
World J Urol (2010) 28:275–281

DOI 10.1007/s00345-010-0516-8

TOPIC PAPER

Management of small renal masses: a review

Mesut Remzi · Elchin Javadli · Mehmet Özsoy 

Received: 8 December 2009 / Accepted: 3 February 2010 / Published online: 23 February 2010
©  Springer-Verlag 2010

Abstract
Introduction Recently, small renal masses (SRMs)
(·4 cm) are found more frequently, especially in the eld-
erly and co-morbid patients. Standard treatment for SRMs
is nephron-sparing surgery (NSS). New techniques like
energy ablation and surveillance have been introduced.
Materials and methods Overview of treatment options for
SRMs, based mainly on the meta-analyses available for
NSS, cryoablation, radio-frequency ablation (RFA), and
surveillance.
Results NSS for SRMs is the standard therapy with excel-
lent cancer-speciWc survival rates up to 97%. Cryoablation
was mainly performed laparoscopically, and RFA mainly
percutaneously. Pretreatment biopsies were used frequently
for cryoablation (80%) and less frequently for RFA (50%).
Primary failure rate for cryoablation was 4.8% and for RFA
13%. Major complication rates for both procedures are
around 5%. Based on 6-month post-ablative biopsies, non-
contrast enhancement seems to be an eVective surrogate
marker after cryoablation, but not after RFA. Follow-up
after energy ablation is too short to draw Wnal conclusion.
Data on surveillance are based on small, retrospective data
with insuYcient follow-up. Growth patterns during follow-
up do not correlate with the underlying tumour entity.
Conclusion Standard therapy for SRMs is still NSS.
Energy ablation should be reserved for the elderly patients
with co-morbidities and surveillance for the elderly and
inWrm patients.
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Introduction

Nephron-sparing surgery (NSS) is the current standard of
care for small renal masses (SRMs) (smaller or equal to
4 cm) [1]. This approach demonstrated excellent outcomes
with 5-year cancer-speciWc survival (CSS) rates up to 97%.
With the advances and widespread usage of cross-sectional
imaging, the detection of renal tumours has increased in the
last three decades and thereafter decreased since 2004 in
Austria [2]. This rise is mostly due to the increasing detec-
tion of SRMs, especially in the elderly and co-morbid
patients. The United States NCI Surveillance Epidemiology
and End Results Program (SEER) data between 1983 and
2002 showed that the detection of SRMs was almost three-
fold higher for tumours <2 cm and 2–4 cm, respectively.
Whereas the detection rate of 4–7 cm and >7 cm just rose
by 50 and 26%, respectively [3]. Today, the vast majority
of SRMs are diagnosed incidentally and therefore tend to
have a better prognosis [4–6]. But despite the detection of
more and more SRMs, mortality rates of renal cell carci-
noma (RCC) rose, e.g. in the USA from 1.5 deaths to 6.5
per 100.000 individuals between 1983 and 2002, respec-
tively. This is most probably due to the fact that the abso-
lute number of patients with detectable lethal lesions has
not diminished. And it is these larger, lethal masses that
mainly mediate mortality. Because surgery cures only a
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fraction of these cancers, mortality is unaVected. Addition-
ally, a lead time bias is suggested [3]. Taken together, this
data suggest an overtreatment of SRMs.

Energy ablative techniques (mostly radio-frequency
ablation (RFA) and cryoablation) and surveillance proto-
cols have evolved as alternative management options [7, 8].
Oncological short-term and intermediate results for these
energy ablative therapies showed promising and compara-
ble results to NSS [6]. Recently, emerging data on active
Surveillance (AS) for SRM in selected patients are promis-
ing but they also surrogate an overtreatment for SRMs
[9, 10]. Today, the challenge in treating SRMs is to Wnd a
balance between the need for the surgical treatment of
aggressive tumours and the observation of less aggressive
or harmless tumours [8].

Benign tumours

Today, being able to choose the correct patient manage-
ment for SRMs requires the full comprehension of their
natural history, aggressive potential, and their growth char-
acteristics. Most renal tumours are considered to be RCCs.
Benign renal tumours are grouped into renal cell tumours,
metanephric tumours, mesenchymal tumours, and mixed
epithelial and mesenchymal tumours. Some benign lesions
such as typical angiomyolipomas (AML) show unique
radiological characteristics and with today’s imaging
modalities they can be distinguished from other renal
tumours. However, it is mostly very diYcult to identify
SRMs as benign or malign [11]. Most of the time a histo-
logical evaluation is needed to ascertain an accurate diag-
nosis and to implement the optimal treatment. In recent
surgical series, the incidence of benign tumours is about
20% [11–14]. Vasudevan et al. [15] analysed 70 diagnostic
core biopsies and correlated them with Wnal pathology.
They reported 33% of cases considered malignant on radio-
logical examination to be ultimately benign in renal biop-
sies and in 47% of patients in whom a benign pathology
was proven by biopsies, radical surgery was avoided. Simi-
larly, a recent report by Remzi et al. [16] declared only
17% of all benign lesions to be correctly identiWed as
benign at preoperative CT scans. Forty-three per cent of
these lesions were overtreated with a radical nephrectomy.

Is tumour size a predictor for biological behaviour?

In a study observing 287 SRMs, 24.6, 20.4, and 16.0% of
renal tumours with a size of ·2 cm, 2–3 cm, 3–4 cm were
reported to be benign, respectively. A correlation with
tumour size was not observed (P = 0.66). Additionally, there
was a dramatic increase in potential aggressive parameters
beyond a tumour diameter of 3 cm. It was also shown that

4.2, 5, and 25.5% of renal cell carcinomas (RCC) <=2 cm,
2.1–3 cm, and 3.1–4 cm in diameter respectively, had Fuhr-
man grade G3/4. Again 4.2, 14.9, 35.7% had advanced
stage (pT3a or higher) for the same categories, respectively
(P = 0.0023) [11]. Gill et al. observed 30% of the 100
lesions (mean diameter 2.8 cm) on which they performed
laparoscopic partial nephrectomy to be benign [17]. In their
study including 1208 SRMs, Klatte et al. observed a fre-
quency of benign lesions in the tumour size ranges 0.1–1.0,
1.1–2.0, and 2.1–3.0 to be 15, 14, and 14%, respectively.
They also observed a signiWcant decrease in the incidence
of benign lesions in tumours measuring 3.1–4.0 cm (8%,
P = .001) [18]. In a larger report from the Mayo clinic [19],
2935 solid renal tumours of all sizes treated over a 25-year
period were retrospectively examined, the results showed
46.3, 22.4, 22.0, and 19.9% of renal lesions <1, 2, 3, and
4 cm in size, respectively, to be benign. Therefore, tumour
size alone is not suYcient to distinguish between benign
and malignant tumour nature or between RCC with less
aggressive or more aggressive behaviour [18].

Role of biopsy

A recent review by Remzi et al. described why, in whom,
and how a renal tumour biopsy (RTB) should be performed
[8]. In recent years, the potential role of biopsy (renal core
and aspiration biopsy) for renal tumours has improved.
This is due to the fact that about 20% of SRMs are actually
benign [11–19]. In addition, accuracy and safety of renal
mass biopsy has improved substantially [8, 20–23]: False-
negative rates are low (about 1%; 10–15% are indetermi-
nate), symptomatic complications requiring interventions
occur in less than 2%, needle-tract seeding is exceedingly
rare and besides all, molecular analyses provide an
improved accuracy [8, 21]. Thus, renal tumour biopsies
gained popularity in patient counselling and clinical deci-
sion-making, but is only useful if the result will aVect
patient management, which also implies that all treatment
modalities are available. Limitations of renal tumour biop-
sies are multifocality, hybrid tumours [24], and cystic
tumours. Recommended uses for RTB in SRMs are (1) to
help in diVerentiating benign from malignant lesions; (2)
prior to or during ablative therapies; and (3) during follow-up
after ablative therapies, especially after RFA, for deWning
treatment success or failure.

Nephron-sparing surgery (NSS) and radical 
nephrectomy (RN)

NSS is the standard care for clinical T1a lesions today,
especially for the young and healthy. This is because
123



World J Urol (2010) 28:275–281 277
patients with SRMs who are treated with NSS exhibit simi-
lar recurrence-free (0–3%) and CSS rates when compared
to RN [7, 25–28]. However, RN is associated with an
increased risk of chronic kidney disease. Recent data
showed an association between chronic kidney disease and
cardiovascular morbidity and mortality [29, 30]. Thus, the
goal of today is to spare as much nephrons as possible.
Despite all, today, NSS even for SRMs is still underuti-
lized, i.e. in the USA for <20% [31] and in England for
<4% [32]. This is an emerging quality-of-care concern.

The choice between laparoscopic (L-NSS) or open
(O-NSS) NSS depends on surgeon’s skills as well as on
tumour features. The Wrst studies on L-NSS during its
learning curve disclosed higher morbidity rates. However,
the new studies from the hands of experienced surgeons
with shorter ischaemia times and lower complication rates
present better long-term oncologic and renal functional out-
comes, with decreased patient morbidity compared to open
NSS [33]. The largest series with more than 1800 patients
(771 L-NSS, 1029 O-NSS) showed signiWcant lower blood
loss (300 vs. 376 ml), operating time (201 vs. 266 min), and
duration of hospitalization (3.3 vs. 5.8 days) for the L-NSS
compared to O-NSS (P < 0.0001), with an equivalent
3-year survival rate of 99.3 and 99.2%, respectively. How-
ever, warm ischaemia time (30.7 vs. 20.1 min), post-opera-
tive complications (18.6 vs. 13.7%), and subsequent
procedures (6.9 vs. 3.5%) were signiWcantly higher in the
L-NSS group compared to O-NSS (P < 0.0001), regardless
of signiWcant smaller tumour size 2.6 vs. 3.3 cm and better
performance status of the patients in the L-NSS group [34].
Recently, also robotic-assisted laparoscopic NSS has been
added in the armamentarium for the treatment of SRMs
[35].

A recent meta-analysis [28] showed that the total major
urological complication rates for O-NSS were 6.3%, statis-
tically similar to L-NSS (9.0%), cryotherapy (4.9%) and
RFA (6.0%). The major non-urological complication and
re-intervention rates for O-NSS were only 2.2 and 1.6%,
respectively. Additionally, O-NSS had the longest follow-up
(mean 55.5 months, which was signiWcant longer than for
all other modalities (L-NSS, cryoablation, RFA and sur-
veillance) and the highest number of treated patients
(n = 5057) in literature.

Energy ablative therapies: cryoablation 
and radio-frequency ablation (RFA)

Prerequisites for the success of minimal invasive therapies
are as follows: (1) Comparable oncological outcomes to the
standard treatment of NSS (95–100% cancer-speciWc sur-
vival after 5–10 years, local recurrence rate 5% after
10 years), (2) lower morbidity compared to standard treat-

ment, and Wnally (3) excellent preservation of kidney
function.

Both procedures can be performed percutaneously or
laparoscopically. Cryoablation is mainly performed laparo-
scopically (75%) whereas RFA is mainly performed percu-
taneously (84%) [36]. Mean follow-up for cryoablation
(n = 463) was 19.5 months and for RFA (n = 528)
22.9 months [28]. Possible advantages of cryoablation and
RFA compared to laparoscopic or open NSS are (1) Lower
morbidity, (2) lower hospitalization time, (3) treatment
option for surgical unWt patients. Disadvantages are (1)
tumour remains in situ thus surgical radicality cannot be
assessed adequately; (2) deWnition of treatment success
(mainly lack of contrast enhancement) is not based on evi-
dence and reports showed in up to 47% viable tumour [37]
regardless of no contrast enhancement 6 months after RFA,
(3) close radiological follow-up with consecutive contrast-
enhanced investigations.

Patients treated with energy ablative techniques are sig-
niWcantly older (68 vs. 60 years, P < 0.001) and have
smaller tumours (2.6 vs. 3.1 cm, P < 0.001) than patients
treated with NSS [7, 28]. Patient selection is a main crite-
rion for the success of energy ablation, because RCC even
in a SRM can be dangerous and can cause mortality if left
un- or undertreated. Salvage therapies for advanced RCCs
are not curative.

Cryoablation

The main advantage of the laparoscopic approach is the
precise positioning of the cryoprobes and monitoring of the
evolving ice ball by ultrasound and direct visualization.
Moreover, adjacent organs can be mobilized away from the
ablation site.

Biopsy rates for cryoablation (80%) were signiW-
cantly higher than that for RFA [7]. A recent report
demonstrated excellent correlation between 6-month
post-ablative Wndings and subsequent percutaneous
biopsy of treated lesions. No lesion without enhance-
ment on post-treatment imaging revealed viable tumour
[37]. However, in most patients routine post-ablation
biopsies were not performed [7, 8, 28].

Oncological outcome

InsuYcient ablation, as deWned by the “Working Group on
Image-Guided Tumor Ablation” is the necessity of per-
forming more than one ablation to achieve radiological suc-
cess (no contrast enhancement), was 4.8% for cryoablation
and14.0% for RFA [38] This is not only due to the tech-
nique itself, but more likely due to the approach (percutane-
ously or laparoscopically). However, skipping seems to be
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an inherent problem of RFA [39]. Data on CSS should be
interpreted with high caution, because the deWnition of suc-
cess is unclear. Patient selection is always in favour of
energy ablation compared to NSS series (smaller tumour
size and older patients), and tumour entity is unknown or
benign in a signiWcant proportion.

Complication rates

The major urological complication rate for cryoablation
was 4.9%; this rate was similar to rates for RFA, OPN, and
ORN and signiWcantly lower than that for LPN. The most
common complication is haemorrhage mostly due to renal
fracture. Conversion rates for cryoablation (3.5%) were
similar to LPN rates (3.9%) but were nearly twice as high
as RFA rates (1.6%). Cryoablation was associated with
good renal function preservation in the absence of compli-
cations, but renal loss has been reported in the presence of
complications [28].

Laguna et al. evaluated the perioperative morbidity of
laparoscopic cryoablation in a European multicentre study
[40]. One hundred and forty-eight procedures in 144
patients with a median age of 70.5 year and median tumour
size of 2.6 cm (range: 1.0–5.6) showed a complication rate
of 15.5%. Most of the complications were Clavien grade 1
and 2, and grade 3 complications occurred in 4% of
cases.[41] Only one-third of the complications resulted
directly from cryoablation procedure. The presence of car-
diac conditions, female gender, and tumour size were inde-
pendent prognostic factors for the occurrence of a
perioperative negative outcome.

Radiofrequency ablation

The main advantage of RFA is that only one puncture of the
tumour is necessary and thus it can be done theoretically in
local anaesthesia and thus percutaneously, which has
clearly a lower morbidity than the laparoscopic approach
[7, 36].

Oncological outcome

Only 40–50% of SRMs treated with RFA had a pretreat-
ment biopsy [7, 28]. EYcacy outcomes for RFA are 85.2%
total and 87% local recurrence-free survival, as deWned by
the Working Group on Image-Guided Tumor Ablation if
more than one ablation is necessary to achieve radiological
success (no contrast enhancement) [38]. CSS and meta-
static recurrence-free survival after RFA did show favour-
able initial results. But the re-intervention rate is about 14%
[28]. However, many advocates of RFA would consider
salvage RFA as easy for incomplete ablation.

Weight et al. showed viable tumour on a routine 6-month
post-ablation biopsy in 47%, even in a non-enhancing
mass [37]. Raman et al. questioned the value of a 6-month
biopsy. They performed a 4 core biopsy after 1 year of
RFA in 20 non-enhancing tumours. None of these lesions
showed viable tumour [42]. Thus, the value and timing
of post-ablation biopsies are unclear.

Complication rates

RFA results in fewer conversions than other procedures
with the exception of OPN; however, patients may require
re-intervention more frequently than that in other treatment
options. Complications associated with RFA are similar to
those reported in other treatment modalities [28].

Comparison between partial nephrectomy, 
cryoablation and radio-frequency ablation

A recent meta-analyses [7] showed that despite shorter fol-
low-up, cryoablation (RR = 7.45) and RFA (RR = 18.23)
had a signiWcant higher risk of developing recurrence com-
pared to partial nephrectomy. However, CSS was very high
for all modalities.

In summary, energy ablative techniques are minimal
invasive but should be reserved for patients with a high sur-
gical risk. This also implies that the patients understand the
need for lifelong radiographic surveillance and possible
repeat biopsies after treatment. The patient has to be
informed that recurrences are seen frequently than that in
standard treatment options (NSS), and that surgical salvage
after treatment failures can be diYcult due to Wbrotic reac-
tion within the perinephric space and can be associated with
signiWcant complications and loss of the kidney [43].

Following problems are currently associated with energy
ablation: (1) no standard technique, (2) no clear indications
for patient selection, (3) lack of pretreatment biopsies, (4)
No clear deWnition of success, (5) no standardized follow-up
(with or without biopsy, when to perform biopsies).
(6) unclear salvage treatment in case of residual tumours.

Active surveillance

Active surveillance is a possible treatment option in elderly
patients with severe co-morbidities or in patients who are
not willing to undergo surgery. The current literature is
mostly based on small, retrospective studies with limited
data. Due to unpredictable nature of SRMs, patient recruit-
ment should be done very carefully. Excellent patient com-
pliance and close follow-up with enhanced imaging
techniques is essential. Kunkle et al. [7] showed that only
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about 40% of patients included in surveillance protocols
had a histological evaluation. Renal tumour biopsies are
recommended for a better understanding of tumour biology.
Benign lesion on renal tumour biopsy is an inclusion crite-
rion for active surveillance [9]. A tumour diameter less or
equal to 3–4 cm seems to be a better cut-oV point for
patient selection [8, 9, 44].

Beisland et al. showed a two-year tumour-speciWc sur-
vival in the cohort selected for observation to be 93.3%
compared with overall survival (OS) of only 65.9%. From
then on, CSS remained stable but 5 years of OS dropped to
42.8%. This study also included tumours larger than 4 cm,
which was a risk factor for tumour progression [44].
Recently, Abouassaly et al. reported their results on 110
elderly patients (median 81 years; range 76–95) under
active surveillance with an enhancing SRM (median
2.5 cm). Thirty-one percent of patients died from non-
RCC-related reasons during a median follow-up of
24 month [45]. In a meta-analysis by Chawla et al. [10],
234 SRM under surveillance were included. Mean lesion
size at presentation was 2.60 cm (median 2.48, ranging
from 1.73 to 4.08). Lesions were observed for a mean fol-
low-up of 34 months (median 32, ranging from 26 to 39 in
all series combined). The mean growth rate was 0.28 cm
per year (median 0.28, ranging from 0.09 to 0.86) and only
1% of the patients developed metastatic disease. In 46% of
the cases (131 out of 286), a pathological conWrmation was
available, which showed RCC in 92% (120 of 131). Among
RCC, a mean growth rate of 0.40 cm yearly (median 0.35,
ranging from 0.42 to 1.6) was observed. Lesion size at pre-
sentation did not correlate with growth rate (P = .46). This
is concordant with the current literature [7, 10, 44]. Simi-
larly in Kunkle et al’s report, the rate of RCC (83 vs. 89%)
in lesions with zero growth was not diVerent than those
with a signiWcant growth (0,31 cm/year) [7]. Serial radio-
graphic data alone were insuYcient to predict the true natu-
ral history of SRM, and patients’ concomitant diseases
should also be taken into consideration when deciding for
active surveillance. In literature there is also a report of a
SRM under active surveillance which exhibits a spontane-
ous partial regression, yet this remains to be a rare phenom-
enon [46]. At present, surveillance is still experimental and
inclusion of patients has to be highly selective. The optimal
protocol will result in 100% cancer-speciWc survival with
0% overall survival and no other complications from the
renal tumour during the follow-up period [47].

It seems to be clear that not all SRMs are good candi-
dates for surveillance. Benign tumours on renal tumour
biopsy should be good candidates, and so as less aggressive
RCCs [9]. Recently, the Molecular Loss of chromosome 9p
has been implicated in the progression of renal cell carci-
noma. Brunelli et al. showed the 5-year cancer-speciWc sur-
vival of patients without loss of chromosome 9p to be 88%

and to be 43% in those with loss of chromosome 9p
(P < 0.001).[48] Molecular detection of loss of chromo-
some 9p can give prognostic information when recruiting
patients for active surveillance. Waldert et al. showed that
hybrid RCCs containing parts of oncocytoma and chromo-
phobe RCCs might be candidates for surveillance [24].
Patient’s will to undergo regular CT or MRI scans and pos-
sible repeated biopsies (good compliance) is of utmost
necessity. Moreover, the patients have to be informed that
growth rates on further follow-up might be inadequate to
predict the aggressiveness of the tumour [7, 10].

Novel treatments

Numerous treatment modalities such as High-intensity
focused Ultrasound (HIFU) Radiosurgery (“Cyberknife”)
Microwave Thermotheraphy (MWT), Laser Interstitial
Thermal Therapy (LITT), Puls Cavitational Ultrosound
(PCU), Natural OriWce Translumenal Endoscopic Surgery
(NOTES) are emerging today. These modalities remain to
be experimental due to the lack of literature and experi-
ence regarding their outcomes. At present, most interest-
ing data are on HIFU: The extracorporeal approach for
HIFU ablation of SRMs had major problems. In a phase 2
study, 9 out of 14 SRMs treated with HIFU showed
shrinkage, but histopathological examination revealed
necrosis in only 15–35% [49]. Similarly in another study,
poor results were reported [50]. In a phase one study by
Klingler et al., laparoscopic intracorporal HIFU ablation
of SRMs has been investigated. Of the 10 patients, 3
showed viable tumour cells after treatment [51]. Cur-
rently, HIFU did not reach the safety for treatment of
SRM out of phase 1 or 2 studies, but might become an
option in the future if the technical diYculties are over-
come. NOTES as NSS has been proven to be technically
feasible but the current results are immature, with newly
emerging data it might in the future be added to the surgi-
cal armamentarium. Especially cryoablation seems to be a
very promising indication for NOTES [52, 53].

Conclusion

For all novel therapies without histological examination,
the term CSS should be used with caution. If no or only a
minority of patients had a histological examination, the
term tumour-speciWc survival would be appropriate. Excel-
lent and to NSS comparable CSS rates for all treatment
modalities in SRMs are reported in the literature, but fol-
low-up in energy ablative therapies and surveillance are too
short to make a conclusion. Today we know that not all
SRMs are destined to progress, metastasize, and threaten
the life of the patient and there is a rise in the incidence of
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SRMs especially in the elderly patients with co-morbidities.
Thus, minimal invasive therapies and surveillance are new
and attractive options to treat those patients. Patient selec-
tion is essential for good results when deciding for energy
ablative therapies or surveillance. A renal tumour biopsy to
understand the tumour biology and to better counsel further
follow-up is recommended. Patients have to be precisely
informed that recurrence rates after energy ablation are sig-
niWcantly higher compared to standard therapy. The percu-
taneous approach seems to be less safe than the
laparoscopic approach, which can explain higher re-inter-
vention and recurrence rates for RFA compared to cryoab-
lation. Surveillance strategies are still experimental
and should be reserved for the old and inWrm patient.
Standard of care for SRM is O-NSS and in experienced
hands Lap-NSS.

ConXict of interest statement None.
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