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Abstract.
Objective: To evaluate the patterns of impact of neoadjuvant chemotherapy (NAC) on renal function across the initial year
following treatment for muscle-invasive bladder cancer (MIBC) with radical cystectomy (RC).
Methods: We reviewed the charts of 241 patients who underwent RC for urothelial carcinoma of the bladder between 2003-14
at our institution. Renal function was evaluated at multiple time points (pre-chemotherapy, pre-operatively, post-operatively,
6–12 months follow-up), and then classified by CKD staging. Univariable and multivariable logistic regression analyses were
performed to determine relationship between NAC and change in CKD stage.
Results: Of the 241 patients who underwent RC for urothelial carcinoma of the bladder, 66 (27%) received NAC and
175 (73%) did not. In multivariable analysis, NAC was significantly associated with a decrease of at least one CKD stage
from baseline to post-op (p = 0.009), but not to the 6–12 months follow-up time point (p = 0.050). The loss of GFR in the
NAC cohort occurs up-front with chemotherapy, but the peri-operative course is similar to those who underwent cystec-
tomy alone. Of the 15 NAC patients (26.8%) who were Stage 3 CKD prior to chemotherapy, none progressed to a higher
stage CKD.
Conclusion: NAC is associated with an initial decline in GFR, which then remains stable through the first year following
RC. Despite an initial insult, patients receiving NAC are not vulnerable to further deterioration. When appropriately selected,
NAC does not appear to result in a clinically significant deterioration of renal function.

Keywords: Urinary bladder neoplasms, renal insufficiency, acute kidney injury, neoadjuvant therapy, antineoplastic agents

∗Correspondence to: Thenappan Chandrasekar, Division of
Urologic Oncology, Department of Surgical Oncology, University
Heath Network, OPG Building (Queen’s Park Subway Station),

700 University Avenue, 6th Floor, Toronto, ON, M5G 1Z5,
CA. Tel.: +1 732 742 1025; Fax: +1 844 351 9508; E-mail:
thenappan.chandrasekar@gmail.com.

ISSN 2352-3727/16/D 27.50/$35.00 © 2016 – IOS Press and the authors. All rights reserved
This article is published online with Open Access and distributed under the terms of the Creative Commons Attribution Non-Commercial License (CC BY-NC 4.0).

mailto:thenappan.chandrasekar@gmail.com


442 T. Chandrasekar et al. / Effect of NAC on Renal Function following Radical Cystectomy

INTRODUCTION

Urothelial carcinoma of the bladder is the fourth
most common malignancy in the United States, and
mortality in this disease is primarily driven by those
with muscle-invasive bladder cancer (MIBC) [1].
Overall 5-year survival in patients with MIBC is
approximately 50%, and this has remained relatively
unchanged for the past 20 years [2]. A major shift in
the management of MIBC has been the introduction
of platinum-based neoadjuvant chemotherapy prior
to radical cystectomy for clinically localized disease
(cT2–T4aN0M0), which has now been incorporated
into international guidelines as the standard of care
for eligible patients.

The standard chemotherapy regimens utilized for
neoadjuvant chemotherapy have traditionally been
MVAC (methotrexate, vinblastine, doxorubicin, and
cisplatin) or gemcitabine/cisplatin [3]. Recently,
there has also been the introduction of a shorter course
of MVAC, entitled dose-dense or accelerated MVAC
(ddMVAC or AMVAC) [4]. While cisplatin is the
cornerstone of chemotherapy for bladder cancer, it
is often substituted with the less nephrotoxic carbo-
platin in patients with renal insufficiency; however,
oncologic outcomes have not been demonstrated to
be equivalent to cisplatin [5, 6].

Utilization of neoadjuvant chemotherapy for
MIBC, despite organizational and guideline recom-
mendations for its use, remains low. Zaid HB et al.
demonstrated that NAC utilization in 2010 among
eligible patients in the United States was around 21%;
by 2015, this number had improved to approximately
40%inaCanadiancohort [7,8].Thesestudies indicate
that the majority of eligible patients are not receiving
therapy that couldpotentiallyprovidesurvivalbenefit.
While the reasons for underutilization are likely mul-
tifactorial, concern about the effects of chemotherapy
prior to surgery may contribute to the decision to not
pursue NAC [9, 10], particularly due to the known
nephrotoxicity of cisplatin-based chemotherapy
[9]. Furthermore, radical cystectomy itself has been
associated with long-term deterioration of renal
function; as such, the concern for two nephrotoxic
events may contribute to the hesitation to utilize
NAC [11–14]. Despite these concerns, there have
been no studies evaluating the impact of neoadjuvant
chemotherapy on renal function following radical
cystectomy. Utilizing our institutional database, we
aim to address this deficit in the literature by following
renal function metrics in patients treated with radical
cystectomy and neoadjuvant chemotherapy.

METHODS

Patient selection and data collection

We utilized an institutional database encompass-
ing all patients treated with open radical cystectomy
at the University of California, Davis Medical Cen-
ter between 2003–2014. Comprehensive chart review
was performed including review of demographic
information, medical and surgical history, clinic and
hospital admission notes, pathology reports, and
laboratory reports. Patients were identified as to
whether or not they received NAC. Chemotherapy
regimen and duration was assessed. Individual patient
comorbidities were identified, including diabetes
mellitus, hypertension, obesity (body mass index),
prior cerebrovascular accident (stroke), prior myocar-
dial infarction, prior venous thromboembolism (DVT
or PE), and smoking status.

Data was only abstracted from patients with a diag-
nosis of urothelial carcinoma (UC) on the final
pathologic specimen from cystectomy (or pT0 cys-
tectomy pathology and UC on initial biopsy); patients
with histologic types other than UC were excluded
(36 patients). Only patients with a diagnosis of
muscle-invasive UC who received preoperative sys-
temic chemotherapy were included in the NAC and
RC cohort.

Renal function (serum creatinine, glomerular fil-
tration rate using the Modification of Diet in Renal
Disease (MDRD) equation) was documented at mul-
tiple time points: pre-chemotherapy (if applicable),
pre-operatively, post-operatively, and at 6–12 months
follow-up. These were then classified by chronic
kidney disease (CKD) staging according to the
National Kidney Foundation’s Kidney Disease Out-
comes Quality Initiative [15].

Statistical analysis

Overall cohort characteristics were determined and
reported based on whether or not NAC was utilized.
Groups were compared across baseline variables
using chi-square tests for categorical baseline vari-
ables and t-tests for continuous baseline variables
(with follow-up time log transformed before testing).
Univariable analyses were conducted examining the
effect of each patient or treatment characteristic on
renal function outcomes. Patient or treatment charac-
teristics with a p-value less than 0.20 in univariable
analysis were included in a multivariable model
of each renal function outcome, with neoadjuvant
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chemotherapy identified as the primary effector vari-
able. Diabetes mellitus and hypertension, established
risk factors for renal deterioration, were also included
in the multivariable models, regardless of univariable
analysis. Categorical outcomes related to renal func-
tion (worsening from CKD 1-2 to 3–5, and worsening
by one grade or more) were analyzed using logistic
regression. Analyses of worsening from CKD 1 or 2
to 3 or higher only included patients with grades 1 or
2 at baseline.

Initial analysis was focused on the entire cohort,
utilizing the worsening of CKD stage by one stage or
more as the categorical outcome. A subset analysis
was completed on the patients with abnormal base-
line renal function (CKD stage 3–5) prior to initiating
chemotherapy.

This study was approved by the Institutional
Review Board at the University of California, Davis.
All analyses were conducted using R, version 3.1.1
(R Core Team, 2014).

RESULTS

Of the 241 patients with urothelial carcinoma
of the bladder who underwent radical cystectomy
(RC) at our institution, 66 (27%) received neoad-
juvant chemotherapy (NAC) prior to RC and 175
(73%) underwent RC alone. Table 1 reviews the
demographics of the two cohorts. Patients who
underwent neoadjuvant chemotherapy and radical
cystectomy tended to be younger (65.9 years old
vs. 68.4 years old, p = 0.05) and have slightly less
follow-up (116.8 weeks vs. 120.1 week, p = 0.05),
but had a much higher rate of complete response
(pT0) after cystectomy (21.2% vs. 9.1%, p = 0.012).
There were no significant differences in comor-
bidities such as smoking status, diabetes mellitus,
coronary artery disease, prior myocardial infarction
(MI), prior cardiovascular accident (CVA), or prior
venous thromboembolism (VTE). Diversion type
was not associated with having received neoadjuvant
chemotherapy.

Of the 66 patients, 42 (63.6%) received cis-
platin based chemotherapy and 15 (22.7%) received
carboplatin based chemotherapy. Nine (13.6%)
received alternative or unknown regimens – 1 (1.5%)
was switched from cisplatin to carboplatin during
treatment, 2 (3.0%) received alternative regimens,
and 6 (9.1%) received an unknown regimen. Of
the 42 who received cisplatin-based chemother-
apy, 6 received MVAC (methotrexate, vinblastine,

doxorubicin, cisplatin) and 35 received GC (gemc-
itabine, cisplatin).

Table 2 details the renal function outcomes (mean
serum creatinine, mean GFR, and CKD stage clas-
sification) of the patients at each of the major time
points.

Our initial analysis focused on change in CKD
stage, with a change being defined as an increase of
at least one CKD stage. Univariate logistic regres-
sion analysis was then performed assessing change
in CKD stage from baseline (pre-chemotherapy
in NAC/RC cohort, pre-operative in RC only
cohort) to post-operative and 6–12 follow-up time
points (Supplementary Table 1). In the multivari-
able logistic regression analysis, accounting for all
factors identified in univariate analysis, neoadju-
vant chemotherapy was an independent predictor of
worsening of at least one CKD stage from base-
line to the post-operative time point (OR 2.486,
p = 0.009), but not to the 6–12 month follow-up time
point (OR 2.497, p = 0.05) (Table 3A). However,
when looking specifically at patients who received
cisplatin-based NAC compared to carboplatin-based
NAC, cisplatin-based NAC was an independent pre-
dictor of worsening of at least one CKD stage from
baseline to the post-operative time point (OR 3.726,
p = 0.001) and to the 6–12 month follow-up time
point (OR 3.313, p = 0.017), while carboplatin-based
NAC was not (OR 0.301, p = 0.261; 0.223, p = 0.219,
respectively) (Table 3B).

We then specifically addressed the subset of
patients with normal renal function (CKD 1-2) prior
to any neoadjuvant therapy or surgery. Initially, we
assessed for any worsening of CKD stage. Univari-
ate logistic regression analysis identified NAC as
a significant predictor of worsening CKD stage from
baseline to post-operatively (OR 2.175, p = 0.046),
which was confirmed on multivariable logistic regres-
sion (OR 2.226, p = 0.044). However, neoadjuvant
chemotherapy was not a significant predictor of wors-
ening CKD stage from baseline to 6–12 months
follow-up on univariate or multivariable analysis (OR
1.836, p = 0.278) (Supplementary Table 2).

In an effort to address the most clinically rel-
evant question, we then focused on identifying
clinically significant renal function loss. CKD stage
was categorized into a dichotomous variable: nor-
mal (CKD 1-2) or abnormal (CKD 3–5). Identifying
the cohort of patients with normal renal function
at baseline (CKD 1-2), we identified predictors
of progression to abnormal renal function (CKD
3–5). NAC was associated with a trend towards
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Table 1
Patient demographics

RC Alone NAC plus RC P-Value
(n = 175) (n = 66)

Age at Surgery (Years)
Mean (SD) 68.4 (9.3) 65.9 (8.7) 0.05
Median (IQR) 70 (62–76) 66 (61–72)

Follow-up from Date of diagnosis (Months)
Mean (SD) 30 (30) 29.2 (26.3) 0.05
Median (IQR) 17.4 (5.4–45.8) 19.7 (11.8–38.3)

Sex (N, %)
Female 36 (20.6%) 12 (18.2%) 0.82
Male 139 (79.4%) 54 (81.8%)

Smoking Status (N, %)
Non-Smoker 30 (17.1%) 12 (18.2%) 0.47
Former Smoker 111 (63.4%) 36 (54.5%)
Active Smoker 32 (18.3%) 16 (24.2%)

Pre-op Diabetes Mellitus (N, %)
No 144 (82.3%) 56 (84.8%) 0.55
Yes 29 (16.6%) 8 (12.1%)

Pre-op Coronary Artery Disease (N, %)
No 145 (82.9%) 53 (80.3%) 1.00
Yes 28 (16%) 11 (16.7%)

Pre-op Myocardial Infarction (N, %)
No 157 (89.7%) 60 (90.9%) 0.64
Yes 16 (9.1%) 4 (6.1%)

Pre-op Cerebrovascular Accident (N, %)
No 165 (94.3%) 62 (93.9%) 0.88
Yes 8 (4.6%) 2 (3%)

Pre-op Venous Thromboembolism (N, %)
No 163 (93.1%) 58 (87.9%) 0.49
Yes 10 (5.7%) 6 (9.1%)

Preoperative Clinical T-Stage (cT) (N, %)
cTa, cTis, or cT1 64 (36.6%) 0 <0.001
cT2 – cT4 110 (62.9%) 66 (100%)

Postoperative Pathologic T-Stage (pT) (N, %)
pT0 16 (9.1%) 12 (21.2%) 0.01
pTa, pTis, or pT1 52 (29.7%) 9 (13.6%)
pT2 21 (12%) 10 (15.2%)

pT3 – pT4 85 (48.6%) 32 (48.5%)
Postoperative Distant and Nodal Disease
(Based on Cystectomy Specimen) (N, %)

≤ pN0M0 125 (71.4%) 47 (71.2%) 1.00
>pN0M0 50 (28.6%) 19 (28.8%)

Diversion Type (N, %)
Ileal Conduit 145 (82.9%) 50 (75.8%) 0.34
Neobladder 29 (16.6%) 15 (22.7%)

BMI Category (N, %)
Not Obese (30 and below) 89 (50.9%) 32 (48.5%) 0.05
Obese (30–40) 52 (29.7%) 16 (24.2%)
Morbidly Obese (40+) 0 2 (3%)

worsening to CKD 3–5 in the immediate postoper-
ative period, though statistical significance was not
achieved (OR 2.13, CI 0.93–4.86, p = 0.07). NAC
receipt was not associated with worsening to CKD
3–5 stage at 6–12 months follow-up (OR 2.233,
p = 0.136).

To better characterize the timeline of renal func-
tion loss, we graphically report the GFR of the entire
cohort at each time point (Fig. 1). The loss of GFR

in the NAC cohort occurs up-front with chemother-
apy (mean GFR pre-chemo [73.9], pre-op [65.5],
6–12 month follow-up [59.2]), while patients who
underwent cystectomy alone had stable GFR (mean
GFR pre-op [63.4], 6–12 month follow-up [62]).

Lastly, we looked at the small subset of 16 patients
who had abnormal renal function prior to adminis-
tration of neoadjuvant chemotherapy. Of those 16
patients, 15 patients were CKD stage 3, one patient
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was CKD stage 4, and none were CKD stage 5. Seven
(44%) received cisplatin based chemotherapy and 8
(50%) received carboplatin based chemotherapy. The

Table 2
Renal function (serum creatinine, GFR, CKD stage) over time

Time Points Cystectomy Neoadjuvant
(RC) Alone Chemotherapy + RC

Pre-Chemotherapy N/A N = 56
Mean Creatinine (SD) N/A 1.1 ± 0.4
CKD Stage 1 (n, %) N/A 9 (16.1%)
CKD Stage 2 (n, %) N/A 31 (55.4%)
CKD Stage 3 (n, %) N/A 15 (26.8%)
CKD Stage 4 (n, %) N/A 1 (1.8%)
CKD Stage 5 (n, %) N/A 0

Post-Chemo, Pre-Operative N = 172 N = 64
Mean Creatinine (SD) 1.2 ± 0.5 1.1 ± 0.3
CKD Stage 1 (n, %) 13 (7.6%) 6 (9.4%)
CKD Stage 2 (n, %) 79 (46.2%) 33 (51.6%)
CKD Stage 3 (n, %) 71 (41.5%) 25 (39.1%)
CKD Stage 4 (n, %) 6 (3.5%) 0
CKD Stage 5 (n, %) 2 (1.2%) 0

Post-operative N = 173 N = 63
Mean Creatinine (SD) 1.3 ± 0.5 1.2 ± 0.3
CKD Stage 1 (n, %) 13 (7.6%) 6 (9.5%)
CKD Stage 2 (n, %) 72 (41.9%) 26 (41.3%)
CKD Stage 3 (n, %) 80 (46.5%) 30 (47.6%)
CKD Stage 4 (n, %) 5 (2.9%) 1 (1.6%)
CKD Stage 5 (n, %) 2 (1.2%) 0

6–12 Months Follow-up N = 89 N = 32
Mean Creatinine (SD) 1.3 ± 0.6 1.3 ± 0.4
CKD Stage 1 (n, %) 5 (5.6%) 2 (6.2%)
CKD Stage 2 (n, %) 44 (49.4%) 11 (34.4%)
CKD Stage 3 (n, %) 35 (39.3%) 19 (59.4%)
CKD Stage 4 (n, %) 3 (3.4%) 0
CKD Stage 5 (n, %) 2 (2.2%) 0

patient who was CKD stage 4 pre-chemotherapy had
improvement to CKD stage 2 post-operatively. Of the
15 NAC patients who were Stage 3 CKD prior to
chemotherapy, one patient progressed to CKD stage
4 post-operatively. Of the 6 patients whose data was
available at 6–12 months, all were stable at CKD 3.

DISCUSSION

Utilization of neoadjuvant chemotherapy remains
low despite Level 1 evidence demonstrating a survival
benefit for patients with localized, muscle-invasive
urothelial carcinoma of the bladder. While under-
utilization is likely multi-factorial, the concern for
chemotherapy induced nephrotoxic injury prior to
radical cystectomy may contribute to this trend.

To our knowledge, there are no other studies
assessing the effect of neoadjuvant chemotherapy
on renal function in this patient population. Despite
the fact that the chemotherapeutic agents utilized in
each of these platinum-based regimens have known
nephrotoxicity and that cystectomy itself carries a risk
of renal deterioration [11–14], there is no evidence to
support the concern that both utilized in the same
patient population leads to worsened overall renal
function.

Our analysis demonstrates that neoadjuvant
chemotherapy is an independent predictor of renal
function deterioration from pre-treatment levels to
the post-operative time point, and in patients who
received cisplatin based therapy, to the 6–12 month

Table 3A
Multivariable logistic regression analysis of worsening by at least one CKD stage

Baseline to Post-operative Baseline to 6–12 months Follow-up

Covariate Odds Ratio (95% CI) P-Value Odds Ratio (95% CI) P-Value

Neoadjuvant Chemo Received (Yes vs. No) 2.486 (1.248, 4.922) 0.009 2.497 (0.992, 6.282) 0.050
History of DM: Yes vs. No 0.849 (0.306, 2.131) 0.739 1.426 (0.386, 4.828) 0.576
Diversion: Neobladder vs. Ileal Conduit 1.341 (0.571, 3.031) 0.488 1.916 (0.748, 4.847) 0.169
History of HTN: Yes vs. No 1.251 (0.622, 2.570) 0.535 1.438 (0.593, 3.606) 0.427

Table 3B
Multivariable logistic regression analysis of worsening by at least one CKD stage, separated by platinum-based NAC agent

Baseline to Post-operative Baseline to 6–12 months Follow-up∗

Covariate Odds Ratio (95% CI) P-Value Odds Ratio (95% CI) P-Value

Neoadjuvant Chemo: Cisplatin vs. None 3.726 (1.702, 8.199) 0.001 3.313 (1.243, 9.046) 0.017
Neoadjuvant Chemo: Carboplatin vs. None 0.301 (0.016, 1.651) 0.261 0.223 (0.002, 2.023) 0.219
Neoadjuvant Chemo: Cisplatin vs. Carboplatin 12.39 (2.026, 242) 0.023 14.85 (1.449, 2026) 0.019
Age at Surgery (Years) 0.968 (0.930, 1.007) 0.109 0.979 (0.933, 1.027) 0.380
History of DM: Yes vs. No 0.611 (0.201, 1.621) 0.347 1.418 (0.396, 4.762) 0.579
Diversion: Neobladder vs. Ileal Conduit 1.405 (0.582 3.267) 0.438 1.575 (0.590, 4.119) 0.359
EBL (100mL) 1.011 (0.974, 1.047) 0.542 0.991 (0.929, 1.038) 0.726
History of HTN: Yes vs. No 1.331 (0.633, 2.867) 0.456 1.438 (0.573, 3.752) 0.442
∗Analysis for 6–12 months conducted using Firth penalized logistic regression, as there were no events in the carboplatin group that precluded
the use of conventional logistic regression.



446 T. Chandrasekar et al. / Effect of NAC on Renal Function following Radical Cystectomy

Fig. 1. Mean Glomerular Filtration Rate (GFR) over Time.

follow-up time point. However, single CKD stage
deterioration isn’t necessarily clinically relevant. As
such, we then specifically analyzed deterioration
from CKD stage 1-2 to CKD stage 3–5, as a more rel-
evant clinical outcome. In this analysis, NAC was not
a predictor of renal function deterioration at the post-
operative or 6–12 month follow-up time point. Of
note, we were unable to assess cisplatin-based NAC
vs. carboplatin-based NAC in this analysis, as the
majority of patients in this group received cisplatin-
based NAC. The trend towards association to the
post-operative time point should be noted, however
(p = 0.07). This suggests that NAC is not associated
with longer-term renal function deterioration, though
the patients do take an initial up-front nephrotoxic
insult.

This was further assessed by looking at GFR
trends. As Fig. 1 demonstrates, there is an initial
insult with neoadjuvant chemotherapy administra-
tion. However, the peri-operative renal function
trends are similar in both cohorts, and the 6–12 month
follow-up renal function remains similar. Indeed,
even in patients who received cisplatin based NAC
only (excluding carboplatin chemotherapy), the same
trend in renal function is noted. Of note, the GFR val-
ues for our RC alone cohort are consistent with prior
studies that examined the effect of cystectomy on

long-term renal function; pre-operative GFR ranged
from 64.1–77.7 mL/min/1.73 m2 and last follow-up
GFR ranged from 59–69.6 mL/min/1.73 m [11–14].
As such, neoadjuvant chemotherapy does not appear
to exacerbate the known insult to renal function medi-
ated by cystectomy alone.

Lastly, when we looked at the small subset of
16 patients who had abnormal renal function (CKD
stage 3–5) prior to administration of NAC, there was
minimal progression of disease. Of the 6 patients
whose data was available at 6–12 months, all were
stable at CKD 3, and no patients were on dialysis at
last follow-up. Nicholson S notes that all studies on
NAC were limited to patients with creatinine clear-
ance >60 mL/min, and therefore the guidelines only
recommend its administration in patients with ade-
quate renal function. However, there is evidence from
the metastatic bladder cancer literature that patients
with creatinine clearance <60 mL/min can safely be
administered gemcitabine and divided-dose cisplatin
[16, 17]. More recent literature has started to examine
utilization of this regimen in the neoadjuvant setting
with promising results [18, 19]. These findings cor-
roborate findings from our study - NAC does not
sensitize patients to additional renal function dete-
rioration compared to cystectomy alone, as patients
with poor initial renal function were able to tolerate
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platinum-based chemotherapy and still undergo cys-
tectomy without any clinically significant worsening
of renal function.

Our data suggests that administration of NAC may
cause an initial insult to renal function, but their long-
term renal function is no different than patients who
undergo RC alone. Indeed, their peri-operative and
6–12 month follow-up renal function follows a simi-
lar course to patients undergoing RC alone.

However, our conclusions must be accepted within
the context of the limitations of the study. First, as
a single-institution retrospective study, we are limited
by the sample size of our cohort and retrospective
nature of the study. There is selection bias in the
cohort, as the decision to administer NAC was physi-
cian specific. However, as most of the surgeons at
our institution have similar practice patterns, NAC
utilization was likely similar. While the referral for
NAC may have been consistent, NAC regimen admin-
istered was not – this is due to the fact that our patients
are often referred to local medical oncologists for
NAC administration prior to surgical intervention. As
such, the NAC regimen could not be standardized [7,
8, 20, 21]. In addition, of the patient’s whose regimen
was clearly documented, there was insufficient vol-
ume to power a comparison between MVAC and GC
regimens. Furthermore, with regards to patient selec-
tion, inherent to this is the possibility that patients
referred for NAC who had higher baseline creatinine
and lower GFR may have received carboplatin-based
NAC or no chemotherapy at all. This is offset to some
degree by the fact that 36.6% of patients in the RC
alone cohort had NMIBC and were not candidates for
NAC, and indeed, the pre-operative GFR is similar in
both cohorts. Also, as our question primarily looks at
the effect of NAC on renal function in relation to RC,
we demonstrate that NAC does not add any additional
renal function injury to RC alone in the perioperative
setting and at 6–12 month follow-up.

Secondly, as a tertiary referral center, the great-
est data capture was in the perioperative period
(pre-operative and post-operative values), and our
extended follow-up (>1 year) was limited. Our lack of
long-term follow-up for both cohorts precludes any
ability to determine the long-term consequences of
both chemotherapy and cystectomy beyond twelve
months. Ultimately, it is the long-term renal func-
tion outcomes that will be important to determine if
NAC independently affects renal function, taking into
account the renal deterioration that can be seen fol-
lowing RC alone. As noted by Samuel JD et al, 29% of
patients following ileal conduit urinary diversion had

deterioration of renal function, with no surgical cause
identified in 18% of patients [12]. Age-related decline
alone is thought to account for 0.58 – 1 mL/min/1.73
m2 per annum [22–24]. Twenty percent of patients
eligible for chemotherapy prior to cystectomy will
be ineligible for adjuvant chemotherapy due to
renal deterioration [25], which is more reason to
ensure all eligible patients undergo neoadjuvant
chemotherapy.

While the above data has its limitations, our initial
assessment of this patient population suggests that
administration of NAC prior to RC does not cause
significant renal function deterioration in short term
follow-up. There is an initial loss of renal function
with NAC administration, but the effect is mini-
mal – downgrading of one CKD stage by the time
of 6–12 month follow-up. However, NAC adminis-
tration is not associated with clinically significant
deterioration from CKD stage 1-2 to CKD stage 3-4
at the 6–12 month follow-up time period.

As such, based on this data, there is currently no
strong evidence to warrant the concern for renal func-
tion deterioration as a reason to not give NAC prior to
RC for eligible patients. Indeed, NAC receipt did not
sensitize patients to any greater renal function insult
that undergoing cystectomy alone. Level 1 evidence
recommends giving NAC to all eligible patients, and
our data supports its administration in all eligible
patients independent of concern for nephrotoxicity.
Further long-term data is required to affirm these
findings.
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