
  Transl Androl Urol 2021;10(6):2762-2786 | http://dx.doi.org/10.21037/tau-20-1295© Translational Andrology and Urology. All rights reserved.

Introduction

Low-risk kidney cancer, in the context of this review, is 
defined as either: clinical stage T1a renal cell carcinoma 
with a localised renal tumour ≤4 cm, or a kidney tumour 

suspected to be malignant based on imaging, of size ≤4 cm 

(also referred to as a small renal mass or SRM), or a Bosniak 

III or IV complex cyst (1). 

The understanding of the natural history, prognosis 
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and treatment outcomes for low-risk kidney cancer has 
improved with the use of retrospective and more recently, 
large, prospective observational studies, leading to recent 
changes in the guidelines on the management of these 
tumours. The most significant change in management 
has been the shift in emphasis to partial nephrectomy 
(PN) as the recommended surgical treatment for SRM in 
place of radical nephrectomy (RN), based on the evidence 
for non-inferior oncological outcomes and the potential 
benefit of preserving nephrons (2,3). In addition to the 
increased uptake of PN, there has been increasing interest 
in surveillance as an active management strategy for 
small renal masses, given the evidence for their natural 
history to be indolent, slow growing and of limited 
metastatic potential (4). Surveillance may also be of greater 
benefit to more elderly and comorbid patients who have 
competing risks for mortality, for which operative primary 
intervention (PI) may be considered overtreatment (5). 
Given the prominence of AS in the management of the 
SRM and the lack of consensus on the standards for AS, 
this review aims to summarise the most recent international 
guidelines pertaining to AS, and to compare the practice 
of AS worldwide within the last 2 decades by comparing 
studies with AS cohorts. The specific areas compared were 
the selection criteria and decision-making processes for 
choosing AS compared to surgical or ablative treatment, 
the role of renal mass biopsy (RMB), the strategy employed 
for surveillance and the outcomes of AS in terms of delayed 
intervention (DI) and survival. 

Search strategy

Understanding of contemporary worldwide practice was 
gained from a search of the guidelines from worldwide 
urological associations as well as a literature search for 
studies documenting AS cohorts. Urological associations 
listed on the Urological Worldwide Society Database 
(accessed from www.auanet.org/education/international-
societies) were searched for whether they had a published 
guideline accessible online. If a published guideline or 
recommendation from a regional urological association 
could be found, this was included as the example of practice 
for that region. 

A literature search of studies published in English, with 
full text available, in the period 2010 to June 2020 which 
provide evidence for contemporary practice was conducted. 
We searched the PubMed, Google Scholar and the Cochrane 
Library databases using the following medical subject 

heading terms ‘kidney neoplasms’, ‘localised’ or ‘small renal 
mass’, and ‘practice’, ‘with or without delayed intervention’ 
to identify all full text articles, in English, reporting on the 
observation of suspected low-risk renal cancers, with study 
periods from 2000 onwards. Cited references were searched 
and retrieved for potentially eligible publications containing 
cohorts of AS patients. All paediatric renal cancer, and 
studies which included greater than cT1 (>7 cm) tumours, 
were excluded. Study titles and abstracts were reviewed to 
identify all series that analysed management of localised renal 
tumours and discussed their natural history or outcomes of 
surveillance, with, or without comparison to other treatment. 
The following data was extracted from the studies: definition 
of low-risk kidney cancer, period of study, baseline and 
clinical characteristics of study population, patient selection 
criteria, surveillance protocol, proportion of patients who 
had RMB, triggers for delayed intervention, and clinical 
outcomes during follow-up. 

Findings

Search results of the international guidelines

The Urological Worldwide Society Database listed 
98 urological bodies (6). Separate European and USA 
organisations were not counted as these were represented by 
the European Association of Urology (EAU) and American 
Urological Society (AUA). Online published guidelines 
were available for 8 organisations: EAU (7), AUA (8),  
European Society for Medical Oncology (ESMO) (9), 
Canadian Urological Association (CUA) (10), Japanese 
Urological Association (JUA) (11), Taiwan Urological 
Association , Confederacion Americana de Urologia (CAU), 
Argentinian Urological Society (12) and the Saudi Urological  
Association (13). The guidelines for the region of Taiwan 
refers to the EAU guidelines, and the urological societies of 
the countries of South America represented by the CAU was 
the same as the AUA guidelines. Further recommendations 
for the Latin American Renal Cancer Group were found 
during the literature search (14). Therefore, 7 sets of 
guidelines were reviewed and recommendations regarding 
active surveillance are summarised in Table 1.

Summary of guidelines from urological associations

Results of the guidelines available on recommendations for 
AS and the worldwide practice of management of SRM and 
AS show many similarities, although this is skewed towards 
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guidelines and practice pertaining to North America and 
Europe. 

The EAU, ESMO and CUA relate to cT1a renal tumours, 
whereas the AUA emphasises a recommendation for AS in 
renal tumours less than 2 cm. In terms of patient selection, 
the EAU, AUA, ESMO and Latin American Renal Cancer 
group guidelines recommend AS for comorbid patients and 
elderly patients, with the rationale that primary intervention 
is likely to outweigh oncological benefit. No AS imaging 
protocol is specified in the EAU or ESMO guidelines, 
whereas the AUA, CUA and Latin American Renal Cancer 
group all have similar imaging protocols of more intensive 
imaging 3 to 6-monthly in the first year, with longer intervals 
thereafter. Only the AUA guidelines provide more specific 
definitions for progression as a trigger to treatment (more 
than 5 mm growth per year or to more than 3cm or change 
in clinical stage or patient factors). 

The recommendation for RMB vary between guidelines. 
The EAU, AUA, CUA and Saudi Urology Association 
guidelines recommend RMB before ablation treatment 
for SRM. For patients being considered for AS, RMB 
is recommended by the Latin American Renal Cancer 
group, and strongly recommended by the Saudi Urology 
Association guidelines, and recommended for select AS 
patients in the EAU and ESMO guidelines. The AUA and 
Argentinian Society of Urology guidelines also recommend 
RMB for suspected non-malignant lesions. 

Search results of studies pertaining to worldwide practice

We identified 181 unique citations; of these 144 were 
excluded after review of the abstract due to reasons of: not 
containing the population of interest, study period starting 
before 2000, review articles, commentaries or studies without 
relevant clinical data on both patient characteristics and 
outcomes. Full text screening was carried out in 37 articles, 
of which 21 were excluded, resulting in 16 included articles 
(of which 2 are conference abstracts) covering 13 different 
patient cohorts represented in 15 studies (15-30). Numerous 
studies have been published using the large United States 
datasets of DISSRM (Delayed Intervention and Surveillance 
for Small Renal Masses registry) (31-36), SEER (Surveillance, 
Epidemiology and End Results program) (37-41) and the 
National Cancer Database (42,43), of which, the most 
relevant articles for this review have been chosen. Regions 
represented were North America, United Kingdom, Israel, 
and South Korea. The DISSRM study data is represented 
twice in Table 2 to distinguish data available from the full text 

article published in 2015 (20) and the updated data published 
in a 2020 abstract (21). The Oxford study combines data 
from the 2012 published full text article  (which contained 
an AS cohort of 71 patients only) (23) and the 2020 updated 
abstract (which contained a cohort of 208 patients with SRM 
undergoing AS, PN or RN) (24). 

Studies pertaining to worldwide practice

Fifteen studies covering 13 different datasets are summarised 
in Table 2, of which the vast majority relate to North American 
practice. The University of Michigan published two separate 
studies using the same SRM database (15,26). The earlier study 
included all SRM and the later study included patients on AS 
only. Two articles relate to the DISSRM registry, one published 
in 2015 (20) and an updated abstract published in 2020 (21). 
The two studies published from Canada may represent some 
overlap of patient samples as some centres were used in 
both studies. The University of Toronto study (19) included  
82 patients with cT1 renal masses from 3 centres, whereas 
the RCC Consortium study included 178 patients with cT1a 
renal masses from 8 centres (22). Three studies [University of 
Michigan 2012 (15), Fox Chase Cancer Center (16), National 
Cancer Database (NCDB) (17)] looked at population trends 
and characteristics of patients on AS with no follow up data. Of 
the other 11 studies with follow up data, 7 studies [University 
of Toronto (19), Canada Renal Cell Carcinoma (RCC) 
Consortium (22), Haifa (25), University of Michigan 2016 (26), 
Pusan National University (27), Tayside (28), MD Anderson 
(30)] included AS patients only, and the remaining studies 
[Cleveland Clinic (18), DISSRM (20,21), Oxford (23), SEER 
(29)] included patients on SRM who underwent a variety of 
treatments including RN, PN and ablation. Most of the studies 
are retrospective analyses of prospectively entered databases 
of SRM or AS patients, with two studies of population 
databases using the SEER Medicare linked database (29) and 
the NCDB (17), both from USA. The only prospectively 
recruited clinical trial, which was non-comparative, was the 
Canada RCC Consortium study (22). Other prospectively 
enrolled AS cohorts were from the University of Toronto (19), 
Pusan National University (27), Tayside Urological Cancers 
Network (28), Texas MD Anderson Cancer Center (30) and 
the DISSRM registry (20,21). 

Trends in the management of SRM
Evidence of management trends of SRM over the last  
2 decades can be gained from analysis of patient databases 
from the United States. The NCDB study (17) showed that, 
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between 2004 and 2015, of the 75,691 patients found with 
cT1a renal mass, 8% were managed with AS. The SEER 
study (29) showed that 19.4% of the 10,218 patients with 
cT1a renal mass were managed with AS. 

The main findings from analysis of several studies using 
the NCDB and SEER data is that surgery is the mainstay 
of treatment for stage 1 kidney tumours, and PN uptake 
has increased dramatically in recent years in all age groups, 
except in the 90+ age group, with lower rates of increase in 
use of ablation and largely static uptake of AS, even in older 
age groups (17,39,42,44). 

Analysis of recorded renal cancers NCDB for the period 
1993 to 2007 showed the use of PN for stage 1 renal 
tumours increased from 6.3% to 32% (44), with a further 
increase in use of PN for T1a tumours to 57% by 2015 (17), 
with similar trends found from analysis of the SEER registry 
from 1998–2008 (39). Conversely, the use of AS for T1a 
tumours was stable between 2004 (7.3%) to 2015 (8.2%) 
across all age groups (17). Over this period, approximately 
10% of 70–79-year olds, and 30% of 80–89 year olds were 
managed with AS with no significant change in trend in use 
of AS over these years, in contrast to increasing rates of PN 
and ablation (17). This lag in growth of AS compared to 
PN and ablation in all age groups suggests that urologists 
were continuing to opt for primary intervention for SRM, 
and this may be resulting in an overtreatment of the SRM 
for those suitable for AS (17,45). This may also have 
been influenced by the increased uptake of robotic partial 
nephrectomy which has outpaced the adoption of AS for 
SRM (45). 

Patient selection into AS
Selection criteria for AS
An overview of important patient characteristics and 
selection criteria is detailed in Table 4. Only one DISSRM 
publication from 2015 is included in Table 4 to illustrate 
patient selection criteria for this study. The SEER study 
is not included as it contained no information on patient 
selection for AS. Information on how patients were selected 
for AS varied between studies depending on whether they 
included retrospective analyses of patient cohorts, or if 
the study had specific inclusion and exclusion criteria for 
enrolment into an AS protocol. Three prospective AS 
cohort studies [Canada (22), University of Toronto (19), MD 
Anderson (30)] had specific criteria or recommendations 
for eligibility for AS which were broadly in agreement. The 
selection criteria for patients to be managed with AS was 
most clearly defined in the prospective clinical trial from 
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the Canada RCC consortium study (22). Eligibility criteria 
included a T1aN0M0 renal mass on imaging, and the 
patient to have been deemed by their responsible physician 
to be unfit for surgery due to advanced age, comorbidity, 
or refusal of other treatment. Patients were ineligible if 
they had an estimated life expectancy of less than 2 years, 
had been diagnosed with a SRM more than 12 months 
before or were on concurrent systemic therapy for other 
malignancies. Each participant was also asked to undergo 
RMB, resulting in the study with the highest proportion of 
AS patients who have had RMB, although this was still only 
56%. 

The University of Toronto study (19) was a prospectively 
accrued cohort of AS patients which also had predefined 
selection criteria. The inclusion criteria for enrolment on 
this AS study was a renal mass ≤7 cm and that patients were 
deemed not to be surgical candidates because of advanced 
age, significant comorbidities, or patient refusal. RMB was 
not a requirement for inclusion and only 8.5% of patients 
had RMB. 

The MD Anderson study (30) was a prospective AS 
cohort which did not have strict eligibility criteria but 
stated that AS was recommended for elderly patients with 
significant comorbidities, or undergoing non-RCC related 
active cancer treatment, or for patients refusing surgery. 
Although the study from Haifa (25) was a retrospective 
analysis of AS patients, the institution had existing criteria 
for patient selection for AS which was: contrast enhancing 
renal mass of 4 cm or less, with risk factors for end-stage 
renal disease, multiple major comorbidities, and patient 
preference. 

The other 3 studies of  prospective AS cohorts  
[DISSRM (20), Pusan National University (27), Tayside (28)] 
were not as prescriptive in their inclusion criteria. Patients 
were eligible based on size of renal mass, and the availability 
of cross-sectional imaging. The DISSRM registry specified a 
solid enhancing renal mass ≤4 cm, whereas the Tayside cohort 
included both solid and cystic SRM ≤4 cm. The DISSRM 
registry (20) also specified exclusion criteria of patients with a 
personal history of RCC, familial RCC syndrome or suspicion 
of second malignancy metastatic to the kidney. In summary, 
these selection criteria appear to show an emphasis on patient 
characteristics and ineligibility for surgery rather than the risk 
profile of the tumour.
Clinical characteristics of patients on AS
Six studies included statistical analysis of comparison of the 
baseline characteristics between the AS group and either all 
SRM patients or a primary intervention (PI) group. Five of 

these studies were retrospective analyses of datasets of SRM 
patients [University of Michigan 2012 (15), Fox Chase 
Cancer Center (16), NCDB (17), Cleveland Clinic (18), 
Oxford (23)] and one study, the DISSRM registry (20), used 
prospective enrolment. 

The patients selected for AS appear to be more likely 
to have a greater number of comorbidities and a decreased 
performance status. However, the significance of older age, 
renal failure and smaller tumour size in the AS groups varied 
across the studies. The Fox Chase Cancer Center study (16) 
examined the clinical characteristics of cT1 renal masses for 
selection of treatment. Out of a total of 969 patients, 25.7% 
were managed with AS and these patients were found to be 
more likely to have Charlson Comorbidity Index (CCI) score 
of 1 to 2 (OR =2.2) or CCI ≥3 (OR =6.9), have a solitary 
kidney (OR =7.1) and bilateral disease (OR =7.6). Patients 
with chronic kidney disease (CKD) stage V disease, history 
of previous malignancy, increasing tumour size, and high 
nephrometry score complexity were less likely to undergo 
expectant management with RN, PN or ablation. Although 
the median age of those in the AS group was the highest 
at 71 years compared to 63 years in the RN group and  
59 years in the PN group, there was no statistically significant 
increased odds of older age being selected for AS compared 
to RN (OR =1.02).  

The University of Michigan study (15) found the 
differences between the AS group and treatment group 
were: ECOG performance status, tumour size and whether 
the lesion was more than 50% exophytic. Patients with an 
ECOG score <2 were more likely to undergo treatment, 
and those with an ECOG score ≥2 were more likely to 
undergo AS. There was no difference between the AS and 
treatment groups in clinical) characteristics of age, baseline 
renal function, CCI score, body mass index (BMI), or 
presence of a solitary kidney. A smaller tumour favoured 
AS, as did an entirely endophytic lesion on imaging. 

The DISSRM prospective registry (20) showed a marked 
difference in characteristics of patient age, tumour size and 
comorbidities between patients on AS and those who had PI. 
The AS patients were older, had worse performance status, 
increased total comorbidities and cardiovascular comorbidities, 
and more likely to have multiple, smaller or bilateral tumours 
compared to patients who initially chose PI. There was no 
significant different between AS and PI groups for BMI, prior 
surgery, or tumour complexity. Fewer patients (3.6%) in the PI 
group had RMB compared to the AS group (9.4%). 

In summary, the selection process or selection criteria 
for entry into AS showed similarities between studies. 
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There were no studies that described objective measures 
for patient characteristics such as an age or CCI threshold. 
The description of the selection criteria recommendations 
suggests much is left to the discretion of the clinical team to 
decide on their judgement of ‘advanced age’ or ‘significant 
comorbidities’ or to be unsuitable for surgery. No studies 
had RMB as a prerequisite to being managed with AS. 
Some of the more technical considerations such as patient 
BMI and previous surgery have not been shown to be 
significant, whereas patient comorbidity and life expectancy, 
using CCI as a prognostic indicator, do appear to have been 
a significant consideration in decision-making between the 
patient and the clinician for selection into AS. 

Surveillance strategy and indications for delayed 
intervention
Table 3 provides an overview of surveillance strategies used 
or predefined by the ten AS patient cohorts with follow-up 
included in this review. Although the SEER study (29) had 
follow-up for survival analysis, no information was available 
on surveillance strategy as this was a population study and 
therefore the SEER study is not included in Table 3. Six 
studies of prospective AS cohorts [University of Toronto (19),  
DISSRM (20), Canada (22), Haifa (25), Pusan National 
University (27), MD Anderson (30)] had a predefined study 
protocol or institutional protocol for AS surveillance. The 
Cleveland Clinic (18) study was retrospective and stated 
imaging was conducted 6-monthly, and the Oxford study had 
no institutional AS protocol, stating that imaging was usually 
every 3–6 months on surveillance. The Tayside study (28) 
also had no prospectively established protocol, with decisions 
made for SRM patients at multidisciplinary meetings (MDT), 
resulting in most patients receiving computed tomography 
(CT) surveillance. 
Modality and frequency of imaging surveillance
All ten AS patient cohorts included imaging surveillance 
with clinical visits as part of the surveillance strategy, with 
general agreement between studies on the modality and 
frequency of imaging. After baseline cross-axial imaging, all 
studies (except for the Cleveland Clinic) described imaging 
with either CT, magnetic resonance imaging (MRI) or 
ultrasound scan (USS). The Haifa study (25) recommends 
alternating cross-sectional imaging with USS in the second 
year. Where USS is one of the modalities, care is taken to 
recommend cross-sectional imaging if the USS showed 
growth, change in the qualitative appearance of the tumour 
or provided poor quality images in the Tayside (28) and 
DISSRM studies (20). 

Imaging frequency was broadly similar between studies, 
with a frequency of 3 to 6-monthly in the first 1 to 2 years, 
lengthening to 6-monthly or annually thereafter. 
Indications for delayed intervention
Six studies had set criteria for progression or indications 
for intervention, of which five studies [DISSRM (20), 
Canada (22), Haifa (25), Pusan National University (27), 
MD Anderson (30)] had pre-defined criteria, and one study 
[University of Michigan (15)] introduced progression 
criteria during the period of the study. The Oxford (23) 
and Tayside (28) studies had recommendations for offering 
treatment rather than predefined criteria. The Cleveland 
Clinic (18) and University of Toronto (19) studies did 
not provide definitions of progression or indications for 
intervention. 

The most commonly stated criteria for intervention, used 
in 4 studies [DISSRM, University of Michigan (15), Pusan 
National University (27), MD Anderson (30)], were growth 
of more than 0.5 cm/year or tumour size reaching >4 cm.  
Two studies [Oxford (23), Haifa (25)] included growth rate 
described as ‘rapid’ and ‘high’ rather than a defined rate. The 
Tayside study (28) did not include growth rate as a criterion. 
The Canada trial (22) used doubling of SRM volume in  
12 months or less rather than a measure of maximal axial 
diameter for growth rate. Five studies [DISSRM (20), 
Haifa (25), Pusan National University (27), Tayside (28), 
MD Anderson (30)] include patient or surgeon choice as an 
indication, with only the Canada trial (22) not specifying this 
as a criteria. Although the Oxford study does not mention 
patient choice as an indication for treatment, 4/14 patients 
who received DI were due to patient choice.
Rate of delayed Intervention
Nine studies [University of Toronto (19), DISSRM 
(20,21), Canada (22), Oxford (23), Haifa (25), University of 
Michigan (15), Tayside (28), Pusan National University (27),  
MD Anderson (30)] reported the rate of delayed intervention 
(DI) which varied between 5% to 24% and this is likely to 
be due to a variety of reasons The lowest DI rate of 5% in 
the Canada RCC Consortium study (22) may be due to the 
fact this was a trial with predefined criteria for intervention, 
and therefore patient preference was less likely to initiate 
DI. However, the true DI rate of the Canada study is higher, 
due to 16 patients who withdrew from the study also going 
onto to have treatment for their SRM. In total 33 out of the 
original 178 patients enrolled in the study withdrew due to 
patient or clinician preference. The cases of DI in the Haifa 
(25) and Pusan National University (27) studies were also all 
due to progression of the SRM. Five other studies [University 
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of Toronto (19), DISSRM (20), Oxford (23), University 
of Michigan 2016 (15), MD Anderson (30)] stated patient 
preference as a reason for DI, with proportions of DI due 
to patient preference varying from 11% to 71%. The MD 
Anderson study (30) also found that patient choice was the 
most common reason for DI within the first two years of AS, 
whereas increasing size was the most common reason after  
2 years of AS. Increase in size or meeting progression criteria 
as the reason for DI varied from 29% to 100% of DI cases. All 
studies in Table 3 had a similar median follow up time of around 
2–3 years, except for the Oxford study which had updated 
data at 9.4 years median follow up and the MD Anderson 
study which had a slightly longer median follow-up period of  
4.8 years. There appears to be no relationship between length 
of follow-up and DI rate, to suggest that a longer follow up 
period will result in increasing numbers of patients receiving 
treatment. No firm conclusions can be drawn on the reasons 
behind the variation in DI rates across the studies but is 
likely to be due to the different selection criteria, time period 
covered by the study, surveillance strategies and criteria set 
for intervention as well as unmeasured factors of the regional 
differences in practice and preferences of the physicians.

Discussion

There have been several studies investigating the outcomes 
of AS for low-risk kidney cancer and multiple narrative 
(5,47-50) and systematic reviews (51,52) conducted on the 
clinical characteristics of patients with SRM and on AS, 
the natural history of SRM and the outcomes of AS. This 
review of contemporary practice of AS in the last 2 decades 
has found that most of the evidence regarding worldwide 
practice of AS is from North American cohorts and that large 
similarities can be found between studies in terms of patient 
selection and surveillance strategy for AS management. 
However, the practice of AS, as described in the studies 
included in this review, appears to rest on a handful of 
general principles, with plenty of room for interpretation 
left to the clinicians and also a strong emphasis on patient 
preference. More nuanced and evidence-based strategies for 
patient selection and surveillance have not been employed. 
Important information on the natural history of the SRM, 
the method of diagnosis and risk stratification of the SRM 
and the optimal surveillance strategy is still lacking to be 
able to aid informed decision making for choosing AS. The 
pertinent questions related to AS from diagnosis to decision 
for delayed intervention is discussed below. 

Patient and tumour selection for active surveillance

Competing risk of mortality from other causes
Patient factors are increasingly relevant to consider when 
choosing a management option for SRM as the age group 
with the largest rate of increase of diagnosis of kidney cancer 
is 70–90 years (4). Significant patient factors identified 
from the studies in this review include age, comorbidities 
including concurrent other cancers, risk of morbidity and 
mortality from surgical intervention, and risk of worsening 
pre-existing renal failure or cardiovascular disease. Analysis 
of older patients (over 75 years) in population-based studies 
comparing the oncological outcomes of surgery (either PN 
or RN or ablation) to non-surgical management (either 
AS or watchful waiting), showed no significant benefit in 
cancer-specific mortality for surgical treatment (37). 

In the elderly and those with significant comorbidities, 
there is the concept of ‘competing risk’ of other causes of 
mortality which are higher than the risk of renal cell cancer-
specific mortality from the SRM (1,18,50,53). A review of AS 
for SRM specifically in the elderly (aged ≥70 years), showed 
an overall mortality of 15–51% across 17 retrospective 
studies, during up to 91 months of follow up on AS, with 
minimal (0–5%) cancer-specific mortality or progression to 
metastases, regardless of type of primary intervention or on 
AS (50). Using the SEER database, modelling for mortality 
risk reveals that, in a 75 year old Caucasian male with a 4 cm 
renal tumour, the risk of mortality would be 5% from renal 
cancer, 4.5% from other cancer, and 14% from a non-cancer 
related cause (38). 

Age as a patient factor
The guidelines and trends in management of SRM suggest 
that patient age is a major factor in the likelihood of being 
managed with AS. The DISSRM registry showed that 40% 
of patients initially chose AS, with the AS group being 
significantly older than the primary intervention group 
(median age 71 vs. 62 years old) (20). Although no age 
thresholds are mentioned in the international guidelines, 
the modelling suggests those over 70–75 years receive 
less oncological benefit from primary intervention for 
SRM due to competing risks for mortality (37,38,50,53). 
However, of the older patients managed with SRM, the 
proportion who were managed with AS is in the minority 
for most age groups, with approximately 10% of those 
aged 70–79 years on AS, rising to approximately 30% in 
80–89 year, and AS not chosen in the majority (>70%) 
until the 90+ age group (17). 
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The mean age of AS patients for the studies in this 
review ranged from 63 to 81 years, with the average across 
studies of 70 years (Table 4). This is compared with the age 
range for all patients with SRM or those who had PI which 
was 60 to 79 years, with an average age across studies of 
64 years. Three studies (17,20,21,23), found that patients 
selected for AS were significantly older than those receiving 
PI, whereas age was not associated with use of AS in three 
other studies (15,16,18). Of the studies with predefined 
recommendations for AS selection, only one [Haifa (25)] 
does not mention age as a factor. 

Risk of primary operative management
Although age is the strongest predictor of risk of death from 
non-cancer related causes, within the context of risk from 
operative management, it is not clear whether elderly patients 
have worse outcomes from nephrectomy than younger 
patients. There is evidence that PN has a higher rate of 
postoperative complications than RN (54) which may increase 
the risk of surgery for elderly patients. But there is also 
evidence to suggest that older patients (more than 70 years  
vs. those under 70 years) have no significantly increased 
complication rate after robotic PN (55), and that older 
patients may still benefit from PN rather than RN despite 
a higher reported complication rate overall for PN (56).  
However, this evidence is from a select, much smaller 
population of elderly patients undergoing PN compared 
to the younger cohort. Age alone should not preclude a 
patient from the option of PN for a SRM but given the low-
risk overall of cancer-specific mortality from SRM for these 
patients, surgery may not be of overall benefit to the patient. 

Two studies (19,22) in this review included ‘unfit for 
surgery’ as a selection criteria for AS, of which, the criteria 
in one of these studies (22) states ‘advanced age’ as a reason 
a patient may not be a surgical candidate. It could be argued 
that patients who, at baseline, are not surgical candidates 
should be placed on ‘watchful waiting’ which is not the same 
management as AS. Watchful waiting can be used for patients 
who are not suitable for any active treatment, with no need for 
imaging surveillance, and intervention would be triggered by 
clinical symptoms with the aim of palliation. Active surveillance 
is a deferred treatment option, where delayed intervention 
is triggered by progression evident on surveillance, with a 
curative aim. It is therefore not clear whether some of the 
patients in these AS cohorts were, in reality, on watchful 
waiting rather than AS, and brings into question the value of 
having ‘unfit’ for surgery as a criterion for AS. This may also 
depend on the use of thermal ablation as a non-surgical option 

for DI, which may widen the selection criteria for management 
with AS.

Renal function
Aside from elderly patients, those with, or at risk of, 
progression to end stage renal failure after nephrectomy 
should receive special consideration when balancing risk 
of immediate versus delayed intervention. Only one study 
[Haifa (25)] in this review specifically mentioned risk 
factors for end-stage renal disease as an inclusion criteria 
for AS. No studies in Table 4 that compared baseline renal 
function between AS and PI groups reported a statistically 
significant difference. Radical or partial nephrectomy does 
reduce kidney function but usually not to a significant 
extent to lead to end stage renal failure, due to the ability 
of the kidney to hypertrophy and compensate for nephron 
loss (57,58). Recovery of renal function to baseline has 
been shown in 45% of patients two years after radical 
nephrectomy (59). 

Even for patients who go on to have CKD after surgery, 
the outcomes are better than for those with medically 
induced CKD, where there are often persistent underlying 
causes such as hypertension and diabetes (57). Therefore, 
the consideration of risk in these patients should not 
primarily be focused on the loss of nephrons versus the 
risk of cancer. For those patients with SRM and pre-
existing late-stage CKD, the competing mortality risk of 
cardiovascular disease, which is the main driver of mortality 
in late stage CKD, is the more significant factor and must 
be balanced against any potential oncological benefit. 
As the estimated glomerular filtration rate decreases 
to <30 mL/min/1.73 m², death due to cardiovascular 
disease will outpace death due to malignancy by a factor  
of 2:1 (57).

Clinician factors
Reasons behind patient and clinician choice of AS versus 
primary intervention may also include clinician factors. This 
is important to understand how clinicians make decisions 
on patient selection for AS given that the current guidelines 
and evidence for practice of AS allows for clinicians to 
use their own interpretation of whether patients meet the 
inclusion criteria for comorbidity and suitability for surgery. 
A survey of urologists shows that 34% would choose PN 
or RN for a patient with SRM in their 80s, decreasing to 
16% if the patient also had significant comorbidities (60). 
Of those urologists who chose PN or RN for these cases, 
they themselves were more likely to be >65 years, practicing 
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in a non-academic setting, and without oncology fellowship 
training, and stated that they did not consider patient 
age one of the 3 most important considerations in their 
decision making process (60). These trends for uptake of 
AS for SRM may change with the more recent 2017 AUA 
guidelines and EAU guidelines making specific mention of 
recommendations for AS (1,8).

Role of renal mass biopsy

The use of renal mass biopsy is low across the studies 
included in this review and suggests, in practice, RMB is 
not a routine diagnostic procedure before consideration 
of AS. Table 2 shows the rate of RMB for patients with 
SRM varies from 2.3% to 56%. Even for patients enrolled 
in a clinical trial for AS [Canada RCC Consortium (22)] 
where every participant was offered RMB, only 56% had 
RMB. The role of RMB may be particularly useful for a 
select group of patients considering AS and is mentioned 
in several of the guidelines. The low uptake of RMB may 
also be related to traditional concerns regarding its safety, 
validity, non-diagnostic rate and risk of seeding, issues 
which have largely been shown to be not as significant 
as previously thought in a 2016 systematic review and 
meta-analysis (61). This showed across 57 studies and 
5,228 patients who had RMB for renal tumours (of which  
7 studies included SRM only), there was a median diagnostic 
rate of 92%, with sensitivity of 99% and specificity of 99% 
for renal core biopsies. There was an overall complication 
rate of 8.1% of which, only three cases had a complication of 
Clavien-Dindo grade ≥2 (61).

Of the studies included in Table 2, non-diagnostic rates 
for RMB in these SRM cohorts are reported to be between 
19–33%, with benign findings in 12–40% of cases, and 
malignancy found in 28–80% of cases (20,22,31,52). Given 
that growth rate has been shown to be similar between 
benign and malignant lesions, and imaging is not reliable 
in distinguishing between pathologically aggressive and 
low-risk tumours, a finding of benign histology is likely to 
avoid overtreatment of SRM on AS and perhaps reduce the 
intensity of follow-up on AS (62). Even for a biopsy finding 
of oncocytoma, observation has been shown to be safe after 
mid-term follow up as a significant number of oncocytomas 
will show zero or minimal growth (63). 

For those with a finding of malignant histology on RMB, 
given the slow growth rate, low metastatic potential, and 
competing risks for mortality in certain patients, AS is still 
a safe choice and can reduce overtreatment in malignant 

SRM. In a prospective study of SRM with biopsy proven 
RCC on AS, the majority showed growth on AS (59%) but 
27% showed a decrease in the size and the rest remained 
unchanged in size (22).

RMB may also reveal malignant tumours with more 
favourable histology (such as low grade clear cell RCC, type 
1 papillary and chromophobe types) versus more aggressive 
histology with high grade RCC, which may influence the 
decision for DI on AS (64). However, there has been found 
to only be a fair to good level of agreement between biopsy 
and surgical pathology for tumour subtype (κ =0.68) and 
Fuhrman grade (κ =0.34) (61). Using RMB to identify high-
grade or sarcomatoid RCC with a worse prognosis before AS 
is not reliable and may still not impact overall survival (20).

Therefore, it is not clear whether the additional information 
gained from initial RMB benefits the management of AS 
patients in terms of avoiding overtreatment and triggering 
appropriate DI (65). In a prospective database of 118 patients, 
51 patients had RMB, of which 35% were malignant, 37% 
benign and 28% non-diagnostic (26). For those who went onto 
to have DI, compared to those on AS who did not proceed 
to intervention, the rate of initial RMB was the same, as was 
the proportion of RMB which were malignant (26). The risk 
for DI was shown to be mainly influenced by growth rate and 
initial size of tumour rather than the results of initial renal 
biopsy (26). This mirrors the finding of reasons for delayed 
intervention from two AS studies included in this review and 
other studies, with patient and clinician choice being the major 
decider rather than progression on imaging (4,20,30,31). 

It may be that RMB is of greater utility after a period of 
AS if the tumour is showing significant growth. If the RMB 
reveals a benign or good prognosis malignant tumour this 
may sway the decision to continue AS rather than proceed 
to delayed intervention, especially in those patients with 
a high, rather than intermediate, risk of competing risk 
for mortality (20,65). Initial RMB before AS has also been 
shown to be associated with greater psychological distress in 
the over 70 age group if the result of RMB shows malignant 
histology, which may be counterproductive to effective 
AS management given the overall low metastatic risk of 
malignant SRM (66).

Surveillance strategy and indications for delayed 
intervention

Evidence for the growth rate of the SRM
Surveillance strategy currently relies on measuring the 
growth kinetics of the SRM but this has been shown to 
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be an unreliable prognosticator of metastatic potential. 
The evidence from retrospective and prospective data  
suggests that SRM show growth of approximately 0.10 to 
0.30 cm per year, with 10–20% showing a zero growth rate 
(4,20,22,31,52,67,68). Unhelpfully, the growth rate between 
malignant vs. benign SRM does not seem to differ, and 
initial tumour size is also not predictive of growth rate (4,68). 
The rate of metastases of SRM on AS has been recorded 
to be between 0.4–2% (4,20). However, the proportion 
of SRM on AS having had a renal mass biopsy (RMB) is 
variable, and therefore there exists contamination of the 
active surveillance data with benign lesions. Where biopsy 
has been performed or subsequent pathology is available 
from delayed intervention there is still a significant number 
of benign lesions being treated, with 41–88% of treated 
SRM having been found to be malignant, 12–18% benign, 
and 19–33% were non-diagnostic (4,20,22,31,52). 

Indications for delayed intervention
Few guidelines specify an imaging surveillance protocol, 
although studies of AS cohorts have shown similarities in their 
use of surveillance imaging and thresholds for intervention. 
However, rates of DI seem variable despite similar definitions 
for progression based on tumour size and growth rate. 
Even for the patients on AS in the DISSRM registry, with 
predefined criteria for progression, over half of the patients 
who underwent delayed intervention had no evidence of 
clinical progression (31). However, it is worth noting that of 
the 21 AS patients who crossed over to DI in the DISSRM 
2015 study, the rate of RCC on final histology was 67% in 
the patient preference group (with 2 high grade tumours), 
and 83% in the group meeting DI criteria (with 1 high 
grade tumour) (20). This further emphasizes that the current 
indications for DI could be improved. In the Smaldone et al. 
(2012) systematic review of retrospective AS cohorts for SRM, 
45.4% (129/284) of SRM underwent delayed intervention 
at a mean of 30.5±21.8 months (4). Of the 85/129 reasons 
given for delayed intervention, patient preference was given in 
57% of cases and tumour growth in 36%. The masses which 
underwent delayed intervention also had a significantly higher 
linear growth rate of 0.38 vs. 0.24 cm/year, although initial 
tumour diameter was similar between continued surveillance 
and DI groups (4). Of the prospective cohort studies in 
this systematic review, triggers for DI included tumour size  
>4 cm, increasing tumour complexity on imaging, symptoms, 
infiltrative appearance, patient preference, and interval growth 
of more than 0.5 cm per year (4,48).

The finding of a significant proportion of cases of DI 

being due to patient choice across the studies included 
in this review should prompt further investigation of 
how patients are counselled during AS. The potential for 
psychological distress and anxiety of patients should also 
be considered for patients on AS and as a factor for why 
patients may choose to stop AS. Although the DISSRM 
registry suggested no difference in the mental component 
score of the SF-12 questionnaire between the AS and PI 
groups, patients who have ‘illness uncertainty’ have been 
shown to have worse physical and psychosocial quality of 
life scores (32). Another study of patients under 70 years 
on AS found greater psychological distress for AS patients 
compared to surgery/ablation patients, and a biopsy-proven 
malignancy was also a risk factor for greater psychological 
distress on AS (66). 
Imaging surveillance protocols
Specific imaging protocols for surveillance of a SRM on 
AS do not have a strong evidence base. The use of CT vs. 
MRI vs. US is also a balance of radiation risk versus the 
ability to accurately measure maximal tumour diameter and 
characterise enhancement in Hounsfield units. US and MRI 
may be preferred to reduce radiation dose and in those with 
poor renal function, but CT is preferential for Hounsfield 
unit enhancement characterisation (69). Serial measurement 
of maximal tumour diameter should ideally be done with 
a consistent imaging modality regardless of which one 
is chosen. Although tumour volume should give a better 
indicator of growth, the low inter-observer variability 
and margin of error shown with measurement of maximal 
tumour diameter suggests this is still the preferred way to 
monitor tumour growth (69).

Increased use of RMB before and during AS may 
improve understanding of when best to trigger delayed 
intervention, as well as imaging biomarkers to indicate 
tumour progression. Currently, tumour size and growth 
kinetics are the mainstay of imaging surveillance, but with 
no standardised approach. This may contribute to a lesser 
degree of confidence for both the clinician and patient when 
considering AS for SRM.

The future of AS for low-risk kidney cancer

AS for low-risk kidney cancer has been adopted into 
international guideline recommendations, and population 
data from the USA shows large numbers of patients are 
being managed with AS. However, evidence is still needed 
on diagnosis and risk stratification of the SRM in order to 
understand the risk of progression for patients entering AS 
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and the impact of surveillance strategies. Initial tumour size 
and tumour growth rate have been shown to be unreliable 
predictors of malignant and aggressive disease. 

Further evidence on the management of SRM and AS 
surveillance is needed from prospective trials with standardised 
protocols for patient selection and follow-up, and standardised 
reporting of clinical outcomes. Further evidence is awaited 
from five registered trials are currently collecting data for AS 
management of SRM, three in North America and two in 
Europe (47). The European Active Surveillance of Renal Cell 
Carcinoma (EASE RCC) study (47) is currently open and 
aims to recruit 400 patients across Europe with SRM with 
the primary objective to assess the survival of patients who are 
diagnosed with incidental SRM managed with AS. Crucially, 
this trial requires histological confirmation with RMB and aims 
to identify the clinical and pathological factors of growth rate 
and progression for SRM. The increased use of RMB in AS 
trials should reduce the number of patients included who do not 
have histologically proven kidney cancer.

Research priorities identified as part of a renal cancer 
modified Delphi consensus statement for low-risk kidney 
cancer include: improving the diagnosis and characterisation 
of incidentally detected SRM; developing an evidence-based 
active surveillance protocol based on the natural history of 
the SRM and the impact of different imaging protocols; and 
developing effective immunohistochemical biomarkers for 
kidney biopsy samples that can provide better diagnostic 
and prognostic information (70).

Characterisation of SRM using imaging
In terms of improving diagnosis and characterisation of the 
SRM, current methods rely on cross-sectional imaging and 
use of RMB. Renal tumours are difficult to characterise given 
the high degree of heterogeneity of renal tumour biology. 
Cross-sectional imaging has utility in distinguishing cystic 
versus solid RCCs and angiomyolipomas (AML). Cystic 
RCCs show a more indolent course regardless of size and 
Bosniak category and, although lipid-poor AMLs may be 
hard to distinguish from clear cell RCC, the vast majority of 
sporadic AMLs also demonstrate a negligible growth rate (48).  
Further discrimination of histological subtype, between 
clear cell RCC, oncocytoma, papillary and chromophobe 
RCC using CT and MRI is limited and not reliable enough 
to impact on clinical decision making (69). Novel imaging 
methods being investigated include 99mTc-sestamibi single-
photon emission CT (SPECT/CT) and prostate-specific 
membrane antigen-targeted (PSMA) PET/CT to differentiate 
benign oncocytomas from RCC which may further improve 

risk stratification of SRM for primary intervention versus  
AS (48). A study of preoperative imaging with 99mTc-sestamibi 
SPECT/CT of 50 T1 renal masses showed that SPECT/
CT was able to currently identify 5/6 of oncocytomas and  
2/2 hybrid oncocytic/chromophobe tumours with a sensitivity 
of 87.5% and specificity of 95.2% (71). 

Tissue biomarkers
As the role of RMB increases for the diagnosis of SRM, 
development of more reliable and readily available 
immunohistochemical and molecular tissue biomarkers 
that may be applied to biopsy samples will help improve 
the diagnostic, predictive and prognostic utility of 
RMB (70). The aims of a tissue biomarker would be 
to aid histological diagnosis, detect markers associated 
with aggressive disease and be able to diagnose benign 
tumours (47). In particular, distinguishing between 
benign and malignant oncocytomas remains a challenge. 
Chromophobe RCC is histologically and morphologically 
similar to benign renal oncocytomas, and molecular 
biomarkers which can be applied to RMB are being 
developed to aid diagnosis. It has been found that 
oncocytomas have more extensive overall abnormal DNA 
methylation compared to chromophobe RCC. Using 
DNA methylation patterns, a molecular biomarker based 
on a signature of differentially methylated cystosine-
phosphate-guanine sites (CpGs) has been developed which 
can distinguish oncocytoma from chromophobe RCC with 
85% to 96% accuracy (46,72). Another novel method is 
‘optical biopsy’ which uses optical coherence tomography 
via a needle probe to image a renal tumour, allowing the 
analysis of tissue specific optical properties. Cancer tissue 
has different light scattering properties to normal tissue 
and different renal cancer subtypes have been shown to 
have different optical properties with this technique (71). 

Conclusion

Evidence for the safety and strategy of AS has grown with 
increasing data from retrospective, and more recently, 
long term data from large prospective AS cohorts. The 
10-year update from the DISSRM registry includes 
437 AS patients, the largest prospective AS cohort to 
date. Further data is awaited from ongoing prospective 
trials of AS to gain better understanding of the natural 
history of AS, the survival of AS patients, the clinical and 
pathological factors affecting growth and progression of 
AS and the optimal AS surveillance strategy. This review 
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shows that AS is being applied in a variety of centres 
worldwide and that key areas of patient selection criteria 
and surveillance strategy have large similarities. However, 
the rate of renal mass biopsy and of delayed intervention 
varies significantly between studies, suggesting the process 
of diagnosing malignant SRM and decision making whilst 
on AS are varying in practice. Increased confidence with 
diagnosis and management of SRM on AS will depend on 
answering the key research questions of diagnosing the 
high risk malignant SRM and understanding the factors 
for progression. 
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