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The renal functions of 215 patients (24 with benign renal mass, the rest with RCC staged T1-T2) who underwent partial nephrectomy
(PN) between 2003 and 2014 were evaluated to identify predictors of short- and long-term deterioration in renal function after PN
among renal cell carcinoma (RCC) patients with or without preoperative predisposition to chronic kidney disease (CKD) and
among patients with benign renal mass. The 1- and 5-year predictive factors for de novo CKD were statistically analyzed. The
incidence of de novo CKD differed significantly (p < 0.001) among patients with benign renal mass, those with RCC but no
preoperative CKD predisposition, and those with RCC combined with preoperative CKD predisposition. Independent predictors
for de novo CKD at 1 year postoperatively included intraoperative ischemic method, ECOG score, elevated albumin levels, male
sex, and smoking exposure (in pack-years). Predictors for de novo CKD at 5 years postoperatively included hypertension, high
preoperative albumin levels, De Ritis ratio (aspartate aminotransferase/alanine aminotransferase ratio), smoking exposure, and
preoperative predisposition to CKD. Preoperative predisposition to CKD and ischemic method applied during PN, along with
other preoperative parameters, were important factors affecting postoperative renal function deterioration in patients with T1-T2

RCC.

1. Introduction

With the improvement in diagnostic modalities and wide-
spread implementation of early screening systems, the ability
to detect small, early-stage, localized renal cell carcinoma
(RCC) has increased, which has made it possible to initiate
oncological treatment with improved safety and efficacy,
resulting in prolonged survival for patients with RCC [1].
Furthermore, the standard treatment strategy for RCC staged
T1-T2 has changed from radical nephrectomy to partial
nephrectomy (PN), taking into account comorbidities and
life expectancy [2], as a strong association was found between
renal function decline and the surgical management of small
renal masses [2-4]. PN should also be recommended as the
first therapeutic option for other types of RCC including
familial RCC, von Hippel-Lindau RCC, or bilateral RCC, as

well as in patients with a history of underlying chronic renal
disease.

The effect of various aggravating and protective factors
was investigated during the postoperative follow-up of RCC
patients who underwent PN, with the aim to identify the key
aspects involved in preserving renal function and preventing
or delaying the development of chronic kidney disease (CKD)
[5]. It was found that the volume of resected renal tissue,
which affects postoperative renal function, depends on the
location and size of the tumor lesions, the presence of
peritumoral structures, and renal vascular state. However, it
is not easy to predict the postoperative development of CKD
in RCC patients because that would require monitoring very
many factors during the follow-up, whose range of action may
or may not overlap in time (i.e., some should be monitored
during the short-term follow-up, while others during the
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long-term follow-up). Moreover, the moment and direction
of aggravation of renal function in RCC patients were only
evaluated in comparison to the evolution of patients who
underwent PN but had normal kidneys.

Several groups have attempted to describe the functional
outcomes after renal surgery in terms of serum creatinine
levels as indicative of kidney function [6, 7]. However, the
National Kidney Foundation guidelines assert that the assess-
ment of renal function should be based on the estimated
glomerular filtration rate (eGFR), which is a more accurate
measure of kidney function because it considers serum
creatinine levels in addition to the patients age, sex, race,
and body mass index. A reduced eGFR has been associated
with increased risk of death, cardiovascular events, and
hospitalization [8]; end-stage renal disease, characterized by
low eGFR, leads to significant morbidity and mortality and
represents a major burden to any healthcare system.

Therefore, in the present study, we monitored the change
in renal function, assessed in terms of eGFR, in patients
who underwent PN for RCC staged T1-T2. The patients
were stratified into two groups based on their predisposition
to CKD, and these two groups were compared against a
control group (which included patients who underwent PN
for benign renal mass) in terms of renal function. The
development of de novo CKD and the predictive factors for
renal deterioration were evaluated statistically for the firstand
fifth year after PN in patients with a predisposition for CKD
and in those without such predisposition.

2. Patients and Methods

2.1. Ethical Statement. Following approval by the Institu-
tional Review Board (IRB) of the Research Institute and
Hospital of the National Cancer Center (IRB approval num-
ber: NCC2014-0193), every patient record was anonymized
and deidentified prior to analysis. All study protocols were
conducted according to the ethical guidelines of the World
Medical Association Declaration of Helsinki-Ethical Princi-
ples for Medical Research Involving Human Subjects. The
need for written consent was waived by the IRB.

2.2. Patients. The Kidney Cancer Database of the National
Cancer Center in Korea was searched for records of RCC
patients who underwent PN between 2003 and 2014. The
medical records of 252 RCC patients who underwent PN
in that period were identified in order to retrospectively
evaluate the development of de novo CKD and its predictive
factors. Patients with a single kidney, metastatic RCC, other
metastases to the kidney, or any preoperative histories of
kidney intervention or therapies were excluded, resulting
in a final enrollment of 215 patients including 24 (11.2%)
PN patients with benign renal mass. The cases with benign
renal masses diagnosed pathologically after PN included
6 renal cysts, 1 pyelonephrosis, 1 pheochromocytomas, 3
cystic nephromas, 9 angiomyolymphomas, 1 hemangioen-
dothelioma, 1 Castleman’s disease, 1 mucinous adenoma, and
1 case with no tumor. All enrolled patients had complete
follow-up data regarding renal function for at least one year
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postoperatively, whereas 124 (57.7%) patients had such data
for five years postoperatively.

The clinicopathological parameters including intraoper-
ative findings, smoking history, and laboratory findings were
used for the analysis of predictive factors for renal functional
deterioration within one year and after five years from PN.
Renal function was assessed based on serum creatinine
levels evaluated at the following points: preoperatively and
at 1, 3, 6, 9, 12, 24, 36, 48, and 60 months postoperatively.
Preexisting CKD was defined as a preoperative eGFR <
60 mL/min/1.73 m* (stage 3 according to the National Kidney
Foundation guidelines) [9]. Postoperative CKD, acute kidney
injury, and renal functional deterioration were defined either
asadecline in the renal function, using the classification given
in the National Kidney Foundation guidelines, from stages 1
or 2 to stage 3, or as a decline in the renal condition from
stage 3A (eGFR, 45-59 mL/min/1.73 m?) to stage 3B (eGFR,
30-44 mL/min/1.73 m?) [9].

2.3. Definition of Groups by Preoperative Condition. Two
groups of RCC patients were defined according to the
preoperative state of the renal function: the preoperative non-
CKD RCC group (non-CKD group) and the preoperative
CKD RCC group (CKD group). A third group was defined
including the patients with benign renal disease (control

group).

2.4. Definition of Renal Function Aggravation for Each Group.
Renal function deterioration was defined differently for each
group. For the non-CKD and control groups, it was defined
as having a postoperative eGFR < 60 mL/min/1.73 m?; for the
CKD group, it was defined as a decline in the renal function
from CKD stage 3A to 3B or from CKD stage 3B to 4 [9].

2.5. Statistical Analyses. The differences in the occurrence
of postoperative de novo CKD or renal functional deteri-
oration at the first year and at the fifth year of follow-up
were statistically evaluated for the three groups. Time to
progression either to renal functional deterioration or to de
novo CKD development was assessed using the Kaplan-Meier
analysis with the log-rank test. The predictive risk factors for
renal functional deterioration or de novo CKD development
were analyzed using the Cox-regression hazard analysis with
backward selection (alpha = 0.05). Statistical analyses were
performed by using Stata software (Release 9.2, StataCorp,
College Station, TX, USA). A p value of < 0.5 was deemed
statistically significant.

3. Results

A total of 145 (67.4%) patients were included in the non-
CKD group, whereas 46 (21.4%) patients were included in
the CKD group (Table 1). The median follow-up time for all
patients was 43 months (12-134 months). All RCC patients
(88.8%) had T1 stage RCC and only 0.5% experienced tumor
recurrence despite the tumor-free resection margin. A total
of 84.6% of the patients underwent open PN, with a median
ischemic time of 21 minutes; warm ischemia was applied in
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TABLE 1: Patient baseline demographics (N = 215).

Parameter Median (range) Percentage or SD
Age (years) 55 (24-78)
Gender (male/female) 154/61 71.6/28.4
BMI (kg/m?) 24.7 (16.6-39.8)
Underlying disease
Diabetes 32 14.9
Hypertension 89 414
Hypercholesterolemia 9 4.2
Ischemic heart disease 5 2.3
Anticoagulation therapy history 8 3.7
Aspirin therapy 21 9.8
ASA score 0/1/2 112/95/8 52.1/44.2/3.7
ECOG 0/1/2 143/70/2 66.5/32.6/0.9
Smoking 121 56.3
Smoking volume (PY) 8 (0-87)
Follow-up duration (mo) 43 (12-134)
Preoperative laboratory findings
Hemoglobin 14 (8.6-17.5)
Albumin 4.6 (3.6-5.9)
Calcium 9.4 (8.3-10.9)
Total Cholesterol 185.5 (97-335)
De Ritis ratio (AST/APT) 1.1(0.3-3.1)
Creatinine 1.0 (0.6-1.8)
Estimated GFR 69.7 (37.3-103.4)
Preoperative PADUA score 8.0 (5-12)
Tumor number 2.4 (0.3-16)
Low/intermediate/high 67/86/62 31.2/40.0/28.8
Longitudinal: Inf/interpolar/med/mid/sup 60/42/3/60/50 279/19.5/1.4/27.9/23.3
RENAL score 7 (3-18)
Ant/post 107/108 49.8/50.2
Disease category
Preoperative
CKD RCC 46 21.4
Non-CKD RCC 145 67.4
Benign renal mass 24 11.2
Operative method
Laparoscopy 33 15.4
Open 182 84.6
Pathologic T stage
T1 193 89.8
T2 22 10.2
Fuhrman grade
1 20 9.3
2 131 60.9
3 43 20.0
4 2 14
Unknown 19 8.8
Margin positive 30 14.0
Safety resection margin (mm) 2.0 (1.0-9.0)
Ischemic method warm/cold/no 131/42/42 60.9/19.5/19.5
Ischemic time (min) 21 (0-70)
Number of clamping vessels 2 (1-4)

Tumor diameter (cm) 2.0 (0.5-2.2)
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TaBLE 1: Continued.

Parameter

Median (range)

Percentage or SD

Postoperative 5-year follow-up
Creatinine
eGFR
Histology
Clear cell, pure
Papillary
Chromophobe
Benign renal mass
Recurrence

Time to recurrence

1.6 (0.6-2.2)
78.1 (29-118.8)

167 777
16 7.4
8 3.7
24 11.2
1 0.5

52.1(4.8-48.8)

SD, standard deviation; MSKCC, Memorial Sloane Kettering Cancer Center; LN, lymph node; F/U, follow-up; PD, progressive disease; SD, stable disease; PR,
partial response; CR, complete response; RECIST, Response Evaluation Criteria In Solid Tumors.

TABLE 2: Creatinine and estimated GFR data at baseline (N = 215)
and postoperative first (N = 215) and last year (N = 124).

Median (min-max,
range) or N (percentage,
%)

Baseline

Baseline sCr 1.0 (0.6-1.8)

Baseline eGFR 69.7 (37.3-103.4)
First year

Change of sCr at first year 2.0 (1-4)

Change of eGFR at first year 69.5 (25.6-129.1)

First year CKD 14 (6.5)

Time to CKD at first year (mo.) 13 (2-16)
Fifth year

Last CKD 32 (14.9)

Time to CKD at fifth year 35.4 (0.9-133.7)

Change of sCr at fifth year 1.0 (0.6-2.2)

Change of eGFR at fifth year 78.1 (29-118.8)

most cases (60.9%). Other baseline demographics including
clinicopathological characteristics and intraoperative find-
ings are described in Table 1.

When comparing the data regarding renal function
changes from the 5-year follow-up with those from the 1-
year follow-up, there were higher changes in eGFR after 5-
years than after 1 year (5 years, 78.1 mL/min/1.73 m%; 1 year,
69.5mL/min/1.73m?) and higher development of de novo
CKD after 5 years than the after 1 year (5 years, 14.9%; 1 year,
6.5%; Table 2). The incidence of de novo CKD in the control,
non-CKD, and CKD groups was, respectively, 0%, 2.8%, and
5.2% after 1 year and 0%, 3.2%, and 6.5% after 5 years (both
p < 0.001, Figure 1). However, the difference regarding the
incidence of de novo CKD between the control and the non-
CKD groups was not statistically significant after 1 year (p =
0.648); compared to the control group, the non-CKD group
had a decline in renal function after five years of follow-up
(Figure 1(b)). The median time to develop CKD, as identified

after 1 and 5 years after PN, was 13 (2-16) months and 35.4
(0.9-133.7) months, respectively (p < 0.001; Table 2, Figure 1).

The results of the multivariate analyses of predictive
factors for renal functional deterioration or de novo CKD
development, given in terms of hazard ratio (HR) and 95%
confidence interval (95% CI), for each variable that showed
significance at 1 year after PN (p < 0.05, Table 3) were
as follows: cold ischemia, HR = 0.053, 95% CI = 0.004-
0.699; no ischemia, HR = 0.077, 95% CI = 0.007-0.827;
Eastern Cooperative Oncology Group (ECOG) score 1, HR
= 0.0002, 95% CI = 0.0001-0.077; ECOG score 0, HR =
0.002, 95% CI = 0.0001-0.203; preoperative albumin levels,
HR = 0.010, 95% CI = 0.0001-0793; male sex, HR = 31.401,
95% CI = 3.037-324.649; and smoking exposure expressed
as pack-years, HR = 1.061, 95% CI = 1.021-1.1036. For each
variable that showed significance at 5 years after PN (p <
0.05, Table 3), the results of the multivariate analyses were as
follows: hypertension, HR =16.991, 95% CI = 2.666-108.298;
preoperative albumin levels, HR = 28.172, 95% CI = 2.177-
364.577; De Retis ratio of aspartate aminotransferase/alanine
aminotransferase (AST/ALT), HR = 13.772, 95% CI = 1.330-
142.550; smoking exposure, HR =1.081, 95% CI = 1.028-1.137;
and preoperative CKD, HR =13.158, 95% CI = 1.654-104.659.

4. Discussion

In the present study, we evaluated renal functional deteriora-
tion and its predictive factors at one and five years after PN
in patients with RCC staged T1-T2. The CKD and non-CKD
groups accounted for 21.4% and 67.4% of our study sample,
respectively, which is in agreement with previously reported
rates for CKD (20-24%) [9]. The RCC patients were stratified
into CKD or non-CKD groups according to the preoperative
state of their renal function, to rule out the oncologic effect of
RCC itself on the change in renal function and to differentiate
among the factors predisposing for CKD in RCC patients
whose renal function is recovering after PN. In addition,
we also considered a control group, which included patients
who underwent PN for removal of benign renal masses. We
examined and compared the postoperative changes in renal



BioMed Research International

Short-term follow-up

1.0 -
1
g
8
£ 08 -
i)
<2
Y o
g 2 06 -
g3
3‘ o
8
3
T
2 S
502 P < 0.001
=1
£
j=3
o
0.0 -
T T T T T T
000 250 500 750  10.00 12.50

Follow-up time (months)

Category disease

—r1 pre-CKD RCC

_r1 pre-non-CKD RCC
Benign renal mass

—— pre-CKD RCC-censored
—— pre-non-CKD RCC-censored
Benign renal mass-censored

(a)

Long-term follow-up

. )
T rm"m

1.0

1N o o
>~ [e)} [oe]
| | |

de novo CKD development

Cumulative incidence probability of long-term
o
[ 38}
I

0.0

0.00 2.50 5.00 7.50 10.00 12.50
Follow-up time (months)
Category disease
_r1 pre-CKD RCC

_1 pre-non-CKD RCC
Benign renal mass

—— pre-CKD RCC-censored
—— pre-non-CKD RCC-censored
Benign renal mass-censored

(b)

FIGURE I: Incidence curve for chronic kidney disease (CKD) (a) during the short-term (first year postoperatively) and (b) during the long-
term (fifth year postoperatively) follow-up in patients with renal cell carcinoma (RCC) staged T1-T2, treated with partial nephrectomy.

function for patients of the CKD, non-CKD, and control
groups.

As expected, the changes in renal function indicated more
deterioration and higher incidence of de novo CKD within 5
years after PN than within the first year (14.9% versus 6.5%;
Table 2). The number of patients who developed de novo
CKD was almost twice as high (p < 0.001; Figure 1) in the
CKD group than in the non-CKD group, both during the
first year (5.2% versus 2.8%) and during the fifth year (6.5%
versus 3.2%) of follow-up, whereas none of the patients in the
control group showed postoperative development of CKD.
Furthermore, for the first postoperative year, there was no
statistically significant difference between the control group
and the non-CKD group regarding the number of patients
with de novo CKD (Figure 1(b)). These results indicate that,
in patients with small localized RCC staged T1-T2, the long-
term deterioration of renal function is influenced mostly by
the baseline state of the renal function rather than by the
PN procedure or by RCC itself. Therefore, an active, close
monitoring of renal function is necessary in such high-risk
patients undergoing PN, especially those already predisposed
to CKD in the preoperative stage. Patients with benign
tumors undergoing PN are unlikely to experience deteriora-
tion of the renal function merely due to PN itself. However,
the renal function in RCC patients with no preoperative CKD
should be monitored for at least 5 years after PN, and further
investigation should be performed to identify and monitor
potential aggravating factors.

We assessed the differences between short-term- and
long-term-acting risk factors for renal function deterioration
and development of de novo CKD. We considered all known
risk factors reported in previous studies [4, 8-13]. Only
smoking exposure was found as a significant factor for both
the short-term and long-term deterioration of renal function
(p < 0.05; Table 3). Smoking is known to have detrimental
effects on the state of the vessels and kidneys, and heavier
smoking may have a more significant effect on renal function
recovery [1, 7].

We found that the intraoperative ischemic method (cold
ischemia, HR = 0.053; no ischemia, HR = 0.077) represented
a significant preventive factor for development of de novo
CKD in the short term, which is similar to what has
been reported in previous studies [12, 14]. The ischemic
method prevented ischemic changes in the nephrons. The
no-clamping technique without ischemia was the best PN
procedure for preservation of renal function, where possible.
However, this observation might be affected by the fact that
most of the renal masses included in our study were staged
T1(89.8%) and represented small-sized (2.0 cm) RCC. Under
such circumstances, the removal of a small volume of kidney
tissue is not expected to critically influence the degree of
postoperative deterioration in renal function. In addition,
our multivariate analysis did not indicate any significance of
ischemic time in terms of CKD prediction (p > 0.05), despite
the fact that univariate analysis showed that ischemic time
differed significantly among the groups (29.5 + 13.0 min for
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TABLE 3: Multivariate analysis of predictive risk factors with backward selection (p = 0.05) for 1-year short-term and 5-year long-term renal

functional deterioration.

95.0% confidence interval

p value Hazard ratio
Lower Upper

Significant parameters at 1 year
Sex 0.004 31.401 3.037 324.649
Smoking volume 0.003 1.061 1.021 1.103
Albumin 0.039 .010 .0001 793
Hemoglobin 0.077 1.619 .949 2.765
Ischemic method

Warm 0.076

Cold 0.026 .053 .004 .699

None 0.034 .077 .007 827
ECOG

Group 2 0.012

Group 1 0.004 .0002 .0001 .077

Group 0 0.009 .002 .0001 .203
Significant parameters at 5 years
Hypertension 0.003 16.991 2.666 108.298
Preoperative Albumin (mg/dl) 0.011 28.172 2177 364.577
Calcium level (mg/dl) 0.132 135 .010 1.829
De Ritis ratio 0.028 13.772 1.330 142.550
ASA class 1 0.001
ASA class 2 0.317 101 .001 8.968
ASA class 3 0.212 16.464 202 1343.216
Smoking volume (PY) 0.003 1.081 1.028 1.137
Predisposing CKD 0.015 13.158 1.654 104.659

ECOG, Eastern Cooperative Oncology Group score; De Ritis ratio, AST/APT; ASA, American Society of Anesthesiologist Score; CKD, chronic kidney disease.

the CKD RCC group, 21.9 + 21 min for the non-CKD RCC
group, and 10.7 + 16.1 min for the control group; p < 0.001;
data not shown). A recent systematic review showed that
warm ischemia does not harm long-term renal function as
long as ischemia time is kept between 20 and 25 minutes [15].

We also found that, in the short term, further significant
factors influencing the postoperative evolution of renal func-
tion were male sex (HR, 31.401), albumin levels (HR, 0.010),
and ECOG score (0 and 1, HR < 1.0), which were previously
reported as factors affecting renal function [16-18]. Patients
with good nutritional status and general performance in
the preoperative stage are expected to have good baseline
renal function and postoperative recovery after PN [16].
Compared to female patients, male Korean patients have a
higher tendency of exposing themselves to negative social
factors that may affect the recovery of renal function, likely
because of their stressful occupational environment and habit
of social drinking [17, 19, 20]. Another interesting finding
regarding short-term risk factors was that an ECOG score
of 1 was associated with less deterioration of renal function
than an ECOG score of 0, probably because patients with
ECOG score 1 were more likely to visit their physician for
health issues and have their renal function closely monitored

by clinicians, who intervened sufficiently early to prevent or
delay renal function deterioration or detect newly developed,
small renal masses.

As for the long-term factors, we found no protecting fac-
tors but did identify detrimental factors such as hypertension
(HR =16.991), high levels of serum albumin (HR = 28.172),
high De Ritis ratio (HR =13.772), and baseline predisposition
to CKD (HR = 13.158) in addition to smoking exposure (HR
= 1.081). These findings are in line with those reported by
previous studies [1, 7, 9, 10, 17, 20-22]. In particular, hyper-
tension and predisposition for CKD represent well-known
aggravating factors in combination with smoking exposure,
causing systemic cardiovascular changes and deterioration in
renal function [10, 17, 20-22]. Interestingly, our multivariate
analysis did not indicate diabetes as a significant predictor
of short- or long-term CKD development, in spite of the
significant differences in the incidence of diabetes among the
three groups (3.7% in the CKD RCC group, 9.8% in the non-
CKD RCC group, and 1.4% in the control group; p = 0.002;
data not shown). This observation is likely related to the fact
that our study sample included patients with RCC staged T1-
T2, which required removing only a small volume of tissue
during PN; furthermore, most patients did not exhibit severe
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diabetic state, suggesting that this aspect did not significantly
affect kidney function and, consequently, was not related to
the development of CKD postoperatively.

Abnormalities in albumin levels and De Ritis ratio values
are factors indicating chronic liver disease [23]. It is well
known that patients with chronic liver disease also had poor
renal function, mostly related to the development of acute
kidney injury, precipitated by either an acute disturbance
of hemodynamics or an acute structural damage to the
kidneys [10]. The incidence of chronic renal failure has been
rising, due to increasing prevalence of conditions such as
diabetes or viral hepatitis, which can be associated with renal
damage. In addition, AST and ALT levels, which provide
the De Ritis ratio [24], have been previously reported as
significant prognostic biomarkers in several malignancies
including kidney diseases [25]. The mechanism underlying
the relationship of AST and RCC is related to the vital
role of AST in glycolysis by relocation of NADH into the
mitochondria through the malate-aspartate shuttle pathway,
in which clear cell RCC with VHL loss was known to induce
the expression of hypoxia factors known to be connected to
extensively increased glycolysis in the mitochondria, which
is well-known as the Warburg effect [26, 27]. No studies
have ever suggested the importance of De Ritis ratio on
postoperative renal functional changes after renal surgeries
for which the levels of hepatic factors and serum albumin are
significant.

Our study has several limitations related to the small
sample size and retrospective design. Not all the patients
completed at least five years of follow-up, and thus the long-
term evaluation of renal function and underlying hepatic
diseases was incomplete for such patients. However, it is
clinically relevant to identify significant risk factors (among
which those related to hepatic disease) for renal function
deterioration, and our study is the first to identify long-
term-acting risk factors related to hepatic function that affect
postoperative renal function in RCC patients who underwent
PN. Further prospective studies with long-term follow-up
are warranted to evaluate the role of hepatic function in the
recovery of renal function.

5. Conclusion

The study showed the significant predisposal of CKD patients
for long-term renal function deterioration, and the significant
influence of intraoperative ischemic method and time for
short-term renal function deterioration in patients with T1-
T2 RCC who underwent PN. Further parameters including
smoking exposure, hypertension, preoperative albumin lev-
els, and De Ritis ratio values were also significant factors for
postoperative renal functional deterioration. Careful patient
selection for postoperative general management, as well as
intraoperative planning, may help reduce this unfavorable
outcome in renal function.
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