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ABSTRACT

Background: Organ-sparing treatment for muscle-invasive bladder cancer by maximal transurethral
removal of the tumor (TURB) followed by chemoradiation (CRT) has shown promising results in recent
studies, and is therefore considered to be an acceptable alternative for the standard of radical cystec-
tomy (RC) in selected patients. We report on outcomes in a single-center, retrospective CRT cohort in
comparison to a RC and radiotherapy only (RT) cohort.

Patients and methods: The patient population included n=84 CRT patients, n=93 RC patients, and
n=95 RT patients. Primary endpoints were local control (LC) up to 2years and overall survival (OS) up
to 5years. Cox regression was performed to determine risk factors for LC and OS in the CRT group.
Acute genito-urinary (GU) and gastro-intestinal (GI) toxicity were scored with CTCAE version 4 for the
RT and CRT cohort. Logistic regression was used to determine risk factors for toxicity. We followed the
EQUATOR guidelines for reporting, using the STROBE checklist for observational research.

Results: Baseline characteristics were different between the treatment groups with in particular worse
comorbidity scores and higher age in the RT cohort. The CRT schedule was completed by 96% of the
patients. LC at 2years was 83.4% (90% Cl 76.0-90.8) for CRT vs. 70.9% (62.2-79.6) for RC and 67.0%
(56.8-77.2) for RT. OS at 5years was 48.9% (38.4-59.4) for CRT vs. 46.6% (36.4-56.8) for RC, and 27.6%
(19.4-35.8) for RT. High T stage was significantly associated with worse LC and OS in the CRT group.
GU/GI toxicity grade >2 occurred in 43 (48.3%) RT patients and 38 (45.2%) CRT patients.

Conclusions: The organ-preserving strategy with CRT was feasible and tolerable in this patient popula-
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tion, and the achieved LC and OS were satisfactory in comparison to the RC cohort and literature.

Background

For years, radical cystectomy (RC) with pelvic lymph node dis-
section is considered the cornerstone of treatment of NOMO
muscle-invasive bladder cancer. Less invasive and organ-sparing
treatments, among which transurethral removal of the bladder
tumor (TURBT), external beam radiotherapy (EBRT), and partial
cystectomy, provided inferior results. However, multimodality
treatment, consisting of maximal TURBT, followed by EBRT and
radiosensitizing chemotherapy, resulted in comparable out-
comes and is now included in guidelines for properly selected
patients [1]. Since no randomized controlled trial is performed
to compare RC to multimodality treatment, debate remains
about what is best. Recent non-randomized studies suggest
comparable local control (LC) and cancer-specific survival rates
for multimodality treatment [2-8], however, the results of these
studies have to be interpreted with caution because of differen-
ces between patient populations receiving the treatment of
interest. In the elderly and medically unfit subpopulation, sur-
vival after RC is worse with increasing age and comorbidity

[9-12], suggesting that bladder sparing treatment could be a
safer and non-inferior treatment for these patients.
Nevertheless, comorbidities, like vascular disease, can be a con-
tra-indication for the addition of chemotherapy to the bladder-
sparing treatment. In the medically unfit subgroup not suitable
for chemotherapy, EBRT without chemotherapy could however
still be a feasible alternative treatment to maintain quality of
life and achieve acceptable LC rates [13-17].

Although the proportion of MIBC patients receiving
bladder-sparing treatment has increased over time, radiation
is still mainly applied in elderly MIBC patients who are con-
sidered unfit for surgery. In this study, we aimed to assess
real-world data on the long-term clinical outcome of blad-
der-sparing treatment (CRT) for non-metastatic MIBC patients
(elderly and unfit-for-surgery population) for the primary
endpoints LC and survival, and to compare this with out-
comes of RC and radiotherapy (RT) only. We hypothesized
that with CRT acceptable outcomes can be achieved com-
pared to RC when taking into consideration the differences
with respect to age and comorbidity. The results of this
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study might help physicians to guide treatment decisions on
MIBC in the context of the aging population.

Patients and methods

We followed the EQUATOR guidelines for reporting, using
the STROBE checklist for observational research, which is a
checklist of 22 items that are considered essential for good
reporting of observational studies (checklist included in the
Suppl. file) [18].

Patients and data collection

This single-center, retrospective cohort study was conducted
at the Erasmus Medical Center Cancer Institute, Rotterdam,
The Netherlands. Three treatment patient groups were estab-
lished: a consecutive patient cohort with muscle-invasive,
non-metastatic bladder cancer (clinical stage T2-4NOMO) who
received EBRT (total dose of 66 Gy) with concomitant radio-
sensitizing chemotherapy (CRT group) or with RT only (RT
group) between January of 2010 and December of 2017. The
third treatment group consisted of consecutive patients aged
> 60years with pT2-4NOMO urothelial cell carcinoma who
were treated with RC between January 2008 and December
2018, and who did not receive prior treatment with chemo-
therapy (induction or neo-adjuvant) or salvage cystectomy.
Data were retrospectively collected from hospital records.
Survival data were checked with the civil register. Charlson
comorbidity index (CCl, not age-adjusted) was calculated as
an indicator for comorbidity [19]. This cohort study was
reviewed and approved by the local medical ethics commit-
tee or the Erasmus Medical Center, Rotterdam, The
Netherlands (nr MEC 2017-233).

Sample size

The patient population included N=84 CRT patients, N=93
RC patients, and N =95 RT patients, as a result of the patient
numbers treated at our hospital in the specified period. We
performed a priori no sample size calculations since the
main goal of the study is to report cumulative incidences
with confidence intervals; we do not primarily aim at testing
differences or non-inferiority between treatment groups.

Treatment

RC was the treatment of first choice, when feasible, and con-
sisted of cystoprostatectomy in men and anterior exenter-
ation in women with pelvic lymph node dissection and
urinary diversion. Patients who were considered unfit or
were unwilling to undergo RC received bladder-sparing treat-
ment. Maximum feasible TURBT was performed in all
patients. Presence of distant metastatic disease was excluded
by CT of thorax and abdomen, not older than 8 weeks at the
start of treatment. Patients were treated with curative intent.
The CRT schedule consisted of EBRT up to a total dose of
66 Gy in 33 fractions 5 times a week, combined with 2 cycles
of Fluorouracil 500 mg/m? + 12mg/m? Mitomycin C in week

1 and Fluorouracil 500 mg/m? in week 4 [19]. Exclusion crite-
ria for chemotherapy were ischemic heart disease, a severe
worsened liver- or kidney function, or deficiency of the dihy-
dropyrimidine dehydrogenase (DPYD)-gene (associated with
development of severe toxicity from fluorouracil [20]). If
chemotherapy was not a valid option, either due to a
patient’s general condition or comorbidities, patient received
the same EBRT schedule, but without chemotherapy (RT
group). Target volume for radiation was the empty bladder
volume including macroscopic tumor extension (clinical tar-
get volume, CTV) with a 1.5cm circumferential margin to
account for variation in patient positioning, empty bladder
volume and rectal filling. Conformal 3D RT (3-4-field tech-
nique) was used for the majority of patients; a limited num-
ber was treated with intensity-modulated RT (IMRT).

Evaluation and follow-up

Patients were evaluated during treatment once per
1-2weeks by the treating physician to assess acute toxicity
as well as three months later at follow-up. Follow-up con-
sisted of a visit to the referring urologist every 3 months dur-
ing the first 2years including cystoscopy and urinary
cytology on indication. After 2years, follow-up including
cystoscopy was performed twice a year up to 5years follow-
up post-treatment [21]. However, the follow-up schedule was
often personalized in elderly and frail patients.

Endpoints and outcome measures

Primary endpoints of this study were 2-year LC rate, and 5-
year overall survival (OS). Secondary endpoint was acute tox-
icity Grade >2. Toxicity scores were retrospectively assigned
based on information from medical records using the CTCAE
scale version 4.0 (https://evs.nci.nih.gov/ftp1/CTCAE/). Genito-
urinary (GU) Items scored were cystitis, hematuria, bladder
spasms, urine retention, incontinence and urgency.
Gastrointestinal (GI) items scored were diarrhea and urgency.
Patients with a urine catheter or colostomy at baseline were
excluded from toxicity analyses.

Local recurrence was defined as a histologically proven
urothelial carcinoma of the bladder or a papillary bladder
tumor on cystoscopy or urine cytology that showed a suspi-
cion of high-grade urothelial carcinoma. If cause of death
was not recorded, we defined a probable cause of death for
all deaths within 2years. For this purpose, additional infor-
mation was obtained from general practitioner. If there were
signs of recurrence or metastasis in the last patient records,
we defined the cause of death as probably bladder cancer-
related. If there were no signs of recurrence in the past
6 months, we defined the cause of death as other.

Statistical analyses

Follow-up time was calculated from start of therapy to date
of last contact or event. Baseline characteristics were com-
pared using Kruskal-Wallis test (age) or Chi-square (categor-
ical/ordinal variables). Logistic regression was used to
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evaluate potential predictive factors for acute toxicity. Uni-
and multi-variable analysis for 2-year LC and 5-year OS was
performed using Cox regression for the CRT and RC group
(separately and combined). Known factors from literature
were tested. Because of limited statistical power, we dicho-
tomized variables around median values. Factors with a p
value of <0.2 at univariable analysis were included in the
multivariable model using the backward selection method.
Robustness of the model was tested by manually entering/
removing variables with a p value between 0.2 and 0.3.
Kaplan—-Meier curves were calculated to estimate LC and OS
rates as a function of time. All analyses were performed with
IBM SPSS Statistics for Windows version 25 (IBM Corp.,
Armonk, NY, USA) and R version 4.0 (RStudio, PBC, Boston,
MA, USA). Significance level for all tests was set at p <0.05.

Results
Study patients

A total of N=84 CRT patients, N=95 RT patients, and
N=093 RC patients were included. Reasons for exclusion
were: receiving an alternative shorter RT schedule on request
for fragile patients (63 Gy in 28 fractions, n =67).

Baseline characteristics

Median age in the CRT group (N=284) was 75.5years vs.
79.0years in the RT group (N=95) and 69.0 in the RC group
(N =93). Median follow-up was 28.5 months (range 3-60). As
expected, because of patient selection, patient and tumor
characteristics were significantly different between the treat-
ment groups (Table 1). RC patients were younger and had a
lower CCl. Also, gender ratio, WHO performance status
(WHO-PS), T stage distribution and proportion of patients
with additional carcinoma in situ (CIS) were different
between treatment groups. Nine patients received induction
or neo-adjuvant chemotherapy and then switched from
planned RC to CRT. Thirty-five patients had no strict contra-
indications for RC, but opted for bladder sparing treatment
instead. Five patients (CRT n=1, RT n=4) did not complete
RT (one patient with severe comorbidity died after 3 frac-
tions, 4 patients stopped after 44-60 Gy). Three CRT patients
did not complete chemotherapy but did finish their
RT schedule.

Local control (LC)

Evaluation of LC was according schedule for the majority of
the patients up to 2 years of follow-up; after this time point,
part of the patients was not in follow-up anymore and data
therefore less reliable. A total of 11 patients had local recur-
rence within 2years in the CRT group. For the RC and RT
group, these numbers were 21 and 22, respectively.
Corresponding LC at 2years was 83.4% (90% Cl 76.0-90.8)
for CRT vs. 70.9% (62.2-79.6) for RC and 67.0% (56.8-77.2) for
RT (Figure 1). Furthermore, we observed that another 8
patients in the CRT group developed a local failure between
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Table 1. Baseline characteristics.

CRT (N=84) RT(N=95) RC(N=93)
Baseline variable n % n % n % p
Age at start treatment
57-69 27 321 16 16.9 48 51.6  <0.001
70-79 27 32.1 38 40.0 41 44.1 -
80-88 30 35.7 41 430 4 43 -
Male 70 85.4 71 74.7 85 914 0.01
WHO PS
0 40 47.6 25 26.3 73 793  <0.001
1 41 48.8 51 53.7 15 16.3 -
2 3 3.6 19 20.0 4 43 -
CCl comorbidity
0-2 33 39.3 29 30.5 47 50.5 0.02
>=3 51 60.7 66 695 46 495 -
Smoking at diagnosis
Yes 59 70.2 25 263 36 387 <0.001
No 24 28.6 38 40.0 57 61.3 -
Unknown 1 1.2 32 337 0 0.0 -
T stage
T2 67 79.8 71 74.7 46 49.5 <0.001
T3 12 143 19 20.0 43 46.2 -
T4 5 6.0 5 53 4 43 -
Concomitant CIS 24 36.9 1" 11.6 30 46.2 0.001

WHO-PS: WHO Performance status; CCl: Charlson comorbidity index; CIS: car-
cinoma in situ; RT: radiotherapy only group; CRT: chemoradiation group; RC:
radical cystectomy group.

2 and 5years follow-up vs. only 2 cases in the RC group.
Within the RT group there were another eight cases of local
failure within 2-5years of follow-up (while follow-up beyond
2years was quite limited in this treatment group with fragile
patients). Corresponding Kaplan-Meier estimates up to
5years are shown in Suppl. Figure A.

In the CRT group, T-stage was a significant factor at multi-
variable analysis (Table 2). In the RC group no prognostic fac-
tors were found significant, and the estimated HRs for T
stage and WHO PS score were much lower compared to the
results for the CRT group (Table 2, Suppl. Table 1(a)).

Survival

Five-year OS was 48.9% (38.4-59.4) for CRT, 46.6%
(36.4-56.8) for RC, and 27.6% (19.4-35.8) for RT (Figure 2).
Within the CRT group, T stage was the only significant prog-
nostic factor (Table 3). None of the tested factors were prog-
nostic for OS in the RC group (Suppl. Table 2(a)). In the
combined group, T stage was a prognostic factor (Suppl.
Table 2(b)).

For all deaths within 2years, we evaluated whether it was
probably or likely related to bladder cancer. In the CRT
group, 64.0% (16 out of 25) were scored as ‘bladder cancer
related’, for RC and RT these numbers were 93.9% (31/33)
and 53.2% (25/47), respectively.

Acute toxicity

Acute toxicity was evaluable in 89 RT patients (94%) and 84
CRT patients (100%). Bladder sparing treatments were toler-
ated well. GU- and/or Gl-toxicity grade >2 occurred in 43
(48.3%) RT-patients and 38 (45.2%) CRT-patients. Notably,
GU-symptoms grade >2 were already present before
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Figure 1. Local control (Kaplan—Meier estimates) in the radiotherapy only (RT), chemoradiation (CRT), and radical cystectomy (RC) cohorts.

Table 2. Results of the Cox regression analysis for the CRT group for the end-
point of local recurrence within 2years after start treatment.

Univariable Multivariable
Risk factor HR 95% Cl p HR 95% Cl p
Age >75 vs. <75 0.68 0.21-223 052 - - -
Gender female vs. male 276 0.81-9.42 0.11 - - -
Ca>3vs. <3 0.73 0.22-239 060 - - -
Smoking at diagnosis 462 0.59-362 015 - - -
yes vs. no

WHO PS>1vs. 0 392 0.85-18.15 0.08 4.13 0.89-19.1 0.07
Additional CIS yes vs. no  0.81 0.21-3.04 0.75 - - -
T-stage T3-4 vs. T2 3.18 0.93-1090 0.07 341 099-11.7 0.05

WHO-PS: WHO performance status; CCl: Charlson comorbidity index; CIS: car-
cinoma in situ; RT: radiotherapy only group; CRT: chemoradiation group; RC:
radical Cystectomy group.

treatment in 12 and 5%, respectively, probably partly caused
by the tumor and partly as comorbidity. Grade 3 symptoms,
requiring hospitalization, occurred in 4 patients. No grade 4
or 5 toxicity occurred. In 94.5% of patients, symptoms did
return to baseline at the end of the acute toxicity period
(3 months post-treatment). Mean time to maximum toxicity
was 30d for both GU (range 5-70, IQR 24) and Gl toxicity
(range 7-62, IQR 24). There was no significant difference in
toxicity proportions between the RT and CRT groups.
Additionally, we performed logistic regression to define base-
line variables that increased the probability of grade >2 tox-
icity. None of the evaluated variables reached significance
(age above or below 75, gender, WHO-PS, treatment sched-
ule, smoking status, history of non-MIBC, year of treatment,
and T-stage), except for the presence of hydronephrosis, OR
of 6.1 (2.5-14.9, 95% Cl; p<0.05). Acute toxicity in RC
patients was assessed through Clavien-Dindo scoring, 70%
of patients had a score of 2 or lower, i.e., no radiological or
surgical intervention of any kind was necessary; 4 patients
experienced a life-threatening complication and 1 patient
died within 30d. A comparison with the CRT and RT group

was not possible because of the differences in scor-

ing methods.

Discussion

To our knowledge, this is one of the largest cohort studies
reporting on outcomes of bladder-sparing multimodality
treatment (CRT) in unfit-for-surgery MBIC patients. With CRT,
acceptable LC and OS rates were achieved and treatment
was well tolerated with a treatment compliance of 96% and
acceptable acute toxicity rates.

Comparing outcomes to RC and RT only treatment groups
from our hospital, we observed trends as can be expected
based on literature: worse outcomes with RT only and similar
outcomes with RC. A general problem in comparing out-
comes in this study (as well as in other studies) is that base-
line characteristics of the treatment groups are significantly
different and therefore comparisons should be interpreted
with caution. Of note is that we observed a significant num-
ber of local failures in the CRT group beyond 2years of fol-
low-up whereas in the RC group local failure beyond 2 years
was rare.

In terms of OS, we showed comparable results between
CRT and RC. Boustani et al., who described a large cohort
(n=164) of patients > 80years treated with either RC or
CRT, also found no difference in progression-free and OS
between treatment strategies [22]. Disease progression was
the only significant factor influencing OS in their series.
Williams et al. however showed decreased survival for blad-
der-sparing therapy in the elderly (HR 1.49 for OS), as com-
pared to RC by propensity matching [23].

The RT group showed poor outcomes in terms of OS. This
can partly be explained by the observed high numbers of
death due to other causes. At baseline, these patients were
generally older and had worse performance and more
comorbidity. This is in line with the population-based study
of Korpics et al., showing in a propensity-matched study that
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Figure 2. Overall survival (Kaplan-Meier estimates) in the radiotherapy only (RT), chemoradiation (CRT), and radical cystectomy (RC) cohorts.

Table 3. Results of the Cox regression analysis for the CRT group for the end-
point of overall survival within 5years after start treatment.

Univariable

Risk factor HR 95% Cl p

Age > 75 vs. <75 1.01 0.53-1.93 0.99
Gender female vs. male 0.92 0.38-2.20 0.85
Ca>3vs. <3 0.75 0.39-1.45 0.39
WHO PS>1vs. 0 1.00 0.52-1.91 0.99
Additional CIS yes vs. no 0.79 0.37-1.68 0.54
T-stage T3-4 vs. T2 2.53 1.27-5.04 0.01

WHO-PS: WHO performance status; CCl: Charlson comorbidity index; CIS: car-
cinoma in situ; RT: radiotherapy only group; CRT: chemoradiation group; RC:
radical Cystectomy group.

CRT is better than RT alone in terms of survival in the eld-
erly [24].

Grade 2-3 acute GU and Gl toxicity rates ranged from 29
to 70% in elderly patient cohorts treated with either RT or
CRT [25-34]. Fonteyne et al. performed a systematic review,
evaluating curative treatment strategies in elderly patients
and found that RC was associated with higher short-term
mortality rates and more early and late complications in this
patient category [9]. Our data supports that in the elderly
and unfit patient group, CRT is associated with acceptable
toxicity, with a very low rate of grade >3 acute toxicity.
However, in this elderly subgroup grade 1-2 toxicity can
already be a reason for deterioration with respect to quality
of life and performance. Unfortunately, we could not identify
predictive factors for toxicity of (C)RT, except for the pres-
ence of hydronephrosis, but considering the large confidence
interval, its significance is hard to interpret. Hydronephrosis
is not mentioned as predictive factor in other studies per-
formed in selected (frail, medically unfit) patients. In the
study of Lutkenhaus et al. [28], tumor size was found predict-
ive. Bamias et al. [25] reported a correlation between comor-
bidity index and toxicity.

Although several studies argue that radical or partial cyst-
ectomy should be the treatment of choice and that other

treatments are inferior [10,35], our data suggest that, with
good patient selection, less invasive therapy with chemora-
diation (CRT) is a good alternative. The population-based
study of Gray et al. showed that the elderly subgroup is
denied aggressive treatment, under which chemoradiother-
apy, regularly [36]. However, performance status, not chrono-
logic age, was a prognostic factor in other studies [25,32,34],
underlining the importance of appropriate patient selection.
Comprehensive geriatric assessment (CGA), or abbreviated
versions, like G8 which is recommended in the current
guideline [1], could help guide patient selection and prevent
undertreatment, although this is still to be prospectively vali-
dated in MIBC patients [37]. After all, left untreated, MIBC is
an aggressive disease with high rates of progression to
metastasis (38% after 6 months) and cancer-specific mortality
(5Y rate of 86%) [38].

There are several limitations to our study. First, we were
not able in this retrospective setting to retrieve full informa-
tion on the results of the TURB, like the histology, whereas
this is relevant information with prognostic value [39,40].
Second, especially in the RT group which included the most
fragile patients, follow-up was not always performed accord-
ing to schedule. Frail patients were often only seen in case
of complaints and did not always undergo follow-up cystos-
copy. This may have impacted the reported LC rates in this
group. Third, the acute toxicity rates may be underestimated
because of the retrospective nature of the scoring. Lastly, the
available patient numbers per treatment group (around 90
per group) limits the statistical power of this study.

Conclusions

Our real-world data support that a bladder preserving strat-
egy, i.e, TURB followed by CRT, is a feasible alternative for
RC in selected patients, with good tolerability and acceptable
LC and survival outcomes. Future research will have to con-
firm these observations. Important results for the clinic are



1024 N. VERSCHOOR ET AL.

expected from the currently ongoing nationwide prospective
Dutch cohort study ‘BlaZIB’ [41].
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