm in diameter are rarely associated with
metastases, and the likelihood of metastases at the
time of diagnosis is related to increasing tumor size.
Concomitant metastases are almost never found with
SRMs < 3 cm in diameter and virtually “never” with
tumors < 2 cm in diameter [13, 14]. However, the
assumption that all renal cancers that have metasta-
sized and/or progressed locally started off as SRMs
drives physicians to offer, and patients to accept
immediate PI when a SRM is identified. The informa-
tion needed to decide whether a patient with a SRM
can forgo PI includes frequency of subsequent metas-
tases, and identification of which SRM will spread
and when with acceptable accuracy. Further, one
should define the characteristics that would trigger DI
when a cure, and, as a secondary goal, preservation
of renal function, is nearly certain.

Because most SRMs are either benign lesions
or indolent malignancies, initially, in patients with
comorbidities, advanced age, and/or limited renal
reserve, AS has become more widely practiced. For
a variety of reasons percutaneous biopsies have not
always been performed for patients deemed appropri-
ate for AS, with the thought that periodic monitoring
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for tumor growth, determined by change in tumor
diameter or volume, could trigger recommendation
for DI, with a secondary trigger being exceeding a
certain tumor size (usually 4 cm GTD) [14].

Because SRMs are not perfect spheres, serial
assessments of tumor volume are probably more
accurate in quantifying changes in size than mea-
suring only radius or diameter. However, volumetric
changes are somewhat challenging to calculate, so
usually the GTD is used [13, 16]. A summary of
growth rates from all analyzed studies can be found
in Table 1.

It is generally thought that larger tumors have a
tendency to grow more quickly. In a prospective trial
by Petros et al. of 272 patients undergoing AS, a
linear mixed-effects model demonstrated that larger
tumors size 3-4 cm grew faster than smaller tumors
< 3 cm (0.24 cm/year vs. 0.12 cm/year respectively,
P < 0.001) [17]. While the AUA recommends AS as
a viable option for SRMs < 3 cm, most studies define
progression and recommend DI at a tumor diameter
≥4 cm.

There is currently a lack of level 1 evidence to iden-
tify patients who should undergo DI after a period of
AS, though AUA guidelines recommend, and cur-
rent practices consist of treatment based on tumor
size, GR > 0.5 cm/year, or patient preference. How-
ever, this review did not find much data to support
the use of GR to trigger intervention [3].

Rapid growth does not coincide with malignant
potential. A prospective multicenter phase 2 “clinical
trial” through the Renal Cell Consortium of Canada
of 178 patients mean age 73 (median 74), with stage
T1a renal masses (mean initial size 2.1 cm), deemed
unfit for surgery underwent AS after percutaneous
needle biopsy [9]. In this study, Jewett et al. demon-
strated no difference between GRs of benign and
malignant SRMs at a mean follow up of 28 months.
The average GR was 0.13 cm/year for all masses. Fur-
thermore, only some renal masses grew (63%), and
some even decreased in size (26%) during the follow
up period. Subset analysis of the masses that did grow
demonstrated an average GR of 0.26 cm/year. The
average GR of biopsy confirmed RCC masses was
0.14 cm/year compared with benign masses which
grew an average of 0.17 cm/year (P = 0.10). Addi-
tionally, there was no difference in GR between low
grade and high grade RCC SRMs [9]. Similar results
were noted in a prospective trial by Siu et al. [18].
In 41 patients undergoing AS with mean follow up
of 29 months, mean GR was 0.27 cm/year with 45%
of tumors having no growth. Histology was available

from 17 of the tumors due to DI or biopsy. Of these
masses, RCC had a higher GR, however this did
not reach statistical significance. Oncocytomas had
a mean GR of 0.52 cm/year, and of the 80% of con-
firmed RCCs that grew, the rate was 0.71 cm/year
(P > 0.50). One can argue the difference in GRs did
not reach significance due to the small sample size;
however, one cannot ignore the considerable selec-
tion bias, as most of these patients had already been
selected either by the surgeon or by patient preference
to undergo DI [18].

This is further supported by Uzosike et al. who
looked at growth kinetics in 318 patients enrolled
in the DISSRM Registry [19]. During the first 6–12
months of observation, tumors grew more slowly but
GRs were highly variable. Moreover, they found that
for most tumors, growth was non-linear with both
more rapid and slower periods of growth over the
course of observation. To account for this, they mea-
sured both net GR and the maximum interval GR,
which is the GR measured between two consecutively
obtained imaging studies. There were no external
variables associated with increased GR and no sta-
tistically significant difference between the GRs of
known RCCs and oncocytomas [19]. One can con-
clude from these current data that GR is neither a
reliable predictor of malignancy nor metastatic poten-
tial. It has been proposed that this is partially due to
the heterogeneity evident in intratumor grading on
histology [20]. Moreover, the ability of CT imaging
to detect millimeter differences in tumor size, given
that the image slice thickness is unlikely to be identi-
cal in every scan, further hinders the ability of growth
rate to be a reliable surrogate for malignancy.

While GR is not an adequate surrogate for deter-
mining malignant potential, the number of positive
growth periods may be more predictive of adverse
pathology. Jang et al. identified 124 patients who
underwent surgery for SRMs (mean initial tumor
size 3.4 cm SD 2.5) and had multiple pre-operative
imaging studies (median 2 imaging studies) over
a mean pre-operative surveillance time of 0.8 year
[21]. Patients were divided into two groups based
on favorable pathology (defined as benign tumors,
chromophobe RCCs, or low grade pT1-2 RCC) and
unfavorable pathology (defined as any high grade
RCC or locally advanced, low grade pT3-4 RCC);
some of these tumors were upstaged after pathologic
examination. Growth period was defined as any time
between two imaging studies where the difference
in GTD was greater than zero. Mean tumor diameter
was 2.5 cm for both favorable and unfavorable groups
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Table 1
Summary of active surveillance for small renal masses growth rate, follow up period and survival data. Risk of bias was calculated using the Cochrane Risk of Bias Assessment Tool

References Study
Design

Number of
Patients

Mean age,
years
(median)

Median
Follow up
(mean)

Mean tumor
diameter
(cm)
(median)

GR all
masses
(cm/year)

% with
Biopsy

Total
Deaths,
(Deaths due
to RCC)

5 year
Overall
Survival AS
(PI), p

5 year
Cancer
Specific
Survival AS
(PI)

Progression
Free
Survival AS

Risk of Bias

Jewett, et al.
[9]

Prospective,
multicenter

178 73 (74) (28 m) 2.1 0.13 56% 12 (2) 15.17% Serious risk
of bias

Uzosike, et al.
[19]

Prospective,
multicenter

271 70.7 - Majority of
tumor had
mean ≤ 2

0.05 28 (0) Serious risk
of bias

Jang, et al.
[21]

Retrospective 124 (63.5) 0.8 y
favorable
pathology,
0.9 y
unfavorable
pathology

GTD
favorable
pathology
3.2,
unfavorable
pathology
3.9

0.7 (1.7)
favorable
pathology;
1.6 (2.8)
unfavorable
pathology

Serious risk
of bias

Pierorazio,
et al. [10]

Prospective,
multicenter

497 70.6 2.1 y 1.9 0.11 6.4% 23 (NA) 75% (92),
0.06

100%
(99%), 0.3

67% at 5
years

Serious risk
of bias

Petros, et al.
[17]

Prospective,
single
institution

272 68.5 4.8 y 1.74 0.24 (4) 98% Serious risk
of bias

Cheaib, et al.
[23]

Prospective,
multicenter

785 3.3 y Better
(worse),
< 0.001

No
difference,
0.6

62.1% at 7
years

Serious risk
of bias

Celtik, et al.
[33]

Retrospective 89 (83.4) 39.9 m (2.4) 0.2 16 (3) 85.7% 95.6% Serious risk
of bias

Tang, et al.
[31]

Retrospective 115 (82) 51 m (4) 11 (2) 58% 86% 9% Serious risk
of bias
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(p = 0.16). They noted a difference in the number of
positive growth periods between favorable and unfa-
vorable tumors, with unfavorable tumors being more
likely to have at least 2 growth periods during obser-
vation compared to the favorable pathology group
(p = 0.02), while there was no significant difference in
GR between the two groups (p = 0.07). Furthermore,
the unfavorable pathology group had a smaller pro-
portion of zero “positive growth” periods [21]. This
can be explained by “immunoediting” in which can-
cer cells’ growth and elimination by immune cells are
in a state of equilibrium, until mutations occur that
allow cancer cells to enter the escape phase of tumor
growth unchecked by the immune system [22].

These factors must be remembered if the decision
for DI or delayed biopsy is to be made based on
GR, and perhaps one should look to other variables
to trigger management changes. Using the number
of growth periods as a surrogate should be exter-
nally validated and further investigation of variables
of tumor biology is warranted. Regardless, of the
above findings, tumors that undergo growth should
be monitored closely as this could indicate aggressive
potential [19].

Survival on AS

Early outcomes of the DISSRM Registry demon-
strated that AS with DI is not an inferior management
strategy to PI at a median follow up of 2.1 years
(IQR 0.9–3.8). This registry includes patients with
SRMs ≤ 4 cm who chose to undergo AS or PI. Addi-
tionally, patients had the option to undergo RMB,
but only 6.4% of patients elected to do so. Patients in
the intervention group were significantly younger and
had larger tumors compared to the surveillance group
(mean age 62.0 years, IQR 24.7–85.3 for PI group vs.
70.6 years, IQR 34.0–93.1 for AS group, P < 0.001;
mean tumor diameter 2.5 cm, IQR 0.09–4.7 for PI
group vs. 1.9 cm, IQR 0.4–7.7 for AS group). There
was no difference in race, gender or BMI between
the two groups but there was a difference in per-
formance characteristics (ECOG scores, P = 0.001),
Charlson Comorbidity indices (CCI) (P < 0.001), car-
diovascular index (CVI) (P = 0.002), and presence of
certain comorbidities including congestive heart fail-
ure (CHF) (P = 0.05), diabetes mellitus (P = 0.004),
and hypertension (P = 0.045), all of which were
greater in those undergoing AS [10].

Intermediate follow up data have supported no dif-
ference in OS and CSS between PI and AS groups at
2 years and 5 years (98% vs. 96% OS at 2 years, 92%

vs. 75% OS at 5 years, P = 0.06; 99% vs. 100% CSS
at 5 years, P = 0.3, respectively). All-cause mortality
for the AS group was also not significantly worse than
for the PI group despite worse health status overall
(HR 2.2, 95% CI 1.0–5.0, P = 0.07). This may reflect
the short median follow up (2.1 years), though 32%
of patients in the study had follow up > 3 years. Pre-
dictors of mortality included age (HR 1.1, 95% CI
1.04–1.1 P < 0.001) and CVI ≥ 2 on a scale of 0 to ≥ 2
(HR 3.0, 95% CI 1.7–13, P = 0.003)(10). Longer term
data from the DISSRM trial was recently presented
at the 21st Annual Meeting of the Society of Uro-
logic Oncology with median follow up of 3.3 years
and concluded there was no difference in CSS for AS
and PI (P = 0.6) but worse OS for AS compared to PI
(P < 0.001), as expected based on comorbidities [23].

A summary of survival data from all evaluated
studies can be found in Table 1. The mean 5-year OS
of all studies was 73.6% ± 1.7% for AS groups. We
were unable to perform a pooled statistical analysis
on OS for PI groups from our data, however, the cited
5 year OS for PI groups is 92%(10). This superior
OS for the PI group is expected given the selection of
patients undergoing AS who generally are older and
have more comorbidities. The combined 5- year CSS
for AS is significantly worse at 97.1% ± 0.6%, com-
pared to 98.6% ± 0.4% for the PI groups (p = 0.038).
However, given the heterogeneity between studies
in terms of reported data and means and frequency
of follow up, presence of initial biopsy, the role of
selection in determining who underwent AS or PI,
and indications for DI, it is difficult to interpret this
statistically significant difference as being clinically
meaningful. Further supporting this interpretation, is
that none of the individual reports found a signifi-
cant difference in CSS between AS and PI groups.
Additionally, only a few studies were able to be com-
pared in our statistical analysis due to heterogeneity
of reported data.

Progression while on AS in this study was defined
as GR > 0.5 cm/year, GTD > 4.0 cm, development of
metastases, or crossover to DI. In the AS group,
67% of patients “progressed” by 5 years; how-
ever, this was because 67% of tumors either had a
high GR (n = 34/36), had a GTD > 4.0 cm (n = 2/36),
or crossed over to DI (n = 21/36), but no patients
on AS developed metastases during the follow up
period. Indications for DI included patient prefer-
ence, GR > 0.5 cm/year or GTD > 4.0 cm. After DI
there was no evidence of recurrence at a median
follow up of 2.2 years with 15/21 patients having
confirmed RCC on final pathology(10). These early
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data suggest that AS with DI is a reasonable option
for many patients with SRMs, even malignant ones,
although we must take into consideration the paucity
of long-term follow up data.

What are the risks of surgery in patients eligible
for AS? A multi-institutional study of patients eligi-
ble for AS who underwent open partial nephrectomy
(PN) for ≤ 4 cm masses reported outcomes over a
median follow up time of 24 to 31 months. Patients
were divided into two groups based on risk but not
directly compared due to overlap. In one, 55 patients
age > 75 and CCI > 2 (though half had CCI ≥ 4) had
OS and RFS of 100% at 2 years, and OS and RFS
of 74.7% and 77.4%, respectively, at 5 years. The
second group consisted of 62 patients of any age
who had CCI > 4 and thus were assumed to have a
mortality risk > 50%. Compared to the former group,
the latter group had worse OS and RFS at 2 years
(96.7% and 88.5%, respectively) but had similar OS
and RFS at 5 years (78.1% and 79.6%, respectively).
Patients with CCI > 4 and high mortality risk are less
likely to benefit from partial nephrectomy [24]. Lack
of randomized controlled trials precludes definitive
judgment about whether AS vs. surgery is better for
certain groups; however, it seems surgery is riskier
for a select group of patients with significant comor-
bidities and older age with no evidence of an obvious
benefit.

While mortality from treating a SRM is very rare,
in general, minimally invasive or open PNs have more
complications than TTs, but surgery is more effec-
tive oncologically in tumor eradication and metastasis
prevention [25]. For PN, significant complications
are reported in the 3–8% range, particularly bleeding
and urinary leak (25). When feasible, PN or ther-
moablation has been recommended over RN, because
they preserve more renal tissue (nephron sparing
treatment). However, it must be recalled that in the
EORTC randomized trial 30904 for solitary renal
masses ≤ 5 cm in diameter considered to be amenable
to PN, 531 patients with a “normal” contralateral kid-
ney (based on CT) were randomized to PN or RN.
At 9.3 years median follow up, 10-year OS rates of
81.1% for RN and 75.7% for PN (HR 1.5 (1.03–2.16,
P = 0.03) were reported in the intent-to-treat popu-
lation [26]. Significant differences were no longer
seen (HR 1.34, P = 0.17) when only patients with
malignancies were analyzed [26]. Despite this, PN
patients had significantly better renal function post
operatively [27]. The number of deaths attributed
to cancer, 4 RN and 8 PN participants, could not
account for the differences in OS in the intent-to-treat

(or malignancy only) cohorts. While the discrep-
ancy between the intent-to-treat and malignancy-only
analyses has been used by some to point out the
superiority of nephron sparing surgery, to believe
removing the entire kidney, rather than just the tumor
for benign disease is somehow protective, defies logic
[27]. Additionally, a study by Shuch and colleagues
using SEER data indicated that the equal oncologic
outcomes and superior OS with PN vs. RN for SRMs
may have been due to a higher comorbidity burden
and greater age in RN patients [28]. Despite this
evidence, currently nephron sparing treatments are
recommended and an attempt to have a randomized
PN vs. RN study for T1 RCC repeated by the South-
west Oncology Group (SWOG) has not received
group or National Cancer Institute approval [3].

One possible explanation for the results of EORTC
30904 is that the negative impact of nephron loss
on overall renal function, and its subsequent adverse
impact on survival is quite different when the nephron
loss is caused by chronic medical conditions (e.g.
diabetes, hypertension, peripheral vascular disease,
etc.), as opposed to surgical nephron loss [29, 30]. Of
course, participants in EORTC 30904 were relatively
healthy and believed to have a normal contralateral
kidney. They had a median age of 62, with 63%
having no chronic disease, and nearly 85% having
a World Health Organization performance status of
zero [26]. It is possible that the degree of ensuing
renal dysfunction of RN and its impact on cardio-
vascular disease is not as serious in healthier people
as it would be in some of the SRM AS prospective
registries, particularly the Renal Cell Consortium of
Canada which enrolled patients in part because of
many comorbidities and limited life expectancies [9].

A related critical issue in deciding on a course of
AS is making an accurate assessment of a patient’s
longevity were he or she not to have a SRM. CCI and
cardiac models have been used for this, and knowing
the competing risks of death from conditions other
than RCC is critical in deciding on continued moni-
toring or intervention. Also, it should be remembered
that health and comorbidity status are not static, and
may not only worsen but occasionally can improve
leading to reconsideration for DI [9].

Octogenarians pose an interesting practice di-
lemma as this age group is more likely to have com-
peting mortality risks, poorer functional status, and
increased surgical risk [31]; however tumors have
been reported to be more aggressive in patients age 75
and older, presumably in part due to a poor immune
response to malignancy [32]. A retrospective study
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of 89 patients age ≥ 80 (median age 83.4) under-
going AS for masses ≤ 7 cm with a median tumor
size 2.4 cm (IQR 1.7–3.5 cm) was conducted. After a
median of 39.9 months (IQR 28.1–42.9 months), 9%
of patients underwent DI based on patient preference
and tumor GR. Two patients (25%) in the DI cohort
developed metastases. There was no difference in ini-
tial size, median R.E.N.A.L (Radius, percent Endo or
Exophytic, Nearness of tumor to collecting system or
renal sinus, Anterior or posterior location, Location
relative to polar lines) nephrometry score, CCI, or
Activities of Daily Living Score (ADLs) in patients
who developed metastases vs. those who did not.
The all-cause mortality was 14.6%, while the can-
cer specific mortality was 3.4%. The OS and CSS at
5 years was 85.7% and 95.6%, respectively [33]. This
is similar to survival data in all patients undergoing
AS suggesting that AS is an adequate management
modality in the octogenarian population despite the
more aggressive nature of tumors in this age group,
especially when considering their poorer surgical out-
comes.

Cost and quality of life

Cost effectiveness and QOL are additional com-
ponents to consider when deciding on management
strategies. Newly diagnosed renal masses cost the
healthcare system $4.4 billion in 2009 [34]. A
Markov model developed by Chang et al. compared
costs based on quality adjusted life years (QALY’s)
of a 65-year-old otherwise healthy patient with an
incidentally diagnosed SRM undergoing open or
laparoscopic PN vs. percutaneous ablation, AS with
DI, and “observation” (presumably AS). They con-
cluded that the predicted lifetime cost per patient
of AS alone was $82,213 2008 USD. However, this
model assumed 90% of patients on AS underwent
DI, that 7.25% of patients developed metastatic dis-
ease, and that percutaneous ablation was the method
of DI [35]. These estimates are much higher than that
cited from current clinical AS series; for example, the
metastatic rate in a meta-analysis of 880 AS patients
with a mean tumor size of 2.3 cm was 2.0% [36].
Because this model is based on questionable data, the
cost of AS is likely much lower than that predicted
by Chang et al. [34].

However, the cost of AS protocols is significant,
not just monetarily, but also because of the burden
of missed hours of work due to travel for appoint-
ments, cumulative radiation risk, and anxiety due to
uncertainty regarding one’s disease. AS differs from

watchful waiting (WW) in that WW does not require
follow-up imaging unless patients develop symptoms
[37]. A 2-year prospective trial of 100 patients mean
age 72.5 years who were enrolled in WW proto-
cols completed multiple QOL questionnaires at 6,
12, and 24 months. Patients with increased illness
uncertainty had worse QOL physically and psy-
chosocially, and higher distress (P = 0.008, P < 0.001,
P < 0.001 respectively). However, the burden of intru-
sive thoughts improved from baseline over a period
of 24 months, indicating that some psychological
aspects of QOL improve over time [38]. Although,
this study strictly pertained to patients undergoing
WW, and our search did not include any studies that
specifically evaluated QOL while on AS, we must
consider the psychological burden of illness uncer-
tainty. Indeed, anxiety for those on AS may be greater
due to factors such as frequent follow up visits. We
should thus offer AS patients access to support groups
or other psychological interventions.

Biopsy

Obtaining a biopsy for SRMs is a topic of contro-
versy. The arguments against initial biopsy are that:
1- all SRMs are presumed to be malignant so that
biopsy may not change management. 2- A substantial
number of biopsies may be non-diagnostic. 3- Onco-
cytomas and particularly chromophobe carcinomas
may be hard to distinguish from each other, which
is made more challenging by tumor heterogeneity. 4-
Clear cell cancer grading and papillary cancer sub-
typing can be challenging and not representative due
to tumor heterogeneity. 5- Biopsies can alter the radi-
ologic appearance of SRMs particularly if there is
biopsy-induced hemorrhage or urine extravasation.
6- Biopsy procedures may theoretically spread (seed)
the tumor. And 7- biopsies may be associated with
serious procedure-related morbidity. The arguments
for performing initial biopsies are that: 1- they are
becoming more accurate, with 90% containing suffi-
cient material for an accurate histologic diagnosis on
the first biopsy which increases with a second biopsy
[39]. While RMB has a negative predictive value of
70% [40], it has a 97–99% and 90–97% sensitiv-
ity and specificity, respectively [40, 41]. 2- Biopsy
histology rarely differs from the surgical specimen’s
histology (including tumor type and grade) with a
cited 78% concordance rate on biopsy in patients who
undergo surgery [42]. 3- Serious complications are
extremely rare (< 1% have required an intervention
[angioembolization to control bleeding] to manage
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complications in several retrospective series) and are
almost always self-limited. And 4- tumor seeding has
not been reported in several series [41].

In current practice, biopsy rarely triggers DI in
patients on AS. In a study of a prospectively main-
tained database by Ambani et al. of 118 patients
being managed by AS with median follow up of 30
months, 28 patients underwent DI at a median time
of 22 months. In the 51 patients who had a biopsy
prior to AS enrollment, 37% were benign, 35% were
malignant, and 28% were non-diagnostic. They found
that the choice to undergo DI was based upon tumor
size > 2 cm compared to size < 2 cm (P < 0.001)
regardless of whether a patient underwent biopsy
(P = 0.080), though the influence of biopsy histology
on the decision to undergo DI approached statistical
significance (60% of patients who underwent DI had
confirmed malignancy, while only 25% of patients
in the continued AS group had a confirmed malig-
nancy, P = 0.065). There was no difference in age,
performance status, RENAL nephrometry scores, and
comorbidities in the DI group vs. those who stayed on
AS. Of note, prior to study enrollment, 181 patients
underwent initial biopsy and based on these results
130 patients elected to undergo immediate surgery
(and were not included in this cohort) and 51 patients
chose AS. Factors that were predictive of under-
going DI included size > 2 cm (HR 3.65, 95% CI
1.28–10.38, P = 0.015) and GR (HR 1.26, 95% CI
1.12–1.41, P < 0.001), where RMB was not predic-
tive (HR 1.52, 95% CI 0.70–3.30, P = 0.29). Based
on these practice patterns there is an uncertain role
for biopsy once a patient is already undergoing AS.
Realistically, patient preference is probably the most
common reason for undergoing DI, and in this study,
patient and surgeon preference was cited as a rea-
son for undergoing DI in > 36% despite not meeting
growth criteria [42]. The strong influence of patient
and surgeon preference in choosing to undergo DI is
supported in other series with patient preference cited
as the reason for DI in 11–71% and physician pref-
erence was cited in up to 41%. GR or tumor size was
cited as the deciding factor in in 36–89% of patients
(9, 43–47).

One reason that biopsy is not currently used to
change management while on AS is the large num-
ber of urologists who would not routinely recommend
biopsy, despite EAU practice guidelines [37]. In an
interview-based study, 73 patients diagnosed with
SRMs and 59 board-certified urologists of vari-
ous subspecialties were given theoretical scenarios
and asked their opinions regarding biopsy. Of the

urologists, the majority of whom were affiliated with
academic centers, 40% opposed biopsy. Reasons for
opposition included diagnostic inaccuracy in 68%,
complication risk in 18%, and potential for tumor
seeding in 6%. Urologists did say they would consider
biopsy if it had an accuracy rate of 80–95%. After
appropriate counseling, 26–29% of patients in the
surgery and AS groups declined biopsy but reason-
ing was different in each group of patients. Patients
undergoing surgery were primarily concerned with
missing a diagnosis of cancer (71%), while patients
undergoing AS were concerned about the compli-
cations of biopsy (46%). While almost half the
urologists in this group were hesitant to recommend
biopsy for a 4 cm enhancing renal mass in a 60 year
old patient, the data show more urologists are recom-
mending biopsy compared to older data from a global
survey published in 2012, which demonstrated that
73% of urologists rarely recommended a biopsy [48].

Biopsies may be beneficial in risk stratifying
patients who would benefit from early intervention,
and better predict those who would do well on surveil-
lance. In a retrospective single institution study of
380 SRMs that were surgically resected, pathologic
features were compared to initial tumor size and sur-
vival data with a median follow up of 65 months
(IQR 34–87). Of note, 92.9% of the masses were
pT1a, while 7.1% were upstaged to pT3 at the time of
resection. Adverse pathologic features (APFs) were
defined as having high nuclear grade, lymphovas-
cular invasion, necrosis, sarcomatoid or rhabdoid
features, papillary type II histology, and perinephric
fat invasion. The authors found a positive associa-
tion between size > 3 cm and the number of APFs.
However, there was no difference in disease spe-
cific survival based on size alone. When taking into
account APFs, disease specific survival was signifi-
cantly worse in patients who had ≥ 2 APFs compared
to those who had ≤ 1 APF (P < 0.002). Of note, OS
and DSS for the entire cohort were similar to other
published literature [49]. This suggests that while
size alone is not helpful in risk stratifying patients,
pathologic evaluation may be useful.

Furthermore, in an analysis of the SEER database,
confirmed RCC masses were subdivided based on
size in 1 cm increments and based on histology –
clear cell, papillary, and chromophobe RCC [15].
The rate of metastatic disease at presentation was
calculated for each sub-group. They determined that
both size and histology were valuable in predicting
metastatic risk. With a cutoff of 3% risk of metastatic
disease, clear cell and papillary RCC should undergo
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intervention at 4 cm, but chromophobe RCC is more
indolent in nature and the risk of metastatic disease is
not significant until the mass reaches upwards of 7 cm
[15]. Again, this demonstrates how biopsy would
be beneficial in more appropriately risk stratifying
patients and preventing overtreatment.

Biopsy utilization is increasing. In a retrospec-
tive study of cT1a RCCs using the National Cancer
Database by Patel et al., the biopsy rate increased
from 8% in 2004 to 15.3% in 2015. Factors asso-
ciated with undergoing biopsy were increased age,
CCI ≥ 3, and lower income. Biopsy was found to
decrease the rate of patients undergoing PI. Excluding
patients with benign disease in this analysis, 36.8%
of patients who had a biopsy underwent non-surgical
management, while 11.4% without a biopsy under-
went non-surgical management (P < 0.001) [50]. This
would have been an even larger difference if patients
with benign histology were included in the analysis.

Current studies including a randomized controlled
trial by SWOG are ongoing to further elucidate
whether a biopsy will impact management. It is clear
from numerous studies, that while the role of RMB is
uncertain, more information is needed to understand
the biology of renal masses and thus to better pre-
dict behavior. With no clear surrogates for metastatic
potential, we should utilize biopsy more frequently
to both decrease the number of patients undergo-
ing PI for benign masses and identify patients who
would otherwise undergo AS who would benefit
from earlier surgery. The problem is that metastases
are rare in SRMs, in general, and particularly in
AS series; thus, more biopsies would be needed to
demonstrate improved outcomes in a small number
of patients, which may not be cost effective. Based
on the increased frequency in diagnosis of renal
masses with abdominal imaging for unrelated reasons
without having improvement in survival outcomes,
it is evident that we are over-treating some renal
masses just as we initially did with low-risk prostate
cancers. Utilizing biopsy for all SRMs prior to treat-
ment selection would help prevent over-treatment and
appropriately select patients for AS.

Prognostic models

Limited by serial imaging alone, it is difficult to
predict who will do well on AS. Some prognos-
tic models have been developed to assist with this
task. First, the DISSRM score was validated from
the DISSRM Registry of 751 patients, 55% of whom
underwent AS. The authors used univariable and

multivariable analyses to identify variables that pre-
dicted selection of AS. They found that age (age
60–70 administered 1 point, age > 70 administered 2
points), tumor diameter (2-3 cm administered 1 point,
> 3 cm administered 2 points), CCI (1 administered 1
point, ≥ 2 administered 2 points), and physical com-
ponent scores from the Medicare Health Outcomes
Survey (> 45 administered 1 point) were the most
predictive of undergoing AS; thus, a score adding all
these factors was calculated. Scores ranged from 0–7
with higher scores being more predictive of under-
going AS. Scores ≥ 6 were predictive of worse OS
with HR 10.45 (1.25–87.49, P = 0.03). The authors
suggest that scores of 2 or less would be ideal for
PI, and scores of 5–7 may be ideal candidates for
AS. Patients in the gray zone with scores of 3-4 may
benefit from additional workup to identify the cor-
rect treatment strategy [51]. Perhaps the impact of the
score would be greater if fewer points were allocated
to larger tumors and more to smaller ones. While
this is ideal for selecting sicker patients for AS over
surgery, it does not offer solutions to the dilemma of
overtreatment for benign masses or indolent RCCs.

While the prior model offers insight about who
might not benefit from PI (primarily because of age
and comorbidities), another study helped distinguish
variables predictive of developing metastases from
SRMs. The current reported metastatic rate of SRMs
is approximately 5%, however this is largely depen-
dent on tumor size [52]. In a single institutional
retrospective study of 565 patients with median age
55 years (IQR 51–75 years) and median tumor size
2.7 cm (IQR 2.1–3.4), 2.7% had metastasis at diag-
nosis. 549 patients underwent PI and after a median
follow up of the entire cohort of 62.8 months (IQR
36.2–92.6), multivariate analysis was used to iden-
tify factors that were independently predictive of
metastases. These include age > 65 (HR 5.26, 95%
CI 1.73–16.05, P = 0.004), ipsilateral synchronous
tumors (HR 11.28, 95% CI 1.95–27.18, P = 0.017),
symptomatic tumors (HR 4.63, 95% CI 1.56–10.92,
P = 0.032), and size > 3 cm (HR 6.83, 95% CI
1.72–22.62, P = 0.006). When adding a weighted sum
of these risk factors (2 points allocated to ipsilat-
eral synchronous tumors and 1 point for the other
factors), patients with ≥ 2 points had increased risk
of metastases (HR 12.56, 95% CI 5.52–22.85) with
81.3% sensitivity, and 73.4% specificity [53]. Based
on this study, age > 65, presence of ipsilateral tumors,
symptomatic tumors, and size > 3 cm are factors to
consider in patients who would be better stratified to
undergo PI.
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A recent quality improvement analysis by the
MUSIC-KIDNEY Collaborative sought to identify
cases in which surgery could have been avoided.
Developing a database from centers across the state
of Michigan, they identified 74 cT1 benign renal
masses on final pathology after surgical intervention.
They concluded that if other management strategies
were employed, surgery could have been avoided in
a significant number of these cases. The authors sug-
gest strategies to prevent surgery for non-malignant
pathology include RMB, AS, and greater use of repeat
imaging [54].

DISCUSSION

So, what should a urologist do with a patient with
a SRM who has a negative metastatic work up? A
thorough assessment of comorbidities with an accu-
rate estimation of remaining years of life must be
made. Patients with a limited life expectancy, par-
ticularly if renal function is expected to worsen after
intervention would certainly point one to recommend
AS. However, even in healthy elderly individuals, it
is hard to prove that active treatment for masses up
to 7 cm in diameter (T1a and T1b) prolongs survival
[55]. While this conclusion was based on a retro-
spective single institution (Cleveland Clinic) series
with obvious selection biases characteristic of clinical
series, management between PI and AS in multivari-
able analyses did not influence mortality (P = 0.67),
while male gender, tumor size and advancing age did
[55]. Similar results of AS vs. PI (P = 0.6) have been
presented by the DISSRM consortium [23].

All that said, for healthy patients with a normal
contralateral kidney we advise that a RMB be per-
formed (and repeated if non-diagnostic) and AS be
recommended for all patients with benign asymp-
tomatic lesions. AS and PI should both be discussed
as options for Grade 1 or 2 clear cell, papillary type
I and chromophobe carcinomas. If grade 3 or 4 clear
cell or papillary type 2 carcinomas are diagnosed, PI
should be recommended.

What intervention should be chosen? Tumor loca-
tion, a major component of the RENAL nephrometry
score predicts complexity of PN, but also impacts fea-
sibility and success of TTs [56]. A hilar location often
makes TTs ineffective because of the “heat sink”
effect of brisk blood flow through major renal vessels
which prevents achieving the extremes in temperature
needed for RFA or CA to kill treated tissue [13, 57].
Other systems evaluating complexity of surgery are
referenced in Sun et al. including the PADUA score

defined by Ficarra, et al. and could be used for similar
reasons [58, 59].

If a patient with an indolent malignancy on RMB
accepts AS, a rigorous schedule of intense imag-
ing is needed to assess growth kinetics. In general
metastases are not associated with tumors that are
stable in size or regress (about 30% in most series)
[14]. GRs < 2 mm/year should encourage continued
AS. While the data summarized in this review refute
that GR alone is indicative of risk for metastatic dis-
ease, a GR > 2.5–5.0 mm/year has previously been
shown to be associated with ultimately developing
metastases and should provoke biopsy, if one had not
been performed initially [44]. Similarly, urologists
should recommend biopsy or DI for GTD beyond 4
cm and multiple positive growth periods, i.e. persis-
tent growth between a series of follow up imaging
[23, 44].

Limitations to the data presented include strong
selection bias and lack of randomized trials. Further
investigation is needed regarding long term outcomes
and the generalizability of the data to community
practice. Other predictors of more aggressive dis-
ease such as growth periods, APFs and other biologic
markers should be further investigated to better select
candidates for AS.

CONCLUSIONS

Short and intermediate-term data demonstrate that
AS with the option for DI is a safe treatment modal-
ity with almost equal survival outcomes to PI groups
at 2 and 5 years, is cost effective, and prevents
overtreatment, especially in patients with significant
comorbidities. Surgery and TT may have adverse
consequences, so we should avoid over treatment
in not only our elderly population with significant
comorbidities but also consider AS in patients who
are young and otherwise healthy. While GR alone
is not beneficial in predicting malignancy, prognos-
tic models, growth periods, and histologic data from
biopsies may be beneficial in determining patients
who should undergo DI. Routine RMBs may be ben-
eficial in further estimating risk and preventing over
treatment. Further research is needed regarding long-
term follow up data and QOL and cost analysis of
AS.
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Viswanathan M, Henry D, Altman DG, Ansari MT,
Boutron I, Carpenter JR, Chan AW, Churchill R, Deeks
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