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Abstract
Objectives—Reasons for choosing active surveillance for the treatment of small renal masses
are poorly understood. We aim to better delineate which factors influence the decision to undergo
active surveillance.

Methods—We identified 204 consecutive patients at our institution with clinical T1 renal masses
from June 2009 through June 2010. A variety of demographic and clinical characteristics were
measured. Based on our prior work, “ideal” criteria for active surveillance included: tumor size ≤
4cm, Charlson Comorbidity Index (CI) ≥ 2, Eastern Cooperative Oncology Group Performance
Status (ECOG PS) ≥ 2, and estimated glomerular filtration rate (eGFR) < 60ml/min. We
performed sensitivity analyses to identify characteristics associated with choice of active
surveillance and compared these to our “ideal” criteria.

Results—Seventy-three (36%) and 131 (64%) patients underwent active surveillance and
treatment, respectively. Patients undergoing active surveillance versus treatment differed with
respect to distance from hospital > 60 miles (p=0.04), ECOG PS ≥ 2 (p<0.01), tumor size
(p<0.01), multifocality (p=0.03), and endophytic nature of lesion (p=0.04) as well as whether the
patient’s surgeon generally uses a robotic, laparoscopic, or open approach (p=0.01). Neither
baseline eGFR (p=0.91) nor CI (p=0.69) were significant factors. The combination of tumor size <
3cm, ECOG PS ≥ 2, and an endophytic lesion were most predictive of active surveillance.

Conclusions—Patient, tumor, and surgeon characteristics all influence active surveillance.
Based on sensitivity analyses, active surveillance was driven by a tumor size <3cm, poor
performance status (i.e., ECOG PS ≥ 2), and an endophytic lesion.
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INTRODUCTION
The incidence of renal cell carcinoma has been steadily rising, with an estimated 58,240 new
cases and 13,040 deaths in 2010.1 The increased incidence largely stems from the expanded
use of cross-sectional abdominal imaging, which has increased the detection of small,
incidental lesions.2,3 Despite the earlier detection of lesions, mortality rates for kidney
cancer have continued to rise, suggesting that the immediate removal of small renal masses
may not be beneficial in all cases.4 Traditionally, radical nephrectomy has been the standard
of care for the treatment of these lesions. More recently, partial nephrectomy has
demonstrated equivalent oncological outcomes as well as improved feasibility and has
become the preferred approach for many clinical T1 lesions.5-8

While both approaches provide good oncologic control, radical and partial nephrectomy is
associated with surgical morbidity, which can be substantial. Radical nephrectomy is
associated with chronic renal insufficiency, which increases the risk of cardiovascular events
and mortality.9 Partial nephrectomy spares nephrons, but has a higher rate of peri-operative
complications than radical nephrectomy.5,10 In contrast to these invasive approaches, active
surveillance is an alternative management that obviates the risks of surgery. Clinical T1
lesions frequently have an indolent course, and patients choosing active surveillance rarely
have lesions that progress to metastatic disease.11 Further, the risk of progression is not
jeopardized by delaying treatment.12 Given these findings, deciding the best treatment
option for patients with clinical T1 lesions can be difficult. Clinicians must weigh the
benefits of definitive treatment versus the immediate peri-operative risks associated with
surgery and the potential long-term consequences of decreased renal function. In this
context, active surveillance is an attractive option for certain patients.

To better delineate which factors influence the decision to pursue active surveillance, we
analyzed our small renal mass database to compare patient, tumor, and surgeon
characteristics between those undergoing active surveillance and those receiving treatment.
Based on our prior work,13 we expected significant patient comorbidity, poor renal function,
and lesions < 4cm to be significant predictors of active surveillance.

MATERIALS AND METHODS
Study Population

We retrospectively analyzed 204 consecutive patients referred to our institution with a
clinical T1 renal mass (i.e., ≤ 7cm) from June 2009 through June 2010. Data were collected
prospectively and entered into our small renal mass database. Patients with metastatic
disease were excluded. Patient demographics were recorded, including age, gender, race/
ethnicity, socioeconomic status, and distance from the hospital. Patient zip codes were used
to categorize socioeconomic status and calculate distance to our institution.14 Cancer-
specific information obtained included clinical tumor stage, tumor anatomy, and type of
treatment. R.E.N.A.L. nephrometry score provides a tool to quantify the anatomical
characteristics of renal masses on cross-sectional imaging.15 Lesions were characterized as
low (4-6), moderate (7-9), or high (10- 12) complexity lesions based on their nephrometry
score. Specific components of the nephrometry score that were thought, a priori, to affect the
treatment decision were evaluated individually. For each patient, comorbidities were
documented, and both CI and ECOG PS were determined. We calculated eGFR based on the
Modification of Diet in Renal Disease equation.

Outcomes
The primary outcome of interest was the use of active surveillance. Given the short follow-
up time, the outcomes of active surveillance (i.e., delayed intervention, progression to
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metastatic disease, mortality, or continued surveillance) were not assessed. We evaluated an
array of exposures (i.e., patient demographics, clinical factors, and tumor and surgeon
characteristics) that may predict the utilization of active surveillance over treatment.
Treatment included partial nephrectomy, radical nephrectomy, cryotherapy, and
radiofrequency ablation. We then determined which combination of patient and tumor
factors were most predictive of active surveillance in our study population. To do this, we
initially examined characteristics felt to be the best candidates (i.e., tumor size ≤ 4cm, eGFR
< 60ml/min, and CI ≥ 2) based on our prior work.13 Since the effectiveness of these criteria
as predictors of active surveillance had not been previously validated, we then compared this
group to other criteria. In deciding which characteristics to use in comparison, we selected
factors that were either significantly associated with active surveillance in our analyses (e.g.,
small tumor size, poor performance status, and endophytic lesion) or previously associated
with active surveillance in the literature (e.g., poor renal function).16

Statistical Analysis
Patient demographics as well as clinical and tumor characteristics were compared between
patients receiving active surveillance versus treatment using parametric (Student t-test) and
non-parametric (chi-squared or Fisher’s exact test) testing as appropriate. In addition,
surgeons were characterized by their primary surgical approach (i.e., robotic, laparoscopic,
or open surgery). Next, we fit a multivariable logistic regression model, accounting for age,
gender, race/ethnicity, tumor size, patient comorbidities and renal function, distance from
hospital, and surgical approach. Lastly, we performed sensitivity analyses to identify patient
characteristics most predictive of active surveillance and examined how these compared to
our initial selection criteria. All analyses were performed using STATA v11.0 (STATA
Corp, College Station, Texas) at the 5% significance level. Our Institutional Review Board
approved the study protocol.

RESULTS
Of the 204 patients in our small renal mass database, 73 (36%) underwent active
surveillance and 131 (64%) underwent treatment. The two groups had similar demographic
profiles except that patients undergoing treatment travelled farther distances (Table 1). In the
treatment cohort, 68% underwent a partial nephrectomy, 19% underwent ablation (i.e.,
cryotherapy or radiofrequency ablation), and 13% underwent a radical nephrectomy.

The patient medical history and comorbidity status for subjects in the active surveillance and
treatment groups are in Table 2. Of note, the two groups only differed in regards to ECOG
PS (p=0.01). Patients with ECOG scores < 2 were more likely to undergo treatment whereas
those with ECOG scores ≥ 2 were more likely to undergo active surveillance. These two
cohorts did not differ in terms of overall renal function (p=0.46) or CI (0.69). A total of 45%
and 48% of patients in the active surveillance and treatment cohorts had a CI ≥ 2,
respectively.

Tumor and surgeon characteristics are shown in Table 3. Patients with multifocal lesions
were more likely to undergo active surveillance (p=0.03). Ten out of the 11 patients with a
solitary kidney underwent treatment (p=0.10). These 10 patients were more likely to have a
prior history of renal cell carcinoma (p<0.01) and more likely to undergo a biopsy (p=0.05)
than patients with 2 kidneys treated for a small renal mass, although they did not differ in
terms of renal function, performance status, or tumor size. In general, a smaller tumor size
favored active surveillance (p < 0.01) as did an entirely endophytic lesion on imaging
(p=0.04). A total of 78 patients (38.2%) underwent a biopsy, of which 12 (15.4%) were
either benign or oncocytoma. Specifically, 41% of active surveillance patients and 37% of
patients undergoing treatment had a biopsy (p=0.53). Surgeons were categorized by which
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surgical approach they utilize for small renal masses the majority (i.e., greater than 50%) of
the time. Using this method, our active surveillance cohort comprised 4 “robotic”, 3
“laparoscopic”, and 2 “open” surgeons. Patients managed by surgeons who performed
primarily open surgical partial nephrectomy were more likely to enter active surveillance
(p=0.01).

On multivariable analysis, only tumor size and surgeon’s primary approach were significant
factors. A patient with a tumor between 2 and <4cm was 73% less likely to undergo active
surveillance than one with a lesion <2cm (odds ratio (OR) 0.27; 95% confidence interval
[CI], 0.12-0.60). Surgeons primarily using an open approach were more likely to choose
active surveillance compared to those using a robotic approach (OR 4.47; CI, 1.76-11.37),
whereas no difference in active surveillance rates was observed among those who generally
use a laparoscopic versus a robotic approach (OR 1.45; CI, 0.61-3.44).

Comparisons of active surveillance rates based on different sets of criteria are shown in
Figure 1. The characteristics most predictive of active surveillance are tumor size < 3cm,
ECOG PS ≥ 2, and an endophytic lesion (p < 0.01).

COMMENT
At our institution, patients with clinical T1 lesions were more likely to undergo active
surveillance compared to treatment if they lived closer to the hospital (< 60 miles), had
poorer performance status (ECOG PS ≥ 2), smaller tumors (tumor size < 3cm), multifocal
lesions, endophytic lesions, or were seen by a surgeon who uses primarily open surgery.
Contrary to the factors felt to be the most predictive a priori (i.e., tumor size ≤ 4cm, CI ≥ 2
or ECOG PS ≥ 2, and eGFR < 60ml/min), the most predictive criteria of active surveillance
were tumor size < 3cm, ECOG PS ≥ 2, and an endophytic lesion.

According to the American Urological Association guidelines for the management of
clinical T1 renal lesions, active surveillance is a reasonable treatment option for patients
with decreased life expectancy or extensive comorbidities.17 Generally, renal lesions
suspicious for cancer based on imaging are resected soon after detection. This treatment
paradigm is based on the assumption that the early removal of these lesions translates into
improved cancer-specific survival.2 However, mortality rates for kidney cancer have
steadily increased over the past several years.18 Further, one-third of elderly patients with a
small renal mass will die of other causes.19 Thus, the early treatment of all small renal
masses may not be necessary.

In this context, active surveillance is an attractive treatment option for patients with certain
characteristics. Patients undergoing active surveillance are typically older with several
comorbidities.20,21 Our results support these findings in that active surveillance patients are
more likely to have an ECOG PS ≥ 2. Insofar as a CI ≥ 2 is not associated with active
surveillance, we suspect that the ECOG score reflects the clinical impression of the patient’s
condition more so than the CI, and thus, plays more of a role in the clinical decision-making
process. However, whether ECOG PS is in fact a more appropriate measure than CI remains
to be seen. Of those undergoing active surveillance, the average patient age was younger (63
± 14 years) than that reported in prior studies.11,21 Reasons that may explain this
observation include seeing patients with poorer overall health or patients with more complex
renal lesions. As a tertiary center with a large referral base, both of these contentions are
realistic. In addition, patients on active surveillance tended to live closer to the hospital (i.e.,
<60 miles). Surveillance may be seen as inconvenient to patients traveling greater distances.
Interestingly, worsening renal function was not predictive of active surveillance, which may
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be attributed to the increasing ability to perform nephron-sparing surgery in patients with
marginal renal function.

In addition to these patient factors, treatment-related risks encompass an important facet in
choosing active surveillance. Some treatment-related factors, such as tumor size, are well-
established.11,21 Consistent with prior studies, our average tumor size among active
surveillance subjects was 2.3cm. Not surprisingly, patients with multifocal lesions were
more likely to undergo active surveillance. Multiple lesions increase the risk of renal failure
from extirpative treatment and thus, make active surveillance an attractive option for many
of these patients. Other treatment-related risks, however, have generally been less
appreciated. Heretofore, anatomic characteristics (e.g., the location or depth of the lesion)
have not impacted the use of active surveillance11 and, indeed, were not considered in our
initial determination of “ideal” criteria.13 However, in analyzing our data, we found that
certain anatomic factors, such as an endophytic lesion, were associated with active
surveillance (p=0.04). This observation corroborates findings from a survey of American
Urologic Association members about the treatment of patients with small renal masses in
which active surveillance was chosen more frequently for perihilar tumors compared to mid
kidney or polar lesions.16 Collectively, these findings suggest that anatomic characteristics
are important but so far underappreciated in the decision-making process.

The role of tumor factors may be influenced by surgeon preferences. The analysis of
surgeon based on primary surgical approach (i.e., open, laparoscopic, robotic) demonstrates
that at our institution “open” surgeons favored active surveillance. This may reflect
undesirable variation, but more likely represents referral patterns. For instance, patients with
more complex lesions may be preferentially referred to open surgeons. This trend may only
hold true in academic settings or larger practices in which surgeons are more subspecialized
in their practices.

In evaluating candidates for active surveillance we postulated, a priori, that the most
predictive factors would be tumor size ≤ 4cm, CI ≥ 2 or ECOG PS ≥ 2, and GFR < 60ml/
min. In contrast to these “ideal” criteria, however, we found tumor size < 3cm, ECOG PS ≥
2, and an endophytic lesion to be most predictive of active surveillance after performing
sensitivity analyses. While certain anatomic characteristics may or may not prohibit a partial
nephrectomy depending on surgeon skill level or experience (e.g., perihilar location or
polarity), it is generally agreed upon that a partial nephrectomy is more challenging for
endophytic lesions. This may explain why an endophytic lesion is associated with active
surveillance as opposed to the overall nephrometry score. In this cohort, it seems that
treatment-related risks were more heavily weighted in patients with complex tumors.

In interpreting our findings, it is important to consider several limitations. First, although our
data was collected prospectively, this is an observational study and is subject to potential
confounders. We attempted to minimize this effect by including several factors in our
multivariable analysis. Second, our small renal mass database comprises all clinical T1
masses, which includes T1b lesions (i.e., between 4cm and 7cm). Factors that may influence
surveillance in a patient with a 6cm lesion are different from those in a patient with a 1cm
lesion. However, although we included all clinical T1 lesions, only 11% of patients
undergoing active surveillance and 15% of patients undergoing treatment had lesions > 4cm,
which are comparable to the percentages observed in other active surveillance
studies.11,20,21 Third, our findings may not be generalizable to all patients with small renal
masses. Our patient population comprises referred patients who often have multiple
comorbidities as well as more complex renal lesions. As such, there may be an inclination
towards higher rates of active surveillance. However, evidence suggests that fellowship-
trained and academic urologists do not prefer active surveillance more than those in the
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community.16 Third, there are inherent surgical approach selection biases as our surgeons
who primarily perform open partial nephrectomy are referred the more complex renal
masses; this, at least in part, may explain their greater tendency toward active surveillance.
Given the large number of surgeons in our study, it is difficult to analyze each surgeon
individually to determine their active surveillance tendencies. However, it is important to
note that surgeons who prefer the open approach choose active surveillance more frequently.
The relationship between individual surgeons and active surveillance deserves further
attention. Fourth, in performing the sensitivity analyses, some of the subgroups were
composed of a small number of patients. These results require validation in future studies.
Lastly, our small renal mass database began accruing patients in June, 2009. As of now,
more extended follow up is necessary to assess the association between active surveillance
and disease-specific outcomes, such as rates of progression to metastatic disease, cancer-
specific and overall mortality. These outcomes will help better judge which patients are
appropriate for active surveillance.

Despite these limitations, this study highlights specific patient and tumor characteristics that
predict the current use of active surveillance for small renal masses at an academic
institution. As the incidence of kidney cancer continues to rise, active surveillance will
likely play an expanding role in the management of small renal masses. Accordingly, better
understanding the drivers of active surveillance, and the ability to more appropriately select
patients for this treatment strategy is crucial. To better risk-stratify patients with small renal
masses, our practice has begun to routinely discuss a percutaneous biopsy with patients who
have a lesion ≤ 4cm. In our study, nearly 40% of patients underwent a biopsy, of which 15%
were either benign or oncocytoma. Obtaining a renal biopsy provides an opportunity to
identify benign or indolent cancerous lesions, which may obviate the risks of surgical
intervention in a subset of patients with small renal masses.4

CONCLUSIONS
Patient, tumor, and surgeon characteristics all influence active surveillance for small renal
masses. Based on sensitivity analyses, active surveillance was driven by tumor size <3cm,
poor performance status (i.e., ECOG PS ≥ 2), and an endophytic lesion.
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Figure 1.
Comparison of active surveillance rates based on different criteria CI = Charlson
Comorbidity Index; ECOG = Eastern Cooperative Oncology Group; eGFR = estimated
glomerular filtration rate The green column represents the three criteria thought to be most
predictive of active surveillance, a priori. The next two columns show other criteria chosen
based on our own analyses and also the active surveillance literature. The blue column
represents the most predictive characteristics of active surveillance in our study (i.e., tumor
size < 3cm, ECOG ≥ 2, and an endophytic lesion). Individuals have a greater chance of
undergoing active surveillance the more of these characteristics they possess.
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Table 1

Demographics – Active surveillance versus Treatment

Characteristic Active
surveillance

Treatment P-
value

Number of patients (%) 73 (36) 131 (64)

Mean age ± standard deviation
(years)

63 ± 14 60 ± 12 0.12

Socioeconomic Status (terciles)

 Low (%) 30 (43.5) 39 (56.5) 0.25

 Medium (%) 21 (31) 47 (69)

 High (%) 22 (33) 45 (67)

Distance > 60 miles (%) 27 (28) 68 (72) 0.04*

Male Gender (%) 37 (33) 75 (67) 0.37

Race

 White (%) 59 (34.5) 112 (65.5) 0.53

 Black (%) 10 (45.5) 12 (54.5)

 Other (%) 4 (44) 5 (56)

Family history of kidney cancer (%) 8 (57) 6 (43) 0.15

*
Significant at 5% level (p ≤ 0.05)
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Table 2

Medical history and comorbidities – Active surveillance versus Treatment

Characteristic
Active

surveillance
(n=73)

Treatment
(n=131)

P-
value

BMI (kg/m2) ± standard deviation 30 ± 7.8 32 ± 8.3 0.13

Prior renal cell carcinoma (%) 2 (14) 12 (86) 0.09

Hypertension (%) 40 (37) 68 (63) 0.69

Diabetes (%) 18 (36) 32 (64) 0.97

Coronary artery disease (%) 13 (46) 15 (54) 0.21

eGFR (ml/min) ± standard deviation 76.2 ± 21.7 78.8 ± 26.2 0.46

eGFR ≤ 60 ml/min (%) 15 (34) 29 (66) 0.91

Charlson Comorbidity Index

 < 2 (%) 40 (37) 68 (63) 0.69

 ≥ 2 (%) 33 (34) 63 (66)

ECOG Performance Status

 < 2 (%) 57 (33) 117 (67) 0.01*

 ≥ 2 (%) 14 (64) 8 (36)

BMI = body mass index; ECOG = Eastern Cooperative Oncology Group; eGFR = estimated glomerular filtration rate

*
Significant at 5% level (p ≤ 0.05)
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Table 3

Tumor and surgeon characteristics – Active surveillance versus Treatment

Characteristic Active
surveillance

(n=73)

Treatment
(n=131)

P-
value

Multifocal lesions (%) 12 (60) 8 (40) 0.03*

Solitary kidney (%) 1 (9) 10 (91) 0.10

Tumor size (cm) ± standard
deviation

2.3 ±1.2 2.9 ± 1.3 <0.01*

Nephrometry scorea

 Low, 4-6 (%) 26 (38) 42 (62) 0.14

 Moderate, 7-9 (%) 28 (29) 69 (71)

 High, 10-12 (%) 14 (45) 17 (55)

Exophytic lesiona

 ≤ 50% (%) 18 (26) 51 (74) 0.04*

 < 50% (%) 30 (36) 53 (64)

Entirely endophytic (%) 21 (50) 21 (50)

Anterior/Posteriora

 Anterior (%) 29 (37) 49 (63) 0.56

 Posterior (%) 33 (36) 59 (64)

 Neither (%) 7(26) 20 (74)

Kidney biopsy (%) 30 (38.5) 48 (61.5) 0.53

Surgeon

 Robotic (%) 19 (26) 55 (74) 0.01*

 Laparoscopic (%) 28 (35) 52 (65)

 Open (%) 26 (52) 24 (48)

*
Significant at 5% level (p ≤ 0.05)

a
In all, 8 cases were missing nephrometry scores, 10 cases were missing information about the exophytic nature of the lesion, and 7 cases were

missing information about the anterior/posterior location due to missing/incomplete radiographic imaging or reports
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