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Abstract

Aim: Incidentally diagnosed renal cancers have increased with the increase in imaging modalities. Incidentally
diagnosed masses are smaller in size and there are conflicts in the management of these 3,259 masses. Active
surveillance (AS) and surgery are the treatment options. In our study, we aimed to compare the data of patients
who underwent these two methods.

Methods: The data of 34 patients who underwent AS and 89 patients who underwent surgery were retrospectively
analyzed. AS patients were defined as Group 1 and surgical patients as Group 2. Treatment options were
determined according to tumor characteristics, patient age, comorbidities, and surgical risks. The Eastern
Cooperative Oncology Group (ECOG) performance score and the Charlson Comorbidity Index (CCl) were used to
assess comorbidity in each patient. AS patients were offered surgical treatment when their tumors reached > 4 cm
in maximal diameter or had rapid tumor growth rates.

Results: The mean patient age was 74.06 + 6.78 in Group 1and 58.82 + 7.60 in Group 2 (P < 0.001). The ECOG
performance score was > 1in all patients in Group 1, while the rate of ECOG > 1 was 59.6% in Group 2 (P < 0.001).
CCl was 8.09 + 0.75 in Group 1and 3.94 £+ 1.14 in Group 2 (P < 0.001). Mortality rates developed in 10 (29.4%)
patients in Group 1and 3 (3.4%) patients in Group 2. Regarding 5- and 10-year cancer-specific survival (CSS), the
5-year survival rate was 81.1% in Group 1and 97.7% in Group 2, and the 10-year CSS was 63.2% in Group 1 and

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0
By International License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, sharing,

adaptation, distribution and reproduction in any medium or format, for any purpose, even commercially, as &8 . T,
long as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, and ﬁ:@t— oo
indicate if changes were made. (Ofr

m www.oaepublish.com/mis


https://creativecommons.org/licenses/by/4.0/
https://www.oaepublish.com/mis
https://orcid.org/0000-0003-0823-7400
https://orcid.org/0009-0007-4604-7958
https://orcid.org/0009-0007-8556-1366
https://orcid.org/0000-0002-9206-5586
https://orcid.org/0000-0002-1483-9160
https://dx.doi.org/10.20517/2574-1225.2024.99
https://dx.doi.org/10.20517/2574-1225.2024.99
http://crossmark.crossref.org/dialog/?doi=10.20517/2574-1225.2024.99&domain=pdf

Page 2 of 10 Avrikan et al. Mini-invasive Surg. 2025;9:11 | https://dx.doi.org/10.20517/2574-1225.2024.99

89.5% in Group 2, which was statistically higher in Group 2 (P: 0.0022).

Conclusion: Although AS has worse outcomes than surgery in terms of CSS, it is a recommended option for
patients with older age and poor performance scores.

Keywords: Small renal masses, renal cell carcinoma, active surveillance, partial nephrectomy, radical nephrectomy

INTRODUCTION

The widespread use of non-invasive abdominal imaging [ultrasonography, computed tomography (CT),
magnetic resonance imaging (MRI)] has led to a significant increase in the number of incidentally
diagnosed small renal masses (SRMs)"". Incidentally diagnosed masses are generally smaller in size and the
treatment of these masses varies according to tumor size, tumor location, patient status, and metastatic
status”. The decision-making process in the management of SRM, especially those smaller than 4 cm,
directly affects the cancer-specific survival (CSS) rates and quality of life of patients”. Therefore, early
diagnosis and optimal management of SRM are of great importance for both individual patients and
healthcare systems™. The standard treatment for SRM is partial nephrectomy (PN), but the active
surveillance (AS) strategy is one of the strategies used in patients who cannot undergo surgery due to
accompanying comorbidities. It has been suggested that AS may reduce the need for invasive procedures
for patients with certain criteria. On the other hand, PN is a surgical procedure performed to obtain a
more radical outcome for SRM, which may have a positive effect on the survival rates of patients'®.

There is no common consensus on how to approach especially the elderly patient group in SRMs. The scope
of the study is limited to SRMs and includes a detailed examination of data on the specific criteria to be
followed during the clinical course of these masses, the patient selection process and treatment outcomes.
However, the analyzed data aim to evaluate the efficacy of both modalities, with important implications for
clinical practice.

METHODS

This study was approved by our institutional ethical review committee (Decision No: 2024/09-17 Date:
10.10.2024). It was conducted in accordance with the Declaration of Helsinki on human subjects. Patients
who were diagnosed with < 4 cm renal mass and underwent AS or surgery between 2010-2019 in our
hospital were analyzed retrospectively. Patients with any syndrome and/or familial inherited renal cell
carcinoma (RCC), and patients with metastatic disease at presentation were not included in the cohort.
Treatment options were based on tumor characteristics, patient age, comorbidities, and surgical risks. In
this study, there were no predefined selection criteria for treatment options. Only patients with solid or
cystic T1a SRMs treated with radical nephrectomy (RN), PN, or AS were included in the study. Renal
tumors were staged according to the 2009 TNM classification. R.E.N.A.L nephrometry score was calculated
in all patients to be operated and PN-RN surgical decision was performed accordingly'”.

After inclusion and exclusion criteria, data from 34 patients who underwent AS and 89 patients who
underwent surgery were retrospectively analyzed.

Patient follow-up was performed every 3-6 months during the first year and annually thereafter by physical
examination, blood sampling, and radiologic imaging; chest and abdominal contrast-enhanced CT and/or
MRI were used for radiologic imaging. Tumor size was defined as the largest diameter of the tumor
measured in the axial or coronal planes during the post-nephrographic contrast imaging phase.
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All patients who underwent AS underwent biopsy to obtain a preliminary pathological examination because
of the possibility of future treatment. In patients who underwent surgery, the pathologic diagnosis was
based on the pathologic examination of the specimen.

American Society of Anesthesiologists (ASA) scores, Eastern Cooperative Oncology Group (ECOG)
performance score, and Charlson Comorbidity Index (CCI) were used to evaluate comorbidity in each
patient. AS patients were recommended to undergo surgical treatment when their tumors reached > 4 cm in
maximal diameter or when they had rapid tumor growth rates. The end of follow-up was defined by either
patient death or surgical treatment.

Statistical analysis

Statistical data analyses were performed using IBM SPSS Statistics for Windows version 25 (IBM Corp.,
Armonk, NY, USA). Data were presented as the mean + standard deviation and the median, inter-quartile
ranges (IQR). The distribution of continuous variables was assessed by Shapiro-Wilk’s test. Mann-Whitney
U tests were used to compare the continuous variables based on the distribution. The Chi-square test
(Fisher Exact, Continuity Correction, Pearson Chi-Square) was used to compare the categorical variables.
Kaplan-Meier analysis was used to evaluate overall survival (OS). Kaplan Meier model was obtained using R
software (R Foundation for Statistical Computing, Vienna, Austria) survival, survminer, and dplyr packages.
A significance level of P < 0.05 was considered statistically significant.

RESULTS

In our study, 34 patients who underwent AS were defined as Group 1 and 89 patients who underwent
surgery were defined as Group 2. When the demographic data of both groups were compared, the mean
patient age was 74.06 + 6.78 in Group 1 and 58.82 + 7.60 in Group 2 (P < 0.001). Body mass index (BMI) was
higher in Group 1 (32.91 + 5.08 vs. 29.99 + 5.07). Regarding the comorbidities of the patients, hypertension,
coronary artery disease (CAD), and chronic obstructive pulmonary disease (COPD) were found to be
higher in Group 1 (P < 0.001), while no difference was found in terms of diabetes mellitus (DM) and
asthma. The ECOG performance score used in the evaluation of comorbidity was > 1 in all patients in
Group 1, while the rate of ECOG > 1 was 59.6% in Group 2 (P < 0.001). CCI was 8.09 + 0.75 in Group 1 and
3.94 + 1.14 in Group 2 (P < 0.001). The comparison results of the demographic data of the patients are
shown in Table 1.

Hemoglobin, glomerular filtration rate (GFR), platelet count, and platelet-to-lymphocyte ratio (PLR) were
statistically lower in Group 1, while preoperative and postoperative first-week creatinine levels were lower
in Group 2. There was no difference between the groups in terms of neutrophil count, postoperative first-
week GFR value, and neutrophil-to-lymphocyte ratio (NLR). In the comparison of radiological results,
tumor size was 3.08 £ 0.48 in Group 1 and 3.2 + 0.58 in Group 2 and no difference was found. There was no
difference found between the groups in terms of tumor localization and laterality of the tumor. There was
no difference between the groups regarding tumor subtype and Fuhrmann grade in pathological
examination. Of the patients who underwent surgery, 86 (96.6%) underwent PN and 3 (3.4%) underwent
RN. The surgical margin positivity rate was 6.7%. PN was performed in 3 (8.8%) of 34 patients who
underwent AS due to the high rate of increase in tumor size during follow-up. Metastatic progression was
detected in 1 (2.9%) of the patients who underwent AS and 1 (1.1%) of the patients who underwent surgery.

The follow-up period was 84.1 + 35.8 months in Group 1 and 90.7 + 39.2 months in Group 2 and no
statistical difference was observed between the groups. During the follow-up period, mortality rates
developed in 10 (29.4%) patients in Group 1 and 3 (3.4%) patients in Group 2. The mortality rate was
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Table 1. Comparison of demographic data of active survival and surgery group
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. Total (n =123) AS (n=34) Surgery (n = 89)
Variables P value
Mean £ SD Mean £ SD Mean £ SD
Age (year) 63.03+10.04 74.06+6.78 58.82 + 7.60 <0.001
Gender n, (%) 0386
Male 71(57.7) 17 (50.0) 54 (60.7)
Female 52 (42.3) 17 (50.0) 35(39.3)
BMI (kg/m?) 27.80+5.22 28.91+5.08 26.99 +5.07 0.008"
DM n, (%) 0352
No 68 (55.3) 16 (47.1) 52 (58.4)
Yes 55 (44.7) 18 (52.9) 37 (41.6)
Hypertension n, (%) <0.001
No 63(51.2) 5(14.7) 58 (65.2)
Yes 60 (48.8) 29 (85.3) 31(34.8)
CADn, (%) <0.001
No 102 (82.9) 15 (44.7) 87(97.8)
Yes 21(17.1) 19 (55.9) 2(2.2)
COPD n, (%) <0.001"
No 107 (87.0) 24 (70.6) 83(93.3)
Yes 16 (13.0) 10 (29.4) 6(6.7)
Asthma n, (%) 0354
No 108 (87.8) 28 (82.4) 80 (89.9)
Yes 15 (12.2) 6 (17.6) 9(10.1)
ASA n, (%) <0.001"
| 13 (10.6) 0(0.0) 13 (14.6)
I 31(25.2) 0(0.0) 31(34.8)
Il 61(49.6) 16 (47.1) 45 (50.6)
WY 18 (14.6) 18 (52.9) 0(0.0)
ECOG n, (%) <0.001
0 36 (29.3) 0(0.0) 36 (40.4)
>1 87 (70.7) 34 (100.0) 53 (59.6)
cal 5.09+2.13 8.09+0.75 3.94+114 <0.001

“Mann Whitney U test, continuity correction test, “Pearson chi-square test, “Fisher exact test. AS: Active surveillance; BMI: body mass index;
DM: diabetes mellitus; CAD: coronary artery disease; COPD: chronic obstructive pulmonary disease; ASA: American Society of Anesthesiologists;
ECOG: Eastern Cooperative Oncology Group; CCl: Charlson Comorbidity Index.

statistically higher in Group 1 patients (P < 0.001). Comparisons of laboratory, radiologic, pathologic, and
follow-up results are shown in Table 2.

CSS was 93.5 months in Group 1 and 114.6 months in Group 2. CSS was statistically higher in patients who
underwent surgery (P: 0.007). CSS results between the groups are shown in Table 3. Regarding 5- and 10-
year CSS, the 5-year survival rate was 81.1% in Group 1 and 97.7% in Group 2, and the 10-year CSS was
63.2% in Group 1 and 89.5% in Group 2, which was statistically higher in Group 2 (P: 0.0022). In the follow-
up of active follow-up patients, a total of 7 patients were found to have mortality due to other causes. Of
these patients, 3 had CAD, 2 had Cerebrovascular accident, 1 had COPD, and 1 had DM-related mortality.
In the group of patients who underwent surgery, 1 patient had mortality due to other causes, and this was
CAD. Results regarding 5-10-year CSS are shown in Table 4 and the Kaplan-Meier curve [Figure 1].

DISCUSSION

Clinical management of renal masses is of critical importance in terms of following the course of the disease
and making treatment decisions®. Renal masses are benign or potentially malignant. The main goal in the
management of these masses is to increase patient survival, maintain quality of life, and minimize the risk of
complications”. The standard treatment for SRM is PN, but in some cases, treatment options such as AS,
radiofrequency ablation (RFA), and cryotherapy are also available”. Carbonara et al. reported a success
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Table 2. Comparison of laboratory, radiological, pathological and follow-up data of both groups
Total (n =123) AS (n=34) Surgery (n = 89)
Variables Mean + SD Mean + SD Mean + SD P value
Median (IQR) Median (IQR) Median (IQR)

Hemoglobin (g/dL) 12154173 1118 +1.36 12.53+1.71 <0.001"
Creatinine (mg/dL) 1.30+£0.26 1.47+0.22 1.24+£0.25 <0.001
GFR (mL) 87.47 +20.45 77.76 £17.12 9118 £20.48 0.002"
Creatinine (week 1) (mg/dL) 1.31+0.41 1.4+£0.52 11+0.31 <0.001
GRF (week 1) (mL) 77.53+22.20 76.05+21.33 79.73+23.76 0.241
Neutrophil (><1O3 cells/mm3) 4,743.09 +1,541.45 4,808.82 +1,684.04 4,717.98 £1,492.75 0.941°
Lymphocytes (x10° ceIIs/mm3) 3,485.36 +1,267.87 3,705.88 +£1,483.64 3,324.72 £1,143.98 0.089
Platelet (X'IO3 CeIIs/mm3) 284,374 +200,042 230,441+ 91,961 304,977 + 225,285 0.014"
NLR 1.75+1.02 1.67+1.15 1.78 +0.97 0.185"
PLR 98.60 +67.29 73.61+38.81 108.15+73.34 0.010"
Tumor size (cm) 3.1+0.50 3.08+0.48 3.2+0.58 0.248"
Tumor location n, (%) 0.678""

Upper 25(20.3) 8(23.5) 17 (19.1)

Middle 47 (38.2) 14 (41.2) 33(37.1)

Lower 51(41.5) 12 (35.3) 39(43.8)
Tumor side n, (%) 0.918

Right 66 (53.7) 19 (55.9) 47 (52.8)

Left 57 (46.3) 15 (44.0) 42 (47.2)
Subtype n, (%) 0.556""

Clear cell 92 (74.8) 28(82.4) 64 (71.9)

Papillary 10 (8.1 2(5.9) 8(9.0)

Chromophobe 15 (12.2) 2(5.9) 13 (14.6)

Other 6(4.9) 2(5.9) 4(4.6)
Fuhrman n, (%) 0.785""

| 42 (34.1) 13(38.2) 29 (32.6)

Il 40 (32.5) 10 (29.4) 30(33.7)

1 30 (24.4) 7(20.6) 23(25.8)

\ 11(8.9) 4 (11.8) 7(7.9)
Tumors increase size (cm/year) 0.32+£0.15 0.32+0.15 - -
From AS to surgery n, (%) 3(8.8) 3(8.8) - -
Metastatic progression n, (%) 2(1,6) 1(2.9) 101 -
Surgery type n, (%) -

PN 87 (96.7) 1(100) 86 (96.6)

RN 3@33) - 3@3.4)
Surgical margin n, (%) -

Negative 84 (93.3) 1(100) 83(93.2)

Positive 6(6.7) - 6(6.8)
Mean follow-up (months) 126.4+36.9 134.1+35.8 119.7+39.2 018
Mortality n, (%) <0.001"

No 110 (89.4) 24 (70.6) 86 (96.6)

Yes 13 (10.6) 10 (29.4) 3@3.4)

“Mann Whitney U test, 'continuity correction test, “Pearson chi-square test, “fisher exact test. AS: Active surveillance; SD: standard deviation;
IQR: inter-quartile ranges; GFR: glomerular filtration rate; NLR: neutrophil-to-lymphocyte ratio; PLR: platelet-to-lymphocyte ratio; PN: partial
nephrectomy; RN: radical nephrectomy.

Table 3. Cancer-specific survival of SRM patients undergoing SRM AS and surgery

Groups Cancer-specific survival time (months) (95%Cl) HR (95%CI) P value
AS 93.57 (79.57-107.57) Reference -
Surgery 114.63 (108.24-121.015) 0.163 (0.044-0.609) 0.007

SRM: Small renal mass; AS: active surveillance; HR: hazard ratio; Cl: confidence interval.
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Table 4. 5- and 10-year cancer-specific survival rates, standard errors and 95%CI

Groups Cancer-specific survival rate (SE) 95%Cl

5 years survival

AS 0.811(0.0694) 0.686-0.959
Surgery 0.977 (0.0163) 0.945-1.000
10 years survival

AS 0.632(0.0975) 0.467-0.855
Surgery 0.895 (0.0793) 0.753-1.000

Cl: Confidence interval; SE: standard error; AS: active surveillance.
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Figure 1. Kaplan Meier survival curve (Log-rank Chi-Square 9.381; P = 0.0022).

rate of over 93% with RFA and cryotherapy"'l. In addition, since the complication risk of both methods is
very low, they are especially suitable for patients who are not surgical candidates.

AS aims to prevent patients from surgical risks, anesthesia effects, and postoperative complications'?.
However, overlooking the growth potential of the masses during the follow-up process may have negative
consequences on the patient’s health status. In particular, the need for surgical intervention when a certain
growth rate is reached or symptoms develop is one of the risks of this method"”. On the other hand, PN
allows surgical removal of the masses and is generally accepted as an effective method for controlling
tumors. However, this approach may increase the risk of complications and prolong the patient’s
recovery!”. Therefore, it is necessary to evaluate which treatment option to apply to the patient on a case-
by-case basis and discussions about these are ongoing'*..

American and European guidelines state that AS is an optimal strategy for localized SRM in patients with
reduced life expectancy due to age or comorbidities, but the criteria for inclusion in AS are not clear">*.
The most common criteria are age, comorbidities, clinical stage (pT1a, < 3 cm tumors), incidental diagnosis,
unifocal and sporadic tumor character (no familial forms, not hereditary)"*'". In this regard, Jacobs et al.
investigated the role of factors such as tumor size, CCI, ECOG performance score, and GFR in patients with
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SRM. The ideal criteria were tumor diameter < 4 cm, BMI 2 2, ECOG 2 2, and GFR < 60 mL/min. In
conclusion, they emphasized that the combination they defined as tumor diameter < 3 cm, ECOG 2 2, and
the presence of endophytic tumor was the most ideal method for AS and surgery should be performed in
patients who did not meet these criteria"”. In another study, Audenet et al. claimed that patients with SRM
were less suitable for surgery if CCI > 4. In our study, it was observed that the age of the patient was
higher and comorbidities were more common in patients with AS. Among comorbidities, hypertension,
COD, and COPD were more common in patients with AS. ASA score, CCI, and ECOG score, which
indicate the performance status of the patient, were higher in patients who preferred AS. Our results
support that AS strategy can be applied especially in patients of advanced age and with higher
comorbidities.

There is a growing number of studies focusing on the role of inflammatory markers in the clinical practice
of RCC"?'l. However, existing articles emphasize the role of specific parameters derived from peripheral
blood counts (e.g., NLR, PLR), but direct comparisons between different markers are absent">”"". One study
proposed PLR as the most reliable marker for CSS prediction in non-metastatic clear cell RCC patients®.
Zapala et al. reported that high NLR was an independent factor for CSS, while high NLR and PLR were
effective on CSS. There are conflicting reports regarding the superiority of different inflammatory markers
and none of them has been clearly proven to have the highest prognostic value>’. In our study, it was
observed that the hemogram value was lower in AS patients. Since comorbidities were higher in AS patients,
we think that this condition developed secondary to chronic disease anemia. Platelet values were within
normal limits in both groups and statistically lower in patients with AS. In terms of the rates of hematologic
parameters studied to predict prognosis, the PLR rate was statistically lower in the AS group in our study.

In patients for whom AS is recommended, the annual rate of increase in tumor size is a determining factor
for definitive treatment®. SRM has been reported to have a lower rate of increase. In this regard, Chawla
et al. found a growth rate of 0.28 cm/year in a meta-analysis of 234 SRM with a median follow-up period of
approximately 3 years™. Volpe ef al. found annual growth rates of 0.1 cm/year and Rosales et al. found
0.34 cm/year in SRM™*). In the Cleveland Clinic experience, up to 43% of SRM showed no growth.

Pierorazio et al. included 223 patients with renal masses in T1a stage in AS protocol and performed surgery
in masses with an annual growth rate > 0.5 cm and exceeding 4 cm. Surgery was performed in 9.4% of the
patients during follow-up. They found that 28% of the patients who underwent surgery had benign
pathologies®. In our study, the annual tumor increase of the patients who underwent AS was 0.32 cm,
which was consistent with the literature. In the AS group, we performed surgery on 3 patients who showed
faster growth and whose tumor size exceeded 4 cm. All pathologies of these 3 patients were clear cell
carcinoma.

In terms of metastasis, it has been reported that SRM shows 1%-2% metastatic disease progression in
selected patients in long-term follow-up®™. Kunkle et al. performed a meta-analysis of oncologic outcomes
for more than 6,000 SRMs and concluded that there was no significant difference in the incidence of
metastatic progression regardless of whether the lesions were excised, ablated, or observed"". In our study,
one patient in each group was found to have metastasis during follow-up. Therefore, although it is not
possible to predict the malignant potential of SRMs from their initial size or subsequent growth rate, it can
be concluded that SRMs are more likely to be lower grade, lower stage and less likely to be metastatic.

In various studies, 5-year OS and CSS rates for SRM with AS and surgery vary”*. In T1a SRMs with AS,
Patel et al. found a 5-year OS rate of 83% in the follow-up of 71 patients™. Pierorazio, on the other hand,
found a CSS rate of 75% in their AS series of 223 patients™. For patients who underwent PN, Lai et al.
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reported 89.6%, Tanagho ef al. 91.7%, Thampson et al. 95%, and Guan et al. 100% survival® . In our study,
both 5- and 10-year CSS were reported. While 5-year CSS was 81.1% and 10-year CSS was 63.2% in AS
patients, 5- and 10-year CSS in patients who underwent surgery were 97.7% and 89.5%, respectively. We can
say that surgery is associated with higher survival in SRM.

Our study has some limitations. The limitations are the small number of patients, retrospective design, and
single center. Patients in the AS group were older, which may have affected the outcome of the survival
analyses.

In conclusion, AS in SRM is mostly applied to elderly patients with comorbidities and poor performance,
whereas surgical treatment is applied to patients with better performance. Patients who undergo surgery
have a higher survival compared to AS patients. In this patient group, a decision should be made by
considering the current conditions of the patient.

DECLARATIONS

Authors’ contributions

Conception: Arikan Y, Beyan S, Keskin MZ
Design: Arikan Y, Kuscuoglu C, Ilbey YO
Supervision: Arikan Y, Keskin MZ

Data collection: Beyan S, Arikan Y, Kuscuoglu C
Analysis: Emir B, Arikan Y

Literature review: Arikan Y, Beyan S, Emir B
Writing: Arikan Y, Beyan S

Critical review: Keskin MZ, Ilbey YO

Availability of data and materials
The data of the study are available from the corresponding author upon reasonable request.

Financial support and sponsorship
None.

Conflicts of interest
All authors declared that there are no conflicts of interest.

Ethical approval and consent to participate

All procedures performed in studies involving human participants were by the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki Declaration and its later
amendments or comparable ethical standards. The study was approved by The University of Health
Sciences, Izmir Tepecik Training and Research Hospital Ethical Committee, Izmir, Turkey (Decision No:
2024/09-17 Date: 10.10.2024). Written informed consent was obtained from patients who participated in
this study.

Consent for publication
Not applicable.

Copyright
© The Author(s) 2025.



Arikan et al. Mini-invasive Surg. 2025;9:11 | https://dx.doi.org/10.20517/2574-1225.2024.99 Page 9 of 10

REFERENCES

1.
2.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.
28.

Rose TL, Kim WY. Renal cell carcinoma: a review. JAMA. 2024;332:1001-10. DOI PubMed PMC

Liu J, Homewood D, Rajarubendra N, Rashid P, Bolton D, Lawrentschuk N. Common incidental urological lesions on computed
tomography images: what to do with renal and adrenal computed tomography incidentalomas in a primary care setting. Aust J Gen
Pract. 2024;53:547-52. DOI

Radros J, Kjellman A, Henningsohn L, et al. Ablative or surgical treatment for small renal masses (T1a): a single-center comparison of
perioperative morbidity and complications. Curr Oncol. 2024;31:933-40. DOI PubMed PMC

Sorce G, Hoeh B, Hohenhorst L, et al. Cancer-specific mortality in Tla renal cell carcinoma treated with local tumor destruction
versus partial nephrectomy. Eur Urol Focus. 2023;9:125-32. DOI

Wang M, Wilke A, Goorman S, et al; Michigan Urological Surgery Improvement Collaborative. The use of nephron-sparing
intervention does not appear to be compromised after a period of active surveillance for patients with ¢T1 renal masses. Urol Oncol.
2025;43:268.e35-42. DOI

van den Brink L, Debelle T, Gietelink L, et al. A national study of the rate of benign pathology after partial nephrectomy for T1 renal
cell carcinoma: should we be satisfied? Cancers. 2024;16:3518. DOI PubMed PMC

Pandolfo SD, Wu Z, Campi R, et al. Outcomes and techniques of robotic-assisted partial nephrectomy (RAPN) for renal hilar masses:
a comprehensive systematic review. Cancers. 2024;16:693. DOI PubMed PMC

Kroger Dahlin BI, Hlodan J, Ghaffarpour R, Ljungberg B. Multiple factors influence decision making for the surgical treatment in
patients with renal cell carcinoma. Scand J Urol. 2024;59:26-30. DOI PubMed

Lounové V, Student V Jr, Purovéa D, Hartmann I, VidlaF A, Student V. Frequency of benign tumors after partial nephrectomy and the
association between malignant tumor findings and preoperative clinical parameters. BMC Urol. 2024;24:175. DOl PubMed PMC
Xing M, Kokabi N, Zhang D, Ludwig JM, Kim HS. Comparative effectiveness of thermal ablation, surgical resection, and active
surveillance for tla renal cell carcinoma: a surveillance, epidemiology, and end results (SEER)-medicare-linked population study.
Radiology. 2018;288:81-90. DOI PubMed

Carbonara U, Ditonno F, Beksac AT, et al. Percutaneous cryotherapy and radiofrequency ablation of renal masses: multicenter
comparative analysis with minimum 3-year follow-up. Int Braz J Urol. 2025;51:¢20240565. PubMed PMC

Brunocilla E, Borghesi M, Schiavina R, et al. Small renal masses initially managed using active surveillance: results from a
retrospective study with long-term follow-up. Clin Genitourin Cancer. 2014;12:178-81. DOI

Cronan J, Dariushnia S, Bercu Z, et al. Systematic review of contemporary evidence for the management of T1 renal cell carcinoma:
what IRs need to know for kidney cancer tumor boards. Semin Intervent Radiol. 2019;36:194-202. DOI PubMed PMC

Heuer R, Gill IS, Guazzoni G, et al. A critical analysis of the actual role of minimally invasive surgery and active surveillance for
kidney cancer. Eur Urol. 2010;57:223-32. DOI

Ljungberg B, Albiges L, Abu-Ghanem Y, et al. European Association of Urology guidelines on renal cell carcinoma: the 2022 update.
Eur Urol. 2022;82:399-410. DOI PubMed

Ginsburg KB, Johnson K, Moldovan T, et al; Michigan Urological Surgery Improvement Collaborative. A statewide quality
improvement collaborative’s adherence to the 2017 American Urological Association Guidelines regarding initial evaluation of
patients with clinical T1 renal masses. Urology. 2021;158:117-24. DOI

Jacobs BL, Tan HJ, Montgomery JS, et al. Understanding criteria for surveillance of patients with a small renal mass. Urology.
2012;79:1027-32. DOI PubMed PMC

Audenet F, Audouin M, Drouin SJ, et al. Charlson score as a single pertinent criterion to select candidates for active surveillance
among patients with small renal masses. World J Urol. 2014;32:513-8. DOI

Cheng Y, Kou W, Zhu Y. Preoperative inflammation-associated blood cell markers in patients with non-metastatic clear cell renal cell
carcinoma: a retrospective study. Int J Gen Med. 2023;16:3067-80. DOI PubMed PMC

Hutterer GC, Stoeckigt C, Stojakovic T, et al. Low preoperative lymphocyte-monocyte ratio (LMR) represents a potentially poor
prognostic factor in nonmetastatic clear cell renal cell carcinoma. Urol Oncol. 2014;32:1041-8. DOI

Yodying H, Matsuda A, Miyashita M, et al. Prognostic significance of neutrophil-to-lymphocyte ratio and platelet-to-lymphocyte ratio
in oncologic outcomes of esophageal cancer: a systematic review and meta-analysis. Ann Surg Oncol. 2016;23:646-54. DOI

Lee A, Lee HJ, Huang HH, et al. Prognostic significance of inflammation-associated blood cell markers in nonmetastatic clear cell
renal cell carcinoma. Clin Genitourin Cancer. 2020;18:304-13. DOI

Zapata L, Slusarczyk A, Garbas K, et al. Complete blood count-derived inflammatory markers and survival in patients with localized
renal cell cancer treated with partial or radical nephrectomy: a retrospective single-tertiary-center study. Front Biosci. 2022;14:5. DOI
PubMed

Brunocilla E, Borghesi M, Schiavina R, et al. Active surveillance for small renal masses diagnosed in elderly or comorbid patients:
looking for the best treatment strategy. Actas Urol Esp. 2014;38:1-6. DOI PubMed

Chawla SN, Crispen PL, Hanlon AL, Greenberg RE, Chen DY, Uzzo RG. The natural history of observed enhancing renal masses:
meta-analysis and review of the world literature. J Urol. 2006;175:425-31. DOI PubMed

Volpe A, Panzarella T, Rendon RA, Haider MA, Kondylis FI, Jewett MA. The natural history of incidentally detected small renal
masses. Cancer. 2004;100:738-45. DOI PubMed

Rosales JC, Haramis G, Moreno J, et al. Active surveillance for renal cortical neoplasms. J Urol. 2010;183:1698-702. DOI
Abouassaly R, Lane BR, Novick AC. Active surveillance of renal masses in elderly patients. J Urol. 2008;180:505-8; discussion 508-


https://dx.doi.org/10.1001/jama.2024.12848
http://www.ncbi.nlm.nih.gov/pubmed/39196544
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11790279
https://dx.doi.org/10.31128/ajgp-11-23-7014
https://dx.doi.org/10.3390/curroncol31020069
http://www.ncbi.nlm.nih.gov/pubmed/38392063
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10888411
https://dx.doi.org/10.1016/j.euf.2022.07.005
https://dx.doi.org/10.1016/j.urolonc.2024.10.034
https://dx.doi.org/10.3390/cancers16203518
http://www.ncbi.nlm.nih.gov/pubmed/39456612
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11506599
https://dx.doi.org/10.3390/cancers16040693
http://www.ncbi.nlm.nih.gov/pubmed/38398084
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10886610
https://dx.doi.org/10.2340/sju.v59.25517
http://www.ncbi.nlm.nih.gov/pubmed/38358280
https://dx.doi.org/10.1186/s12894-024-01543-3
http://www.ncbi.nlm.nih.gov/pubmed/39174947
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11342569
https://dx.doi.org/10.1148/radiol.2018171407
http://www.ncbi.nlm.nih.gov/pubmed/29737950
http://www.ncbi.nlm.nih.gov/pubmed/39913094
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11884627
https://dx.doi.org/10.1016/j.clgc.2013.11.011
https://dx.doi.org/10.1055/s-0039-1693119
http://www.ncbi.nlm.nih.gov/pubmed/31435127
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6699959
https://dx.doi.org/10.1016/j.eururo.2009.10.023
https://dx.doi.org/10.1016/j.eururo.2022.03.006
http://www.ncbi.nlm.nih.gov/pubmed/35346519
https://dx.doi.org/10.1016/j.urology.2021.08.036
https://dx.doi.org/10.1016/j.urology.2011.12.052
http://www.ncbi.nlm.nih.gov/pubmed/22546379
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3341598
https://dx.doi.org/10.1007/s00345-013-1131-2
https://dx.doi.org/10.2147/ijgm.s417948
http://www.ncbi.nlm.nih.gov/pubmed/37489129
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10363385
https://dx.doi.org/10.1016/j.urolonc.2014.04.001
https://dx.doi.org/10.1245/s10434-015-4869-5
https://dx.doi.org/10.1016/j.clgc.2019.11.013
https://dx.doi.org/10.31083/j.fbs1401005
http://www.ncbi.nlm.nih.gov/pubmed/35320916
https://dx.doi.org/10.1016/j.acuro.2013.04.012
http://www.ncbi.nlm.nih.gov/pubmed/24126193
https://dx.doi.org/10.1016/s0022-5347(05)00148-5
http://www.ncbi.nlm.nih.gov/pubmed/16406965
https://dx.doi.org/10.1002/cncr.20025
http://www.ncbi.nlm.nih.gov/pubmed/14770429
https://dx.doi.org/10.1016/j.juro.2010.01.024

Page 10 of 10 Avrikan et al. Mini-invasive Surg. 2025;9:11 | https://dx.doi.org/10.20517/2574-1225.2024.99

29.

30.

31

32.
33.

34.

35.

36.

37.

9. DOI PubMed

Pierorazio PM, Johnson MH, Ball MW, et al. Five-year analysis of a multi-institutional prospective clinical trial of delayed
intervention and surveillance for small renal masses: the DISSRM registry. Eur Urol. 2015;68:408-15. DOI

Smaldone MC, Kutikov A, Egleston BL, et al. Small renal masses progressing to metastases under active surveillance: a systematic
review and pooled analysis. Cancer. 2012;118:997-1006. DOI PubMed PMC

Kunkle DA, Egleston BL, Uzzo RG. Excise, ablate or observe: the small renal mass dilemma - a meta-analysis and review. J Urol.
2008;179:1227-33; discussion 1233-4. DOI PubMed

Volpe A, Cadeddu JA, Cestari A, et al. Contemporary management of small renal masses. Eur Urol. 2011;60:501-15. DOI

Patel N, Cranston D, Akhtar MZ, et al. Active surveillance of small renal masses offers short-term oncological efficacy equivalent to
radical and partial nephrectomy. BJU Int. 2012;110:1270-5. DOI PubMed

Lai TC, Ma WK, Yiu MK. Partial nephrectomy for T1 renal cancer can achieve an equivalent oncological outcome to radical
nephrectomy with better renal preservation: the way to go. Hong Kong Med J. 2016;22:39-45. DOI

Tanagho YS, Bhayani SB, Kim EH, Figenshau RS. Renal cryoablation versus robot-assisted partial nephrectomy: Washington
University long-term experience. J Endourol. 2013;27:1477-86. DOI PubMed

Thompson RH, Atwell T, Schmit G, et al. Comparison of partial nephrectomy and percutaneous ablation for ¢T1 renal masses. Eur
Urol. 2015;67:252-9. DOI PubMed

Guan W, Bai J, Liu J, et al. Microwave ablation versus partial nephrectomy for small renal tumors: intermediate-term results. J Surg
Oncol. 2012;106:316-21. DOI PubMed


https://dx.doi.org/10.1016/j.juro.2008.04.033
http://www.ncbi.nlm.nih.gov/pubmed/18550113
https://dx.doi.org/10.1016/j.eururo.2015.02.001
https://dx.doi.org/10.1002/cncr.26369
http://www.ncbi.nlm.nih.gov/pubmed/21766302
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4329724
https://dx.doi.org/10.1016/j.juro.2007.11.047
http://www.ncbi.nlm.nih.gov/pubmed/18280512
https://dx.doi.org/10.1016/j.eururo.2011.05.044
https://dx.doi.org/10.1111/j.1464-410X.2012.11130.x
http://www.ncbi.nlm.nih.gov/pubmed/22564495
https://dx.doi.org/10.12809/hkmj144482
https://dx.doi.org/10.1089/end.2013.0192
http://www.ncbi.nlm.nih.gov/pubmed/24283518
https://dx.doi.org/10.1016/j.eururo.2014.07.021
http://www.ncbi.nlm.nih.gov/pubmed/25108580
https://dx.doi.org/10.1002/jso.23071
http://www.ncbi.nlm.nih.gov/pubmed/22488716

