
Abstract. Background: In cT1 renal cell carcinoma (RCC),
very few studies have compared oncological outcomes and
renal function preservation rates in nephron-sparing robot-
assisted partial nephrectomy (RAPN) and percutaneous
cryoablation (PCA). Patients and Methods: We retrospectively
analysed 126 patients with cT1 RCC treated with RAPN
(n=78) and computed tomography-guided PCA (n=48)
between March 2016 and November 2019. Clinical data and
outcomes were compared for the two groups. Results: There
were no significant differences in the 3-year overall survival
and relapse-free survival rates in the two groups (p=0.17 and
p=0.093, respectively). The median percentage of estimated
glomerular filtration rate preservation at 6 months after
surgery was 91.8% and 91.4% in the RAPN and PCA groups,
respectively (p=0.9). Conclusion: In patients with cT1a RCC,
oncological outcomes and renal function appear similar
following RAPN and PCA.

With the progress of cancer screening methods and aging of
the population, the number of patients with renal cell
carcinomas (RCCs) has increased in recent years. Ρartial
nephrectomy (PN) has been recognised as the standard
treatment for small RCCs (<7 cm, cT1 tumour) because it
provides optimal oncological outcomes and maintains better
renal function than radical nephrectomy (1-4). Recently,

robot-assisted PN (RAPN) has become an increasingly
prevalent surgery because of the stability of surgical
technique in tumour excision and improved suturing
renorrhaphy with 3D visualization (5, 6). On the other hand,
percutaneous cryoablation (PCA) has been validated as an
alternative nephron-sparing therapy (NST) in patients with
poor general condition and has shown favourable clinical
results for the treatment of small RCCs, especially cT1a (7,
8). However, there are only a few reports comparing the
preservation rate of renal function in RAPN and PCA cases. 

The aim of this study was to assess the clinical outcomes
of RAPN and PCA at our Institution during the same period,
as well as preserved renal function following minimally
invasive NST.

Patients and Methods
Patients. We retrospectively reviewed the records of 126 consecutive
patients who had undergone RAPN (n=78) or PCA (n=48) between
March 2016 and November 2019 at Osaka University Hospital. All
patients underwent plain- and contrast-enhanced abdominal
computed tomographic (CT) scans for RCC diagnosis and clinical
staging. Supplementary magnetic resonance imaging was provided
as needed for thorough evaluation of the tumour. Patients with
favourable general conditions underwent RAPN, whereas PCA was
performed for patients who were considered at high surgical risk due
to comorbidities. Perioperative complications were evaluated using
the Clavien-Dindo classification (9, 10). 

Robot-assisted partial nephrectomy. Before surgery, we constructed
3D-images using multi-detector computed tomography and
SYNAPSE VINCENT software (Fujifilm Medical Co., Ltd., Tokyo,
Japan) to obtain information about the location of the tumour and
blood vessels. RAPN using the retroperitoneal approach was
performed for tumours located on the posterior side of the renal
hilum. RAPN was performed using the da Vinci Surgical System
(Intuitive Surgical, Sunnyvale, CA, USA) under general
anaesthesia. The tumours were excised under warm ischaemia
using complete renal arterial clamping. When the urinary tract was
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opened, renal pelvic sutures were performed. All patients received
parenchymal sutures. 

We investigated trifecta (11) achievement (negative surgical
margin, no postoperative complications and warm ischaemia time
of ≤25 min) in the RAPN group as an indicator of surgical quality.

Percutaneous cryoablation. Before starting PCA, all patients were
confirmed to have RCC by needle biopsy. CT-guided PCA was
performed using the CRYO-HIT System (Galil Medical Ltd,
Yokneam, Israel) under local anaesthesia. Multiple 17-gauge probes
(typically three) were percutaneously inserted under CT
fluoroscopic guidance, and ice ball formation was monitored by CT
to ensure a >5 mm safety margin around the renal tumour. Two
freezing and thawing cycles of PCA were routinely repeated to
increase tumour cell injury. At 3 months after PCA, all patients
underwent follow-up dynamic CT and needle biopsy to confirm the
absence of residual tumours.

Follow-up. Follow-up was performed according to the institutional
standard for local RCC, with clinical examination and laboratory
testing at 1, 3, 6, and 12 months, and analysis by CT every 3 months.
The postoperative rate of preservation of estimated glomerular
filtration rate (eGFR) was defined as postoperative eGFR/preoperative
eGFR. In addition, we compared the overall (OS) and relapse-free
(RFS) survival rates for RAPN and PCA. OS was defined as the time
from RAPN or PCA to documented death or last contact, whereas RFS
was defined as the time from RAPN or PCA to any local recurrence. 

Statistical analysis. Clinical data are presented as the median and
interquartile range (IQR). Multiple logistic regression analysis
was used to evaluate factors associated with trifecta achievement
in the RAPN group and decline in renal function at 6 months
postoperatively (12, 13) in all patients. The cut-off value was
determined by plotting the receiver operating characteristic curve.
The Kaplan-Meier method was used to calculate survival rates
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Table I. Patient characteristics.

Parameters RAPN (n=78) PCA (n=48) p-Value

Age at operation, years Median (IQR) 61 (52-69) 78 (70-82) <0.001
BMI, kg/m2 Median (IQR) 23 (21-25) 23 (21-26) 0.49
Gender, n (%) Male 63 (81.0) 41 (85.4) 0.5

Female 15 (19.0) 7 (14.6)
Laterality, n (%) Left 40 (51.3) 28 (58.3) 0.44

Right 38 (48.7) 20 (41.7)
Kidney, n (%) Single 0 (0) 2 (4.2) 0.048
ASA score, n (%) 1 59 (75.6) 2 (4.2) <0.001

2 18 (23.1) 30 (62.5)
3 1 (1.3) 16 (33.3)

Preoperative eGFR, ml/min/1.73 m2 Median (IQR) 73.2 (64.0-84.4) 53.6 (36.4-61.3) <0.001
Maximum tumour diameter, mm Median (IQR) 19 (15-23) 26 (20-34) <0.001
Clinical T-stage, n (%) 1a 73 (93.6) 46 (95.8) 0.3

1b 5 (6.4) 2 (4.2)
R.E.N.A.L nephrometry score, n (%) ≤6 40 (51.3) 21 (43.6) 0.32

7-9 35 (44.9) 22 (45.8)
≥10 3 (3.8) 5 (10.8)

RCC subtype, n (%) Clear cell 58 (74.3) 41 (85.4) 0.23
Papillary 11 (14.1) 4 (8.3)
Chromophobe 6 (7.7) 2 (4.2)
Oncocytoma 2 (2.6) 0
AML 1 (1.3) 0
Unknown 0 1 (2.1)

Pathological T stage, n (%) 1a 70 (89.7)
1b 4 (5.1)
3a 1 (1.3)

Tumour grade, n (%) 1 29 (37.2)
2 40 (51.3)
3 6 (7.7)

Observation period, months Median (IQR) 18.5 (12-30) 12 (6-32) 0.039
Patients recurrence, n (%) With 2 (2.6) 3 (6.2)

Without 76 (97.4) 45 (93.8)
Death, n (%) Cancer 0 (0) 0 (0)

Other cause 0 (0) 1 (2.1)

AML: Angiomyolipoma; ASA: American Society of Anesthesiologists; eGFR: estimated glomerular filtration rate; IQR: interquartile range; PCA:
percutaneous cryoablation; no.: number; RAPN: robot-assisted partial nephrectomy; RCC: renal cell carcinoma. Statistically significant p-values
are shown in bold.



and Iog-rank tests were used to compare the two groups. A value
of p<0.05 was considered statistically significant. All statistical
analyses were conducted using JMP software (version 15.0; SAS
Institute, Cary, NC, USA). 

Results

Patient characteristics. The clinical and pathologic
characteristics are shown in Table I. The median age of the
RAPN group was significantly lower than that of the PCA
group (p<0.001). The PCA group had significantly worse
general conditions, as evaluated by the American Society of
Anesthesiologists’ score, than the RAPN group (p<0.001).
Median preoperative eGFR of the RAPN group was

significantly better than that of the PCA group (73.2
ml/min/1.73 m2 versus 53.6 ml/min/1.73 m2, p<0.001). No
significant differences were identified between the two
groups for clinical T-stage, R.E.N.A.L nephrometry score (14)
or RCC subtype.

Perioperative outcomes. The surgical outcomes are shown in
Table II. Fifty-four patients underwent RAPN using the
transperitoneal approach, whereas 24 patients underwent
RAPN using the retroperitoneal approach. The median
operative time was 224 min (IQR=199-263 min). The median
console time was 138 min (IQR=98-176 min). The median
estimated blood loss was 10 ml (IQR=0-100 ml). Trifecta was
achieved in 41 patients (52.6%) in the RAPN group. 
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Table II. Surgical results.

Variable RAPN (n=78) PCA (n=48) p-Value

Approach, n (%) Transperitoneal 54 (69.2) 
Retroperitoneal 24 (30.8)

Surgical time, min Median (IQR) 224 (199-263)
Console time, min Median (IQR) 138 (98-176)
Blood loss, ml Median (IQR) 10 (0-100)
Warm ischaemia time Median (IQR) 24.5 (17-34)
Surgical margin, n (%) Positive 1 (1.3)
Trifecta achievement, n (%) Yes 41 (52.6)
Clavien-Dindo complications, n (%) Grade ≥3 2 (2.6) 1 (2.1) 0.86
Intraoperative complications, n (%) Bleeding requiring open conversion (grade 3) 1 (1.3)
Postoperative complications, n (%) Pseudoaneurysm requiring embolization (grade 3) 1 (1.3)

Post-haemorrhagic requiring embolization (grade 3) 1 (2.1)
eGFR preservation at 6 months, % Median (IQR) 91.8 (82.4-100) 91.4 (85.7-99.3) 0.9

eGFR: Estimated glomerular filtration rate; IQR: interquartile range; PCA: percutaneous cryoablation; RAPN: robot-assisted partial nephrectomy.

Table III. Multiple logistic regression model for factors associated with trifecta achievement.

Univariate Multivariate 

Variable OR (95% CI) p-Value OR (95% CI) p-Value

Age <60 Years 0.67 (0.27-1.64) 0.38
≥60 Years Reference

BMI <23.5 kg/m2 0.71 (0.29-1.75) 0.46
≥23.5 kg/m2 Reference

ASA-PS <2 1.41 (0.50-3.98) 0.52
≥2 Reference

Preoperative eGFR ≥70 ml/min/1.73 m2 3.13 (1.22-7.99) 0.017 2.66 (0.93-7.63) 0.068
<70 ml/min/1.73 m2 Reference Reference

Maximum tumour diameter <20 mm 2.72 (1.08-6.86) 0.036 1.70 (0.60-4.80) 0.31
≥20 mm Reference Reference

R.E.N.A.L. nephrometry score <8 4.47 (1.58-12.69) 0.0048 4.20 (1.38-12.54) 0.011
≥8 Reference Reference

ASA-PS: American Society of Anesthesiologists physical status; BMI: body mass index; CI: confidence interval; eGFR: estimated glomerular
filtration rate; min: minute; OR: odds ratio. Statistically significant p-values are shown in bold.



In the univariate analysis, preoperative eGFR (>70
ml/min/1.73 m2), maximum tumour diameter (<20 mm), and
R.E.N.A.L nephrometry score (<8) were significantly
associated with trifecta achievement (Table III). Multivariate
analysis also demonstrated that a R.E.N.A.L nephrometry
score (<8) was significantly associated with trifecta
achievement [odds ratio (OR)=4.20, 95% confidence intervaI
(CI)=1.38-12.54; p=0.011].

Renal function outcomes. Changes in renal function after
treatment in both groups are shown in Figure 1. The
median eGFR preservation rate of the RAPN group was
not significantly different from that of the PCA group at
any time point (3 months: p=0.18, 6 months: p=0.96, and
12 months: p=0.51). In the univariate analysis, maximum
tumour diameter ≥20 mm and R.E.N.A.L. nephrometry
score ≥8 were significantly associated with a decline in
eGFR of >10% at 6 months after surgery (Table IV).
Multivariate analysis also revealed that maximum
tumour diameter ≥20 mm (OR=2.54, 95% CI=1.00-6.44;
p=0.044) and R.E.N.A.L nephrometry score ≥8 (OR=2.94;
95% CI=1.22-7.08; p=0.015) were significantly
associated with a decline in eGFR of >10% at 6 months
after surgery.

Oncologic outcomes. The median follow-up was 18.5
months (IQR=12-30 months) for RAPN and 12 months
(IQR=6-32 months) for PCA (p=0.039). No perioperative

deaths occurred in either group. Two and three local
recurrences were observed in the RAPN and PCA groups,
respectively. No metastasis occurred in either group. For
survival analysis, the PCA group had a similar 3-year RFS
rate to the RAPN group (90.3% versus 93.5%, p=0.093;
Figure 2A). The 3-year OS rate was 100% [95% CI=not
reached] for RAPN and 97.4% for PCA (95% CI=not
reached) (p=0.17; Figure 2B). 
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Figure 1. The rate of preservation of the estimated glomerular filtration
rate (eGFR) after robot-assisted partial nephrectomy (RAPN) and
percutaneous cryoablation (PCA).

Table IV. Multiple logistic regression model for factors associated with a decline in estimated glomerular filtration rate (eGFR) of 10% or more at
6 months after surgery considering all patients.

Univariate Multivariate 

Variable OR (95% CI) p-Value OR (95% CI) p-Value

Age ≥60 Years 1.38 (0.59-3.19) 0.46
<60 Years Reference

BMI ≥23.5 kg/m2 2.00 (0.89-4.49) 0.09
<23.5 kg/m2 Reference

Treatment RAPN 0.94 (0.42-2.10) 0.88
PCA Reference

Single kidney Yes 1.45 (0.09-23.87) 0.79
No Reference

ASA-PS ≥2 0.65 (0.30-1.46) 0.3
<2 Reference

Preoperative eGFR <70 ml/min/1.73 m2 1.38 (0.59-3.19) 0.46
≥70 ml/min/1.73 m2 Reference

Maximum tumour diameter ≥20 mm 3.00 (1.22-7.38) 0.013 2.54 (1.00-6.44) 0.044
<20 mm Reference Reference

RENAL nephrometry score ≥8 3.37 (1.43-7.95) 0.0046 2.94 (1.22-7.08) 0.015
<8 Reference Reference

ASA-PS: American Society of Anesthesiologists physical status; BMI: body mass index; CI: confidence interval; eGFR: estimated glomerular
filtration rate; OR: odds ratio; PCA: percutaneous cryoablation; RAPN: robot-assisted partial nephrectomy. Statistically significant p-values are
shown in bold.



Discussion

For surgical treatment of cT1 RCC, NST including PN has
been the standard treatment because it is not only effective
in cancer treatment but also reduces the incidence of
cardiovascular events and mortality more effectively than
radical nephrectomy does by preserving renal function and
preventing chronic kidney disease (3, 15, 16). Recently,
RAPN has been widely used for NST and has shown
promising clinical outcomes by shortening the warm
ischaemia time and reducing perioperative complications (5,
6). On the other hand, according to the American Urological
Association guidelines, thermal ablation such as PCA or
radiofrequency ablation is an appropriate alternative
treatment to PN in patients who are poor surgical candidates
but need active treatment (17). To date, there are only a few
comparative studies on treatment outcomes, especially on the
preservation of renal function, between RAPN and PCA.
Hence, in this study, we performed a data analysis of patients
with cT1a RCC treated with RAPN or PCA and provided
some evidence on oncological outcomes and renal function.

Firstly, in the results of our analysis of the RAPN group,
the trifecta achievement rate was 52.6%, which was similar
to that in previous reports (5, 18, 19). Sharma et al. reported
that the R.E.N.A.L nephrometry score is a useful tool for
determining renal tumour complexity (20). In the present
study, we also found that the R.E.N.A.L nephrometry score
was the decisive factor influencing trifecta achievement (21).
Regarding perioperative complications, we observed no
serious complications (Clavien-Dindo grade 4 or more) in
either group. Our results are in line with data published by
Rai et al. who reported no significant differences in the
overall and Clavien-Dindo grade 3 or more complication
rates between RAPN and cryoablation (22). 

Secondly, although preoperative eGFR was significantly
higher in the RAPN group than in the PCA group, there were
no significant differences in the percentage of eGFR
preservation between the two groups throughout the year.
Our study is in concordance with Zargar et al., who reported
that PN and CA had similar results in terms of preservation
of renal function (23). These findings support the theory that
RAPN and PCA have equivalent outcomes for medium-term
renal function preservation in patients with cT1a RCC.

Thirdly, we found that there was no significant difference
in RFS and OS rates between the RAPN and PCA groups
during the medium term of 3 years. Caputo et al. reported
contradictory outcomes in that RFS following RAPN was
superior to that following CA (PCA and laparoscopic CA). We
speculate that this difference may be due to the clinical stage
of RCC (cT1b) (24). Our findings partially align with those
reported by Tanagho and colleagues, who reported RAPN was
superior to CA in disease-free survival but equivalent in OS
and cancer-specific survival rates (25). Given these findings,
RAPN and PCA are believed to be equivalent in terms of
oncological outcomes during the medium-term in patients with
cT1a RCC, although further investigations are needed to
validate these results in the longer term.

This study had some limitations. Firstly, we performed a
retrospective study with a limited number of patients.
Secondly, split renal function should be further measured
using a renogram in future trials. Thirdly, the present study
did not assess long-term oncological outcomes.

Conclusion

In cT1a RCC, oncological outcomes and renal function after
surgery appear to be similar in patients who undergo RAPN
and those who undergo PCA, at least in the medium term.
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Figure 2. Relapse-free (A) and overall (B) survival curves after robot-assisted partial nephrectomy (RAPN) and percutaneous cryoablation (PCA).



These findings indicate that PCA is an effective, minimally
invasive treatment option for patients with cT1a RCC.
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