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INTRODUCTION

According to the National Cancer Center in Korea, 
a total of  3,989 patients newly diagnosed with renal cell 
carcinoma (RCC) accounted for 1.8% of all cancer in 2011. 
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This is an increase of  about 6.2% per year, an increase 
that is higher than in the United States and Europe [1]. 
Because of the widespread use of abdominal imaging, the 
detection of  asymptomatic small renal masses (SRMs) is 
increasingly prevalent [2]. For the management of  these 
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masses, partial nephrectomy (PN) is considered the gold 
standard of  care [3]. However, PN is associated with 
perioperative complications in about 20% of  cases [4,5], 
which cause significant morbidity [5]. In addition, serial 
studies of laparoscopic partial nephrectomy (LPN) report 
higher perioperative and postoperative complication rates 
than with open PN, which result in more ischemic time 
and longer hospital stays [6-8].

With the increasing application of minimally invasive 
surgery, several energy-based tissue ablation technologies 
including cryoablation are being investigated. RC is a 
recommended treatment option in specific populations, 
including patients who are elderly or have multiple 
comorbidities, solitary kidneys, ipsilateral multiple renal 
tumors, or bilateral renal tumors and patients who do not 
choose active surveillance [9-11].

Currently, long-term follow-up studies of RC are rare, 
especially in Korea. Thus, we report our 10-year experience 
with RC of  SRMs in a single university hospital, which 
includes the evaluation of  perioperative, functional, and 
oncological outcomes.

MATERIALS AND METHODS

1. Patients
We reviewed an Institutional Review Board-approved 

database of  70 patients who underwent RC and were 
followed up for a minimum of 3 months by a single sur-
geon in Korea University Hospital from August 2007 to 
May 2014. Among these patients, 68 patients (79 renal 
masses) were enrolled in our study. Two patients were 
excluded f rom study. Of  the two excluded patients, 
one patient was diagnosed with angiomyolipoma in 
the preoperative period and underwent laparoscopic 
renal cryoablation (LRC) and the other patient was 
lost to follow-up. Absolute indications for RC in our 
institution included renal tumors in a solitary kidney 
or chronic kidney disease (CKD), bilateral renal tumors, 
ipsilateral multiple renal tumors, and hereditary renal 
tumors. Elective indications included age (older than 
70 years), multiple comorbidities (American Society of 
Anesthesiologists score>3), bleeding tendency due to heart 
disease or liver cirrhosis, renal tumors in patients with 
other advanced cancer, and very small tumors (<2 cm).

2. Intraoperative renal biopsy
After kidney mobilization and perirenal tissue dissec-

tion, we performed intraoperative renal biopsy in every 
patient. Up to two needle biopsies were taken from the 

renal tumor before the insertion of a cryoneedle.

3. Postoperative follow-up
We performed computed tomography (CT) or magnetic 

resonance imaging (MRI) to evaluate residual tumors 
about 1 month after the operation. The patients were then 
evaluated every 3 months during the first year. After the 
first year, they were evaluated every 6 months during the 
follow-up period. The evaluations included laboratory tests, 
chest radiography, and CT or MRI.

4. Data collection and statistical analysis
We analyzed the patients’ characteristics and peri-

operative outcomes. Local recurrence was def ined as 
increasing tumor size or increasing enhancement of  the 
tumor on imaging study. In our study, assessment of func-
tional outcomes of RC was based on postoperative changes 
in the estimated glomerular filtration rate (eGFR), which 
was calculated by using the CKD-EPI (Chronic Kidney 
Disease Epidemiology Collaboration) [12].

The preoperative eGFR was compared with 1-month 
postoperative eGFR and 1-year postoperative eGFR by 
use of paired t-tests. We also performed logistic regression 
analysis by using SPSS and the “FIRTH” method with 
SAS 9.2 (SAS Institute Inc., Cary, NC, USA) to investigate 
the factors af fecting local recurrence. All statistical 
analyses were performed by using SPSS ver. 12.0 (SPSS 
Inc., Chicago, IL, USA), with statistical significance consi-
dered at p<0.05.

RESULTS

Of the 68 patients with RC who were treated in our 
institution, the number of  treated renal tumors was 79. 
Among the total 68 patients, an initial 9 patients (13.2%) 
were treated by open surgery and the remaining 59 
patients (86.8%) were treated by laparoscopic surgery. The 
patients’ characteristics and perioperative outcomes are 
summarized in Table 1.

The mean age of  the patients was 62 years (range, 
22–81 years). The mean tumor size was 2.25 cm (range, 
0.3–5.7 cm), and the mean RENAL score was 7 (range, 4–11). 
The mean operative time was 194 minutes (range, 85–290 
minutes) and the mean estimated blood loss (EBL) was 75 
mL (range, 0–250 mL). In our study, 1 patient (1.47%) was 
converted to open surgery, but no other intraoperative 
complications such as nephrectomy occurred.

Few postoperative complications occurred in our 
study. Only 3 patients (4.4%) had Clavien-Dindo grade II 
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complications. Furthermore, no Clavien grade III, IV, or V 
(major) complications occurred during the postoperative 
period.

The mean preoperative and 1-month postoperative 
eGFR were 71.8 mL/min/1.73 m2 (range, 60.1–81.6 mL/
min/1.73 m2) and 68.3 mL/min/1.73 m2 (range, 58.3–79.2 
mL/min/1.73 m2), respectively (p=0.19). The mean 1-year 
postoperative eGFR was 65.0 mL/min/1.73 m2 (range, 
55.3–76.4 mL/min/1.73 m2) (p=0.25). The 1-year postoperative 
eGFR was investigated in patients who had been followed 
up for more than 1 year.

The indications for RC in our institution are summarized 
in Tables 2 and 3. The absolute indications included renal 

tumors in a solitary kidney in 12 patients (17.65%), renal 
tumors with CKD in 6 patients (8.82%), bilateral renal 
tumors in 5 patients (7.35%), ipsilateral multiple renal 
tumors in 1 patient (1.47%), and Von Hippel Lindau disease in 
2 patients (2.94%) (Fig. 1). All 6 patients who had CKD fell 
under CKD stage II (eGFR, 60–79). A total of 26 patients 
(38.23%) had absolute indications. The elective indications 
included age (older than 70 years) in 17 patients (25.00%), 
multiple comorbidities in 14 patients (20.59%), bleeding 
tendency in 6 patients (8.82%), renal tumors in patients 
with other advanced cancer in 15 patients (22.06%), and 
very small tumors in 10 patients (14.71%).

Table 1. Patient characteristics and perioperative outcomes

Characteristic Value
No. of patients 68
No. of treated tumors 79
Age (y) 62 (22–81)
Size of renal tumor (cm) 2.25 (0.3–5.7)
RENAL score 7 (4–11)
Surgical approach 
 Transperitoneal 34 (50)
 Retroperitoneal 34 (50)
Tumor side 
 Right 46 (58.23)
 Left 33 (41.77)
Operating time (min) 194 (85–290)
EBL (mL) 75 (0–250)
Hospital stay (d) 6.7 (3–13)
Serum creatinine (mg/dL)
 Preoperative 1.1 (0.4–3.6)
 Postoperative (POD 7 days) 1.2 (0.5–3.8)
 Postoperative (POD 12 months) 1.2 (0.5–4.0)
Estimated GFR (mL/min/1.73 m2)
 Preoperative 71.8 (60.1–81.6)
 Postoperative (POD 1 month) 68.3 (58.3–79.2)
 Postoperative (POD 12 months) 65.0 (55.3–76.4)
Follow-up (mo) 59.76 (3–119)
Perioperative complications 
 Open surgical conversion 1 (1.47)
 Nephrectomy for bleeding 0 (0)
Postoperative complications 
 Clavien I 10 (14.7)
 Clavien II 3 (4.4)
 Clavien III–V (major) 0 (0)
Local recurrence (% of rate) 8/52 (15.4)
Distant metastasis (% of rate) 1 (2.1)

Values are presented as mean (range) or number (%).
EBL, estimated blood loss; POD, postoperative day; GFR, glomerular 
filtration rate.

Table 2. Absolute indications for renal cryoablation

Indication No. (%)
Solitary kidney 12 (17.65)
Bilateral renal tumor 5 (7.35)
Ipsilateral multiple tumor 1 (1.47)
Hereditary renal tumor 2 (2.94)
Chronic kidney disease 6 (8.82)
Total 26 (38.23)

Table 3. Elective indications for renal cryoablation

Indication No. (%)
Old age (>70 y) 14 (20.59)
Coexistence of another cancer 15 (22.06)
Bleeding tendency 6 (8.82)
High anesthetic risk (ASA≥3) 14 (20.59)
Transfusion refusal 1 (1.47)
Very small mass (<2 cm) 10 (14.71)

ASA, American Society of Anesthesiologists.

Table 4. Histopathological findings of renal cryoablation

Type No. (%)
RCC 52 (65.8)
 Clear cell 45 (57.0)
 Papillary 6 (7.6)
 Chromophobe 1 (1.3)
Other malignancy
 TCC 1 (1.3)
 Tubulocystic carcinoma 1 (1.3)
Benign mass
 AML 13 (16.5)
 Oncocytoma 1 (1.3)
Adipose tissue 5 (6.3)
Calcified cyst 2 (2.5)
Chronic inflammation 4 (5.1)
Total 79 (100)

RCC, renal cell carcinoma; TCC, transitional cell carcinoma; AML, angio-
myolipoma.
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The pathologic findings are summarized in Table 4. 
In the pathologic examination, the total number of pati-
ents diagnosed with RCC was 52 (65.8%). All patients 
with RCC showed common clear cell carcinoma, except 
for 6 patients (7.6%) with the papillary type and 1 patient 
(1.3%) with the chromophobe type. The other malignancies 

included transitional cell carcinoma in 1 patient (1.3%) 
and tubulocystic carcinoma in 1 patient (1.3%). The benign 
pathologic f indings included angiomyolipoma in 13 
patients (16.5%), oncocytoma in 1 patient (1.3%), fibroadipose 
tissue in 5 patients (6.3%), calcified cysts in 2 patients (2.5%), 
and chronic inflammation in 4 patients (5.0%).

Table 5. Characteristics of recurred tumors in patients with biopsy-proven RCC

Mean interval 
(mo)

Tumor 
type

Fuhrmann 
grade

Mean size 
(cm)

Tumor 
side

Tumor 
polarity

Tumor 
location

Re-treatment Secondaryrecur

2 Clear cell Grade I 5.5 Right Mid/anterior Endophytic Active surveillance None
6 Clear cell Grade II 4.3 Right Upper/posterior Endophytic Reoperation (LRC) None
5 Clear cell Grade II 4.9 Left Lower/anterior Endophytic Active surveillance None
5 Clear cell Grade II 4.1 Left Lower/lateral Endophytic SONO-guided RFA None
7 Clear cell Absent 1.8 Right Mid/posterior Endophytic SONO-guided RFA None
9 Clear cell Absent 2.2 Right Lower/posterior Endophytic SONO-guided RFA None
9 Clear cell Absent 3.7 Left Mid/posterior Endophytic SONO-guided RFA None
9 Clear cell Grade I 3.5 Right Lower/posterior Endophytic Active surveillance None

RCC, renal cell carcinoma; LRC, laparoscopic renal cryoablation; SONO, ultrasonography; RFA, radiofrequency ablation.

Fig. 1. Serial changes of the Von Hippel Lindau (VHL) disease patient. The patient underwent open left partial nephrectomy due to left renal mass on 
December 2010. (A) The preoperative computed tomography (CT) image showed a 1.7-cm endophytic tumor in right kidney midportion (arrow). (B) The 
postoperative CT image at 2 weeks. (C) The postoperative CT image at 3 months. The images showed a improved previous cryoablation site in right kid-
ney. (D) The postoperative CT image at 1 year.

A B

C D
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The mean follow-up period was 59.76 months (range, 3– 
119 months). During the follow-up period, local recurrence 
was found in 8 tumors (15.4%, a total of  52 RCCs) with 
imaging studies. The mean interval from the time of 
surgery to the time of recurrence was 6.5 months (range, 2– 
9 months). The characteristics of the recurred tumors are 
summarized in Table 5.

We investigated on the basis of tumor size with a cutoff 
of  4 cm. Among 74 tumors smaller than 4 cm, RCC was 
confirmed in 48 tumors (64.8%) and local recurrence was 
found in 4 tumors (8.3%). Among 5 tumors greater than 
4 cm, RCC was confirmed in 4 tumors (80.0%) and local 
recurrence was found in all 4 (100.0%). Logistic regression 
analysis was performed to investigate the factors affecting 

Table 6. Univariable and multivariable logistic regression analysis of the factors affecting local recurrence

Variable
Univariable Multivariable

p-value OR (95% CI) p-value OR (95% CI)
Age 0.690 0.991 (0.947–1.037) - -
Sex 0.983 0.981 (0.182–5.305) - -
Tumor size 0.001 5.057 (1.883–13.581) 0.005 3.853 (1.511–9.825)
Tumor location (right/left) 0.796 1.220 (0.270–5.503) - -
RENAL score 0.002 2.396 (1.388–4.135) 0.720 1.209 (0.429–3.409)
Method (open vs. laparoscopic) 0.917 0.889 (0.096–8.190) - -
Pattern (endophytic vs. exophytic) 0.039 21.858 (1.172–407.708) 0.081 14.398 (0.718–288.577)

OR, odds ratio; CI, confidence interval.

Fig. 2. Serial changes of a left renal tumor in local recurrence patient. (A) The preoperative computed tomography (CT) image showed a 3.7-cm tumor 
mass in posterior aspect of left kidney midportion. (B) The postoperative CT image at 3 months. (C) The postoperative CT image showed a recurred tumor 
in medial aspect of cryoablated lesion in left kidney (arrow). (D) The postradiofrequency ablation CT image at 2 months.

A B

C D
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local recurrence. Among all factors, the results showed 
statistical significance only for the size of  the tumor 
(p=0.006). The other factors did not affect local recurrence 
(Table 6).

Concerning treatment in patients with local recurrence, 
one patient underwent repeat cryosurgery and four 
patients underwent ultrasonography-guided radiofrequency 
ablation (Fig. 2). None of the five patients who underwent 
re-treatment for local recurrence experienced additional 
recurrence during the follow-up period. The remaining 
three patients are currently under active surveillance. 
Likewise, the active surveillance group did not experience 
tumor progression during the follow-up period.

In our study, distant metastasis was found in only 1 
patient (1.47%). The patient underwent LRC to manage 
RCC. One year after surgery, an approximately 1.3-cm-sized 
pancreatic mass was identified by MRI. Consequently, the 
patient underwent additional surgery and the pancreatic 
mass was pathologically diagnosed as RCC. 

In our study, the recurrence-free rate was 83.0% and 
the cancer-specific survival rate was 100%. Moreover, the 
5- and 10-year overall survival rates were both 100%.

DISCUSSION

We are currently facing an increasing number of SRMs 
with undefined malignant potential. SRMs are more fre-
quently detected in elderly patients with many co mor-
bidities [13]. PN is the gold standard of  treatment for 
mana ging SRMs [3]. However, PN is difficult to perform in 
elderly patients with comorbidities because of  their poor 
operative status. More recently, active surveillance and 
ablative technologies have emerged as potential alternatives 
to surgery in selected patients. The American Urological 
Association guidelines consider patients with significant 
comorbidities who are unfit for PN as potential candidates 
for ablative technologies or for active surveillance in those 
wishing to avoid treatment [3]. In our study, we performed 
oncologic follow-up for a mean period of 59.76 months (range, 
3–119 months) on a series of  68 patients who were treated 
with RC. Of the 68 patients, 26 patients (38.23%) had absolute 
indications for RC. The remaining patients had elective 
indications including multiple comorbidities and very small 
tumors (less than 2 cm).

Recently, many studies comparing the perioperative 
outcome of PN and RC have been reported. Klatte et al. [14] 
reported a systematic review comparing the perioperative 
and oncologic outcomes of  LPN and LRC. In that study, 
LRC was associated with significantly shorter operative 

times, lower EBL, shorter hospital stay, and a lower risk 
of  total complications compared with LPN. Also, the 
favorable morbidity of  RC has been well established. 
Most published studies have reported low rates of major 
complications ranging from 1% to 6% [15-17]. More recently, 
multi-institutional data on LRC in 144 patients showed a 
total complication rate of  15.5%, and most complications 
were minor, such as pain [18]. 

The results of  our study revealed a mean EBL of 75 
mL (range, 0–250 mL) and a mean operative time of 194 
minutes (range, 85–290 minutes). The mean hospital stay 
was 6.7 days (range, 3–13 days) and no patient experienced 
clinical signs or symptoms of  collecting system injury. 
During the intraoperative period, only 1 case (1.47%) was 
converted to open surgery. Except for this, no perioperative 
complications occurred in any of our patients. Because of 
preoperative anemia, a total of  3 patients (4.4%) needed 
postoperative transfusion.

Several studies have reported functional outcomes 
of  LRC. Park et al. [19] reported no significant change 
in renal function when pre-LRC Scr was compared with 
post-LRC Scr (7 days after cryoablation). Aron et al. 
[20] reported that LRC had a minimal impact on renal 
function. In that study, pre-LRC eGFR and post-LRC 
eGFR at a median of  24 months were 66 and 59 mL/
min/1.73 m2, respectively.

In our study, we used eGFR to investigate functional 
outcomes of  RC. Statistical comparison of  preoperative 
and postoperative levels was performed with paired t-tests. 
The mean preoperative and 1-month postoperative eGFR 
were 71.8 mL/min/1.73 m2 (range, 60.1–81.6 mL/min/1.73 m2) 
and 68.3 mL/min/1.73 m2 (range, 58.3–79.2 mL/min/1.73 m2), 
respectively (p=0.19). The mean 1-year postoperative eGFR 
was 65.0 mL/min/1.73 m2 (range, 55.3–76.4 mL/min/1.73 m2) 
(p=0.25). The 1-year postoperative eGFR was investigated 
in patients who had been followed up for more than 1 
year. As time passed, the mean eGFR did decrease, but 
this result was not statistically significant.

Recently, several studies with intermediate and long-
term outcomes of  LRC have been reported. Hegarty 
et al. [21] reported 5-year outcomes of  60 patients who 
were treated with LRC. Overall and cancer-specific sur-
vival rates were 82% and 100%, respectively, with local 
recurrence occurring in 3 patients (6.7%). Guillotreau et 
al. [22] reported outcomes of  robotic PN and LRC in the 
treatment of patients with SRMs (≤4 cm). In that study, 
the local recurrence rate for LRC was 11%. Strom et al. 
[23] reported recurrence rates after percutaneous RC and 
LRC of SRMs. Local recurrence rates for percutaneous RC 
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and LRC were 16.4% and 5.9%, respectively. The overall 
survival rates of  percutaneous RC and LRC were 88.9% 
and 89.3%, respectively. However, compared with PN, most 
reported studies showed that the local recurrence of  RC 
was higher than that of PN. Klatte et al. [14] reported a 
systematic review comparing the oncologic outcomes of 
LPN and LRC. In that study, patients who had undergone 
LRC had a significantly increased risk of  local (relative 
risk [RR], 9.39) and systemic (RR, 4.68) tumor progression 
compared with patients who had undergone LPN.

In our study, local recurrence was found in 8 tumors 
(15.4%). Compared with other studies, the recurrence rate 
in our study was relatively higher. However, this is most 
likely because our study included the results of  surgery 
on tumors greater than 4 cm. In practice, among a total 
of  74 tumors that were less than 4 cm, local recurrence 
occurred in 4 tumors (5.41%). Similar to other studies, the 
recurrence rate of tumors less than 4 cm was favorable in 
our study as well. Our results showed a higher recurrence 
rate for RC than for PN. However, there was no additional 
recurrence during the follow-up period after the patients 
underwent additional nephron-sparing treatment. In 
our study, the recurrence-free rate was 83.0% and the 
metastasis-free rate was 97.9%. Also, the 5- and 10-year 
overall survival rates were both 100%. Similar to previous 
reported studies [21], the oncologic outcomes of our study 
were favorable.

Recently, PN is increasingly being performed for 
T1b tumors (larger than 4 cm). Volpe et al. [24] reported 
outcomes of PN for T1b tumors. In that study, PN of T1b 
tumors achieved similar oncologic and even better renal 
functional outcomes than did radical nephrectomy. By 
contrast, in our study, the results of  RC of  T1b tumors 
were doubtful. Among the 5 tumors greater than 4 cm, 
local recurrence was found in 4 tumors (100.0%). The 
local recurrence rate was relatively higher in the case of 
tumors larger than 4 cm. Therefore, application of RC for 
tumors greater than 4 cm seems inappropriate.

Regarding the high recurrence rate of  RC, several 
studies of factors that may contribute to local recurrence 
have been published. Tsivian et al. [25] reported the results 
of a regression analysis of risk factors for local recurrence 
after LRC. In the proportional hazards regression, tumor 
size (p=0.003; odds ratio [OR], 4.1) and endophytic growth 
pattern (p=0.28; OR,11.4) were significantly associated with 
local recurrence.

In our study, logistic regression analysis was performed 
to investigate the factors affecting local recurrence. Our 
results showed statistical significance only for the size 

of  the tumor (p=0.005; OR, 3.8). An endophytic growth 
pattern had borderline significance in our study (p=0.081; 
OR, 14.398) (Table 6). Although it did not show statistical 
signif icance, an endophytic growth pattern tended to 
be associated with higher recurrence as the number of 
patients increased.

Therefore, on the basis of  the results of  our study, 
in cases in which PN is dif f icult owing to multiple 
comorbidities or in which the renal mass is less than 4 cm, 
RC is recommended. However, RC must be used cautiously 
if the renal mass has an endophytic pattern.

We recognize several limitations of this study. First, this 
study was based on the experience of a single institution 
with a relatively small number of patients. Second, it was 
based on a retrospective, noncomparative study via chart 
review. Therefore, to establish the effectiveness of  RC, 
randomized and prospective studies with comparison to 
PN must be conducted. Although several intermediate- 
and long-term follow-up results of RC have been reported 
in Western countries, until now, few studies of functional 
and oncologic outcomes of RC had been reported in Korea. 
The strength of this study is that the research was based 
on a relatively long-term follow-up period in Korea. More-
over, we performed RC for patients who were selected 
by elective and absolute indications in the preoperative 
period. Similar to other studies, our results for RC were 
favorable.

CONCLUSIONS

In our study with long-term follow-up, RC for SRMs 
showed favorable perioperative, functional, and oncological 
outcomes without major complications. Compared to PN, 
RC was associated with a high recurrence rate. However, 
RC showed excellent oncologic outcomes af ter other 
nephron-sparing treatment was performed in the patients 
with local recurrence. If  RC is performed on the basis 
of  appropriate patient selection, it is expected to show 
effective results.
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