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Abstract

Purpose To evaluate guideline adherence and variation in the recommended use of neoadjuvant chemotherapy (NAC) and
the effects of this variation on survival in patients with non-metastatic muscle-invasive bladder cancer (MIBC).

Patients and methods In this nationwide, Netherlands Cancer Registry-based study, we identified 1025 patients newly
diagnosed with non-metastatic MIBC between November 2017 and November 2019 who underwent radical cystectomy.
Patients with ECOG performance status 01 and creatinine clearance > 50 mL/min/1.73 m? were considered NAC-eligible.
Interhospital variation was assessed using case-mix adjusted multilevel analysis. A Cox proportional hazards model was
used to evaluate the association between hospital specific probability of using NAC and survival. All analyses were stratified
by disease stage (cT2 versus cT3-4a).

Results In total, of 809 NAC-eligible patients, only 34% (n=277) received NAC. Guideline adherence for NAC in cT2 was
26% versus 55% in cT3-4a disease. Interhospital variation was 7-57% and 31-62%, respectively. A higher hospital specific
probability of NAC might be associated with a better survival, but results were not statistically significant (HR 1, =0.59,
95% CI10.33-1.05 and HR ;13 4,=0.71, 95% CI10.25-2.04).

Conclusion Guideline adherence regarding NAC use is low and interhospital variation is large, especially for patients with
cT2-disease. Although not significant, our data suggest that survival of patients diagnosed in hospitals more inclined to give
NAC might be better. Further research is warranted to elucidate the underlying mechanism. As literature clearly shows the
potential survival benefit of NAC in patients with cT3-4a disease, better guideline adherence might be pursued.

Keywords Bladder carcinoma - Guideline adherence - MIBC - Muscle-invasive bladder cancer - Neoadjuvant
chemotherapy - Radical cystectomy - Variation in healthcare
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54 Lisa M. C. van Hoogstraten European guidelines recommend cisplatin-based neoadju-

l.vanhoogstraten @iknl.nl vant chemotherapy (NAC) preceding radical cystectomy
(RC) in cisplatin-eligible patients with non-metastatic
muscle-invasive bladder cancer (MIBC) [1]. This recom-
mendation is based on meta-analyses showing a significant
absolute 5-year survival benefit of 5-9% in favor of NAC
compared to upfront RC [2-5]. Despite this recommen-
dation, NAC administration rates vary largely in clinical
practice [6-8]. This variation might, in part, be explained
by more recent studies and meta-analyses showing con-
tradicting results regarding the benefit of NAC [9, 10].
The meta-analysis by Hamid et al. evaluated overall sur-
vival (OS) in 17 randomized controlled trials (RCTs) and
retrospective studies up to 2020, and found a significant
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survival benefit in favor of NAC; the pooled hazard ratio
(HR) for OS was 0.82 (95% CI0.71-0.95). In contrast,
the RCT-based meta-analysis by Li et al. showed no con-
vincing evidence in favor of NAC: HR for OS was 0.92
(95% C10.84-1.00) and HR =0.95 (95% CI10.69-1.29) for
progression-free survival, although the latter endpoint was
only evaluated in 6 of the 14 included studies. A recent
population-based observational study performed in the
Netherlands including 5517 patients showed no significant
survival benefit of NAC in patients with cT2NOMO bladder
cancer in contrast with ¢T3-4aNOMO bladder cancer[11],
suggesting to reevaluate the use of NAC in patients with
cT2-disease.

In the Netherlands, the NAC utilization rate for MIBC
increased from 0.6% in 1995 to 21% in 2013 [7] and is
still increasing [12]. Variation in NAC use in current clini-
cal practice is expected but underlying factors are largely
unknown, as is the effect on outcome. This study aims to
evaluate guideline adherence and variation in NAC use and
to gain insight in the factors associated with use of NAC,
taking patient eligibility into account, and to assess the effect
of interhospital variation in use of NAC on survival.

Patients and methods

This study is part of the nationwide, prospective BlaZIB
study, aiming to provide insight and eventually improve the
quality of bladder cancer care in the Netherlands. Details
of the BlaZIB protocol were described previously [13].
The data collection of BlaZIB is embedded in the Nether-
lands Cancer Registry (NCR), hosted by the Netherlands
Comprehensive Cancer Organisation. We selected all
patients > 18 years newly diagnosed with cT2-4aN0/xM0/x
MIBC between 1 November 2017 and 31 October 2019
who underwent RC. A detailed description of all variables
included is given in Table S1.

Definitions

Patients were categorized into two treatment groups:
NAC +RC or upfront RC. Platinum-eligibility was based
on renal function and performance status. Patients were con-
sidered platinum-eligible if they had an estimated glomeru-
lar filtration rate (eGFR) > 50 mL/min/1.73 m? and ECOG
performance score 0-1, allowing eligibility for different
chemotherapeutic agents and schedules [1]. Patients were
considered platinum-ineligible if eGFR <30 mL/min/1.73
m? and/or ECOG > 3. The remaining patients with an eGFR
between 30 and 50 mL/min/1.73 m? and ECOG 0-2 were
considered potentially eligible.

@ Springer

Statistical analysis

Descriptive analyses were performed to evaluate guide-
line adherence and provide insight into patient and tumor
characteristics of eligible patients, including ANOVA
and Chi-square tests to evaluate differences between
treatment groups. Uni- and multivariable logistic regres-
sion analyses were performed to identify factors associ-
ated with receiving NAC. Hospital-specific probabilities
for eligible patients to have NAC were evaluated using
multilevel logistic regression analysis, both unadjusted
(i.e., observed probability) and adjusted for relevant case-
mix factors. Hospitals with less than 5 observations were
excluded from multilevel modelling. Two-year overall
survival (OS) of patients diagnosed in hospitals with the
15% lowest and 15% highest hospital-specific probabili-
ties of administering NAC regardless of whether patients
actually received NAC was evaluated using the Kaplan
Meier method and Log-Rank test. This way we gain
insight in whether patients diagnosed in hospitals which
were more inclined to give NAC have better outcomes
compared to patients diagnosed in hospitals which were
much more hesitant. Start of follow-up was defined as date
of diagnosis. End of follow-up was defined as last date of
follow-up or death, whatever came first. Follow-up was
censored at 2 years. A Cox proportional hazards model
was constructed to evaluate the effect of interhospital vari-
ation on survival, adjusted for relevant case-mix factors.
All analyses were stratified by disease stage (cT2 versus
cT3-4a). As a sensitivity analysis, we repeated all analy-
ses, now including potentially NAC-eligible patients as
well. Missing data were imputed using single and multiple
(n=20) imputation, assuming data being missing at ran-
dom. Single imputed data were used to perform survival-
and Cox regression analyses, multiple imputed data were
used for all other analyses.

All statistical analyses were performed using SAS
version 9.4 (SAS Institute, Cary, North Carolina, USA).
P <0.05 was considered statistically significant.

Results

Seventy-nine percent (n=_809) of all included patients
were considered NAC-eligible, but only 34% (n=277)
received NAC. Of the 180 patients considered poten-
tially eligible, 13% (n=23) received NAC. None of the
36 ineligible patients received NAC. Patient and tumor
characteristics of eligible patients are presented in Table 1.
Relatively more patients with cT3—4a disease received
NAC compared to patients with cT2-disease: 55% (128
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Table 1 Patient and tumor characteristics of platinum-eligible patients, diagnosed with non-metastatic muscle-invasive bladder cancer who
underwent radical cystectomy, stratified by use of neoadjuvant chemotherapy (imputed data)

All patients (N=809) Upfront RC (N=532) NAC +RC (N=277) P-value*
N (%) N (%) N (%)
Number of administered cycles
1 - - 22 (7.9%)
2 - - 34 (12.3%)
3 - - 78 (28.2%)
4 — - 137 (49.5%)
5 or more - - 3 (1.1%)
Unknown - - 3 (1.1%)
Surgical approach 0.0553
Open 428 (52.9%) 288 (54.1%) 140 (50.5%)
Robot-assisted 349 (43.2%) 217 (40.8%) 132 47.7%)
Laparoscopic, not specified 30 (3.7%) 25 4.7%) 5 (1.8%)
Unknown 2 0.2%) 2 (0.4%) 0 (0.0%)
Gender 0.0286
Male 582 (72.0%) 396 (74.5%) 186 (67.2%)
Female 227 (28.0%) 136 (25.5%) 91 (32.8%)
Age at diagnosis (median, IQR) 69.0 (63.0-74.0) 71.0 (65.0-76.0) 65.0 (58.0-70.0) <0.0001
Age at diagnosis <0.0001
<60 years 143 17.6%) 60 11.2%) 83 (29.9%)
60-70 years 263 (32.5%) 145 27.3%) 118 (42.5%)
70-80 years 349 (43.1%) 272 (51.2%) 76 27.6%)
>80 years 55 (6.8%) 55 (10.3%) 0 (0.0%)
Body Mass Index (BMI) (median, IQR) 26.0 (23.6-29.0) 259 (23.6-28.7) 26.0 (23.6-29.1) 0.1694
Body Mass Index (BMI) 0.1624
Underweight (< 18.5) 13 (1.7%) 10 (1.9%) 3 (1.2%)
Normal weight (18.5-24.9) 308 (38.1%) 200 (37.6%) 108 (39.0%)
Overweight (25.0-29.9) 357 (44.1%) 245 (46.1%) 111 (40.2%)
Obese (>30.0) 131 (16.1%) 77 (14.4%) 54 19.5%)
Weighted Charlson Comorbidity Index (CCI) <0.0001
0 432 (53.5%) 252 (47.4%) 180 (65.0%)
1 233 (28.8%) 166 31.2%) 67 24.2%)
2 or more 143 (17.7%) 114 (21.3%) 30 (10.8%)
Performance status (ECOG) 0.8020
ECOG 0 575 (71.0%) 379 (71.3%) 195 (70.5%)
ECOG 1 234 (29.0%) 153 (28.7%) 82 (29.5%)
Renal function (eGFR) (median, IQR) 74.0 (62.1-88.0) 72.0 (61.0-86.0) 77.0 (66.0-89.3) <0.0001
Socioeconomic status (SES) 0.4580
Low 213 (26.3%) 143 (27.0%) 70 (25.1%)
Middle 348 (43.0%) 233 (43.9%) 115 (41.4%)
High 248 (30.6%) 155 (29.1%) 93 (33.5%)
Disease stage (cTNM) <0.0001
cT2N0/xMO0/x 576 (71.2%) 426 (80.2%) 149 (54.0%)
cT3N0O/xMO/x 205 (25.3%) 99 (18.7%) 106 (38.1%)
cT4aN0/xM0/x 28 (3.5%) 6 1.1%) 22 (7.9%)
Tumor histology 0.0948
Urothelial carcinoma 788 (97.4%) 516 (97.0%) 272 (98.2%)
Squamous cell carcinoma 6 0.7%) 6 (1.0%) 0 (0.0%)
Adenocarcinoma 11 (1.3%) 6 (1.1%) 5 (1.8%)
Other 5 0.6%) 5 0.9%) 0 (0.0%)
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Table 1 (continued)

All patients (N=809) Upfront RC (N=532) NAC+RC (N=277) P-value*
N (%) N (%) N (%)
Hospital of MDTM 0.9656
Community hospital 252 (31.1%) 167 (31.4%) 85 (30.5%)
Non-university referral hospital 420 (51.9%) 275 (51.8%) 144 (52.1%)
University hospital 137 17.0%) 89 (16.8%) 48 (17.3%)

RC radical cystectomy, NAC neoadjuvant chemotherapy, /QR interquartile range, ECOG Eastern Cooperative Oncology Group, eGFR estimated

glomerular filtration rate, MDTM multidisciplinary team meeting

*P-value was calculated using Chi-square for categorical variables and ANOVA for continuous variables

out of 233) versus 26% (149 out of 576), respectively.
Most patients receiving NAC started with a multiagent,
cisplatin-based regimen (95%) and had 2—4 cycles (90%).
All were under 80 years of age at diagnosis. A detailed
description of all 1025 patients included in this study is
given in Table S2.

Multivariable regression analysis showed that increasing
age (OR=0.93, 95% C10.91-0.95) and presence of comor-
bidity (CCI>2 versus 0: OR=0.52, 95% CI10.31-0.88)
significantly decreased the odds of having NAC in eligi-
ble patients (Table 2). Higher disease stage (cT3-4a ver-
sus ¢T2: OR=3.33, 95% CI2.36-4.71) increased the odds.
Better renal function (OR=1.02, 95% CI1.01-1.03) and
female gender (OR =1.44, 95% CI 1.05-1.98) were univari-
ably associated with having NAC, but these effects became
non-significant in multivariable analyses. No significant
associations were found for BMI, performance status, SES,
tumor histology and hospital of MDTM. After stratification
by disease stage, higher BMI became positively associated
whereas CCI was no longer significantly associated with
having NAC in patients with cT2-disease. The sensitivity
analysis including both eligible and potentially eligible
patients yielded similar results, except that renal function
remained statistically significant in multivariable analysis
(Table S3).

Large variation was observed in hospital-specific prob-
abilities to administer NAC in platinum-eligible patients,
which was 14-62% after correction for case-mix factors,
i.e., age at diagnosis, comorbidity and disease stage (Fig. 1).
Stratification by disease stage revealed considerable dif-
ferences in NAC administration probabilities; 7-57% for
patients with cT2-stage and 31-62% for patients with cT3-
4a stage.

Unadjusted 2-year OS was 79% for patients diagnosed in
hospitals with high probability of administering NAC and
68% for patients diagnosed in hospitals with low probabil-
ity (Log-Rank test p=0.07, Fig. S1a). This is regardless
of whether patients actually received NAC or not. Strati-
fied analysis by disease stage showed a 2-year OS of 81%
versus 64% in cT2-disease (p=0.03, Figure S1b), and 66%

@ Springer

versus 62% in cT3-4a disease (p=0.53, Figure Slc). Cox
regression analysis in patients with T2-disease, adjusted
for age at diagnosis and BMI resulted in a hazard ratio of
HR 1, =0.59 (95% C10.33-1.05) and HR .15 4, was 0.71
(95% C10.25-2.04) in patients with T3-4a disease, adjusted
for age at diagnosis and comorbidity (Table S4).

Discussion

In this nationwide, population-based study, we evaluated
guideline adherence and variation in the recommended use
of neoadjuvant chemotherapy preceding radical cystectomy
as curative treatment for MIBC. We found that guideline
adherence was fairly low, i.e., only 26% for cT2- and 55%
for cT3-4a disease. Factors associated with NAC were age at
diagnosis, comorbidity and disease stage. Large interhospital
variation in NAC use was observed, especially for patients
with cT2-disease, for whom 2-year overall survival appeared
to be better for those diagnosed in hospitals with high prob-
ability of administering NAC compared to hospitals with a
low probability.

This study showed that the minority of platinum-eli-
gible patients actually received NAC. Reasons to abstain
from NAC, as noted in the medical files, were among oth-
ers the patients’ preference, limited expected survival gain,
patients’ age and functional status, and presence of hear-
ing loss. These patients, except for ten, also did not receive
any adjuvant chemotherapy (data not shown). Although for
two-thirds of patients no reason was documented for not
receiving NAC, these results indicate there are more factors
in play than those considered in the eligibility criteria alone.

Patients with younger age, no comorbid conditions and/or
c¢T3/cT4a bladder cancer received NAC more often, which
was expected and is in line with previous studies [6, 14].
Patients who underwent upfront RC had lower renal function
compared to patients treated with NAC + RC, but we antici-
pated an even lower mean renal function for patients under-
going upfront RC. It is likely that patients with pre-existing
renal insufficiency also suffer from (higher) comorbidity,



1841

World Journal of Urology (2023) 41:1837-1845

uonoduNy [BUAI pUe Xpu] AJIPIqIOW0)) UoS[IeyD) payySiom ‘o3 popnyour a3e)s ef-¢ 10 J0J [OPOW J[eLIBA)[NW JY ], "UONOUN) [BUAI PUE Xapu] A}IpIqiowo)) uospey) pAaysom ‘TINg “9Se pepnour
95e38-7 1,0 J0J [opOW S[qELIEAT)[NW SY], *35e)S 9SBasIP pUE UOTIOUNJ [BUAI ‘XdPU] AJIPIQIOWO)) UOS[IEY)) PaiySiom ‘sisouSerp je oSe ‘TopuaS popnjour sage)s aseasIp [[e J0f [opOoul 9[qeLIBAT)[NW Y],

Sunesw wed) Areurdrosipninui jy LG/ ‘el uonen[y Ie[nIdWol3 pajewns? y.7H2 ‘dnoin A3o0[0ouQ 2aneredoo) udiseq D07 ‘Aderaypowayd jueanpeosu HyN

@r1-Lzo) ¥S°0 (L8'1-55°0) 101 (#9'1-89°0) 901 [endsoy Kysioarun
(S8'1-05°0) 96'0 (TS 1-L9°0) 101 (SH'1-SL°0) Y0’ [endsoy [e110jax A)ISIOATUN-UON]
BEN| PEN| PEN| readsoy Ajunwwo))
INLAIA Jo [evidsoH
- - - Mo
- (68'9-€5°0) 061 (YT'S—-8%°0) 8S'1 BUIOUIOIED [[00 [[BWS
- - - BUWOUIOIZOOUIPY
- - - BUWIOUTOIRD [[90 snowenbg
Joy REN| PEN| CUWOUIDIRD [RI[AYIOIN)
A3o[03s1Y Jowng,
aLv-9€77) €€'e (08'—¥57) 6v'€ X/QINX/ON®Y-€L9
19y ol X/OINX/ONCTL?
(JANLLO) @8e3s aseasIq
(§9'7-69°0) Se'l (€0°T-SL0) vl (08'1-18°0) €Tl ysSiH
(S+'7-69°0) 0g'l (09'1-29°0) 001 Ly 1-1L0) 01 SIPPIA
194 ol 1od MO
(SHS) Sme)s dIoU0II-0100S
(asearout
(#0'1-66'0) 01 (SO 1-10'D) €01 (10'1-86°0) 00'1 (€0'1-00'T) 10'1 (20'1-66°0) 00'1 (€0'1-10'1) 01 LU gL /unuy T 1ed .H9) uonouny [eusy
(99'1-5+°0) 98°0 (86'T-¥L0) wl (95'1-0L°0) Y01 1 5004
Jod REX | 19y 05004
Snjels duUeWIO)I_d
(LLO-€T°0) €0 (95°0-01°0) ¥2°0 (61'1-7€0) 90 (06'0-LT0) 6%°0 (88°0-1€°0) 50 (09°0-€2°0) LEO aour 10 g
(LO'T-6T°0) SS0 (96'0-LT0) 150 (0T 1-5+0) ¥L0 (10 1-1%0) S9°0 (¥0'1-8%°0) L0 (08°0-0%0) 950 I
X | X ol REX | X | PEX| 0
X9pu] AJIpIqIowo)) Uos[Irey)) poIySIopm
#0'1-26°0) 86°0 r1-10m LO'T arm-tomn 901 (S0'1-86'0) 101 (esearour /3y 1od) xapu ssejA Apog
(66'0-26'0) S6'0 (L6'0-16'0) ¥6°0 (€6'0-68°0) 160 (€6'0-68°0) 160 (S6'0-16'0) €60 (¥6'0-06'0) 060 (esearour 1eaf 1ad) sisouderp je o5y
(0'€-€6°0) 891 (T1'T-56'0) Wl (T8'1-68°0) LT (86'1-S0°'1) 'l S[ewo]
198 REX| 19¥ ol SleN
JIPUd)
(1D %56) (6] (1D %56) (¢} (ID %56) (6] (1D %56) (6] (1D %56) (¢} (ID %56) (0]

[opou d[qeLIBAN A

[opou d[qeLIeATu)

KJUO 9sBISIP BH-¢ 10

[opow d[qeLIBATOA

[opow d[qeLIBATU)

[opou d[qeLIeAN A

[opou d[qeLIeATU[)

KJuo aseasIp-z 10

(ep—CLP) SOSeIS ASEASIP [[V

Kw103091$K0 [RIIPEI JUIMIOPUN OYM ISOUEBD JOPPE[] SAISEAUI-I[ISNUI OT)BISBIOW-UOU [JIM
pasouSerp syuoned o[qiSie-wnunerd ur ‘QyN Suraredar pue sonsL)oeIRyd [eIIdsoy pue Jown) ‘Juened UAAM]Iq UOTIBIOOSSE dY) UO SISA[eur UOIssaISal onsISo[ S[qeLIeAn[nW pue -Tu) g d|qeL

pringer

a's



1842

World Journal of Urology (2023) 41:1837-1845

Observed Case-mix adjusted
100% 3 100% a
Total Total
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%
Hospital of MDTM Hospital of MDTM
100% : i 100% : b
cT2-disease cT2-disease
80% 80%
60% 60%
40% 40%
20% 20%
i ualn ||I||
oot oo ]
Hospital of MDTM Hospital of MDTM
100% 100%
cT3-4a disease® cT3-4a disease®
80% 80%
60% 60%
40% 40%
20% 20%
0% 0%

Hospital of MDTM

Fig. 1 The probability of platinum-eligible patients to receive NAC
per hospital* overall, for cT2-disease only and for cT3-4a disease
only, observed and adjusted for case-mix factors. NAC neoadjuvant
chemotherapy, MDTM multidisciplinary team meeting. *Hospitals
with<5 cases were excluded from analysis. a: The multilevel model

and were, therefore, precluded from NAC and did not even
undergo RC at all. Despite being eligible, age remained sta-
tistically significant in our multivariable regression analy-
sis after correction for renal function, comorbidity and
disease stage, indicating that older patients are less often
offered NAC or may decline NAC more often compared to
younger patients. Multiple studies, reviews and even inter-
national guidelines state that, next to patient preferences,

@ Springer

Hospital of MDTM

for all disease stages (cT2—4a) included: age at diagnosis, comorbid-
ity and disease stage, based on 52 hospitals; b: the multilevel model
for cT2-disease only included: age at diagnosis and BMI, based on 47
hospitals; c: the multilevel model for cT3-4a disease only included:
age at diagnosis and comorbidity, based on 18 hospitals

not chronological but biological age (i.e., organ function,
comorbidity, frailty and functional status) should be taken
into account in treatment decision-making [1, 15, 16].There-
fore, it might be unjustified that chronological age plays such
a prominent role in clinical practice.

We observed low and varying guideline adherence
between hospitals. This is in agreement with previous studies
demonstrating low NAC utilization rates in cisplatin-eligible
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patients, varying from 12 to 31% [8, 17, 18]. Substantial
variation remained after case-mix adjustment, especially
for patients with cT2-disease (7-57%), indicating that hos-
pital/doctor factors likely play a role in the use of NAC.
An explanation would be that hospitals follow their own
institutional and/or regional guideline agreements in addi-
tion to the European guidelines. Within our BlaZIB study,
a survey was conducted among urologists regarding insti-
tutional NAC-practice patterns. The survey revealed that,
although recommended in international guidelines, 9 out
of 70 included hospitals do not offer NAC to patients with
cT2-disease by default, possibly due to the limited survival
benefit of NAC for cT2-disease shown in several studies. In
fact, the meta-analyses on which the recommendation con-
cerning NAC was based, included two large RCTs, i.e. the
Nordic Cystectomy Trials I and II [19, 20], that failed to
show survival benefit in favor of NAC for cT2NOMO com-
pared to cT3-4aNOMO bladder cancer. Two other trials, i.e.,
the MRC/EORTC trial and trial BA06-30894, did not per-
form stage-specific analyses [21, 22]. A US study comparing
real-world data of 8732 patients with cT2—4aNOMO bladder
cancer who underwent RC between 2004 and 2012 to the
results of the SWOG-8710 trial found no survival advantage
of NAC either [23]. The authors attributed their findings
to important differences between baseline characteristics
of patients in clinical studies and those treated in general
clinical practice. It is likely that utilization and efficacy of
NAC are lower in real life compared to clinical studies. In
that case, patients might experience no beneficial or even
worse outcomes compared to patients undergoing upfront
RC, since time to RC is prolonged when administering NAC.
Further research is recommended to address the real-life effi-
cacy of NAC in patients with cT2-disease.

For patients with cT3-4a disease, case-mix adjusted
interhospital variation was slightly smaller. Nevertheless,
our results suggest there is room for improvement regarding
the use and guideline adherence of NAC in these patients.
The attitude of physicians towards NAC is fundamental for
its use, as believers in NAC are more likely to recommend
NAC [24], and patients tend to follow recommendations
from their doctor [25].

The large interhospital variation in NAC use did not sig-
nificantly impact overall survival. However, there appears
to be a trend in favor of hospitals with higher probability
of administering NAC. For both cT2 and cT3-4a disease,
these hospitals appeared to perform better regarding survival
compared to hospitals with low probability, regardless of
whether patients actually received NAC. This finding sug-
gests factors other than NAC itself are important. Hospitals
with higher NAC probability might have higher patient vol-
umes, more surgical experience and more expertise on blad-
der cancer, resulting in better patient selection for specific
treatment and better surgical outcomes affecting survival.

Hospitals with the highest probability of administering NAC
indeed appear to have a slightly higher patient volume (data
not shown), but more research is needed to elucidate the
underlying mechanisms.

In this study, we provided detailed insight into the varia-
tion in NAC use, the factors associated with receiving NAC,
and whether patient outcomes were better if patients were
diagnosed in hospitals that are more inclined to give NAC
compared to more hesitant hospitals, taking eligibility into
account. However, the observational study design has to be
recognized as a limitation. Missing values, often arising
from poor documentation in the electronic medical files,
are inherent to this design and were addressed by employ-
ing imputation. To check the robustness of our results after
imputation on performance status, we performed a sensitiv-
ity analyses repeating our analyses; once assuming that all
patients with missing performance status have an ECOG
score of 0 and once assuming they have an ECOG score of
3 as this will affect the number of patients considered eligi-
ble. Our results remained fairly similar, indicating that our
analysis were likely to be robust (data not shown). If patients
abstained from NAC, underlying reasons were poorly docu-
mented. Eligible patients who did not undergo NAC may
have declined NAC owing to poor quality of life or other
personal reasons, but we would not expect such a large dif-
ference in patients’ preferences between hospitals to fully
explain the variation remaining after case-mix adjustment.
We selected all patients who underwent RC, which might
have led to underestimation of current guideline adherence
since we could have missed patients who received NAC,
but did not continue to RC. Our survival analyses might be
prone to immortal time bias, but since patients planning to
undergo RC are generally quite fit, we estimate the effect to
be minimal. Also, using date of RC instead of date of diag-
nosis did not alter our results significantly (data not shown).
Shortly after the end of the inclusion period of our study
the COVID-19 pandemic emerged, disrupting regular health
care. The COVID-pandemic might have affected NAC use,
since use of (neoadjuvant) chemotherapy was temporarily
discouraged due to potential immunosuppressive effects. To
evaluate the use of NAC in more recent years post-COVID,
the current study may be repeated in a few years.

In conclusion, guideline adherence regarding the rec-
ommended use of NAC is low and interhospital variation
is large, especially in cT2 bladder cancer. Patients diag-
nosed in hospitals more likely to give NAC appear to have
better case-mix adjusted survival compared to patients in
hospitals with low probability, although the reported asso-
ciations were not statistically significant. The underlying
mechanism for this is currently unknown, further research
is warranted to provide more insight. Guideline adher-
ence in cT3-4a disease is better, but could be improved,
especially as for these patients literature is consistent
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concerning the beneficial effect of NAC. Raising aware-
ness amongst physicians may lead to more consistent NAC
utilization between hospitals, prevent over- and undertreat-
ment with NAC, and potentially enhance quality of life and
oncological outcomes such as survival.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00345-023-04443-7.

Acknowledgements The authors thank the registration team of the
Netherlands Comprehensive Cancer Organisation (IKNL) for the col-
lection of data for the Netherlands Cancer Registry. The authors thank
Dr. Maarten J. Bijlsma from the department of Research & Develop-
ment, Clinical Data Science, for statistical advice.

The members of the BlaZIB study group are: Katja K.H. Aben,
PhD (PI, Netherlands Comprehensive Cancer Organisation); Lamber-
tus A. Kiemeney, PhD, Prof (PI, Radboud University Medical Centre);
J. Alfred Witjes, MD, PhD, Prof (PI, Radboud University Medical
Centre); Lisa M.C. van Hoogstraten, MSc (project coordinator, Neth-
erlands Comprehensive Cancer Organisation); Theodora M. Ripping,
PhD (researcher, Netherlands Comprehensive Cancer Organisation);
Joost L. Boormans, MD, PhD (Erasmus Medical Centre); Catharina A.
Goossens-Laan, MD, PhD (Alrijne Hospital); Antoine G. van der Hei-
jden, MD, PhD (Radboud University Medical Centre); Michiel S. van
der Heijden, MD, PhD (Netherlands Cancer Institute); Sipke Helder
(Patient association ‘Leven met blaas- of nierkanker’); Tom J.N. Her-
mans, MD, PhD (VieCuri Medical Centre); Maarten C.C.M. Hulshof,
MD, PhD (Amsterdam University Medical Centres, location AMC);
Anna M. Leliveld, MD, PhD (University Medical Centre Groningen);
Geert J.L.H. van Leenders, MD, PhD, Prof (Erasmus Medical Cen-
tre); Richard P. Meijer, MD, PhD, FEBU (University Medical Centre
Utrecht); Reindert J.A. van Moorselaar, MD, PhD, Prof (Amsterdam
University Medical Centres, location VUmc); Sasja F. Mulder, MD,
PhD (Radboud University Medical Centre); Juus L. Noteboom, MD,
PhD (University Medical Centre Utrecht); Jorg R. Oddens, MD, PhD
(Amsterdam University Medical Centres, location AMC); Theo M.
de Reijke, MD, PhD (Amsterdam University Medical Centres, loca-
tion University of Amsterdam, department of Urology); Bas W.G. van
Rhijn, MD, PhD, FEBU (Netherlands Cancer Institute-Antoni van
Leeuwenhoek Hospital); Joep G.H. van Roermund, MD, PhD (Maas-
tricht University Medical Centre); Tineke J. Smilde, MD, PhD (Jeroen
Bosch Hospital); Guus W.J. Venderbosch (Patient association ‘Leven
met blaas- of nierkanker’); Bart P. Wijsman, MD, PhD (Elisabeth-
TweeSteden Ziekenhuis)

Author contributions LMCvH: conceptualization, data analysis, data
curation, manuscript writing/editing; CCOM: data analysis, manu-
script writing/editing; JAW: conceptualization, manuscript writing/
editing, funding acquisition; RPM: manuscript writing/editing; SFM:
manuscript writing/editing; TJS: manuscript writing/editing; TMR:
conceptualization, manuscript writing/editing; BlaZIB study group:
manuscript writing/editing; LAK: conceptualization, manuscript writ-
ing/editing, funding acquisition; KKHA: conceptualization, manuscript
writing/editing, funding acquisition.

Funding The BlaZIB study is funded by the Dutch Cancer Society
(KWF; IKNL 2015-7914). The funding agency had no further role
in this study.

Data availability All data used for this study can be requested from the
NCR. All data requests are reviewed by the supervisory committee of
the NCR for compliance with the NCR objectives and (inter)national
(privacy) regulation and legislation (https://iknl.nl/en/ncr/apply-for-
data) https://iknl.nl/en/ncr/apply-for-data.

@ Springer

Declarations

Conflict of interest The authors have no conflicts of interest to dis-
close.

Ethical approval This study was approved by the Privacy Review
Board of the NCR (reference number K20.212). The study was per-
formed in accordance with the ethical standards as laid down in the
1964 Declaration of Helsinki and its later amendments.

Consent The requirement for informed consent was waived due to the
retrospective study design.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Witjes JA, Bruins HM, Cathomas R, Compérat EM, Cowan NC,
Gakis G et al (2021) European Association of Urology Guidelines
on muscle-invasive and metastatic bladder cancer: summary of the
2020 guidelines. Eur Urol 79(1):82-104

2. Advanced Bladder Cancer Meta-analysis Collaboration (2003)
Neoadjuvant chemotherapy in invasive bladder cancer: a system-
atic review and meta-analysis. Lancet 361(9373):1927-1934

3. Advanced Bladder Cancer 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 collaboration. Eur
Urol 48(2):202-206

4. Winquist E, Kirchner TS, Segal R, Chin J, Lukka H (2004) Neo-
adjuvant chemotherapy for transitional cell carcinoma of the
bladder: a systematic review and meta-analysis. J Urol 171(2 Pt
1):561-569

5. Yin M, Joshi M, Meijer RP, Glantz M, Holder S, Harvey HA et al
(2016) Neoadjuvant chemotherapy for muscle-invasive bladder
cancer: a systematic review and two-step meta-analysis. Oncolo-
gist 21(6):708-715

6. Zaid HB, Patel SG, Stimson CJ, Resnick MJ, Cookson MS,
Barocas DA et al (2014) Trends in the utilization of neoadjuvant
chemotherapy in muscle-invasive bladder cancer: results from the
National Cancer Database. Urology 83(1):75-80

7. Hermans TIN, Fransen van de Putte EE, Horenblas S, Lemmens
V, Aben K, van der Heijden MS et al (2016) Perioperative treat-
ment and radical cystectomy for bladder cancer—a population
based trend analysis of 10,338 patients in the Netherlands. Eur J
Cancer 54:18-26

8. Karim S, Mackillop WJ, Brennan K, Peng Y, Siemens DR, Krzyz-
anowska MK et al (2019) Estimating the optimal perioperative
chemotherapy utilization rate for muscle-invasive bladder cancer.
Cancer Med 8(14):6258-6271

9. Hamid A, Ridwan FR, Parikesit D, Widia F, Mochtar CA, Umbas
R (2020) Meta-analysis of neoadjuvant chemotherapy compared


https://doi.org/10.1007/s00345-023-04443-7
https://iknl.nl/en/ncr/apply-for-data
https://iknl.nl/en/ncr/apply-for-data
https://iknl.nl/en/ncr/apply-for-data
http://creativecommons.org/licenses/by/4.0/

World Journal of Urology (2023) 41:1837-1845

1845

11.

12.

13.

14.

16.

17.

18.

to radical cystectomy alone in improving overall survival of mus-
cle-invasive bladder cancer patients. BMC Urol 20(1):158

. Li G, Niu HM, Wu HT, Lei BY, Wang XH, Guo XB et al (2017)

Effect of cisplatin-based neoadjuvant chemotherapy on survival
in patients with bladder cancer: a meta-analysis. Clin Invest Med
40(2):E81-¢94

Hermans TJN, Voskuilen CS, Deelen M, Mertens LS, Horenb-
las S, Meijer RP et al (2019) Superior efficacy of neoadjuvant
chemotherapy and radical cystectomy in cT3-4aNOMO compared
to cT2NOMO bladder cancer. Int J Cancer 144(6):1453-1459
van Hoogstraten LMC, Witjes JA, Meijer RP, Ripping TM,
Kiemeney LA, Aben KKH (2022) Non-metastatic muscle-inva-
sive bladder cancer: the role of age in receiving treatment with
curative intent. BJU Int 130(6):764-775

Ripping TM, Kiemeney LA, van Hoogstraten LMC, Witjes JA,
Aben KKH (2020) Insight into bladder cancer care: study protocol
of a large nationwide prospective cohort study (BlaZIB). BMC
Cancer 20(1):455

Macleod LC, Yabes JG, Yu M, Fam MM, Hale NE, Turner RM
2nd et al (2019) Trends and appropriateness of perioperative
chemotherapy for muscle-invasive bladder cancer. Urol Oncol
37(7):462-469

. Erlich A, Zlotta AR (2016) Treatment of bladder cancer in the

elderly. Investig Clin Urol. 57 Suppl 1(Suppl 1):S26-35

Soria F, Moschini M, Korn S, Shariat SF (2016) How to opti-
mally manage elderly bladder cancer patients? Transl Androl Urol
5(5):683-691

Lyon TD, Frank I, Sharma V, Shah PH, Tollefson MK, Thomp-
son RH et al (2019) A risk-stratified approach to neoadjuvant
chemotherapy in muscle-invasive bladder cancer: implica-
tions for patients classified with low-risk disease. World J Urol
37(8):1605-1613

Johnson DC, Nielsen ME, Matthews J, Woods ME, Wallen EM,
Pruthi RS et al (2014) Neoadjuvant chemotherapy for bladder
cancer does not increase risk of perioperative morbidity. BJU Int
114(2):221-228

19.

20.

21.

22.

23.

24.

25.

Malmstrom PU, Rintala E, Wahlqvist R, Hellstrom P, Hellsten S,
Hannisdal E (1996) Five-year followup 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(6):1903-1906

Sherif A, Rintala E, Mestad O, Nilsson J, Holmberg L, Nilsson
S et al (2002) Neoadjuvant cisplatin-methotrexate chemotherapy
for invasive bladder cancer—Nordic cystectomy trial 2. Scand J
Urol Nephrol 36(6):419-425

International collaboration of trialists (1999) Neoadjuvant cis-
platin, methotrexate, and vinblastine chemotherapy for muscle-
invasive bladder cancer: a randomised controlled trial. Lancet
354(9178):533-540

Griffiths 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(16):2171-2177

Hanna N, Trinh QD, Seisen T, Vetterlein MW, Sammon J, Preston
MA et al (2018) Effectiveness of neoadjuvant chemotherapy for
muscle-invasive bladder cancer in the current real world setting
in the USA. Eur Urol Oncol 1(1):83-90

Walker M, Doiron RC, French SD, Brennan K, Feldman-Stewart
D, Siemens DR et al (2018) Peri-operative chemotherapy for
bladder cancer: a survey of providers to determine barriers and
enablers. Bladder Cancer 4(1):49-65

Puts MT, Tapscott B, Fitch M, Howell D, Monette J, Wan-Chow-
Wah D et al (2015) A systematic review of factors influencing
older adults’ decision to accept or decline cancer treatment. Can-
cer Treat Rev 41(2):197-215

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer



	Low adherence to recommended use of neoadjuvant chemotherapy for muscle-invasive bladder cancer
	Abstract
	Purpose 
	Patients and methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Definitions
	Statistical analysis

	Results
	Discussion
	Anchor 13
	Acknowledgements 
	References




