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Background: Patients with chronic kidney disease (CKD) are poor candidates for
standard treatments for muscle-invasive bladder cancer (MIBC) and may be more
likely to experience adverse outcomes when diagnosed with MIBC.
Objective: To investigate factors associated with the development of advanced CKD
following radical cystectomy.
Design, setting, and participants: Using national Veterans Health Administration
utilization files, we identified 3360 patients who underwent radical cystectomy
for MIBC between 2004 and 2018.
Outcome measurements and statistical analysis: We examined factors associated
with the development of advanced CKD (estimated glomerular filtration rate
[eGFR] of <30 ml/min/1.73 m2) after radical cystectomy using multivariable logistic
and proportional hazard regression, with and without consideration of competing
risks. We examined survival using Kaplan-Meier product limit estimates and pro-
portional hazard regression.
Results and limitations: The median age at surgery was 67 yr and the mean preop-
erative eGFR was 69.1 ± 20.3 ml/min/1.73 m2. Approximately three out of ten
patients (n = 962, 29%) progressed to advanced CKD within 12 mo. Older age (haz-
ard ratio [HR] per 5-yr increase 1.15, 95% confidence interval [CI] 1.10–1.20), pre-
operative hydronephrosis (HR 1.50, 95% CI 1.29–1.76), adjuvant chemotherapy (HR
1.19, 95% CI 1.00–1.41), higher comorbidity index (HR 1.13, 95% CI 1.11–1.16 per
point), and lower baseline kidney function (HR 0.75, 95% CI 0.73–0.78) were asso-
ciated with the development of advanced CKD. Baseline kidney function at the time
of surgery was associated with survival. Generalizability is limited due to the pre-
dominantly male cohort.
Conclusions: Impaired kidney function at baseline is associated with progression to
advanced CKD and mortality after radical cystectomy. Preoperative kidney function
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should be incorporated into risk stratification algorithms for patients undergoing
radical cystectomy.
Patient summary: Impaired kidney function at baseline is associated with progres-
sion to advanced chronic kidney disease and mortality after radical cystectomy.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of European Association of
Urology. This is an open access article under the CC BY-NC-ND license (http://creative-

commons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Bladder cancer is among the top ten most common cancers
with an estimated 570 000 cases diagnosed worldwide in
2020 [1]. Patients diagnosed with bladder cancer are typi-
cally older and have a high burden of comorbid conditions,
including chronic kidney disease (CKD) [2–4]. CKD has been
associated with increased risks of cardiovascular events,
hospitalization, and mortality [4,5]. Patients with bladder
cancer and CKD are more likely to experience adverse out-
comes, including worse oncologic outcomes, related to
bladder cancer treatment [6–8].

Numerous studies have demonstrated that kidney func-
tion typically declines following radical cystectomy and
requisite urinary diversion [4,9]. Previously described fac-
tors associated with this decline include preoperative
hydronephrosis, pyelonephritis, nephrotoxic chemotherapy,
and other age-related changes [10–13], while the type of
urinary diversion (eg, ileal conduit or orthotopic neoblad-
der) has not been associated with postoperative kidney
function [14–16]. The most prominent decline in kidney
function occurs in the first 2 yr after cystectomy; however,
the impact on the timing of contributing risk factors has not
been explored fully [9,17].

We set out to evaluate patient-, cancer-, and treatment-
related factors associated with the development of
advanced CKD following radical cystectomy. We used data
from the Veterans Health Administration (VHA), the largest
national integrated health care system in the USA. Patients
treated in the VHA are more likely to be older and have a
higher number of comorbidities than patients treated in
the community and, as a result, may be more sensitive to
changes in kidney function following radical cystectomy
[18–20]. We hypothesized that patients with bladder cancer
treated with cystectomy would have a high rate of progres-
sion to advanced CKD and that specific clinical characteris-
tics would help stratify the risk of renal morbidity in this
population.
2. Patients and methods

We identified patients diagnosed with bladder cancer who underwent

radical cystectomy in the VHA between 2004 and 2018 across 170 med-

ical centers and 1074 outpatient sites of care. We abstracted clinical data

from the VA Corporate Data Warehouse (CDW) including patient age,

sex, self-reported race/ethnicity, year of surgery, receipt of neoadjuvant

or adjuvant chemotherapy, and presence of pre- and/or postoperative

hydronephrosis [21]. Information on drug prescription and administra-

tion was used to identify chemotherapy administration, and an agent

was included for analysis if found to be an active and filled prescription

in a patient’s health record during the specified time period. We quanti-
fied patient comorbidity using the Deyo-Romano modification of the

Charlson Comorbidity Index in the 2 yr prior to the date of surgery.

We abstracted tumor-specific data from the CDW oncology database

using the 2019 version of the American Joint Committee on Cancer

(AJCC) TNM cancer staging [22].
2.1. Kidney function assessment

We obtained all serum creatinine concentration measurements from the

VHA Managerial Cost Accounting (MCA) database. For each patient who

underwent cystectomy, we estimated baseline kidney function by aver-

aging all outpatient serum creatinine measurements in the 6 mo prior to

the date of surgery. We calculated the estimated glomerular filtration

rate (eGFR) using the Chronic Kidney Disease Epidemiology Collabora-

tion equation as originally defined, including a term for self-reported

race (black vs nonblack). We estimated postoperative kidney function

using outpatient serum creatinine concentrations starting 30 d after sur-

gery to minimize the transient effect of surgical complications or acute

kidney injury following cystectomy. For each patient, we calculated

the slope of the postoperative 1/serum creatinine and eGFR using linear

regression.
2.2. Primary and secondary outcomes

We defined the primary outcome as the time to develop advanced CKD

(eGFR of <30 ml/min/1.73 m2) after radical cystectomy [23]. For patients

with normal or near-normal preoperative kidney function (eGFR >60 ml/

min/1.73 m2), we determined whether patients developed an eGFR of

<45 or <60 ml/min/1.73 m2 in the 12 mo following cystectomy. We

chose this secondary outcome since moderate to advanced CKD is a rel-

ative contraindication to the use of cisplatin-based chemotherapy. We

considered all-cause mortality as a secondary outcome. We obtained

survival data from the VA Vital Status File, which compiles data from

the VHA, the Centers for Medicare and Medicaid, the Social Security

Administration, and the National Cemetery Association. We censored

survival time on August 31, 2019 for patients alive after this date [24].
2.3. Statistical analyses

We fit multivariable Cox proportional hazard regression models to

determine whether the type of urinary diversion, receipt of neoadjuvant

or adjuvant chemotherapy, receipt of nephrotoxic chemotherapy agents

(cisplatin), or presence of hydronephrosis was associated with the devel-

opment of advanced CKD. We included 1/serum creatinine to adjust for

baseline kidney function in order to obtain valid parameter estimates for

age, sex, and self-reported race, since these variables are embedded in

the estimate of the glomerular filtration rate, and because serum crea-

tinine is not normally distributed. To account for the competing risk of

death, we calculated subdistribution hazard ratios (HRs) using the

Fine-Gray modification of the Cox model. We utilized logistic regression

to assess for factors associated with eGFR decline in the 12 mo following

cystectomy when patients may be eligible for cisplatin-based adjuvant
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Table 1 – Clinical characteristics of patients who underwent radical
cystectomy for bladder cancer in the VHA from 2004 through 2018
stratified by baseline kidney function.

Baseline eGFR eGFR <60 eGFR �60 Missing

No. of patients 1081 2121 158
Age at surgery (yr), n (%) 70.6 ± 7.9 65.9 ± 7.7 67.1 ± 8.7
�59 91 (8.4) 429 (20.2) 33 (20.9)
60–69 433 (40.1) 1,101 (51.9) 69 (43.7)
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chemotherapy. We conducted companion analyses to determine

whether survival following radical cystectomy was independently asso-

ciated with preoperative eGFR when controlling for relevant variables.

This study was approved by the Stanford University Institutional

Review Board and the Veterans Affairs Palo Alto Health Care System.

All analyses were performed within the VA Informatics and Computing

Infrastructure (VINCI) platform using SAS v9.4 (SAS Institute, Cary, NC,

USA). We created figures using JMP Pro 15 (SAS Institute).

70–79 418 (38.7) 503 (23.7) 41 (25.9)
�80 139 (12.9) 88 (4.1) 15 (9.5)

Sex, n (%)
Female 7 (0.6) 21 (1.0) 3 (1.9)
Male 1074 (99.4) 2100 (99.0) 155 (98.1)

Race, n (%)
White 937 (86.7) 1815 (85.6) 121 (76.6)
Black 91 (8.4) 213 (10.0) 25 (15.8)
Other/unknown 37 (3.4) 49 (2.3) 9 (5.7)
Missing 16 (1.5) 44 (2.1) 3 (1.9)

Pathologic T stage, n (%)
T0 22 (2.0) 91 (4.3) 3 (1.9)
T1 94 (8.7) 247 (11.6) 23 (14.6)
T2 207 (19.1) 510 (24.0) 26 (16.5)
T3 273 (25.3) 427 (20.1) 34 (21.5)
T4 161 (14.9) 178 (8.4) 25 (15.8)
TA 22 (2.0) 37 (1.7) 3 (1.9)
CIS 23 (2.1) 65 (3.1) 4 (2.5)
Unknown 229 (21.2) 464 (21.9) 34 (21.5)
Missing 50 (4.6) 102 (4.8) 6 (3.8)

Pathologic N stage, n (%)
N0 547 (50.6) 1184 (55.8) 78 (49.4)
N1 70 (6.5) 128 (6.0) 13 (8.2)
N2 127 (11.7) 181 (8.5) 19 (12.0)
N3 14 (1.3) 27 (1.3) 4 (2.5)
Unknown 273 (25.3) 501 (23.6) 38 (24.1)
Missing 50 (4.6) 100 (4.7) 6 (3.8)

Pathologic M stage, n (%)
M0 368 (34.0) 677 (31.9) 61 (38.6)
M1 18 (1.7) 17 (0.8) 7 (4.4)
Unknown 188 (17.4) 315 (14.9) 39 (24.7)
Missing 507 (46.9) 1112 (52.4) 51 (32.3)

Charlson Comorbidity Index, n (%) 6.3 ± 2.7 4.9 ± 2.5 5.2 ± 2.6
2 72 (6.7) 408 (19.2) 27 (17.1)
3 80 (7.4) 369 (17.4) 24 (15.2)
4 158 (14.6) 337 (15.9) 25 (15.8)
5 173 (16.0) 218 (10.3) 22 (13.9)
6+ 598 (55.3) 789 (37.2) 60 (38.0)

CIS = carcinoma in situ; eGFR = estimated glomerular filtration rate; VHA
= Veterans Health Administration.
3. Results

We identified 3360 patients diagnosed with bladder cancer
who underwent radical cystectomy in the VHA from Jan-
uary 1, 2004 to September 30, 2018. Of these patients,
11% had neobladder reconstruction and 89% underwent uri-
nary diversion with an ileal conduit. The median age was 67
yr (interquartile range [IQR] 62, 73). Of the cohort popula-
tion, 99% was male and with significant comorbidity.
Approximately one in four patients receiving neobladder
(26%) and one in three patients receiving ileal conduit
(32%) had a Charlson Comorbidity Index of �4. A total of
631(19%) patients had preoperative hydronephrosis and
984(29%) had postoperative hydronephrosis. Patients
receiving a neobladder were significantly younger than
those receiving an ileal conduit reconstruction (63.8 vs
67.5 yr, p < 0.0001) and with slightly higher preoperative
kidney function (eGFR 74.6 vs 68.3 ml/min/1.73 m2, p <
0.0001). The mean (standard deviation) preoperative eGFR
was 69.1 ± 20.3 ml/min/1.73 m2 (Table 1).

We noted that kidney function after radical cystectomy
declines at a median rate of –2.07 ml/min/1.73 m2 per year
for all patients (IQR –1.00, –4.30). When stratified by diver-
sion type, rates of decline were similar; patients receiving
an ileal conduit experienced a median decline of –2.10 ml/
min/1.73 m2 per year (IQR –0.99, –4.47) versus –1.92 ml/
min/1.73 m2 per year (IQR –1.02, –3.26) for patients receiv-
ing a neobladder reconstruction (Fig. 1). In total, 962 (29%)
patients progressed to advanced CKD (<30 ml/min/1.73 m2)
following cystectomy within a median of 10.9 mo (IQR 3.0,
33.4).

In unadjusted models, older age at surgery (HR 1.15, 95%
confidence interval [CI] 1.10–1.20 per year), presence of
preoperative hydronephrosis (HR 1.50, 95% CI 1.29–1.76),
receipt of adjuvant chemotherapy (HR 1.19, 95% CI 1.00–
1.41) but not neoadjuvant chemotherapy (HR 0.98, 95% CI
0.84–1.16), higher comorbidity index (HR 1.13 per 1 unit
change, 95% CI 1.11–1.16), and baseline reciprocal serum
creatinine (HR 0.75 per 0.1 unit change, 95% CI 0.73–0.78/
mg/dl) were associated with progressing to advanced CKD
following radical cystectomy (Fig. 2).

In fully adjusted models, better preoperative kidney
function was associated with a lower hazard of develop-
ment of advanced CKD (HR 0.75, 95% CI 0.73–0.78). Diver-
sion type (HR 0.98, 95% CI 0.79, 1.20) or receipt of
neoadjuvant cisplatin (HR 0.99, 95% CI 0.82–1.20) was not
associated with the time to develop eGFR <30 ml/
min/1.73 m2 following radical cystectomy. We confirmed
these findings in the competing risk model (HR 0.79, 95%
CI 0.77–0.82) wherein age was no longer associated with
the hazard of developing advanced CKD (Table 2).
Of the 3360 patients in our cohort, 1143 (34%) received
neoadjuvant or adjuvant chemotherapy. Of those patients,
860 (75.2%) progressed to an eGFR of <60 ml/min/1.73 m2

and 321 (28.6%) to an eGFR of <30 ml/min/1.73 m2. Of the
743 with baseline eGFR >60 ml/min/1.73 m2, 516 (69.5%)
progressed to an eGFR of <60 ml/min/1.73 m2 and 55
(7.4%) progressed to an eGFR of <45 ml/min/1.73 m2. We
then examined kidney function outcomes for patients who
did not receive neoadjuvant chemotherapy. Of the 2668
patients who did not get neoadjuvant chemotherapy, 779
(29.3%) reached and eGFR of <30 ml/min/1.73 m2. Of the
1656 patients with baseline eGFR >60 ml/min/1.73 m2,
1092 (65.9%) reached an eGFR of <60 ml/min/1.73 m2 and
732 (44.2%) reached an eGFR of <45 ml/min/1.73 m2

(Fig. 3). Among 664 patients with a preoperative eGFR of
45–60 ml/min/1.73 m2, 53 (8.0%) had their kidney function
improved to an eGFR of >60 ml/min/1.73 m2 at 6 mo, while
71 (10.7%) had worsening of kidney function to an eGFR of
<45 ml/min/1.73 m2. In fully adjusted logistic regression
models to identify factors associated with reduced postop-



Fig. 1 – Contour plot illustrating 67 643 eGFR measurements in 3360
patients following radical cystectomy. Contours signify the density of
postoperative eGFR measurements for patients with a neobladder diversion
shown in red and with ileal conduit diversion shown in blue. Kidney
function declined in the 5 yr after cystectomy, with the largest decline in
the first 12 mo. Across all patients and measurements, the average decline
in kidney function is shown as a line following neobladder (red) and ileal
conduit (blue) diversion. eGFR = estimated glomerular filtration rate.
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erative kidney function in the first 12 mo, we identified that
older age (odds ratio [OR] 1.13, 95% CI 1.05, 1.22), receipt of
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Fig. 2 – Kaplan-Meier plots demonstrating the unadjusted freedom from advance
chemotherapy, (D) preoperative kidney function (eGFR), (E) presence of preopera
= chronic kidney disease; eGFR = estimated glomerular filtration rate.
adjuvant chemotherapy (OR 1.60, 95% CI 1.17, 2.19), and
postoperative hydronephrosis (OR 5.51, 95% CI 3.32, 9.14)
are associated with postoperative eGFR <60 ml/min/1.73
m2. When assessing the decline to eGFR <45 ml/min/1.73
m2 in the 12 mo after cystectomy, adjuvant chemotherapy
(OR 1.37, 95% CI 1.04, 1.80) and postoperative hydronephro-
sis remained statistically significant (OR 3.55, 95% CI 2.51,
5.01; Table 3).

Preoperative baseline kidney function was associated
with survival (Fig. 4). The median survival was 5.3, 3.1,
1.5, 1.1, and 1.6 yr for patients with baseline CKD stage 1
or 2, 3, 4, and 5, respectively. Age, pathologic stage, and
comorbidity were also independently associated with sur-
vival (Table 4).
4. Discussion

We demonstrate that the development of advanced CKD is
common following radical cystectomy, with one in four
patients experiencing an eGFR of <30 ml/min/1.73 m2

within a year of surgery. Previous studies describing kidney
function decline following radical cystectomy have primar-
ily been single-institution series stratified by diversion type
and, recently, surgical approach [4,9,17,25,26]. This report
extends these findings through the evaluation of a large
national cohort with longitudinal follow-up and access to
long-term kidney function and survival data. We identified
age, higher comorbidity index, receipt of adjuvant
chemotherapy with carboplatin or cisplatin, and lower
baseline kidney function as risk factors associated with pro-
gression to advanced CKD in a large national integrated
health system. These data can be used to stratify risk,
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Table 2 – Univariable and multivariable Cox proportional hazard and competing risk models predicting the development of advanced CKD (eGFR
<30 ml/min/1.73 m2) following radical cystectomy.

Cox proportional hazard Competing risk model

Univariable, HR (95% CI) Multivariable, HR (95% CI) Multivariable, HR (95% CI)

Age at surgery (unit = 5 yr) 1.15 (1.10, 1.20) 1.08 (1.03, 1.12) 1.01 (0.97, 1.05)
Sex (male vs female) 1.82 (0.82, 4.07) 0.84 (0.35, 2.04) 0.93 (0.38, 2.28)
Preop hydronephrosis (yes vs no) 1.50 (1.29, 1.76) 0.76 (0.64, 0.91) 0.69 (0.57, 0.83)
Baseline kidney function (1/Cr; unit = 0.1) 0.75 (0.73, 0.78) 0.75 (0.73, 0.78) 0.79 (0.77, 0.82)
Comorbidity Index 1.13 (1.11, 1.16) 1.08 (1.06, 1.11) 1.04 (1.01, 1.07)
Neoadjuvant chemo (yes vs no) 0.98 (0.84, 1.16) 1.05 (0.89, 1.24) 1.03 (0.87, 1.21)
Adjuvant chemo (yes vs no) 1.19 (1.00, 1.41) 1.14 (0.95, 1.37) 1.03 (0.86, 1.24)
Diversion type
Neobladder Ref Ref Ref
Ileal conduit 1.20 (0.98, 1.47) 0.98 (0.79, 1.20) 0.92 (0.75, 1.14)

CI = confidence interval, Cr = creatinine (mg/dl); HR = hazard ratio; Ref = reference.
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inform medical decision–making, and help identify patients
who may benefit from nephrology care in the perioperative
period.

Baseline kidney function before cystectomy was associ-
ated with both the development of clinically significant
CKD and overall survival. The landmark paper by Go et al
[5] demonstrated that even small differences in baseline
kidney function were associated with hospitalization, car-
diovascular events, and mortality among more than 1 mil-
lion adults. Here, we confirm that the association between
baseline kidney function and survival holds among patients
with bladder cancer receiving cystectomy. The association
Fig. 3 – Sankey diagram demonstrating the flow of kidney function stages for 336
The width of each bar is proportional to the number of patients represented. eG
between baseline kidney function, long-term kidney func-
tion outcomes, and survival remained significant in models
after adjusting for patient age and overall comorbidity bur-
den. This suggests that evaluating kidney function can con-
tribute to risk stratification for patients undergoing
cystectomy.

These data also confirm prior findings that the type of
urinary diversion (ileal conduit vs orthotopic neobladder
diversion) is not independently associated with renal mor-
bidity after surgery. While increased reabsorption of elec-
trolytes in patients with continent urinary diversion could
theoretically worsen kidney function, multiple assessments
0 patients from preoperative baseline to 6 mo following radical cystectomy.
FR = estimated glomerular filtration rate.



Table 3 – Multivariate logistic regression analysis to identify characteristics associated with the odds of developing an eGFR of <45 or <60 ml/min/
1.73 m2 in the 12 mo following radical cystectomy in patients who did not receive neoadjuvant chemotherapy.

eGFR <45
OR (95% CI)

eGFR <60
OR (95% CI)

Age at surgery (unit = 5) 1.05 (0.98, 1.12) 1.13 (1.05, 1.22)
Sex (male vs female) 0.43 (0.15, 1.22) 0.25 (0.08, 0.82)
Preop hydronephrosis (yes vs no) 0.24 (0.15, 0.39) 0.16 (0.09, 0.29)
Postop hydronephrosis (yes vs no) 3.55 (2.51, 5.01) 5.51 (3.32, 9.14)
Baseline kidney function (1/Cr; unit = 0.1) 0.78 (0.73, 0.83) 0.69 (0.64, 0.73)
Charlson Comorbidity Index 1.01 (0.97, 1.06) 0.94 (0.90, 0.98)
Diversion type
Neobladder Ref Ref
Ileal conduit 0.75 (0.56, 1.02) 0.76 (0.54, 1.07)

Adjuvant chemo (yes vs no) 1.37 (1.04, 1.80) 1.60 (1.17, 2.19)

CI = confidence interval; Cr = creatinine (mg/dl); eGFR = estimated glomerular filtration rate; OR = odds ratio; Ref = reference.
A total of 732 patients had a preoperative eGFR of >60 ml/min/1.73 m2 and reached an eGFR of <45 ml/min/1.73 m2 after cystectomy, while 1092 patients had a
preoperative eGFR of >60 ml/min/1.73 m2and reached an eGFR of <60 ml/min/1.73 m2 after cystectomy.

Fig. 4 – Kaplan-Meier plot demonstrating the overall survival of patients
following radical cystectomy stratified by preoperative kidney function
(eGFR in ml/min/1.73 m2). eGFR = estimated glomerular filtration rate.

Table 4 – Multivariable Cox proportional hazard regression model to
predict mortality for patients following radical cystectomy.

HR (95% CI)

Age at surgery (unit = 5) 1.11 (1.08, 1.15)
Sex (male vs female) 1.46 (0.81, 2.66)
Preop hydronephrosis (yes vs no) 1.05 (0.89, 1.25)
Postop hydronephrosis (yes vs no) 1.07 (0.93, 1.24)
eGFR CKD-EPI (ml/min/1.73 m2)
<15 1.89 (0.93, 3.84)
15–<30 1.94 (1.53, 2.47)
30–<45 1.41 (1.21, 1.64)
45–<60 1.13 (1.01, 1.27)
�60 Ref

Charlson Comorbidity Index 1.05 (1.04, 1.07)
Neoadjuvant chemo (yes vs no) 1.12 (0.99, 1.26)
Adjuvant chemo (yes vs no) 1.07 (0.94, 1.21)
Diversion type
Neobladder Ref
Ileal conduit 1.12 (0.97, 1.31)

Pathologic T stage
T0 Ref
TA 2.13 (1.24, 3.65)
CIS 2.00 (1.22, 3.28)
T1 2.03 (1.34, 3.06)
T2 2.39 (1.61, 3.55)
T3 4.08 (2.75, 6.05)
T4 4.32 (2.88, 6.47)
Unknown 2.24 (1.44, 3.47)
Missing 5.62 (0.76, 41.6)

Pathologic N stage
N0 Ref
N1 1.55 (1.30, 1.85)
N2 2.01 (1.73, 2.34)
N3 2.40 (1.71, 3.37)
Unknown 1.27 (1.02, 1.58)
Missing 0.48 (0.07, 3.46)

Pathologic M stage
M0 Ref
M1 1.99 (1.39, 2.85)
Unknown 1.39 (1.20, 1.60)
Missing 1.06 (0.95, 1.19)

CI = confidence interval; CIS = carcinoma in situ; CKD-EPI = Chronic
Kidney Disease Epidemiology Collaboration; eGFR = estimated glomerular
filtration rate; HR = hazard ratio; Ref = reference.
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accounting for numerous clinical factors demonstrate no
difference in eGFR decline by diversion type
[4,10,14,16,27,28]. The current study should provide addi-
tional assurance to appropriately selected patients that a
neobladder reconstruction would not be associated with
an increased risk of progressive CKD.

The standard of care treatment for muscle-invasive blad-
der cancer is neoadjuvant cisplatin-based chemotherapy
followed by radical cystectomy. However, many patients
are ineligible for cisplatin-based neoadjuvant therapy, with
CKD being the most common reason [29–33]. In our patient
population, we noted that 18% received neoadjuvant
chemotherapy, demonstrating low utilization despite level
1 evidence. While concern for developing CKD may con-
tribute to nonutilization of neoadjuvant chemotherapy, we
did not demonstrate an increased risk for patients who
received cisplatin-based neoadjuvant chemotherapy. While
CKD may contribute to patients being ineligible to receive
cisplatin, there have been few studies investigating the
impact of carboplatin-based neoadjuvant chemotherapy
and/or adjuvant chemotherapy on CKD [34–36]. We focused
on the 12-mo postoperative timeline as this is the setting in
which patients may be recommended to receive adjuvant
chemotherapy and found that the majority of patients
who do not receive cisplatin in the neoadjuvant settings
experience further eGFR decline postoperatively. Given that
one in three patients will experience a decline in kidney
function following radical cystectomy to an eGFR of <45
ml/min/1.73 m2 and two in three will experience a decline
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to <60 ml/min/1.73 m2, the neoadjuvant setting may be the
only window of cisplatin eligibility for many patients with
adverse features identified on bladder pathology.

Our study has notable strengths. We examined renal
morbidity and mortality in a large cohort of patients receiv-
ing care in an integrated health care system. These data
reflect ‘‘real-world’’ outcomes across >100 hospitals. We
were able to demonstrate that age, comorbidity status,
and adjuvant chemotherapy are associated with developing
advanced CKD following radical cystectomy. We also
demonstrated that diversion type and neoadjuvant
chemotherapy do not. Furthermore, we noted that preoper-
ative CKD is independently associated with overall survival
for patients with bladder cancer undergoing radical
cystectomy.

Despite these strengths, our findings should be inter-
preted in the context of several limitations to our study.
We may not have captured all patients undergoing radical
cystectomy, since we used stringent criteria to identify
cases that were included in both the cancer registry and
had procedure codes for cystectomy. While this may have
led us to miss some cases, we are reassured that these cys-
tectomy cases were performed as part of primary cancer
treatment strategies. Additionally, while we made efforts
to adjust for relevant clinical covariates, there is the poten-
tial for residual confounding in these analyses. Further,
studies in the VHA include predominantly male patients,
and there is a possibility that these results are not general-
izable to patients in the community. While we did not
demonstrate any sex-based differences in our study out-
comes, these results are limited by a small number of
female patients. We evaluated kidney function decline as
a function of time, with specific assessments at 6 and 12
mo after surgery to evaluate CKD stage at those time peri-
ods; thus, we may have missed some patients whose kidney
function declines were not sustained following these
assessments. We evaluated the role of neoadjuvant and
adjuvant chemotherapy in kidney function, but were not
able to include granularity with respect to doses or numbers
of cycles administered. While we evaluated the impact of
hydronephrosis, we were unable to capture granular details
of procedures used to address this in our population, and
similarly, we were not able to evaluate the specific impact
of ureteroenteric stricture or infections in our population,
which have been demonstrated in other studies to con-
tribute to kidney function decline.

5. Conclusions

This study evaluated the renal morbidity following radical
cystectomy in patients with bladder cancer. We assessed
the patient- and cancer-specific factors associated with this
decline and demonstrated that kidney function declines sig-
nificantly following surgery, with nearly one-third of
patients experiencing severe CKD within a year of surgery.
We noted that better baseline kidney function is protective
against developing CKD and that only a minority of patients
who undergo surgery with a marginal eGFR improve their
kidney function. We explored the timing of neoadjuvant
and adjuvant chemotherapy and urinary diversion, and
noted that patient’s receipt of neoadjuvant cisplatin and
orthotopic neobladder diversions are not associated with
an increased risk of developing CKD. We further found that
baseline kidney function is associated with survival. Despite
changes in chemotherapy regimens and surgical tech-
niques, the 5-yr survival for patients with muscle-invasive
bladder cancer has remained near 50% for the past 20 yr
[37]. Currently, there are few clinically utilized preoperative
nomograms to predict survival for patients with muscle-
invasive bladder cancer, and our study suggests that future
models should include preoperative CKD status in these cal-
culations and that a multidisciplinary approach that
involves nephrologists may benefit the care of patients with
bladder cancer.
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