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Abstract. For small renal tumors, nephron‑preserving treat‑
ment, including partial nephrectomy or ablation therapy, 
is recommended. According to major guidelines, ablation 
therapies are advised for patients who are deemed not suit‑
able to undergo surgery due to an advanced age or the 
presence of comorbidities. However, compared with surgery, 
ablation therapy can result in superior safety and functional 
outcomes. The present review discusses the factors affecting 
decision‑making as regards treatment options for small renal 
tumors. When determining an appropriate treatment option, 
tumor locations, as well as the condition and preferences of 
the patient, are considered. Scoring systems, such as the 
RENAL Nephrometry Score can assist in guiding treatment 
decisions. However, surgery may be the preferred approach 
for tumors near major vessels and collecting systems. For 
endophytic tumors, partial nephrectomy can be challenging 
due to the difficulty in visualizing intra‑parenchymal tumors 
during the procedure, whereas ablation therapies may be infe‑
rior to partial nephrectomy. Although treatment selection for 
small renal tumors can be affected by tumor location, partial 
nephrectomy remains the gold standard for numerous cases.
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1. Introduction

The increasing use of imaging techniques, such as computed 
tomography (CT), ultrasound and magnetic resonance 
imaging, has led to an increase in the incidental detection of 
small renal tumors. For small‑scale cancers, a partial nephrec‑
tomy (PN) or ablation therapy (AT) is highly recommended 
to preserve kidney function. ATs, such as cryoablation (CA) 
and radiofrequency ablation (RFA), have emerged as valu‑
able treatment options  (1), whereas PN remains the gold 
standard for the treatment of small renal tumors, particularly 
for clinical T1a (cT1a, <4 cm) tumors. Based on major guide‑
lines, ATs are recommended for selected patients deemed 
unfit for surgery (2,3); however, ATs can achieve favorable 
oncological outcomes comparable to those of PN (4,5). As 
ATs may provide outcomes superior to those of PN in selected 
patients (6‑8), the selection between PN and AT for small renal 
tumors remains a topic of debate, and is affected by multiple 
factors, such as patient health, preoperative renal function and 
tumor‑associated factors, such as tumor complexity. Although 
ATs are less invasive and suitable for patients who are deemed 
unfit for surgery, establishing the criteria for ‘poor surgical 
candidates’ is challenging. The decision becomes particularly 
complex when considering older adults or otherwise healthy 
individuals or younger patients with multiple comorbidities. 
As regards recovery time and complications, AT is generally 
associated with a shorter hospitalization period, a reduced 
operative time, lower morbidity rates and a more rapid recovery 
than that observed following surgical options (6‑8). These 
advantages are particularly relevant for patients who wish 
to minimize their downtime or have other health concerns. 
Although surgery remains the gold standard for numerous 
patients, some may prefer the less invasive nature of ATs, 
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particularly for small renal masses, for which observation may 
also be a reasonable option. In some cases, the discretion and 
experience of the clinician, as well as patient preferences may 
influence treatment selection (9).

Tumor location also plays a critical role in determining 
appropriate treatment strategies. Although basing treatment 
decisions on tumor‑associated factors can provide a holistic 
approach (10), their effect on the selection of nephron‑sparing 
treatment remains uncertain. The present review discusses how 
tumor‑associated factors affect the oncological and functional 
outcomes of cT1 renal cancers.

2. Scoring systems and treatment selection

High‑complexity tumors, such as hilar or endophytic tumors, 
are associated with a higher risk of negative oncological 
outcomes and severe complications when treating small renal 
masses (11). The RENAL Nephrometry Score is commonly 
used to assess tumor complexity and to aid in treatment 
approaches for small renal tumors (9‑13). The system consists 
of five factors, and is simple and practical. A previous study 
supported the usefulness of scoring systems for predicting 
the oncological and safety outcomes of ATs and PN  (14). 
Schmit  et  al  (14) demonstrated an association between 
the RENAL score and the outcomes of percutaneous ATs. 
Patients who experienced treatment failure had significantly 
higher RENAL scores than those in patients without treatment 
failure (mean, 7.6 vs. 6.7; P<0.001) (14). Furthermore, patients 
who experienced major complications had significantly higher 
RENAL scores than those in patients without (mean, 8.1 vs. 
6.8; P<0.001) (14).

The Preoperative Aspects and Dimensions Used for an 
Anatomical (PADUA) score is another system used to assess 
the tumor complexity. Compared to the RENAL score, 
the system provides more detailed three‑dimensional and 
anatomical information (15). Takahara et al (15) demonstrated 
that trifecta achievement in patients with PADUA scores ≥10 
was significantly lower than that in those with scores <10 
(68 vs. 86%). However, the aforementioned studies investigated 
the outcomes of different interventions using different scoring 
systems (14,15). To date, to the best of our knowledge, no 
scoring system has been developed to compare the outcomes 
of both PN and ATs. Although treatment decisions based on 
tumor‑associated factors ensure a comprehensive approach, 
their effect on nephron‑sparing treatment selection remains 
uncertain.

3. Novel scoring systems to improve prediction for the 
outcomes of AT

Several novel scoring systems have been developed or modified 
to predict the outcomes of each treatment more accurately (16). 
Gahan et al (17) proposed a modified RENAL score based on 
AT outcomes, primarily involving percutaneous ATs. In this 
scoring system, tumor size was scaled down compared to the 
original scale, reflecting the general trend that tumors treated 
with ATs are typically <4 cm (17). Their findings indicated 
that the modified score was significantly associated with initial 
ablation success and recurrence rates. However, this modified 
system may limit direct comparison in patients undergoing 

PN  (17). Additionally, a previous meta‑analysis assessing 
existing scoring systems found that although these systems 
could predict warm ischemic time and complications, they 
failed to predict a trifecta achievement in PN (9). Thus, the 
usefulness of these scoring systems for predicting oncological 
and functional outcomes of both treatments remain unclear. 
The ABLATE (A: Axial tumor diameter, B: Bowel proximity, 
L: Location within the kidney, A: Angle, T: touching, E: extra) 
and simplified ABLATE scores were developed to predict 
the probability of complications and oncological outcomes 
following AT  (16). These scores consider the association 
between renal tumors and adjacent abdominal organs, particu‑
larly the colon and intestines. A previous study identified 
tumor depth as an independent predictor of treatment failure 
following AT. Compared to PN, tumor location within the 
body is a more critical factor in determining the feasibility of 
AT (16).

4. Components of scoring systems and their significance

It may be challenging for any single scoring system to be 
applied to all small renal tumors to predict outcomes and 
guide treatment decisions. An independent evaluation of the 
scoring system components can help interpret the significance 
of the findings. Larger tumors tend to have higher malignant 
potential (9). Although previous studies have applied ATs to 
larger tumors (>4 cm in diameter; cT1b) (18,19), the use of ATs 
may be challenging, and supporting evidence remains limited. 
Even in cT1a tumors, larger tumor size is a predictor of poor 
prognosis (20,21). ATs are generally considered for tumors 
<3‑4 cm in diameter. Optimal results are typically achieved for 
tumors sized <4 cm, with some guidelines supporting ablation 
as a primary treatment option for tumors <3 cm in size (2,3).

Tumor location relative to the polar line is also a component 
of the scoring systems (11). Owing to their proximity to major 
vessels and the collection system, hilar tumors require careful 
consideration to minimize significant complications  (11). 
However, major vessels near tumors can undermine the effec‑
tiveness of AT. The heat sink effect can reduce the efficacy of 
RFA, whereas in CA, the increased temperature due to vessel 
flow can lead to inadequate ablation (22). Furthermore, hilar 
tumors often exhibit more aggressive malignant potential (9), 
thereby affecting oncological control.

Proximity to the collecting system may also affect 
treatment choice. Among ATs, CA appears to have a lower 
effect than RFA does on the urinary tract  (22). However, 
Lagerveld  et  al  (23) demonstrated that proximity to the 
collecting system significantly predicted postoperative 
complications following laparoscopic CA. Another study that 
included various AT devices identified renal sinus proximity as 
a risk factor of local recurrence (24). Given these findings, PN 
may be a preferred approach for tumors near major vessels and 
the collecting system, although the current evidence remains 
insufficient to draw definitive conclusions (25).

5. Treatment selection for endophytic tumors

Endophytic tumors pose additional challenges due to their 
location within the normal parenchyma. Theoretically, PN may 
cause greater damage to normal renal tissue than AT, leading 
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to intraoperative bleeding and post‑operative renal impair‑
ment. Advanced imaging may facilitate the visualization of 
endophytic tumors, rendering image‑guided percutaneous AT 
a potentially superior approach (26). Percutaneous CA (PCA) 
is particularly effective for completely endophytic tumors due 
to its ability to visualize the ice‑ball margins. Although several 
studies support the feasibility and safety of robot‑assisted 
partial nephrectomy (RAPN) for completely endophytic 
tumors, available evidence is limited (27).

RAPN for endophytic tumors. With the widespread use of 
surgical robots in the field of renal cell carcinoma, indications 
for PN have expanded to include the management of more 
complex tumors. Previous studies have shown comparable 
trifecta achievement in RAPN for endophytic, mesophytic 
and exophytic tumors (28,29). A previous multi‑institutional 
study with the largest cohort found that RAPN for endo‑
phytic tumors resulted in longer warm ischemia times 
(median, 22 vs. 21 vs. 16  min, respectively; P<0.001), a 
greater estimated blood loss (median, 130 vs. 185 vs. 170 ml, 
respectively; P=0.001) and lower trifecta achievement rates 
(45.5 vs. 50.9 vs. 68.8%, respectively; P<0.001), than those 
for mesophytic and exophytic tumors (28). However, these 
differences were not significant in clinical practice, and 
comparable positive surgical margins were observed in those 
cases with no significant difference (4.5 vs. 3.7 vs. 3.9%, 
respectively; P=0.9) (28). Of all factors including the endo‑
phytic status, multivariate analysis identified tumor size as 
an independent predictor of trifecta achievement (28). Since 
the first report in 2014 (30), several studies have demon‑
strated the feasibility and safety of RAPN for completely 
endophytic renal tumors, and the majority of studies defined 
endophytic tumors as scores of 3 points for the ‘E’ domain 
in the RENAL nephrometry score, with few local recurrence 
and low complication rates (Table I) (25,28‑34). Moreover, 
the post‑operative loss of renal function in each study was 
not significant (29‑32). By contrast, the trifecta achievement 
rate varied from 37.8 to 88.5% (25,28‑34). This suggests 
that RAPN for endophytic tumors is still challenging, and 
performing it in centers with experienced surgeons may lead 
to improved results (29).

Image‑guided PCA for endophytic tumors. Conversely, 
previous studies have demonstrated the efficacy of 
image‑guided PCA for completely or partially endophytic 
tumors (Table  II)  (35‑38). Murray  et  al  (35) evaluated 
imaging‑guided CA in 47 patients with completely endo‑
phytic renal cancers. During a median follow‑up of 
54  months, 6  patients experienced local recurrence, and 
5 patients (10%) had seven major treatment‑related compli‑
cations. Jensen et al (36) recently reported the safety and 
feasibility of CT‑guided PCA in 56 patients with endophytic 
renal cancer with a small number of major complications. 
Considering secondary efficacy in treating imaging‑guided 
AT is critical, and Jensen et al (36) revealed that 5 patients 
received a second PCA; 4  patients were successfully 
controlled, although 2 of 4 (7%) patients experienced local 
recurrences within 4 years following PCA and needed to 
undergo salvage PN (36). As regards functional outcomes, 
Michimoto et al (38) demonstrated a significant difference 

in the mean estimated glomerular filtration rate (eGFR) 
level between before and after (at 3 months) the procedure 
(58.1 and 5.35 ml/min/1.73 m2, respectively, P=0.01). In their 
study, transarterial embolization was performed to visualize 
intra‑parenchymal tumors, which may exhibit significance. 
By contrast, the sub‑analysis according to the pre‑operative 
eGFR level (below and above 60 ml/min/1.73 m2) revealed 
no significance between pre‑ and post‑operative eGFR levels 
(<60 group: 44.8±9.4 to 38.8±6.8 ml/min/1.73 m2, P=0.07; 
>60 group: 69.6±7.4 to 66.0±8.7 ml/min/1.73 m2, P=0.12) (38). 
Taken together, these results suggest that ATs can preserve 
kidney function, even in endophytic tumors (33,36,37).

Direct comparison between RAPN and PCA for endophytic 
tumors. Despite the advancements in interventional and 
surgical technologies, data comparing the outcomes of PN and 
ATs are limited. Park et al (39) compared CT‑guided RFA with 
RAPN for cT1a renal cancer using propensity score matching. 
In their study, RAPN led to superior recurrence‑free survival 
compared with RFA; however, approximately half of the 
patients treated with RFA had endophytic tumors compared 
to 27% of those treated with RAPN. The authors concluded 
that RFA was a reasonable option for treating endophytic 
tumors (39). A recent study demonstrated that PCA achieved 
oncological outcomes and superior safety compared with 
RAPN for completely endophytic renal tumors (26). Moreover, 
PCA was superior to RAPN in terms of functional outcomes, 
where changes in eGFR at 1 year were significantly lower. AS 
regards oncological outcomes, 2 (3.3%) patients treated with 
RAPN and 6 (6.5%) patients treated with PCA experienced 
recurrence, with no significant difference (P=0.428); 3 (3.3%) 
patients treated with PCA experienced metastases, although 
none of the patients in the RAPN group had metastases 
(P=0.139). The trifecta achievement for PCA was comparable 
(58.8%) to that for RAPN (65.3%, P=0.477) (26). A significant 
limitation of that study was the non‑matched patient group 
with differences in performance status and comorbidities (26). 
Additionally, there is no unified definition of trifecta achieve‑
ment between RAPN and PCA. For RAPN, trifecta is defined 
as no major complications, negative surgical margins, and 
no significant (≥25%) reduction in baseline eGFR values. 
For PCA, trifecta was defined as no major complications, 
no significant (≥25%), reduction in baseline eGFR, and no 
residual or enhancing mass at 6 months post‑treatment (26). 
To compare these modalities effectively, standardized criteria 
for treatment success are required.

6. Conclusion

Tumor size and location within the kidney are crucial for 
determining the feasibility and success of PN and AT, and a 
multidisciplinary approach that considers tumor characteris‑
tics, patient conditions and preferences is necessary. Proximity 
to the collecting system, renal sinus, or other critical struc‑
tures affects treatment decisions. For completely endophytic 
tumors, image‑guided AT may provide outcomes comparable 
to those of PN, although further investigations with matched 
backgrounds are required. Despite the promising results of AT, 
surgery remains the gold standard in numerous cases, particu‑
larly for larger tumors or when long‑term oncological control 
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is a priority. Further studies with matched backgrounds for the 
two treatment types, such as randomized controlled studies, 
are desirable.
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