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Abstract
Objectives  To compare perioperative and short-term postoperative complication rates between patients receiving radical 
cystectomy (RC) after neoadjuvant chemotherapy (NAC) and patients undergoing RC alone. Secondary objectives were to 
compare overall survival (OS) and cancer-specific survival (CSS).
Materials and methods  Clinico-pathological data of all patients who received RC between 1996 and 2015 were retrospec-
tively collected. Only patients with RC for muscle-invasive bladder cancer were included in the final analysis. Short-term 
(30-day) postoperative complications were assessed by registering the Clavien–Dindo classification (CDC) and dividing 
into sub-groups: low-grade (LGC) CDC 1–2 and high-grade (HGC) CDC 3–5. To compare populations with similar age, 
comorbidities and preoperative creatinine, we used a propensity score-adjusted statistical model. Pre- and perioperative 
predictors of short-term complications were identified using uni- and multivariable models. Survival was assessed using 
Kaplan–Meier analysis.
Results  A total of 491 patients undergoing RC were included, of whom 102 (20.8%) received NAC. After propensity score 
covariate adjustment, there was no significant difference in postoperative complications between patients undergoing NAC 
plus RC and RC alone with an overall complication rate of 69% and 66%, respectively. No significant differences in the 
30-day HGC rates (11.76% and 11.83%, respectively) were observed. NAC plus RC patients had worse prognostic factors 
at baseline; nevertheless, after correction for group differences OS and CSS did not differ from RC only group (5-year OS 
61.3% vs. 50.2%, and 5-year CSS 61.8% vs. 57.9% respectively, p > 0.05 for all).
Conclusion  In appropriately selected patients, exposure to NAC is not associated with increased short-term complications.
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LoS	� Length of stay
CDC	� Clavien–Dindo Classification
HGC	� High-grade complication
LGC	� Low-grade complication
CSS	� Cancer-specific survival
SD	� Standard deviation
IQR	� Interquartile range
CIF	� Cumulative incidence function
IPTW	� Inverse probability of treatment weighting
OR	� Odds ratio
CI	� Confidence interval
HR	� Hazard ratio
OCS	� Other-cause survival
UTI	� Urinary tract infection
MVAC	� Methotrexate–Vinblastine–Adriamycin–Cispl-

atin
GC	� Gemcitabine–Cisplatin

Introduction

Bladder cancer (BC) is the 9th most common cancer world-
wide, with more than 430,000 new cases diagnosed in 2012 
[1]. About 75% of BC patients present with non-muscle-
invasive BC (NMIBC), with a high recurrence rate of 
50–70% [2]. About a fourth of the BC diagnoses comprises 
muscle-invasive BC (MIBC). In this case, radical cystec-
tomy (RC) with pelvic lymph node dissection (PLND) and 
urinary diversion (UD) remains the standard of care [2, 3]. 
However, a considerable number of patients with MIBC 
have an important risk of developing distant metastases after 
surgery, despite complete tumor excision, most likely due to 
micro-metastases already present but not visible with current 
imaging before surgery with curative intent [4, 5].

Several prospective randomized trials have shown that 
treatment with neoadjuvant chemotherapy (NAC) is well 
tolerated and leads to a significant improvement in overall 
survival (OS) of 5–7% at 5-years after RC [6–13]. Thus, 
currently, cisplatinum-based chemotherapy regimens are 
recommended by international guidelines for cT2–T4a node-
negative disease [2, 3]. In contrast to these findings, NAC 
remains underutilized; as only 15–20% of the patients with 
MIBC are receiving NAC [3, 14–17]. A survey sent out to 
all active members of the Society for Urologic Oncology 
in 2012 revealed that age and comorbidities were the most 
frequently (54%) cited concerns of the clinicians when they 
recommended NAC to their patients, followed by delay in 
surgery (35%), marginal benefit (33%), and prolonged diag-
nosis and referral (22%) [18]. Factors impacting the clini-
cal decision to administer NAC may also include toxicity 
of chemotherapy and its effects on peri- and postoperative 
complications [19].

The aim of our study was to explore the impact of NAC 
on the risk of short-term complications and assess survival 
in a large cohort of MIBC patients treated with RC in a 
tertiary referral center.

Materials and methods

After approval by the local ethical committee, the data of 
all patients who underwent RCs in our department between 
December 1996 and August 2015 were collected from the 
hospital’s electronic database and were analyzed retrospec-
tively in accordance with the ethical standards laid down 
in the 1964 Declaration of Helsinki and its later amend-
ments. The confidentiality of patient data was guaranteed 
and informed consent was waived.

A total of 924 patients undergoing open RC were 
reviewed. Exclusion criteria were: RCs for symptom con-
trol (palliative care, metastasized patients, salvage cystec-
tomies), non-oncological indications or other tumors than 
transitional cell carcinoma (n = 285), RCs for BCG-resistant 
CInS or T1 Grade 3/high-grade (n = 125), and complete uri-
nary tract extirpation patients ( = 23). Patients undergoing 
unilateral nephro-ureterectomy in addition to cystectomy 
were included.

The following characteristics were identified for each 
individual (Table 1): age, gender, Charlson comorbidity 
index (CCI), age-factored CCI (ACCI), body-mass index 
(BMI), previous abdominal surgery/pelvic radiotherapy, 
smoking status, clinical stage according to tumor-node-
metastasis (TNM) staging, NAC, type of NAC, time to sur-
gery (time between NAC start and surgery), type of surgery 
(cysto-prostatectomy vs. cysto-prostato-urethrectomy vs. 
female cystectomy + anterior exenteration), type of UD, 
duration of surgery, estimated blood loss (EBL), periop-
erative complications (small bowel/colon/rectal or major 
vascular injury), adhesiolysis, pathological T- and N-stage, 
length of stay (LoS), short-term complications, readmission 
rate within 30 days and time to last follow-up and/or death.

The primary endpoint was the proportion of overall short-
term (within 30 days) complications after RC. Moreover, 
wound, lymphatic, gastrointestinal, hematological, pulmo-
nary, cardiovascular and genitourinary complications were 
compared using a dichotomization of the Clavien–Dindo 
classification (CDC). First, we compared no complication 
(CDC 0) versus any complication (CDC 1–5) and second, 
we compared high-grade complications (HGC) (CDC 3–5) 
versus low-grade complications (LGC) (CDC 1–2) between 
groups. Secondary endpoints were identification of other 
possible predictors of postoperative complications, OS and 
cancer-specific survival (CSS). A large number of statistical 
tests were performed without correction for multiple testing. 
Hence, the analysis should be considered explorative and 
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Table 1   Patient, tumor and perioperative characteristics by group

Variable Statistic RC only (N = 389) NAC + RC (N = 102) P value

Patient characteristics
 Age (year) Mean 68.5 62.5 < 0.001

SD 9.71 10.02
 Gender (male) n (%) 318 (81.75) 87 (85.29)
 Obesity (BMI > 30) n (%) 48 (12.34) 13 (12.75)
 Smoker (history/current) n (%) 222 (57.07) 68 (66.67)
 Charlson comorbidity index 0.002
  0 n (%) 177 (45.5) 62 (60.8)
  1 n (%) 86 (22.1) 22 (21.6)
  2 n (%) 68 (17.5) 10 (9.8)
  3 n (%) 29 (7.5) 3 (2.9)
  > 3 n (%) 29 (7.5) 5 (4.9)

 Baseline creatinine (mg/dL) Mean 1.2 1.1 0.016
SD 0.44 0.29

 Baseline hemoglobin (g/dL) Median 13.7 12.6 < 0.001
IQR 12.1–14.75 11.3–13.35

 Baseline platelet count (× 103/mm3) Median 222.5 248 < 0.001
IQR 164–264 206.5–298.5

Tumor characteristics
 Clinical T-stage
  0 n (%) 0 (0.00) 9* (9.18) < 0.001
  a-1-Cis n (%) 31 (7.97) 13 (13.27)
  2 n (%) 285 (73.26) 48 (48.98)
  3–4 n (%) 73 (18.77) 28 (28.57)

 Clinical N-stage
  0 n (%) 368 (94.60) 73* (74.49) < 0.001
  + n (%) 21 (5.40) 25 (25.51)

 Pathologic T-stage
  0 n (%) 51 (13.11) 28 (27.45) < 0.001
  a-1-Cis n (%) 55 (14.14) 25 (24.51)
  2 n (%) 82 (21.08) 17 (16.67)
  3–4 n (%) 201 (51.67) 32 (31.37)

 Pathologic N-stage
  0 n (%) 285/369 (77.24) 82 (80.39) 0.074
  + n (%) 84/369 (22.76) 20 (19.61)

Perioperative characteristics
 Type of procedure 0.22
  Cysto-prostatectomy n (%) 186 (47.81) 60 (58.82)
  Cysto-prostato-urethrectomy n (%) 108 (27.76) 24 (23.53)
  Female cystectomy + anterior exenteration n (%) 81 (20.82) 16 (15.69)
  Additional nephro-ureterectomy n (%) 14 (3.61) 2 (1.96)

 Type of reconstruction 0.61
  Bricker ileo-cutaneostomy n (%) 288 (74.04) 66 (64.71)
  Orthotopic neobladder n (%) 92 (23.65) 33 (32.35)
  Mainz n (%) 9 (2.31) 3 (2.94)

 Pelvic lymph node dissection < 0.001
  None n (%) 37 (9.51) 2 (1.96)
  Limited n (%) 194 (49.87) 38 (37.25)
  Extended n (%) 143 (36.76) 62 (60.78)

 Surgery duration (min.) 0.002
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hypothesis-generating. Data regarding chemotherapeutic 
regimens, dosage, and timing with respect to cystectomy 
are provided in Supplementary Table 1 (data for 97 out of 
102 patients could be retrieved).

Patient and tumor characteristics were described as 
mean ± standard deviation (SD) or median [interquartile 
range (IQR)] for continuous variables and as proportions 
with percentages for categorical variables. Comparison of 
the two treatment groups on patient characteristics was per-
formed using the Mann–Whitney U test. OS was estimated 
using the Kaplan–Meier method, and CSS by means of the 
cumulative incidence function (CIF), with death of other 
causes considered as competing event. Differences between 
treatment groups were analyzed using logistic regression 
models for binary outcomes, linear models for continuous 
outcomes, or Cox proportional hazards models for time-
to-event outcomes. Correction for group differences was 
performed by propensity score covariate adjustment [20]. 
Propensity scores (or group membership probabilities) were 
estimated by logistic regression including age, comorbid-
ity and kidney function. The analyses are then applied with 
both treatment group and the propensity score as explana-
tory variables (Propensity score correction was chosen 
instead of correction by including the separate confounders 
in a multivariable model to keep the number of variables in 
the analysis low, provided that some of the binary outcome 
variables showed moderate numbers of events). Based on 
the above-mentioned preoperative features, the propensity 
score model estimates the probability for a patient of being 
assigned to either treatment group. The C-index is a quan-
tification of the discriminative ability of the preoperative 
features for predicting group membership (Supplementary 
Fig. 1). A high discrimination (C-index close to 1) would 
indicate that there is no overlap between the groups and, 
hence, a comparison between the groups is suspect. A low 

discrimination (C-index close to 0.5) would indicate that the 
groups are largely comparable, and correction for group dif-
ferences will then have a small impact. A sensitivity analy-
sis for correction of group differences was performed by 
inverse probability of treatment weighting (IPTW) based 
on the propensity scores [21]. All tests were two sided and 
a 5% significance level was assumed for all tests. Analyses 
have been performed using SAS software (version 9.4 of the 
SAS System for Windows).

Results

A total of 491 patients were included in this study of which 
102 (20.8%) patients received NAC plus RC and 389 (79.2%) 
patients RC alone. Mean age at surgery was 68.5 years (SD: 
9.71) for RC alone and 62.5 years (SD: 10.02) for the NAC 
plus RC cohort (p < 0.001). Patients who underwent NAC 
plus RC were on average 5 years younger and had fewer 
comorbidities (according to CCI), better renal function, 
lower preoperative hemoglobin, and higher platelet count. 
Data regarding chemotherapeutic regimens, dosage, and tim-
ing with respect to cystectomy are provided in Supplemen-
tary Table 1. A larger proportion of patients receiving NAC 
had locally advanced disease (cT3–T4) and/or clinically 
positive lymph nodes, received a more extensive PLND and 
thus had a longer duration of surgery (p < 0.05) (Table 1).

No significant differences were noted between groups 
regarding prior abdominal/pelvic surgery or irradiation, 
smoking status, type of UD, EBL, pre- and perioperative 
complications, per-operative adhesiolysis and need for 
rehospitalization before planned follow-up. No significant 
differences were observed in the median LoS between 
patients treated with RC alone and NAC plus RC (19 days 
vs. 18 days, respectively; p = 0.08) (Table 1).

RC radical cystectomy, NAC neoadjuvant chemotherapy, SD Standard deviation, IQR Interquartile range, BMI body-mass index, Cis Carcinoma 
in situ, ICU intensive care unit
*Data missing due to diagnosis and staging outside UZ Leuven and not traceable. Pre-NAC staging not available

Table 1   (continued)

Variable Statistic RC only (N = 389) NAC + RC (N = 102) P value

Median 210 217.5
IQR 180–240 180–270

 Estimated blood loss (mL) 0.058
Median 1000 1200
IQR 700–1500 800–1700

 Intra-operative adhesiolysis (yes) n (%) 83 (21.34) 26 (25.49) 0.3974
 Length of stay Median 19 18 0.08

IQR 16–24 16–23
 ICU (yes) n (%) 22 (5.67) 5 (4.90) 0.76
 Rehospitalization before first planned visit n (%) 28 (7.25) 6 (5.94) 0.29
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We used propensity score covariate adjustment to account 
for differences in the populations regarding age, comorbidity 
and preoperative creatinine. We observed a moderate discrimi-
nation (C-index = 0.685) and a rather high but not complete 
overlap of distributions, justifying the approach of correction 
for group differences by propensity scores (Supplementary 
Fig. 1).

Concerning our primary endpoint, for the patients who 
underwent RC alone and RC plus NAC, the 30-day total com-
plication rates (CDC 1–5) were 66% and 68%, and the 30-day 
HGC rates 12% and 12%, respectively. The most common 
30-day complications were gastrointestinal (38% vs. 33%), 
genitourinary (16.5% vs. 22.6%) and wound-related (15.8% 
vs. 13.7%) for patients treated with RC and RC plus NAC, 
respectively. No significant differences in overall complica-
tion rate or proportion of HGC were observed between the 
two groups after covariate adjustment {Odds Ratio (OR): 
0.697 [95% Confidence Interval (CI) 0.425–1.143] and 1.176 
(95% CI 0.583–2.376), respectively} (p > 0.05) (Tables 2, 3). 
Additionally, we specified the most prevalent complications 
for each subdivision (Table 2). After IPTW analysis, only a 
slight increase in hematologic adverse events after NAC plus 
RC seemed to occur [OR: 0.541 (95% CI: 0.308–0.952)].

The 5-year OS was 50.2 months (95% CI 44.82–55.29) 
for patients receiving RC alone and 61.3 months (95% CI 
49.58–71.07) for NAC plus RC patients (Table 4, Supple-
mentary Fig. 2a). Uncorrected analysis revealed a hazard 
ratio (HR) of 1.37 (95% CI 0.98–1.93) (p = 0.068). After 
covariate adjustment, the HR for OS was 1.05 (95% CI 
0.74–1.50) (p = 0.77) (Table 5). The 5-year CSS for RC 
alone was 57.9 months (95% CI 52.82–63.06) and was 61.8 
(51.23–72.36) for NAC plus RC patients (Table 6, Supple-
mentary Fig. 2b). Uncorrected analysis showed an HR of 
1.07 (95% CI 0.72–1.55) (p = 0.71) and after adjustment the 
HR was 0.89 (95% CI 0.61–1.30) (p = 0.53) (Table 5). No 
significant difference could be withheld for the OS and CSS. 
It should be noted, however, that a significantly higher pro-
portion of patients receiving NAC had a pathological staging 
pT0 (13% vs. 27%, respectively) (Table 1).

Additionally, we evaluated the effect of age on CSS 
and other-cause survival (OCS) after 5 and 10 years using 
a cumulative incidence curve (competing risk analysis). 
We found that in our patient cohort, higher age is signifi-
cantly associated with both increased risk of CSS and OCS 
(p < 0.05 and p < 0.0001, respectively) (Table 7, Supplemen-
tary Fig. 2c, d).

Discussion

In our study, after propensity score covariate adjustment 
of patients for age, comorbidities and kidney function, the 
number of complications was comparable to the available 

literature. About 66–69% of the patients had at least one 
complication at 30 days, of which 11.8% was HGC. The 
most common types of complications were gastrointestinal, 
genitourinary and wound-related problems. Tables 2 and 3 
also list the most prevalent complications for each organ 
system. For gastrointestinal complications, the most fre-
quent one was ileus (26% vs. 23%, respectively), genitouri-
nary complications mostly involved urinary tract infections 
(UTI) (e.g., pyelonephritis, pouchitis) (11.6% vs. 14.7%) 
and wound-related problems were mainly superficial wound 
dehiscence (9.5% vs. 7.8%). NAC did not appear to be asso-
ciated with a more significant risk of complications. The 
increased amount of hematologic adverse events (mainly 
blood transfusions) in the NAC plus RC group is most likely 
attributable to patients having lower hemoglobin concentra-
tions preoperatively (Table 1).

Additionally, there was a substantial difference in the 
clinical tumor staging between RC alone and NAC plus RC 
groups. Remarkably, the NAC group had significantly more 
clinical T3–T4 (29% vs. 19%) and clinical nodal disease 
(26% vs. 5%). Moreover, even though NAC patients were 
worse off regarding clinical tumor stage, the OS and CSS 
did not differ significantly. However, these results should be 
interpreted with some caution, since the current study was 
insufficiently powered to detect such differences. Nonethe-
less, this could suggest a potential survival benefit in our 
cohort of patients receiving NAC. Additionally, a signifi-
cantly higher proportion of patients receiving NAC was pT0 
(13% vs. 27%, respectively). A pT0 status is associated with 
significantly higher OS. Our findings suggest that, when 
indicated, physicians should strongly consider administer-
ing NAC to improve the OS rates of MIBC. However, it is 
important to note that patient selection is essential to opti-
mize the trade-off between benefits and risks (e.g., toxicity, 
non-response, and delay in RC). Individuals with exten-
sive comorbidities and/or impaired renal function should 
be excluded; similar barriers include advanced age and 
decreased performance status [3]. If cisplatin-based NAC is 
not possible due to renal dysfunction, cardiac dysfunction, 
substantial hearing loss, grade 2 (or higher) polyneuropathy, 
immediate surgery should be recommended, since regimens 
with carboplatinum are inferior. Comorbidities and advanced 
age also predispose the patient to a higher occurrence of 
postoperative morbidity.

MIBC is an aggressive disease with a high risk of recur-
rence due to micro-metastases already present at diagnosis 
[22]. NAC can eradicate early (micro-metastatic) systemic 
disease, which is impossible by RC alone [6]. Multiple land-
mark studies and meta-analyses have already demonstrated 
an improved 5-year OS of about 5–7% for platinum-based 
NAC in patients with MIBC [6–13]. However, establishing 
the use of NAC into standard urological practice has proven 
to be a difficult feat.
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Table 2   Comparison of 30-day complication rates of the groups

Variable Statistic RC only (N = 389) NAC + RC (N = 102)

All complications
 CDC
  CDC 0 n (%) 132 (33.93) 32 (31.37)
  CDC 1–5 n (%) 257 (66.07) 70 (68.63)

 CDC
  CDC 0–2 n (%) 343 (88.17) 90 (88.24)
  CDC 3–5 n (%) 46 (11.83) 12 (11.76)

Specific complications (no vs. any)
 Gastrointestinal
  Need for re-intervention n (%) 21 (5.40) 4 (3.92)
  Post-op intestinal anastomotic leakage n (%) 16 (4.11) 3 (2.94)
  Re-opening/-placing nasogastric tube n (%) 61 (15.68) 19 (18.63)
  Ileus and/or 5-day with no signs of transit n (%) 101 (25.96) 23 (22.55)
  CDC 0 n (%) 240 (61.86) 68 (66.67)
  CDC 1–5 n (%) 148 (38.14) 34 (33.33)

 Lymphatic
  Lymphedema n (%) 2 (0.52) 0
  Lymphocele n (%) 3 (0.77) 2 (1.96)
  CDC 0 n (%) 384 (99.48) 100 (98.04)
  CDC 1–5 n (%) 2 (0.52) 2 (1.96)

 Wound-related
  Infection n (%) 20 (5.14) 5 (4.90)
  Superficial dehiscence or need for re-opening wound n (%) 37 (9.51) 8 (7.84)
  Evisceration or eventration n (%) 9 (2.33) 2 (1.96)
  CDC 0 n (%) 326 (84.24) 88 (86.27)
  CDC 1–5 n (%) 61 (15.76) 14 (13.73)

 Hematologic
  Erythrocyte transfusion n (%) 45 (11.57) 18 (17.65)
  Fresh frozen plasma transfusion n (%) 4 (1.03) 1 (0.98)
  Embolism n (%) 5 (1.29) 3 (2.94)
  Deep venous thrombosis n (%) 2 (0.52) 2 (1.96)
  CDC 0 n (%) 338 (87.11) 83 (81.37)
  CDC 1–5 n (%) 50 (12.89) 19 (18.63)

 Pulmonary
  Infection n (%) 29 (7.46) 8 (7.84)
  Other n (%) 12 (3.08) 4 (3.92)
  CDC 0 n (%) 351 (90.46) 90 (88.24)
  CDC 1–5 n (%) 37 (9.54) 12 (11.76)

 Cardiovascular
  Infarction n (%) 1 (0.26) 0
  New onset atrial fibrillation n (%) 10 (2.57) 0
  Cerebrovascular accident n (%) 3 (0.77) 1 (0.98)
  CDC 0 n (%) 376 (96.91) 101 (99.02)
  CDC 1–5 n (%) 12 (3.09) 1 (0.98)

 Genitourinary
  Fistula n (%) 5 (1.29) 1 (0.98)
  Obstruction of NB with need for CIC n (%) 3 (0.77) 4 (3.92)
  Need for re-surgery n (%) 6 (1.54) 3 (2.94)
  Urosepsis n (%) 25 (6.43) 5 (4.90)
  UTI (pyelonephritis, pouchitis…) n (%) 45 (11.57) 15 (14.71)
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There is a perception among both patients and physicians 
that 5–7% absolute OS benefit over 5 years is not enough to 
warrant the use of NAC with its known toxicity, complica-
tions and discomforts. Nevertheless, systemic therapies con-
ferring a 7% survival benefit are widely used in breast and 
colon cancers [23]. Delay in surgery is particularly feared as 
well since most of MIBC mortality occurs within 5 years of 
diagnosis due to rapidly growing and spreading metastases. 
However, previous studies could not demonstrate a differ-
ence in survival when surgery was postponed due to receiv-
ing NAC [24–26]. This suggests a false perception among 
urologists that the risks do not outweigh the benefits. We 
believe that our study adds to the knowledge that NAC does 
not predispose patients for higher peri- and postoperative 
complications in a matched population.

To date, only a small number of studies have addressed 
the effect of NAC on perioperative complications after RC. 
Mixed results were reported, which has led to continued 
concern about increased perioperative complications. There 
is a paucity of prior data to either confirm or refute this pre-
sumption. Neither Grossman et al. [6] nor the randomized 
Nordic Cystectomy I and II trials [7] and the International 
Collaboration of Trialists [8] objectively reported postopera-
tive complications. This was addressed in studies by Johnson 
et al. [27] and Gandaglia et al. [28], who were the first in 
their attempt to answer this issue. In the former, NAC plus 
RC versus RC alone did not predict a more significant num-
ber of complications, respectively 55.1% and 51.8%. The 
latter found that NAC did not increase the rate of complica-
tions, readmissions or mortality.

Table 2   (continued)

Variable Statistic RC only (N = 389) NAC + RC (N = 102)

  CDC 0 n (%) 323 (83.46) 79 (77.45)
  CDC 1–5 n (%) 64 (16.54) 23 (22.55)

Specific complications (minor vs. major)
 Gastrointestinal
  CDC 0–2 n (%) 370 (95.36) 99 (97.06)
  CDC 3–5 n (%) 18 (4.64) 3 (2.94)

 Wound healing
  CDC 0–2 n (%) 373 (96.38) 100 (98.04)
  CDC 3–5 n (%) 14 (3.62) 2 (1.96)

 Pulmonary
  CDC 0–2 n (%) 378 (97.67) 99 (97.06)
  CDC 3–5 n (%) 9 (2.33) 3 (2.94)

 Genitourinary
  CDC 0–2 n (%) 377 (97.42) 99 (97.06)
  CDC 3–5 n (%) 10 (2.58) 3 (2.94)

Table 3   Comparison of short-term complications of the groups, uncorrected and corrected (propensity score covariate adjustment)

OR > 1 means higher probability of adverse outcome for RC only. OR < 1 means higher probability of adverse outcome for NAC + RC
RC radical cystectomy, NAC neoadjuvant chemotherapy, CDC Clavien–Dindo classification, NB neobladder, CIC clean intermittent self-cathe-
terization, UTI urinary tract infection, IPTW inverse probability treatment weights, CI Confidence interval, OR odds ratio

Outcome Uncorrected Corrected

Covariate adjustment IPTW

Odds ratio (95% CI) P-value Odds ratio (95% CI) P value Odds ratio (95% CI) P value

CDC 0 vs. CDC 1–5 0.890 (0.557;1.421) 0.6256 0.697 (0.425;1.143) 0.1530 0.702 (0.432;1.141) 0.1532
CDC 1–2 vs. CDC 3–5 0.994 (0.506;1.955) 0.9866 1.176 (0.583;2.376) 0.6504 0.962 (0.477;1.940) 0.9136
Gastrointestinal (CDC 0 vs. 1–5) 1.233 (0.779;1.953) 0.3714 1.076 (0.668;1.734) 0.7637 1.022 (0.649;1.610) 0.9252
Wound healing (CDC 0 vs. 1–5) 1.176 (0.628;2.201) 0.6119 1.022 (0.534;1.955) 0.9476 1.043 (0.562;1.934) 0.8941
Hematologic (CDC 0 vs. 1–5) 0.646 (0.362;1.154) 0.1402 0.581 (0.317;1.065) 0.0793 0.541 (0.308;0.952) 0.0333
Pulmonary (CDC 0 vs. 1–5) 0.791 (0.396;1.578) 0.5050 0.643 (0.312;1.325) 0.2308 0.704 (0.354;1.397) 0.3152
Cardiovascular (CDC 0 vs. 1–5) 3.223 (0.414;25.084) 0.2635 2.444 (0.303;19.712) 0.4015 4.021 (0.378;42.740) 0.2486
Genitourinary (CDC 0 vs. 1–5) 0.680 (0.398;1.163) 0.1593 0.667 (0.383;1.164) 0.1542 0.632 (0.372;1.073) 0.0894
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Despite the evidence supporting its use in clinical prac-
tice, it is estimated that only 15–20% of the patients who 
undergo RC do receive NAC [14–16]. In this analysis, we 
showed that utilization rate in our institution (20.8%) was 
comparable to that of the previous studies, where the rela-
tively low rate can be explained by the retrospective design 
with historic underutilization. However, 32.6% of the 
patients who have undergone RC have received NAC over 
the last 3 years of our analysis, which shows a rising usage 
in our institution (Supplementary Fig. 3).

Table 4   Frequency of deaths, median and 2-,4-,5-,6-,8- and 10-year overall survival rates of the groups

.: not estimable
RC radical cystectomy, NAC neoadjuvant chemotherapy, CI Confidence interval

Variable Statistic RC only NAC + RC

Death
 No n (%) 155 (40.16) 62 (61.39)
 Yes n (%) 231 (59.84) 39 (38.61)

% Survival (95% CI)

Months RC only NAC + RC

24 67.08 (62.00;71.63) 67.49 (56.38;76.36)
48 51.20 (45.86;56.28) 63.15 (51.69;72.60)
60 50.18 (44.82;55.29) 61.29 (49.58;71.07)
72 45.33 (39.90;50.59) 61.29 (49.58;71.07)
96 39.85 (34.35;45.29) 58.37 (45.78;69.01)
120 32.09 (26.42;37.88) 45.37 (30.56;59.05)

Median survival (months) (95% CI)

RC only NAC + RC

60.1 (37.8;72.5) 106.7 (53.8;.)

Table 5   Comparison of survival curves of the groups, uncorrected 
and corrected (propensity score covariate adjustment)

Outcome Hazard ratio (95% CI) P value

Uncorrected
 Overall survival 1.372 (0.977;1.927) 0.0680
 Cancer-specific survival 1.074 (0.742;1.554) 0.7053

Corrected
 Overall survival 1.053 (0.742;1.495) 0.7719
 Cancer-specific survival 0.886 (0.605;1.298) 0.5347

Table 6   Frequency of deaths/causes, and 2-,4-,5-,6-,8- and 10-year cancer-specific survival rates of the groups

RC radical cystectomy, NAC neoadjuvant chemotherapy, CI Confidence interval

Variable Statistic RC only NAC + RC

Cancer-specific survival
 Alive n (%) 154 (40.00) 61 (61.00)
 Death—cancer n (%) 165 (42.86) 34 (34.00)
 Death—other n (%) 66 (17.14) 5 (5.00)

% Survival (95% CI)

Months Months Months

24 28.08 (23.59;32.73) 32.13 (22.54;42.09)
48 41.45 (36.31;46.51) 36.42 (26.18;46.71)
60 57.89 (52.82;63.06) 61.75 (51.23;72.36)
72 44.70 (39.39;49.86) 38.25 (27.64;48.77)
96 45.08 (39.75;50.26) 41.13 (29.52;52.38)
120 46.64 (41.16;51.93) 41.13 (29.52;52.38)
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There are many hypotheses suggesting that the toxicity 
induced by NAC before a major surgical procedure, such 
as RC, might lead to an impairment of the patient’s gen-
eral health status, resulting in a higher risk of postopera-
tive morbidity and mortality. These toxicities are, however, 
self-limiting in most of the cases and have not been shown 
to increase perioperative complication risk [29]. Histori-
cally, the use of MVAC regimen (methotrexate, vinblastine, 
doxorubicin [adriamycin] and cisplatin) has been associated 
with relative toxicity [5, 30]. With the advent of gemcitabine 
and cisplatin (GC) combination therapy, however, more 
favorable toxicity profiles have been observed. There were 
improved patient tolerability, compliance and decreased time 
to RC [23]. Nonetheless, direct prospective trials that need 
to be set up to prove the treatments have comparable onco-
logical outcomes.

Our study is not devoid of limitations. First, there are the 
inherent limitations of the retrospective design of the study 
leading to incomplete data (risk of underreporting low-grade 
complications) and selection bias. Moreover, we were not 
able to record reasons for patients not receiving NAC or not 
receiving RC after NAC. Second, we did not account for 
dose reductions in the NAC regimens. Third, we included 
the patients with positive nodal disease who received induc-
tion chemotherapy. Due to partial or complete response, 
these patients were offered an RC. This could introduce a 
limited selection bias. Fourth, due to its sample size, the 
study was insufficiently powered and no correction for mul-
tiple testing was performed to detect differences in separate 
complication categories. Lastly, we evaluated a cohort at a 
high-volume referral center, usually not comparable to gen-
eral patient data. Not all pertinent risk factors are likely to 
have been identified and recorded.

Conclusion

Despite the limitations of our study, we can conclude that, 
provided a cautious patient selection takes place, exposure 
to NAC is not associated with increased risk of short-term 
postoperative morbidity and mortality. Therefore, NAC can 
be considered a safe approach for MIBC patients. Further 
efforts are needed to improve physician and patient guideline 
adherence and to raise awareness of the benefits and toler-
ability of NAC when clinically indicated.

Acknowledgments  Akand M is supported by a clinical scholarship 
from the European Urologic Scholarship Program (EUSP).Joniau S 
is a senior clinical researcher of the research foundation of Flanders 
(FWO).

Authors’ contributions  UM: Data collection, data analysis, manuscript 
writing. MA: Data analysis, manuscript writing, manuscript editing. 
LM: Data collection, data analysis. LD: Data collection, data analy-
sis. TM: Data analysis, manuscript editing. YB: Data collection, data 
analysis. AL: Data analysis, manuscript editing. BVC: Data collec-
tion, data analysis. WE: Data collection, data analysis. HVP: Project 
development, data analysis, manuscript editing. HD: Project develop-
ment, data analysis, manuscript editing. MA: Project development, data 
analysis, manuscript editing. SJ: Project development, data analysis, 
manuscript editing.

Funding  None declared.

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest related to this manuscript.

Ethical approval  All procedures performed in this study involving 
human participants were in accordance with the ethical standards of 
the institutional research committee and with the 1964 Helsinki decla-
ration and its later amendments or comparable ethical standards. For 
this type of study, formal consent is not required.

References

	 1.	 GLOBOCAN 2012 v1.0, cancer incidence and mortality world-
wide: IARC CancerBase No. 11. International Agency for 
Research on Cancer Web site. http://globo​can.iarc.fr

	 2.	 Clark PE, Agarwal N, Biagioli MC, Eisenberger MA, Greenberg 
RE, Herr HW, National Comprehensive Cancer Network (NCCN) 
et al (2013) Bladder cancer. J Natl Compr Canc Netw 11:446–475

	 3.	 Witjes JA, Comperat E, Cowan NC, De Santis M, Gakis G, Lebret 
T, Ribal MJ, Van der Heijden AG, Sherif A, European Associa-
tion of Urology (2014) EAU guidelines on muscle-invasive and 
metastatic bladder cancer: summary of the 2013 guidelines. Eur 
Urol 65:778–792

	 4.	 Meeks JJ, Bellmunt J, Bochner BH, Clarke NW, Daneshmand S, 
Galsky MD, Hahn NM, Lerner SP, Mason M, Powles T, Sternberg 
CN, Sonpavde G (2012) A systematic review of neoadjuvant and 
adjuvant chemotherapy for muscle-invasive bladder cancer. Eur 
Urol 62:523–533

	 5.	 Sternberg CN, Bellmunt J, Sonpavde G, Siefker-Radtke AO, 
Stadler WM, Bajorin DF, Dreicer DF, George DJ, Milowsky MI, 
Theodorescu D, Vaughn DJ, Galsky MD, Soloway MS, Quinn 
DI, International Consultation on Urologic Disease-European 
Association of Urology Consultation on Bladder Cancer 2012 
(2013) ICUD–EAU International Consultation on Bladder Cancer 
2012: chemotherapy for urothelial carcinoma—neoadjuvant and 
adjuvant settings. Eur Urol 63:58–66

	 6.	 Grossman HB, Natale RB, Tangen CM, Speights VO, Vogelzang 
NJ, Trump DL, deVere White RW, Sarosdy MF, Wood DP Jr, 
Raghavan D, Crawford ED (2003) Neoadjuvant chemotherapy 
plus cystectomy compared with cystectomy alone for locally 
advanced bladder cancer. N Engl J Med 349:859–866

	 7.	 Sherif A, Holmberg L, Rintala E, Mestad O, Nilsson J, Nils-
son S, Malmström PU, Nordic Urothelial Cancer Group (2004) 

Table 7   Effect of age on cancer-specific survival (CSS) and other-
cause survival (OCS)

Outcome Odds ratio (95% CI) P value

Cancer-specific survival 1.014 (1.001;1.028) 0.0415
Other-cause survival 1.058 (1.031;1.086) < 0.0001

http://globocan.iarc.fr


1866	 World Journal of Urology (2019) 37:1857–1866

1 3

Neoadjuvant cisplatinum based combination chemotherapy in 
patients with invasive bladder cancer: a combined analysis of two 
Nordic studies. Eur Urol 45:297–303

	 8.	 International Collaboration of Trialists, Medical Research Council 
Advanced Bladder Cancer Working Party (now the National Can-
cer Research Institute Bladder Cancer Clinical Studies Group), 
European Organisation for Research and Treatment of Cancer 
Genito-Urinary Tract Cancer Group, Australian Bladder Cancer 
Study Group, National Cancer Institute of Canada Clinical Trials 
Group, Finnbladder; Norwegian Bladder Cancer Study Group, 
Club Urologico Espanol de Tratamiento Oncologico Group, Grif-
fiths G, Hall R, Sylvester R, Raghavan D, Parmar MK (2011) 
International phase III trial assessing neoadjuvant cisplatin, 
methotrexate, and vinblastine chemotherapy for muscle-invasive 
bladder cancer: long-term results of the BA06 30894 trial. J Clin 
Oncol 29:2171–2177

	 9.	 Malmström PU, Rintala E, Wahlqvist R, Hellström P, Hellsten S, 
Hannisdal E (1996) Five-year follow-up of a prospective trial of 
radical cystectomy and neoadjuvant chemotherapy: nordic Cys-
tectomy Trial I. The Nordic Cooperative Bladder Cancer Study 
Group. J Urol 155:1903–1906

	10.	 Advanced Bladder Cancer (ABC), Meta-analysis Collaboration 
(2005) Neoadjuvant chemotherapy in invasive bladder cancer: 
update of a systematic review and meta-analysis of individual 
patient data: advanced Bladder Cancer (ABC) Meta-analysis Col-
laboration. Eur Urol 48:202–205

	11.	 Dash A, Pettus JA 4th, Herr HW, Bochner BH, Dalbagni G, Donat 
SM, Russo P, Boyle MG, Milowsky MI, Bajorin DF (2008) A 
role for neoadjuvant gemcitabine plus cisplatin in muscle-invasive 
urothelial carcinoma of the bladder: a retrospective experience. 
Cancer 113:2471–2477

	12.	 Plimack ER, Hoffman-Censits JH, Viterbo R, Trabulsi EJ, Ross 
EA, Greenberg RE, Chen DY, Lallas CD, Wong YN, Lin J, 
Kutikov A, Dotan E, Brennan TA, Palma N, Dulaimi E, Meh-
razin R, Boorjian SA, Kelly WK, Uzzo RG, Hudes GR (2014) 
Accelerated methotrexate, vinblastine, doxorubicin, and cisplatin 
is safe, effective, and efficient neoadjuvant treatment for muscle-
invasive bladder cancer: results of a multicenter phase II study 
with molecular correlates of response and toxicity. J Clin Oncol 
32:1895–1901

	13.	 Choueiri TK, Jacobus S, Bellmunt J, Qu A, Appleman LJ, Bub-
ley GJ, Stack EC, Signoretti S, Walsh M, Steele G, Hirsch M, 
Sweeney CJ, Taplin ME, Kibel AS, Krajewski KM, Kantoff PW, 
Ross RW, Rosenberg JE (2014) Neoadjuvant dose-dense metho-
trexate, vinblastine, doxorubicin, and cisplatin with pegfilgrastim 
support in muscle-invasive urothelial cancer: pathologic, radio-
logic, and biomarker correlates. J Clin Oncol 32:1889–1894

	14.	 Rehman S, Crane A, Din R, Raza SJ, Shi Y, Wilding G, Levine 
EG, George S, Pili R, Trump DL, Guru KA (2013) Understanding 
avoidance, refusal, and abandonment of chemotherapy before and 
after cystectomy for bladder cancer. Urology 82:1370–1375

	15.	 Liew MS, Azad A, Tafreshi A, Eapen R, Bolton D, Davis ID, 
Sengupta S (2013) USANZ: time-trends in use and impact on out-
comes of perioperative chemotherapy in patients treated with radi-
cal cystectomy for urothelial bladder cancer. BJU Int 112(Suppl 
2):74–82

	16.	 Zaid HB, Patel SG, Stimson CJ, Resnick MJ, Cookson MS, Baro-
cas DA, Chang SS (2014) Trends in the utilization of neoadjuvant 
chemotherapy in muscle-invasive bladder cancer: results from the 
National Cancer Database. Urology 83:75–80

	17.	 Reardon ZD, Patel SG, Zaid HB, Stimson CJ, Resnick MJ, Keegan 
KA, Barocas DA, Chang SS, Cookson MS (2015) Trends in the 
use of perioperative chemotherapy for localized and locally 
advanced muscle-invasive bladder cancer: a sign of changing 
tides. Eur Urol 67:165–170

	18.	 Cowan NG, Chen Y, Downs TM, Bochner BH, Apolo AB, Poster 
MP, La Rochelle JC, Amling CL, Koppie TM (2014) Neoadjuvant 
chemotherapy use in bladder cancer: a survey of current practice 
and opinions. Adv Urol 2014:746298

	19.	 Thompson RH, Boorjian SA, Kim SP, Cheville JC, Thapa P, 
Dronca R, Costello B, Frank I (2014) Eligibility for neoadjuvant/
adjuvant cisplatin-based chemotherapy among radical cystectomy 
patients. BJU Int 113:E17–21

	20.	 Rosenbaum PR, Rubin DB (1983) The central role of the propen-
sity score in observational studies for causal effects. Biometrika 
70:41–55

	21.	 Austin PC, Stuart EA (2015) Moving towards best practice when 
using inverse probability of treatment weighting (IPTW) using the 
propensity score to estimate causal treatment effects in observa-
tional studies. Stat Med 34:3661–3679

	22.	 Bassi P, Ferrante GD, Piazza N, Spinadin R, Carando R, Pap-
pagallo G, Pagano F (1999) Prognostic factors of outcome after 
radical cystectomy for bladder cancer: a retrospective study of a 
homogeneous patient cohort. J Urol 161:1494–1497

	23.	 von der Maase H, Sengelov L, Roberts JT, Ricci S, Dogliotti L, 
Oliver T, Moore MJ, Zimmermann A, Arning M (2005) Long-
term survival results of a randomized trial comparing gemcit-
abine plus cisplatin, with methotrexate, vinblastine, doxoru-
bicin, plus cisplatin in patients with bladder cancer. J Clin Oncol 
23:4602–4608

	24.	 Lee C, Madii R, Daignault S, Dunn RL, Zhang Y, Montie JE, 
Wood DP Jr (2006) Cystectomy delay more than 3 months from 
initial bladder cancer diagnosis results in decreased disease spe-
cific and overall survival. J Urol 175:1262–1267

	25.	 Alva AS, Tallman CT, He C, Hussain MH, Hafez K, Montie JE, 
Smith DC, Weizer AZ, Wood D, Lee CT (2012) Efficient delivery 
of radical cystectomy after neoadjuvant chemotherapy for mus-
cle-invasive bladder cancer: a multidisciplinary approach. Cancer 
118:44–53

	26.	 Donat SM, Shabsigh A, Savage C, Cronin AM, Bochner BH, 
Dalbagni G, Herr HW, Milowsky MI (2009) Potential impact 
of postoperative early complications on the timing of adjuvant 
chemotherapy in patients undergoing radical cystectomy: a high-
volume tertiary cancer center experience. Eur Urol 55:177–185

	27.	 Johnson DC, Nielsen ME, Matthews J, Woods ME, Wallen EM, 
Pruthi RS, Milowsky MI, Smith AB (2014) Neoadjuvant chemo-
therapy for bladder cancer does not increase risk of perioperative 
morbidity. BJU Int 114:221–228

	28.	 Gandaglia G, Popa I, Abdollah F, Schiffmann J, Shariat SF, Brig-
anti A, Montorsi F, Trinh QD, Karakiewicz PI, Sun M (2014) The 
effect of neoadjuvant chemotherapy on perioperative outcomes in 
patients who have bladder cancer treated with radical cystectomy: 
a population-based study. Eur Urol 66:561–568

	29.	 Meyer V, Flechon A, Tartas S, Fassi-Fehri H, Ruffion A, Martin 
X, Colombel M (2015) Impact of neoadjuvant chemotherapy on 
therapeutic management of muscle-invasive bladder cancer. Prog 
Urol 25:83–89

	30.	 Tully CM, Iyer G, Bajorin DF (2013) Neoadjuvant chemotherapy 
in bladder cancer. J Clin Invest 3:991–1002


	Impact of neoadjuvant chemotherapy on short-term complications and survival following radical cystectomy
	Abstract
	Objectives 
	Materials and methods 
	Results 
	Conclusion 

	Introduction
	Materials and methods
	Results
	Discussion
	Conclusion
	Acknowledgments 
	References




