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BACKGROUND: The role of active surveillance (AS) has been recognized as a management strategy for localized small
renal masses (SRMs). The EAU guidelines suggest AS can be offered to frail and/or comorbid patients diagnosed with
SRM due to the low cancer-specific-mortality (CSM) and higher competing-cause mortality. As specific cut-offs defining
the characteristics of frail and comorbid patients who may benefit from AS remain less clear, our objective is to conduct a
systematic review aiming to identify potential characteristics that could assist physicians in shared decision-making.
METHODS: The systematic literature review was conducted following the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses statement. Two authors independently screened the literature according to the PICOs criteria previously
outlined in our registered review protocol (via Pubmed, Embase, and the Cochrane Central Register of Controlled Trials),
extracted data, and assessed the risk of bias, using Newcastle-Ottawa Scale. Studies that analyzed differences in patient’s
tumor-related and molecular characteristics associated with any differences in growth rate (GR), overall survival (OS),
cancer-specific survival (CSS), and metastasis-free survival (MFS), were considered eligible.
RESULTS: Nineteen studies comprising a total of 5105 patients were analyzed. Patient-specific factors such as age and
cardiovascular index, which demonstrated a predominant impact on OS, exhibited a high degree of consistency across the
analyzed studies. Less concordance was found when exploring GR, with the main predictors being ethnicity, age, sex,
comorbidity, symptoms, and eGFR. The analysis of tumor-related characteristics, such as tumor size, nephrometry score,
and mass histology, among others, yielded contradictory outcomes concerning their impact on GR and CSS.
CONCLUSION: Age, cardiovascular index, and chronic kidney disease have shown to be reliable predictors of OS.
Nonetheless, significant debates persist regarding tumor characteristics or molecular markers that may influence survival
and GR.
Further research is awaited to shed light on the potential to identify prognostic factors. This would aid in pinpointing the
subgroup of patients who could experience additional benefits from AS, potentially leading to a reduced risk of progression.
It is imperative to standardize approaches to AS and reporting of results, as this will be pivotal for future quantitative analyses.
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INTRODUCTION

Small renal masses (SRMs) are defined as local-
ized renal tumors with a maximal diameter of ≤ 4 cm
[1] and up to 40% are benign [2, 3]. Moreover, a con-
siderable amount of malignant SRMs have indolent
behavior with a low risk of metastatic progression [4,
5]. Nevertheless, metastases have been reported to
occur in 0–2% of patients with SRMs during surveil-
lance [6, 7], and the challenge is in successful patient
selection.

Active surveillance (AS) has gained traction in
clinical practice in recent years. It is currently con-
sidered a safe option for managing SRM in terms of
cancer-specific survival (CSS) and cost-effectiveness
[8–10] in selected cases. This strategy can safely
reduce the number of unnecessary interventions [11,
12].

Identifying patient and tumor-related character-
istics that can predict metastatic progression is
paramount. The guidelines of the American Urologi-
cal Association (AUA) and the European Association
of Urology (EAU) recommend AS in selected
patients. These include elderly patients, those with
reduced life expectancy, individuals not fit for
surgery, and patients with SRMs exhibiting specific
radiologic characteristics such as non-infiltrative, low

complexity, or predominantly cystic features [13, 14].
Despite including AS as a safe strategy in the

guidelines, no unique and validated protocol has been
proposed, and uncertainty about survival outcomes
still exists, as it demonstrated that even SRMs have
metastatic potential [15, 16]. To address this, we con-
ducted this systematic review to analyze the existing
literature that examined tumor and patient-related
characteristics, assessing the statistical correlation
with survival outcomes or growth rate, as the latter
demonstrated to be correlated with survival outcomes
[17].

METHODS

Data sources and searches

After obtaining registration of review protocol on
PROSPERO (ID: CRD42023471417), we searched
PubMed, Embase, and the Cochrane Central Reg-
ister of Controlled Trials from January 1, 1997
through July 1, 2023. The start date of the search
was selected as the year cT1a tumor was defined
according to the Union for International Cancer Con-
trol (UICC)/American Joint Committee on Cancer
(AJCC) TNM scheme as a renal mass with a maximal
diameter ≤ 4 cm.
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The systematic review was conducted according
to the principles highlighted by the EAU Guide-
lines Office and the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
statement [18, 19]. Searches were not restricted by
language. We screened the databases using medical
subject headings (MeSH) and free-text protocols.

The search terms used for the different databases
are specified in the Supplementary material, Table 1.
We manually searched the bibliographies of the
included studies and previous reviews related to the
topic to identify additional eligible articles.

Inclusion and exclusion criteria

A specific population (P), intervention (I), com-
parator (C), outcome (O), and study design (S)
(PICOS) framework was specified to assess study eli-
gibility. The following framework was applied: (P):
Newly diagnosed adults with solid or cystic renal
masses with a solid component ≤ 4 cm, (I) AS with
monitoring of the tumor and metastasis by CT scan
or MRI or CEUS (possible variations in protocols
may arise due to the current lack of validation for
different approaches), with or without delayed inter-
vention; (C) Comparisons were made among various
groups: patients who developed metastasis, patients
who passed away during the follow-up period (due to
both cancer-related and unrelated causes), patients
exhibiting a rapid growth rate (with the definition
of a slow growth rate varies depending on the spe-
cific studies), and patients who did not experience
progression throughout the follow-up period of the
studies; (O) Outcomes: metastasis-free rate, growth
rate, overall survival, cancer-specific survival; (S)
type of study: controlled studies (randomized con-
trolled trials, non-randomized controlled trials, and
comparative cohort studies) and uncontrolled studies
(single cohort studies): Data from uncontrolled stud-
ies that addressed active surveillance are described
in the report. Excluded all the studies including only
specific groups of patients: patients diagnosed with
syndromes related to RCC, as well as studies focus-
ing exclusively on patients with benign renal masses
such as oncocytoma, oncocytic neoplasms, angiomy-
olipoma, or cystic masses, were not included in the
study. Moreover, thesis, case reports, and disserta-
tions were excluded.

Study selection, data extraction, and quality
assessment

Articles were screened by two authors (A.D.
and C.M.), who determined eligibility based

on the abovementioned criteria. Records were
reviewed using Rayyan software (available at
https://rayyan.qcri.org/reviews).

After an initial selection of articles, studies that
did not meet the criteria specified by PICOS were
excluded. The two authors retrieved full paper arti-
cles and thoroughly assessed them for eligibility.
In case of any disagreements, a consensus was
reached through discussion. Ultimately, 19 articles
were suitable for the final analysis (Fig. 1). The
Newcastle-Ottawa Scale was used to assess the risk
of bias (Supplementary Material, Table 2 and Table 3)
[20].

A single investigator reviewed each study to
extract patient and tumor characteristics, and addi-
tional investigators verified the accuracy of the
findings. Extracted data included selection criteria
for AS, patient demographics (number of patients,
average/median/range of age, comorbidity score),
tumor-related characteristics (average/range of max-
imal tumor diameter, and solid/cystic features),
growth rate, metastasis-free survival (MFS), cancer-
specific survival (CSS) and overall survival (OS);
factors associated with either one or more outcomes
(OS, CSS, MFS, GR).

RESULTS

Our systematic literature review revealed 19 stud-
ies comprising 5105 patients [6, 7, 21–37] (Tables 1
and 2). Five of the 19 studies had a small sample
size (<50 patients) [23, 25, 26, 33, 36]. Most arti-
cles reported results from single-center retrospective
databases. Six papers were prospective: three from
the DISSRM registry [7, 27, 28], one from RC4

(Renal Cell Carcinoma Consortium of Canada) [6],
one reported a pooled analysis of RC4 cohort and a
single center retrospective data [34], and one from a
single center cohort [33].

Patients analyzed in the included studies had an age
that ranges from 29 to 96 years. The maximal tumor
diameter (MTD) range was 0.4 - 4 cm. Of the total
cohort, the percentage range of patients for whom
a fast growth rate was observed (which was in all
studies a selection criterion for delayed intervention)
was 3.4% to 36%.

Lastly, CSS, MFS, and OS were ranges were 87.5%
– 100%, 94.1% – 100%, and 60.6% – 94.9% respec-
tively. The follow-up period ranged from 12 to 92.7
months. All results are reported in Table 4, Supple-
mentary materials.
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Fig. 1. Flow diagram for studies retrieval.

The heterogeneity in study design and the variation
in the presentation of outcomes have limited the abil-
ity to conduct a meta-analysis of the abovementioned
outcomes in a meaningful and accurate manner.

Patient-specific factors

Since AS is often reserved for elderly and co-
morbid patients, mortality reported in included
studies was largely driven by competing comorbidi-
ties, rather than the natural history of untreated SRM.

The most analyzed features were the one associ-
ated with frailty and comorbidity, most frequently
age, Charlson comorbidity index (CCI), ECOG score
and cardiovascular index (CVI).

Comorbidities and causes of death were well eval-
uated in Patel et al. series from the Surveillance,
Epidemiology, and End-Results (SEER) who under-
went deferred therapy [38]. The strongest association
with decreased OS, with the most significant hazard
ratio (HR) was found for chronic heart failure (CHF)
and chronic kidney disease (CKD). The latter was
found to be significantly associated even with GR in
the Paterson et al. cohort [22], where baseline eGFR
of less than 60/min/1.73 m2 and the presence of con-
current comorbidity were statistically associated with
growth, while Schiavina et al. [29] did not find patient
comorbidity, as measured by CCI and BMI, to pre-
dict GR in the analyzed population (even if a smaller
population was analyzed). However, male sex and
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Table 1
Studies characteristics

Growth rate Cancer-specific survival Metastasis-free Overall survival
(>0.5 cm/year) survival

Author, Year Study design N of
Patients

Follow-up,
Months

Events Rate Events Rate Events Rate Events Rate

Pierorazio, 2015 Prospective,
Multicenter
(DISSRM)

223 25.2 34 15.2% 0 100% 0 100% 13 94.2%

Jewett, 2011 Prospective,
Multicenter (RC4)

178 >12 12 6.7% 2 98.9% 2 98.9% 10 94.9%

Leonard, 2013 Retrospective,
Population-based
database

133 27.9 7 5.26% NR NR 1 99.2% NR NR

Bazan, 2021 Retrospective,
single-center

89 55 3 3.4% 0 100% 0 100% 6 93%

Finelli, 2020 Retrospective and
prospective cohort
(pooled analysis),
Multicenter

136 >5y (patients
who remained
in AS)

49 36% 3 97.8% 6 95.6% 29 78.7%

Zalimas, 2022 Prospective, single
center

39 33 11 33.3% NR NR 0 100% NR NR

Ajami, 2021 Retrospective,
single-center

73 33 14 19.2% NR NR 0 100% NR NR

(Continued)
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Table 1
(Continued)

Growth rate Cancer-specific survival Metastasis-free Overall survival
(>0.5 cm/year) survival

Author, Year Study design N of
Patients

Follow-up,
Months

Events Rate Events Rate Events Rate Events Rate

Tang, 2022 Retrospective,
multicenter (SEER
database)

2776 51 NS NS NS NS NS NS NS NS

Patel, 2014 Retrospective,
multicenter (SEER
database)

754 56 NS NS 67 91% NS NS 253 60.6%

McIntosh, 2018 Retrospective,
single-center

457
(69 > 4 cm
separate
analysis)

67 114 24.9 5 98.9 8 98.3 73 84.0%

Schiavina, 2015 Retrospective,
single-center

70 92.7 15 21.4% 2 97.2 2 97.2% 19 72.8%

Alam, 2023 Prospective,
multicenter
(DISSRM)

485 34 43 8.8% 1 99.8% 1 99.8% 80 83.5%

Rasmussen, 2022 Retrospective,
single-center

339 14.4 45 13.2% 0 100% 2 99.4% 18 94.3%

Paterson, 2017 Retrospective,
multicenter

226 19.5 NS NS 9 96.0% 7 97.0% 42 81.4%

Uzosike, 2018 Prospective,
multicenter
(DISSRM)

271 22 46 17% 0 100% 0 100% 28 89.7%

Youssif, 2007 Retrospective,
single-center

35 47.6 NS NS 1 97.1 2 94.1 4 88–6

Brunocilla, 2014 Retrospective, single
center

62 91.5 13 20.9% 2 96.8 NR NR 18 71%

Kato, 2004 Retrospective,
single-center

18 22.5 NS NS NR NR NR NR NR NR

Sugimoto, 2013 Retrospective,
single-center

34 26.6 8 23.5% 1 87.5% 1 96.2% 3 72.6%
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symptomatic presentation were significant predictors
of tumor GR.

In Patel et al. cohort, with the aim of risk strat-
ification for survival, CVI was compared with CCI
by assessing 5-year survival probabilities for OS and
CSS. The CVI provided better survival risk stratifi-
cation.

The findings of Patel et al. are consistent with
those of Pierorazio et al. [7]. In the prospective mul-
ticentric DISSM registry analysis, Pierorazio’s group
observed a CSS rate of 100% for AS. However, they
noted that the AS arm’s 5-year OS rate was 75%.
In univariate analysis, the group identified age and
CVI as the only predictors of all-cause mortality. The
group found age also to be associated with lower
OS and dimensional progression, which was defined
by the author as GR > 0.5 cm/year or greatest tumor
diameter > 4.0 cm. 15% of their cohort experienced a
GR > 0.5 cm/y during AS and only 2 progressed over
4.0 cm. Another factor predictive of dimensional pro-
gression while on AS included also ECOG score ≥ 2.

The DISSRM registry cohort was also examined
by Uzosike et al. [27]. and Alam et al. [28]. Uzosike
et al. found no significant patient characteristics asso-
ciated with GR when analyzed as a binary variable
(≥ 0.5 or < 0.5 cm per year). The group of Alam et al.,
on the other hand, assessed age as a continuous vari-
able and found no statistically significant association
with growth rate. Notably, Afro-American patients
exhibited a lower GRi (GR from the initial image)
than Caucasian patients, had a younger age of onset
(69.6 vs. 71.2 yr), and presented with larger tumors
at the initial scan (2.1 vs. 1.8 cm). When considering
age thresholds, only ages 65 and 70 were respectively
associated with increased GRi and GRp (GR from the
previous image).

Tumor-specific factors

Tang et al. [31] utilized the SEER database to inves-
tigate the importance of maximal tumor diameter.
Their focus was on overall mortality over ten years,
revealing rates of 52.1% in the ≤ 1 cm group, 76.8%
in the > 3–4 cm group, and 10-year cancer specific
mortality (CSM) of 12.8% in the ≤ 1 cm group to
31.3% in the > 3–4 cm group. Thus all-cause mortal-
ity and cancer-specific mortality increased with larger
tumor size.

In contrast, an analysis of the DISSM registry by
Pierorazio et al. [7] did not find MTD, ECOG score,
or RENAL nephrometry score to predict OS. The
nephrometry score failed to achieve significance even

in predicting GR in the Schiavina et al. group [29].
However, within the cohort studied by Paterson et al.
[22], central tumor location emerged as a statistically
significant predictor of growth.

Differences between solid and cystic masses were
analyzed by McIntosh et al. who found a signifi-
cantly improved OS for patients with a cystic mass
compared to patients with solid ones [30].

Concerning histological information, Finelli et al.
group focused on two biopsy-proven pooled cohorts
(one retrospective and one prospective cohort) [34].
Among 136 lesions, only lesions of clear-cell subtype
showed metastatic potential. Clear cell histology was
also a predictor of GR, which was the most analyzed
criterion by the included studies. Schiavina et al. [29]
found a slightly greater tendency in faster growth
rates was observed among histologically proven renal
cancers compared with unknown tumors, even though
this result did not reach statistical significance.

Sugimoto et al. [26] found no significant difference
in time to tumor doubling according to histopatho-
logical grade and subtype. In a study with a larger
sample size than that of Sugimoto et al., Paterson et
al. [22] did not establish any significant differences
in GR between histologically confirmed benign and
malignant masses.

In the DISSM registry cohort [7], six above-
mentioned patients experienced a GR > 0.5 cm/y
underwent delayed intervention, finding no cor-
relation with tumor histology, grade, or stage.
Strikingly, the fastest-growing tumor was an onco-
cytoma (1.7 cm/y). These results are concordant with
those obtained by Jewett et al. [6], who found that GR
between RMB-proven low and high-grade lesions did
not appear to be different.

Initial MTD was a criterion well evaluated through
the studies as a possible predictor of GR, with six
studies finding no correlation with subsequent GR
[23, 24, 29, 30, 32, 35].

Radiologic characteristics were also analyzed.
Ajami et al. [32] found no statistical differences
regarding the initial size, tumor heterogeneity,
intratumoral vessels, irregular edge, intratumoral
calcification, ratio of small/long axis, ratio of cor-
tical/tumor density in unenhanced and enhanced
(portal phase) CT, and angular interface, in the
GR subgroups. When analyzing renal mass images,
Rasmussen et al. [21] applied to their cohort of
patients the clear cell likelihood score (ccLS), obtain-
ing that GR of ccLS 4–5 SRMs grew faster than
ccLS 1–2 and ccLS 3 SRMs by diameter and
volume.
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Immunohistochemical and molecular
characteristics

Specific immunohistochemical and molecular
characteristics that may predict clinical outcomes of
patients with SRMs also have been explored, albeit
in few studies. Kato et al.[25] looked into the Ki-67
index, and found that it did not correlate with tumor
GR. No significant difference in GR was observed
between grade 1 and grade 2 tumors. Instead TUNEL
positive ratio, which detects DNA fragmentation due
to apoptosis, correlated with GR and grade 3 tumors
were found to have a higher GR compared to that of
grade 2 tumors. Zalimas et al. [33] analyzed urine
molecular biomarkers for detection and follow-up of
SRMs, finding a lower level of methylation on urines
of the biomarker TFA2B.

DISCUSSION

In daily practice, the challenge for clinicians is
how to select patients best suitable for such strat-
egy. Currently, the EAU guidelines do not provide
precise algorithms, and recommend AS for frail and
comorbid patients only [39]. This is also because
there has been a lack of high quality data support-
ing that analyzes factors associated with the growth
rate of diagnosed lesions and the survival in patients
with SRMs.

The AUA guidelines are more guiding towards
AS, in particular in elderly and comorbid patients,
those with high perioperative risk and/or marginal
renal function, and tumors with a diameter ≤ 3 cm.
Additionally, they recommend AS for non-invasive,
low-complexity masses with favorable histology, and
predominantly cystic characteristics (summarizing
table adapted from AUA guidelines on Box 1) [13].
The difference between the two guidelines, despite
their emphasis on evidence-based medicine through
a similar approach, likely reflects a lack of strong
evidence on the matter.

To this end, this systematic review investigated
all literature that examined tumor and patient-related
characteristics and molecular factors impacting the
endpoints of GR, MFS, CSS, and OS.

Given its correlation with more aggressive behav-
ior, we have opted to include GR as an additional
criterion alongside survival-based criteria [16].
Among the studies in this cohort, a significant num-
ber defined as a fast GR an increase of 0.5 cm per
year or more. However, it is worth noting that this
specific cut-off was not universally utilized in all

studies, which presents a potential limitation. We
believe further studies focusing on this aspect should
report mean/median growth rate and the proportion
of tumors that have grown more than 0.5 cm/yr to
facilitate further quantitative analysis.

Additionally, many studies defined a GR criterion
of greater than 0.5 cm per year about the previous
imaging based on the assumption that the growth of
SRMs may not follow a linear trajectory over time.
Therefore, a sudden change in growth speed could
potentially serve as a trigger for intervention. Only
one study [28] employed two references for assess-
ing GR, namely the GR calculated from the initial
image and the GR based on the prior image. Higher
GR potentially reflects more aggressiveness, and a
GR ≥ 0.5 cm/year can be an arbitrary cut-off of a
continuous variable. However, more research is war-
ranted in this area to establish the exact significance
of these measures in forecasting the clinical course,
metastatic progression, and CSS.

Furthermore, the utilization of AS in the man-
agement of SRMs should also need to be revised
more individualized with the recent 5th Edition of
WHO 2022 Renal Tumor Pathology Nomenclature
as because some novel genetically and molecularly
defined subtypes in WHO 2022 have more aggressive
potential regardless of their size [40].

There is consensus in the literature to regard age
as a prognostic factor associated with increased over-
all mortality in patients with SRMs. This consensus
makes advanced age a reliable factor when opting
for AS. However, evidence also links advanced age
to a higher risk of dimensional and metastatic pro-
gression, as highlighted in some selected studies [7,
28, 36]. Regarding comorbidities, numerous pieces of
evidence have indicated that CVI, CCI, and ECOG
scores can predict lower OS [7, 38], and some evi-
dence even shows a certain predictive value for GR
[7, 22]. A potential limitation of the study lies in the
fact that we analyzed factors that are solely associated
with dimensional progression or cancer-specific sur-
vival. For instance, factors such as age and frailty, the
RENAL score, or renal function may be linked to a
higher likelihood of progression, but ultimately mak-
ing surgery a less feasible option, making the clinical
management a dilemma.

Another potential limitation of the study is that
our PICOS criteria only included studies focused on
renal masses of ≤ 4 cm as maximum tumor diameter,
which excludes a significant body of literature cover-
ing exclusively ≤ 2 cm lesions specifically. Notably,
growing evidence supports AS as a viable initial man-
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Box 1. Algorithm for AS in SRM: adapted from AUA guidelines.

agement strategy for patients with masses ≤ 2 cm,
irrespective of age and comorbidities [41]. It’s worth
mentioning that some of the included studies ana-
lyzed maximum tumor diameter as a discreet variable
and reached similar conclusions [31]. Furthermore,
the current guidelines from AUA recommend con-
sider a tumor size of 3 cm or smaller as a favorable
criterion for selecting Active Surveillance among
tumor-related factors. The European guidelines may
also consider adopting this threshold in the future.
Our main contention is that the analyzed patients’
characteristics, namely age and comorbidities, can
serve as an essential knowledge base when determin-
ing the treatment strategy for patients with SRM up
to 4 cm.

Currently most AS series do not have information
on histology (i.e. patients are “treated” with AS with-
out a biopsy). Therefore, patients may be followed-up
for benign masses, and we know that the smaller the
mass the higher the probability of benign histology
[42, 43]. Our findings have yielded conflicting results
concerning the impact of tumor histological char-
acteristics on treatment decision-making for SRMs.
Further studies are required to gain a better under-
standing of the precise role of RMB in guiding the

management of SRMs based on tumor biology. The
ongoing European Active Surveillance of Renal Cell
Carcinoma (EASE RCC) study is actively enrolling
participants from across Europe [11]. The study’s
primary goal is to evaluate the survival outcomes
of patients diagnosed with SRMs who undergo AS.
An essential aspect of this trial is the requirement
for histological confirmation through biopsy, aim-
ing to pinpoint clinical and pathological factors that
influence the growth rate and progression of SRMs.
The integration of RMB in AS trials is anticipated
to reduce the inclusion of patients without histolog-
ically confirmed RCC and add additional precious
information to the findings of Finelli et al. [34].

Another limitation of the study is the inclusion of a
heterogeneous cohort of patients and variations in the
quality of the included studies. In particular, survival
outcomes strictly depends on the study design, patient
selection, and criteria for deferred treatment triggers.
Standardization of AS protocols and deferred treat-
ment triggers will be vital for future quality evidence.

We believe that the described clinical, radiologi-
cal, and molecular characteristics that are correlated
to the clinical outcome of these patients may feed spe-
cific artificial intelligence algorithms in the future, as
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their value has already been demonstrated in RCC
diagnosis, treatment, and prognosis prediction [44,
45].

It will be interesting in the next future, beyond
clinical and radiological factors, to identify biomark-
ers that could help in predicting the risk of
micrometastatic spread and therefore guide towards a
more interventionist approach. As known, RCC rep-
resents a tumor typically considered low shedding,
and therefore with low levels of circulating tumor
DNA (ctDNA), whose detection this is even more
difficult in the early-stages. Plasma cell-free DNA
(cfDNA) test represents a promising approach for
multi-cancer early detection through a genome-wide
DNA methylation enrichment platform also for early-
stage cancer types, including RCC [44].

CONCLUSIONS

This review outlined how the current scientific lit-
erature is in agreement regarding age, CVI, and CKD
as factors associated with decreased OS in patients
with SRMs. Cystic masses appear to present a lower
risk during surveillance compared to solid masses.
However, there is still ongoing debate regarding the
reliability of histology on renal mass biopsy as a
predictor of GR and/or survival. Concerning size,
at present, there is insufficient evidence to establish
a specific cut-off for the safety of AS, as find-
ings vary among the largest patient cohorts. In the
realm of Immunohistochemical and molecular char-
acteristics as predictors, conclusive evidence remains
elusive, necessitating further studies. Prospective
series, conducted with standardized AS protocols,
methodologies, and results reports are crucial for
future quantitative analyses.
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