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Long-Term Renal Function Outcomes in
Bladder Cancer After Radical Cystectomy

Takahiro Osawa,’ Nobuo Shinohara,’ Satoru Maruyama,’ Koji Oba,z Takashige Abe,’ Shintaro Maru,’ Norikata Takada,7
Ataru Sazawa,7 Katsuya Nonomura

Purpose: To evaluate postoperative renal function and risk factors for the loss of renal function in

patients who had undergone radical cystectomy.

Materials and Methods: A retrospective single institutional study evaluated 70 patients, includ-
ing 54 men and 16 women who underwent radical cystectomy. The median follow-up period was
34.5 months (range, 12 to 228 months). In this cohort, four types of urinary diversions were stud-
ied, including ileal neobladder (n = 24), ileocecal neobladder (n = 12), ileal conduit (n = 25), and
cutaneous ureterostomy (n = 9). Postoperative changes in renal function were reviewed, and the
estimated serum creatinine-based glomerular filtration rate (¢GFR) was calculated. The variables
analyzed were age, a prior history of hypertension or diabetes mellitus, pre-operative renal func-
tion, type of urinary diversion, the postoperative occurrence of acute pyelonephritis, and the pres-
ence of chemotherapy.

Results: The mean eGFR was 74.6 (range, 15.2 to 155.1) mL/min/1.73 m? before surgery and 63.6
(range, 8.7 to 111.5) mL/min/1.73 m? at the last follow-up. The 10-year renal deterioration-free
interval was 63.8%. Multivariate analysis showed that a postoperative episode of acute pyelone-
phritis [Odds Ratio (OR), 3.21; 95% Confidence Interval (CI), 1.14 to 9.02; P = .03] and the pres-
ence of chemotherapy (OR, 3.27; 95% CI, 1.33 to 8.01; P = .01) were significant adverse factors.

Conclusion: Twenty-four (34.2%) patients demonstrated reduced renal function during the follow-
up period. Postoperative episodes of acute pyelonephritis and the presence of chemotherapy were
found to be significant adverse factors.

Keywords: urinary bladder neoplasms, urinary diversion, follow-up studies, treatment outcome,
cystectomy
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INTRODUCTION

rinary diversion is inevitable during radical cys-

tectomy (RC) in patients with muscle-invasive

and high-grade non-muscle invasive bladder can-
cer. One of the most important requirements for any substitu-
tion of the bladder is that it should not jeopardize the function
of the upper urinary tract. To achieve long-term upper urinary
tract safety, a variety of reconstruction techniques have been
discussed.(”
However, there have been few publications describing the
long-term renal function outcomes of the patients with blad-
der cancer who have undergone RC. Comparing renal func-
tion results between different studies is hampered due to dif-
ferences in patients’ characteristics, the definitions of renal
function, and surgical techniques. Currently, the estimated
serum creatinine-based glomerular filtration rate (eGFR) is
considered to be the better measure of overall kidney func-
tion, and it is widely used to evaluate postoperative renal
function after partial nephrectomy and renal transplantation.
23)
In the present study, we evaluated postoperative renal func-
tion and the risk factors for the loss of renal function in pa-

tients who had undergone RC in a single institution.

MATERIALS AND METHODS

A total of 149 patients who had undergone RC between 1988
and 2008 were identified. All data were obtained in accord-
ance with the privacy protection policy of our institution. Of
these patients, 79 (53%) were excluded from the study be-
cause of the following reasons: less than 12 months follow-
up (46 patients), simultaneous nephrectomy or nephroure-
terectomy (25 patients), resection of the entire urinary tract
(1 patient), the necessity of dialysis during the postoperative
course (1 patient), and insufficient data (6 patients). As a re-
sult, of the 149 patients, 70 patients (54 men and 16 women)
were included in the present study.

In this cohort, four types of urinary diversions were com-
pared: cutaneous ureterostomy (n =9), ileal conduit (n = 25),
ileal neobladder (n = 24), and ileocecal neobladder (n = 12).
Before the selection of the urinary diversion, a thorough eval-
uation of the patients’ baseline renal function, including their

24-hour creatinine clearance was performed. Impaired renal

function (serum creatinine level >2 mg/dL) usually precludes
continent urinary diversions as it leads to an inability to com-
pensate for metabolic disturbances.*> The indications for
the selection of urinary diversion were dependent on the pa-
tient’s age, comorbidity, and prior abdominal surgery.

The patients that underwent the ileocecal neobladder pro-
cedure received a cutaneous continent reservoir (8 patients)
or an orthotopic neobladder (4 patients). The advantages of
the ileocecal reservoir are its large initial volume and its il-
eocecal valve, which can be reinforced to ensure that urinary
reflux into the ureter is prevented. The ileocecal neobladder
procedure has not been performed in our institution since
1995 as it causes hypochloremic metabolic disturbance and
vitamin B, deficiency.

All the patients underwent RC and urinary diversion, and
the basic technique was identical regardless of the operator.
In the continent urinary diversion group, the ureters were
anastomosed with the LeDuc-Camey technique (9 patients)
or Chimney technique (15 patients). Recently, the Chimney
technique has mainly been used for the ureter implantation
in our group because anti-reflux mechanisms are not always
necessary in low pressure reservoir.

After the surgery, the patients were followed-up for metasta-
sis and urinary obstruction with routine blood tests, a radio-
logical chest examination, and a computed tomography scan
of the abdomen and pelvis every 3 to 6 months for the first
2 to 3 years and every 6 to 12 months thereafter. Bone scans
were carried out when symptoms appeared.

Postoperative changes in renal function were examined, and
eGFR was calculated using the standard Japanese formula
(eGFR = 194 x age-0.287 x creatinine-1.094 mL/min/1.73
m?[x 0.739 if female]), which was developed by the Japa-
nese Society of Nephrology.® Renal deterioration was de-
fined as a greater than 25% decrease in eGFR compared to
pre-operative renal function.”®

The variables analyzed were age, gender, a prior history of
hypertension or diabetes mellitus, pre-operative renal func-
tion, type of urinary diversion, the presence of chemotherapy,
and the repeated postoperative episode of acute pyelonephri-
tis (APN). Pyelonephritis was defined as a positive urine cul-
ture (bacteriuria of >10° colony-forming units) and the pres-

ence of flank pain or tenderness with fever (>38 °C axillary).
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Figure 1. Kaplan-Meier curve of the renal deterioration-free inter-
val of all the patients.
The 10-year renal deterioration-free interval was 63.8%.

Hypertension was defined as pre-operative systolic and dias-
tolic blood pressure measurements of >140 and >90 mmHg,
respectively. Patients with diabetes mellitus were defined as
those who met the relevant diagnostic criteria and required
glycemic control.

The renal deterioration-free interval (as defined above) was
estimated using the Kaplan-Meier method, and distribu-
tions were compared using the Log-Rank test. Multivariate
analyses were performed using the Cox proportional hazards
model. All calculations were performed using commercially
available statistical software (StatView 5.0, SAS Institute,
Cary, North Carolina, USA). P values less than .05 were con-

sidered significant.

RESULTS

The median age of the patients was 63.5 years (range, 25 to
88 years). The median follow-up period was 34.5 months
(range, 12 to 228 months). The median postoperative fol-
low-up period was 39 months (range, 13 to 85 months)
for cutaneous ureterostomy, 47 months (range, 12 to 223
months) for the ileal conduit, 33 months (range, 16 to 130
months) for the ileal neobladder, and 129 months (range,
14 to 243 months) for the ileocecal neobladder. The median
eGFR was 74.6 mL/min/1.73 m? (range, 15.2 to 155.1 mL/
min/1.73 m?) before the surgery and 63.6 mL/min/1.73 m?
(range, 8.7 to 111.5 mL/min/1.73 m?) at the last follow-up.
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Figure 2. Kaplan-Meier curve of the renal deterioration-free in-
terval by the repeated acute pyelonephritis episode in univariate
Log-Rank analysis.

The 10-year renal deterioration-free interval was 63.8% (Fig-
ure 1).

Table 1 shows the patients’ characteristics stratified accord-
ing to the type of diversion. Both cutaneous diversion and
ileal conduit tended to be performed in older patients who
had complication of renal insufficiency and hypertension.
Furthermore, surgical intervention, including balloon ure-
teral dilation, was needed to improve the ureteral obstruction
for 7 patients who had deteriorating renal function during the
outpatient follow-up.

Univariate Log-Rank analysis demonstrated a significant re-
lationship between renal deterioration with the repeated APN
episode (Figure 2; P =.01) and the presence of chemotherapy
(P =.02). The frequency of APN after RC varied as follows:
11 patients suffered from one APN, 8 patients from two APN,
2 patients from three APN, and 2 patients from more than
four APN. On the other hand, there was no significant differ-
ence in the frequency of APN events among the four types of
urinary diversion.

The peri-operative chemotherapy regimens used in the cur-
rent series were one to two cycles of methotrexate, vinblas-
tine, adriamycin, and cisplatin (MVAC, n = 5), two or three
cycles of methotrexate, epirubicin, and cisplatin (MEC, n =
12), three to six cycles of paclitaxel, ifosfamide, and neda-
platin (PIN, n = 2), seven to fifteen cycles of combination

chemotherapy, including MEC and PIN (n = 2), and five cy-
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Table 1. Characteristics of patients stratified according to the type of urinary diversion that they underwent.

Variables Cutaneous ureterostomy lleal conduit lleal neobladder lleocecal neobladder P
Patients, n 9 25 24 12

Age, >75/<75y 5/4 5/20 1/23 0/12 <.01
Gender, male/female 6/3 20/5 19/5 9/3 86
z;e(;;’fggar:ﬁr:ﬁfﬁ; - 3/6 21/4 2173 12/0 01
Chemotherapy, +/- 3/6 8/17 6/18 5/7 .78
é;ﬁez ‘t’ﬁ:;”eph”tis' 27 2/23 717 11 19
Ureteral obstruction,+/- 1/8 5/20 0/24 /1 14
Diabetes mellitus,+/- 3/6 3/22 3/21 0/12 .16
Hypertension, +/- 4/5 9/16 2/22 1/11 .03

*eGFR indicates estimated serum creatinine-based glomerular filtration rate.

cles of paclitaxel and carboplatin (n = 1). In the cisplatin-
including chemotherapy group, 10 (52%) patients out of 19
showed renal deterioration compared to 0 (0%) subjects out
of 3 in the other chemotherapy group. On the other hand,
there were no significant differences in renal deterioration
among chemotherapy courses.

Multivariate analysis showed that the postoperative repeated
episode of APN [Odds Ratio (OR), 3.21; 95% Confidence
Interval (CI), 1.14 to 9.02; P = .03] and the presence of
chemotherapy (OR, 3.27; 95% CI, 1.33t0 8.01; P=.01) were
significant adverse factors. On the other hand, age, gender,
pre-operative eGFR, the type of urinary diversion, diabetes
mellitus, and hypertension did not affect the patients’ renal
function outcomes (Table 2).

DISCUSSION

Urinary diversion is mandatory for patients undergoing
RC. Long-term follow-up of postoperative renal function
is critical for evaluating urologic reconstructive procedures.
However, comparison of long-term renal function results is
difficult because selection of a particular urinary diversion
procedure is subject to the patient’s characteristics. Further-
more, the parameters used to define the upper urinary tract
deterioration are not always the same among reports.”’
This study shows that 34.2% of patients who underwent uri-
nary diversion procedures experienced renal deterioration

during the follow-up period, as defined by a greater than

25% decrease in eGFR. With regard to the ileal conduit di-
version group, 29% of patients developed renal deterioration.
This result is comparable to the results of a previous study
in which 18% to 29% of patients revealed worsening renal
function during a median follow-up period of 8 years.®!?)

In general, renal function is favorably preserved after con-
tinent urinary diversion compared with that after conduit
urinary diversion,'? and the incidence of renal deterioration
after continent urinary diversion has been reported to range
from 7.4% to 16%."1? In our study, 43.7% of patients
who underwent continent urinary diversion experienced re-
nal impairment, and this rate was moderately higher than
that described in a previous report. However, these reports
concentrated on serial serum creatinine measurements as an
indicator of renal functional deterioration, which is a poor
indicator of early renal impairment.('®

Fontaine and colleagues evaluated GFR pre-operatively in
patients who underwent reconstruction of the lower urinary
tract using a bowel segment, and followed them for at least
10 years. In their study, 80% of patients displayed no change
in their renal function, while 20% suffered from renal dete-
rioration of more than 20% GFR loss."'¥) Therefore, the up-
per urinary tract deterioration rate that we observed during
our 10-year study period is comparable to that of the previous
report.

Chemotherapy prior to or after RC was found to be a signifi-

cant predictor of renal deterioration in our series. The MVAC

IEOAWOIEITYS Vol.10 | No.1 | Winter2013 | 787



Table 2. Results of multivariate analysis.*

Variable Hazard Ratio (95% ClI) P
Age, every 10 years 1.17 (0.78 to 1.76) A4
Gender, female 1.40 (0.45 t0 4.29) .56
Pre-operative eGFR,< 60 mL/min/1.73 m? 0.77 (0.24 to 2.44) .66
Urinary diversion (Compared to lleal neobladder) 39

Cutaneous ureterostomy 0.30(0.05t0 1.78)

lleal conduit 1.00 (0.32 t0 3.15)

lleocecal neobladder 0.45 (0.10 t0 2.01)
Chemotherapy 3.27(1.33t08.01) .01
Acute pyelonephritis,>2 times 3.21(1.14t09.02) .03
Diabetes mellitus 1.78 (0.48 t0 6.57) .39
Hypertension 0.40(0.10t0 1.59) 19

*Cl indicates confidence interval; and eGFR estimated serum creatinine-based glomerular filtration rate.

is the standard chemotherapy regimen for metastatic urothe-
lial cancer.!'>'® In Japan, the MEC is a relatively frequent
choice, based on a prospective randomized trial showing an
approximately equivalent response rate and incidence of ad-
verse effects compared to the MVAC.!'” We use the PIN,
which is a new combination therapy as salvage therapy after
standard cisplatin-based chemotherapy.('® Cisplatin is a po-
tent chemotherapy agent that is used to treat a broad spec-
trum of malignancies, but it causes renal tubular dysfunction
and a cumulative impairment of renal function, as manifested
by a decline in the GFR.(')

More than three courses of chemotherapy were administered
to 16 (73%) of the 22 patients who received chemothera-
py. In cases involving relapse or metastasis, patients often
receive multiple courses of salvage chemotherapy, which
can aggravate renal function. In our series, 4 (18%) of 22
patients underwent 3 to 15 cycles of chemotherapy. Despite
the nephrotoxicity of chemotherapy, it is necessary to use
multimodal treatment strategies incorporating peri-operative
chemotherapy with surgery to optimize patient’s outcomes.
When chemotherapy is employed, it is necessary to take the
patient’s laboratory data into account and prevent nephrotox-
icity by forced hydration and diuresis.”

Our results confirm that repeated APN after RC was a preva-
lent risk factor for renal deterioration. Samuel and associates

reported that recurrent APN was significantly more common

in patients who experienced a deterioration of GFR.®) Our
study also showed that 7 (29%) out of 24 patients whose re-
nal function deteriorated experienced repeated APN, which
was an independent adverse factor for renal deterioration.
Among the patients who experienced APN (n = 23), a total
of 48% patients suffered from it in 1 month after RC. Such
peri-operative episode of APN might be prevented by antibi-
otic prophylaxis, and we recently recommend the temporal
peri-operative use of antibiotics. On the other hand, APN in
our series, was not associated with post renal obstruction,
which requires surgical intervention (P = .52). It is essential
to maintain optimal control of APN in patients with urinary
diversions.

Finally, we found that the incidence of upper urinary tract de-
terioration is not significantly different among the four types
of urinary diversion. The limitations of this study include its
retrospective design, small patient population in each type
of urinary diversion, various patients’ characteristics, and the
different follow-up periods between the four urinary diver-
sions. Furthermore, different surgeons performed the pro-
cedures. However, even with these limitations, our findings
show that repeated APN and peri-operative chemotherapy

were prognostic parameters for renal deterioration.

CONCLUSION
Twenty-four (34.2%) patients who underwent RC demon-
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strated deterioration of renal function during the follow-up
period. On the other hand, there was no significant differ-
ence in renal deterioration among the four types of urinary
diversion. We identified two important potentially variables
that should be considered in the follow-up of patients with
urinary diversion, ie, the postoperative episode of repeated
APN and the presence of chemotherapy. These factors were
significant predictors of a decrease in postoperative renal

function.
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