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Management of small renal masses (SRMs) is currently evolving due to the increased incidence given the ubiquity of cross-sectional
imaging. Diagnosing a mass in the early stages theoretically allows for high rates of cure but simultaneously risks overtreatment.
New consensus guidelines and treatment modalities are changing frequently. The multitude of information currently available
shall be summarized in this review. This summary will detail the historic surgical treatment of renal cell carcinoma with current
innovations, the feasibility and utility of biopsy, the efficacy of ablative techniques, active surveillance, and use of biomarkers. We
evaluate how technology may be used in approaching the small renal mass in order to decrease morbidity, while keeping rates of
overtreatment to a minimum.

1. Introduction
The days of “hematuria, an abdominal mass, and weight loss”
suggesting the diagnosis of renal cell carcinoma (RCC) are
a distant memory. The most common presenting symptom
of RCC is no symptom at all. More than half of cases of
RCC are now detected incidentally [1]. Incidental findings
of renal masses less than 4 cm have increased with the
ubiquity of abdominal imaging including the routine use of
ultrasound, computerized tomography (CT), and magnetic
resonance imaging (MRI) in the work of nonspecific abdominal symptoms [1, 2]. According to the American Urological Association, 85% of patients with RCC that presented
asymptomatically were diagnosed with tumors, less than 4 cm
in size (Stage I), dictated as small renal masses (SRMs) [1].
Due to an increased incidence and an earlier detection of
these masses, the treatment recommendations are evolving.
Interestingly, although abdominal imaging has allowed for
the downward stage migration of RCC, there has been no
impact in the mortality rate [3, 4]. For instance, a SEER
review illustrated that mortality rates from kidney cancers
have increased 30.9% between 1950 and 2012 with an annual
percentage change of 0.4%, even though incidence rates have
increased from 7.08 to 15.91 (per 100,000 people) from 1975 to
2012, where majority of tumors represented localized disease
[5, 6]. Some suggest that the increased incidence of RCC

and other kidney tumors may be attributable to the rise in
hypertension and obesity in the US population [5, 7]. In a
recent meta-analysis using prospective observational data,
the estimated risk of developing RCC increased 24% for men
and 34% for women, for every 5 kg/m2 increase in body
mass index (BMI) [8]. Another investigation discovered that
patients with systolic blood pressure (SBP) greater than 160
had a risk of dying from RCC that is nearly double patients
with SBP under 120 [5].
With the incidence and mortality trends for RCC continuing in this trajectory, many investigators are searching for
novel therapeutic combinations to increase the survival rate
of patients with SRMs while keeping the risks of overtreatment and morbidity to a minimum [9]. Reports estimate that,
on final pathologic review after excision, 20–40% of the SRMs
are benign and thus overtreatment is a legitimate concern
[9, 10]. This review aims to highlight some of the benefits and
limitations of current treatments and focus on the future for a
more definitive diagnosis and treatment of small renal masses
(SRMs).

2. Small Renal Mass: History and Presentation
SRMs are diverse: from benign to malignant histology,
from focal well-defined lesions to those with high anatomic
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complexity, and from asymptomatic to symptomatic patients
[11]. Historically, the patients with RCC presented with a
classic triad consisting of hematuria, an abdominal mass,
and weight loss, demonstrating later stages of cancerous
disease and having life expectancies varying between 10
and 15 months [1, 12, 13]. However, with advanced imaging
technology, we are now able to identify these SRMs well
before symptoms are present [1]. In one study, SRMs detected
with computerized tomography (CT) demonstrated that of
the 3,001 patients without symptoms under screening 433
(14.4%) of the patients had at least one cystic or solid renal
masses ≥1 cm in diameter [12]. Additionally, other studies
report incidental detection of SRMs ranging between 55 and
61% of patients with RCC [1, 14]. Historically, SRMs are
classified as masses 4 cm or less, but some studies, particularly
those looking at active surveillance (AS), have included
masses up to 7 cm in diameter [15–17]. When we use the
term “small renal mass” or “SRM,” in this review, we are
specifically referring to masses equal to or less than 4 cm.
RCC is the ninth most common cancer worldwide [12].
A study conducted by Frank et al. made it evident that
of 947 SRMs tumor samples of less than 4 cm in diameter
726 (76.7%) were classified as RCC [18]. The predictability
of growth, complexity, and prognosis can be complicated
and incorporating the patient’s frailty and comorbidities
is becoming increasingly important in creating a feasible
treatment plan [12]. RCC survival correlated with TNM
staging, where stage I RCC patients have a five-year diseasespecific survival rate between 80 and 95%, and patients with
stage IV disease have a five-year disease-specific survival rate
of less than 10%, with a median of 10–15 months [12, 19].
However, with immunomodulatory treatment and targeted
therapies, the median overall survival of stage IV RCC is now
beyond two years [19]. With the advent of eight new FDAapproved agents for RCC therapy in the last few years, the
5-year survival rate for RCC has increased dramatically, from
52.1% in 1975 to 73.2% between 2005 and 2011 [6].

3. Surgical Excision
Radical nephrectomy has long been the mainstay treatment
for RCC for over 50 years [20, 21]. Within the past decade,
there has been a shift of surgical technique with an increasing
utilization for elective nephron-sparing surgery. For the
first time in 2009, the percentage of partial nephrectomies
exceeded the percentage of radical nephrectomies performed
on patients with renal masses less than 4 cm [20]. In one wellquoted study, 5994 patients who had been treated with partial
nephrectomy were compared to patients who had undergone
radical nephrectomy [20]. The 3-year and 5-year overall
survival probabilities were 83% and 72% in patients who had
been treated with radical nephrectomy and 90% and 81%,
respectively, in those who received nephron-sparing surgery
[20]. Although there is always a concern about selection
bias, certainly this gives patients and surgeons confidence in
this choice as patients have more and more comorbidities
that can threaten their renal health. It has been shown
that patients undergoing nephron-sparing surgery (NSS)
experience the expected improved renal function but also
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a lower risk of cardiovascular events associated with chronic
kidney disease [4, 22]. Additionally, there is growing concern
for increased proteinuria in patients, after nephrectomy, as
a side effect of glomerular hyperfiltration due to adaptation
or compensation after nephrectomy [23]. This is assumed to
be less with NSS [23]. A study by Choi et al. discussed the
risk of progression or the development of chronic kidney
disease postoperative nephrectomy, where 798 of the 1502
patients who had radical nephrectomies (53.1%) went on to
develop renal failure, whereas only 133 of the 952 patients who
had partial nephrectomies (13.9%) developed renal failure
[23]. This study was also able to show that hyperfiltration
is more common after radical nephrectomy, with patients
undergoing radical nephrectomies having higher estimated
glomerular filtration rates (EGFR) postoperatively, which
leads to proteinuria and other complications of renal failure
[23]. As such, the current recommendation by the American
Urological Association and the European Association of
Urology to excise small renal masses less than 4 cm is through
partial nephrectomy [24, 25].
On the other hand, partial nephrectomy is more challenging technically as compared to radical nephrectomy. One
study, using the Clavien-Dindo postoperative complication
classification system, demonstrated that minor and major
complications for partial nephrectomies are as high as 26.7%
and 11.5%, respectively [26]. This study also found that major
complications correlated with the heightened renal tumor
anatomical complexity [26], suggesting that the complexity of
excision and complications associated with it are attributable
to the anatomical characteristics of the renal tumor [4].
Furthermore, a study by the EORTC randomized patients
with small renal masses (they were defined as ≤5 cm) for
partial or radical nephrectomy of 541 patients from 45
different institutions illustrated the impact of nephrectomies
on eGFR subsequently to the surgery [27]. With a median
follow-up of 6.7 years for EGFR, patients that underwent NSS
compared to radical nephrectomy had a substantial reduction
of incidences of renal dysfunction, yet the beneficial impact of
EGFR for the NSS group of patients did not result in improved
overall survival over a mean follow-up of 9.3 years for allcause mortality [27]. These studies may be helpful in selecting
appropriate patients for diverse types of surgery or laparoscopic/robotic surgery in particular. Partial nephrectomy has
created interest due to studies demonstrating increase in
renal function and decrease in overall health complications
related to partial resection; but with current studies and
potential selection bias, there needs to be further research
into individualized surgical procedures or guidelines for
specific populations to improve overall survival and quality
of life and providers need to be cautious in the selection
of the best-fit procedure for their patients based on their
comorbidities and lifestyles.

4. Biopsy
A renal mass biopsy (RMB) has historically been performed
for proof of malignancy and documentation of tumor grade
and to clarify histology [28, 29]. Since it has been shown
that 20–40% of SRMs are in fact benign, it is appropriate

Journal of Oncology
to confirm the diagnosis in patients with renal masses
under 4 cm [10]. A RMB may also be performed in those
undergoing AS and chemotherapy and candidates for ablative
therapies. Despite its limited utilization (only 20.7% of SRMs
underwent biopsy from 1992 to 2007) [30, 31], biopsy for RMB
has been demonstrated as beneficial in diagnosing tumors
and avoiding the overtreatment of benign masses [32]. It has
also been shown that a RMB is relatively safe in terms of
tumor reseeding because studies show that reseeding of the
tumor is extremely rare, occurring between 0.0 and 0.009%
of the time [29, 33, 34]. Richard et al. showed that a RMB
has a 93% agreement with final surgical pathology [32]. In the
same study, about half (45%) of the nondiagnostic specimens
(which was only 10% of the total) were rebiopsied and
83% came back as diagnostic. Multiple cores likely increase
the accuracy of the biopsy beyond the 93%. New studies
suggest that clear cell renal cell carcinomas (ccRCC) have
intratumor heterogeneity and RMB may underestimate the
grade that the mass truly presents [11, 28, 35]. A recent study
showed that 93% of high-grade specimens (Fuhrman score
3-4) also had low-grade components (Fuhrman score 1-2)
[11]. A multiple core biopsy may be considered to capture
the heterogeneous tissue characteristics. More interestingly,
multicore SRM biopsies should perhaps be performed for
future molecular or genetic targeted molecular therapy [28].
Although the incidences of SRMs have been increasing
2 to 2.5% each year, the mortality rate for kidney cancers
has remained relatively stable [13]. The rates of surgical
interventions have also paralleled the incidence of detection
[4, 13]. Wendler et al. report that the estimated number of
surgically removed benign renal masses increased by 82%
from 3,098 in 2000 to 5,624 in 2009 [10]. The incidence of
confirmed benign renal masses is higher in the United States
compared to other countries and is thought to be related to
the overutilization of imaging [10]. Therefore, the concept of
RMB is especially important in order to prevent unnecessary
surgical procedures and their inherent complications.

5. Ablation
Ablative therapies that spare nephrons and potentially avoid
general anesthesia are gaining popularity. These therapies
have generally been recommended for those with multiple
comorbidities or those that cannot undergo surgery. However, some series with short- and intermediate-term followup find that these therapies rival partial nephrectomy in terms
of oncologic outcome in the treatment for SRMs [36]. Most
ablative therapies are performed laparoscopically or with CT
guidance.
In a recent study by Larcher et al. they investigated renal
function outcomes of 2,850 individuals who underwent local
tumor ablation (specific modality was not described) versus
a partial nephrectomy [37]. They investigated short-term
outcomes based on acute kidney injury and any dialysis 30
days after treatment. They also reported long-term outcomes
5 years later based on chronic kidney disease defined by
GFR, end-stage renal disease, kidney failure necessitating
replacement, hemodialysis rates, and anemia. They found
no significant difference between the two treatments in any
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parameter in the long-term, 5-year follow-up. However, local
tumor ablation did have a benefit in the short term 30 days
after treatment regarding acute kidney injury when compared
to partial nephrectomy; ablation had a 4.6% incidence of
acute kidney injury compared to 9.4% of those who underwent a partial nephrectomy [37].
The most studied ablative treatments include radiofrequency ablation (RFA) and cryoablation [38]. New therapies
include microwave ablation, irreversible electroporation, and
high-intensity focused ultrasound [39]. Studies have been
done to compare RFA and cryoablation. In 2012, a metaanalysis reviewed thirty-one case series to determine the
clinical efficacy and complication rates between these two
most common ablative therapies. Most cases were highly
selected with a clinical efficacy of 89% for cryoablation with
an 18.1 average month follow-up and 90% for RFA with a
17.9 average month follow-up [36]. This report observed no
statistically significant difference between the two for either
efficacy or complications.
Due to the ambiguity of which modality to choose, a cost
analysis was performed that investigated current nonsurgical
treatments in one study: AS, RFA, and cryoablation [40].
The analysis compared quality-adjusted life expectancy with
the cost of each therapy. Not surprisingly, the results showed
that AS with later cryoablation, if needed, was most effective.
Percutaneous cryoablation was more cost effective than
the percutaneous RFA. Immediate cryoablation had cost of
$3,010 more with similar quality-adjusted life expectancies
than AS and delayed cryoablation. Meanwhile RFA had costs
of $3,231–$6,398 and reduced quality-adjusted life expectancy
compared to AS plus delayed cryoablation. With this data,
there is a suggestion of slight preference for cryoablation
given health care economics, but, independent of cost, the
deciding factor seems to center around operator preference.
A current limitation to ablative therapies is the absence
of long-term follow-up data. RFA, for example, was only first
described in the literature in 1997 [39, 41]. As data continues
to emerge regarding the long-term effects of current ablative
therapies, novel therapies continue to develop. Microwave
ablation, historically used for liver masses, is under investigation for RCC treatment. It has been shown to have similar
outcomes compared to partial nephrectomy with regard to
surgical, oncological, and functional outcomes with a 36month follow-up [39, 42]. Irreversible electroporation (IRE)
for renal masses is another ablative therapy under investigation utilizing the electric pulses between two electrodes as
the mechanism. Currently, a prospective study is evaluating
the efficacy and safety of this treatment after four weeks [43].
Another potential limitation is the difficulty of the procedure
and the requirement of having trained and highly skilled
operators. Nonetheless, the ability to treat these masses in real
time during real-time scanning in an open CT scanner under
sedation is an advance over “2D” laparoscopic ablation under
general anesthesia.

6. Active Surveillance
With the growing number of (very) small renal masses
identified on imaging, the development guidelines for AS
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have been important. Several studies have reported the
overtreatment of SRMs with the current spike in discoveries
of benign renal masses, raising concerns regarding the potential for unnecessary surgical costs and complications [44–47].
There has been a growing body of evidence deeming AS in
very select patients as a competitive alternative to surgical
excision due to the comparable survival outcomes [46, 47].
In an analysis using the DISSRM (Delayed Intervention and
Surveillance for Small Renal Masses, a multi-institutional
registry) Registry, patients were counseled between primary
intervention (nephrectomy or ablation) and AS on the risks
and benefits and then given the option to choose [46]. In
the trial, 21 patients of the 274 in the AS category underwent
delayed intervention, where 15 of the patients chose elective
intervention and 6 had imperative indications for intervention [46]. This study was able to show that the cancer free
survival at 5 years for primary intervention and AS was 99%
and 100%, respectively, demonstrating that AS should be part
of the mainstay conversations between urologists and their
patients on treatment options [46].
Generally, patients selected in the studies for AS for
SRMs are imaged every 6 months [44, 46]. Indications for
more aggressive therapy (the development of symptoms or
growth of the mass) were only realized by 2% to 6% of
patients, depending on the study and cohort size [44, 46].
Overall, patients in the DISSRM study showed that 40% of
patients elected for AS once they knew that it was an option,
demonstrating that patients could elect for this alternative if
they were given more counseling prior to the intervention
[46].
In another study, patients with multiple comorbid conditions also often opt for AS (with an isolated renal mass less
than 3.5 cm) [47]. In this study of 29 such patients, only 4
underwent delayed surgical intervention with 1 due to growth
of renal mass and 3 due to elective delayed intervention [47].
None of the patients developed metastatic disease in the
duration of the study and two of the patients died of other
causes (1 from metastatic prostate cancer and the other from
thyroid cancer) [47]. In general, it appears with this approach
that the risk of death from RCC is low [47].
Another study advocates the use of AS for elderly patients,
because active RCC treatment has not been shown to decrease
cancer mortality rates in this patient population [15]. In a
cohort of 110 patients with a median age of 81, 43% of the
patients showed a stable disease without progression and 31%
of the patients were deceased at the end of the study with none
of the patients’ deaths contributable to RCC [15, 19].
In terms of the natural history of mass growth, a recent
review of 70 patients demonstrated a mean growth rate of
0.17 cm/year [16]. In this population, 31% of the masses did
not grow at all during the follow-up period ranging from
12 to 112 months. While 10% of the masses were eventually
operated on via NSS because of rapid growth, the delayed
treatment did not compromise the overall outcome. This
study and others have demonstrated that larger masses at
time of diagnosis grow faster than smaller lesions [16, 48].
Mason et al. observed that masses <2.45 cm grew at a rate of
0.13 cm/year while those ≥2.45 cm at diagnosis grew significantly faster at 0.40 cm/year [48]. This suggests that the size
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of the tumor when it is first discovered could be one of
the variables utilized to help stratify reasonable candidates
for AS. Performing surveillance with serial imaging may
be an especially safe and effective approach in those with
the smallest masses particularly in patients with multiple
comorbidities or the very elderly [15, 16, 48]. In fact, one
study has demonstrated that in the very elderly (average age
of 78) with slightly larger renal masses (average 4.25 cm at
diagnosis) and a more comorbidity they are more likely to die
from causes other than RCC [49].
Although conservative management of suspected RCC
is growing in popularity, it should be emphasized that
progression is still a possibility and thus close follow-up is
indicated, because the tumor may not be necessarily at a
100% secure tumor size and some SRMs may albergate highgrade necrosis or other unfavorable features [28, 35]. While
AS represents a reasonable alternative to primary curative
intervention such as nephrectomy or ablation, this type of
treatment still necessitates careful patient selection, careful
management, patient compliance, and ongoing follow-up.

7. Biomarkers
A recent study by Morrissey et al., 2015, investigated two urine
biomarkers, aquaporin 1 (AQP1) and perilipin 2 (PLIN2)
[50]. These markers have been shown to be elevated in clear
cell and papillary RCC [50, 51]. This study assessed the
sensitivity and specificity of these biomarkers, normalized to
urine creatinine. They found a 99% sensitivity and a 100%
specificity in distinguishing between RCCs and benign renal
masses. Interestingly, the level of biomarker in the urine
positively correlated with the size of the clear cell or papillary
RCC and decreased significantly after the mass was removed
[50]. These levels were not confounded by the size of a tumor
that was not clear cell or papillary RCC. One limitation of
this potential screen however is the involved process of the
western blot procedure and the likely costs associated with it.
Otherwise, this test holds great promise for screening patients
with SRM to aid in the differential diagnosis.
Additional biomarkers have been utilized, such as CAIX,
COX-2, and VEGF for prognostic and target therapy [52].
Carbonic anhydrase IX (CAIX) is expressed in high levels in
malignant RCC tumor cells, with little to no expression in
normal renal tissues or benign masses [53]. CAIX catalyzes
the reaction CO2 + H2 O ↔ HCO3 − + H+ to help regulate
the intracellular and extracellular pH in the proximal renal
tubules [53, 54]. As such, CAIX is a prime target for imaging
clear cell RCC lesions. In 1986, a monoclonal antibody,
girentuximab, was discovered to target a specific antigen RCC
tumor cells. The antibody has no severe side effects and little
to no allergic cross-reactivity [53]. There are different studies
in process that evaluate the use of girentuximab infused with
different radionuclide such as indium-111 or Lutetium-177
labeling to try to differentiate malignant tumors from benign
masses [53, 55]. As such, this would represent an RCC specific
functional imaging modality.
Patients with high CAIX have better responses to
interleukin-2 (IL-2) therapy, and patients with high COX2 have improved responses to interferon alpha (IFN-𝛼)
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therapy. Similarly, patients with higher VEGF staining show
more impressive responses to anti-VEGF agents [52]. Overall,
the use of biomarkers has a great potential not only for
detection and differentiation but also for the appropriate
selection of specific targeted therapies. Most recently, because
of the impressive data on the use of checkpoint inhibition
and immunomodulation in RCC, there is great interest
identifying checkpoint biomarkers that can predict response
in patients with metastatic renal cell carcinoma [56]. Overall,
CAIX, COX-2, and VEGF biomarkers are primarily utilized
for more advanced stages of RCC and there is a significant
lack of biomarkers available for SRMs; it would be interesting
to see future research performed to see the significance of
such biomarkers in SRM or if other biomarkers are more
colloquial.

8. Conclusion
What does the future hold? As Wayne Gretzky once said,
“Skate to where the puck is going, not to where it has
been.” So we ask what is the outlook for SRMs in 20
years? With the rapid advancement over the past decade
in RCC the possibilities are exciting to imagine. Without
question, technological advances will bring about novel ways
to diagnose, treat, and monitor these patients. It is the duty of
practitioners to stay abreast of these changes to provide the
optimal care, maximizing cure and minimizing morbidity, to
their patients.

9. Materials and Methods
A broad analysis of the literature was considered when the
authors were invited to write a systematic review. All articles
between 2010 and 2015 were considered and the period of
research was performed in a one-month period. The data
investigated was executed in PubMed using MeSH terms and
all literature considered being in English. A special emphasis
was placed on articles published in high impact journals
and prospective randomized trials and subjects that were
germane to this review.
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