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Introduction

Bladder cancer (BC) imposes a large societal burden globally 
with a worldwide incidence and mortality of more than 570,000 
and 210,000 cases per year, respectively [1]. Radical cystectomy 
(RC) following neoadjuvant chemotherapy is currently the rec-
ommended standard of care for non-metastatic muscle-invasive 
bladder cancer  (MIBC) according to European and American 
guidelines. Nevertheless, some patients are ineligible for RC due 
to high age and comorbidities. In Sweden, patients who are 
medically unfit for RC, and those who refuse it, may therefore be 
offered bladder-sparing treatments, including curative-intent 
chemoradiation or palliative treatment with radiotherapy or 
chemotherapy.

Bladder-intact event-free survival (BI-EFS), defined as time 
from treatment initiation to earliest event of either (1) 
histologically proven residual/recurrent MIBC, (2) nodal/distant 
metastases, (3) RC, or (4) death, has been proposed as a 
composite endpoint for MIBC patients, which incorporates both 
clinical efficacy outcomes and bladder preservation [2]. Though 
already included as primary or secondary endpoints in clinical 
trials [3] and cohort studies [2, 4], its relationship with overall 
survival (OS), a well-established clinical endpoint for MIBC [5], 
has yet to be established in trial settings or in real world. 
The  objective of this study was to examine the correlation 
between BI-EFS and OS in cystectomy-ineligible/refusal MIBC 
patients in Sweden.

Materials and methods

Data sources

The MIBC patients were identified using the Swedish Cancer 
Register, which registers all newly reported cancer cases with a 
nationwide coverage. Treatment records were identified in the 

Swedish Patient Register, which contains information on all 
inpatient and outpatient care visits to specialized care in 
Sweden, as well as the Swedish Prescribed Drug Register, which 
collects data on all prescribed drugs dispensed by pharmacies 
in Sweden. Mortality information was obtained from the Cause 
of Death Register, which collects date and cause of death for all 
individuals in Sweden.

Study population

BC patients were identified in the Swedish Cancer Register 
based on International Classification of Diseases version 10 
(ICD-10) diagnosis codes (C67.0–6, 8–9). The study cohort 
included individuals who (1) were diagnosed with BC between 
January 1st 2006 and December 31st 2017, (2) had MIBC 
(T2-4aN0M0 stage) at diagnosis, (3) were exposed to radiother-
apy and/or chemotherapy after diagnosis as upfront treatment, 
and (4) were aged ≥18 years at the first registered date of upfront 
treatment (‘index date’). Exclusion criteria were patients (1) with 
<1 year of follow-up time, (2) diagnosed based on autopsy, (3) 
with other urothelial cancers prior to BC diagnosis, (4) with 
tumor staging of any of the following at diagnosis: missing, Ta, 
Tis, T0–1, T4 (non-specified as T4a/b), T4b, N1–3/X and M1/X, 
and (5) who underwent RC as upfront treatment (≤6 months 
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after diagnosis). Patients with mixed histology were not 
excluded. The study was approved by the Swedish Ethical 
Review Authority (EPM; Dnr2019-05822 and Dnr2021-04460).

Treatment

RC was defined as a care visit associated with Swedish 
Classification of Care Measures (KVÅ) code KCC00, KCC10, KCC20, 
KCC30, or KCC96 in the Patient Register. Exposure to radiother-
apy was defined as a care visit associated with KVÅ code DV007, 
DV009, DV011, DV012, DV013, DV014, DV015, DV016, DV017, 
DV018, DV019, DV022, DV027, DV040, DV064, DV069, DV079, 
DV144, DV070, DV071, or DV072 in the Patient Register. Exposure 
to chemotherapy was defined as a care visit associated with KVÅ 
code DT107, DT108, or DT116 in the Patient Register, or a dis-
pensation record with Anatomical Therapeutic Chemical (ATC) 
code L01 in the Patient Register or Prescribed Drug Register. 
Exposure to chemoradiation was defined as a concomitant 
record of radiotherapy and chemotherapy within 7 days.

Statistical analyses

Charlson comorbidity index (CCI) was determined with a look-
back period of 6 months prior to BC diagnosis; BC was excluded 
when calculating the comorbidity weightings (Supplementary 
Information). OS was defined as time from index date (date of 
upfront treatment initiation) until death. BI-EFS was defined as 
time from index date to the date of earliest evidence of any of 
the following: (1) initiation of anti-neoplastic treatment, as a 
proxy for histologically proven residual or recurrent MIBC and 
clinical evidence of nodal or metastatic disease, (2) RC, and (3) 
death. All patients were followed from index date until censor-
ing (emigration or end of follow-up). Correlation between OS 
and BI-EFS was measured using an iterative multiple imputation 
method [6]. Using conditional multiple imputation, two original 
censored variables were transformed to have standard normal 

marginal distributions and produce the Van der Waerden rank 
correlation coefficient, Rw, which ranges between -1 and 1 for 
perfect negative and positive correlation, respectively, while the 
value 0 indicates no correlation.

Results

Baseline characteristics

A total of 11,129 individuals were diagnosed with BC with com-
plete tumor staging information between 2006 and 2017 in 
Sweden. Of the 2,761 MIBC patients identified, 337 fulfilled all 
criteria for inclusion in this study (Supplementary Figure 1). The 
study population had a median age at diagnosis of 77 (inter-
quartile range [IQR] 71–82) years (Table 1). At diagnosis, 39% of 
all patients had a CCI ≥3. Since the majority of patients (n = 286, 
85%) had T2 stage at diagnosis, the remaining T3 and T4a 
patients (n = 51, 15%) were pooled together for subsequent 
analyses due to small sample size. Most of the included MIBC 
patients had an upfront treatment record of radiotherapy alone 
(84%), while the remaining had chemotherapy alone, consistent 
with a previous report, which showed that trimodal treatment 
involving chemoradiation is not commonly used as a blad-
der-sparing treatment in the MIBC setting in Sweden [7].

Survival analyses

Median OS in the entire cohort was 12 (95% confidence interval 
[CI] 11–15) months. When stratified by T stage, median OS was 
13 (95% CI 11–16) and 9 (95% CI 6–17) months for T2 and T3/4a 
patients, respectively (Figure 1A–B, Supplementary Table 1).

Median BI-EFS in the entire cohort was 9 (95% CI 8–12) 
months. When stratified by T stage, the median BI-EFS was 10 
(95% CI 9–13) and 6 (95% CI 3–12) months for T2  
and T3/T4a, respectively (Figure 1C–D, Supplementary  
Table 2).

Table 1. Characteristics of cystectomy-ineligible/refusal MIBC patient population (T2–4aN0M0 stage) identified in the Swedish Cancer Register between 
2006 and 2017.
Parameters T2 (n = 286) T3/T4a (n = 51) Overall (n = 337) P

n % Median Range n % Median Range n % Median Range

Sex
Men, n (%) 218 76 38 75 256 76 0.931
Age at diagnosis, year
Median (Q1–Q3) 77 71–82 77 68–83 77 71–82 0.0698
Charlson comorbidity index
0, n (%) 122 43 21 41 143 42 0.729
1, n (%) 24 8.4 5 10 29 8.6
2, n (%) 30 11 3 5.9 33 10
≥3, n (%) 110 39 22 43 132 39
Calendar year of diagnosis

0.3642006–2009, n (%) 59 21 9 18 68 20
2010–2013, n (%) 94 33 22 43 116 34
2014–2017, n (%) 133 47 20 39 153 45
Observation period, month

0.442Median (Q1–Q3) 13.3 5.1–32.4 9.1 3.3–23.3 12.5 4.9–31.6

Q1 = lower quartile; Q3 = upper quartile; SD = standard deviation; MIBC = muscle-invasive bladder cancer.
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Correlation between OS and BI-EFS

We next assessed the correlation between OS and BI-EFS. 
Overall, BI-EFS was correlated with OS with an Rw of 0.82 (95% CI 
0.77–0.85). The correlation was stronger in T2 at 0.84 (95% CI 
0.80–0.87) than in T3/4a patients at 0.65 (95% CI  0.44–0.79), 
likely due in part to a larger sample size in the former.

Discussion

In Sweden, RC is performed in the vast majority of MIBC patients 
unless clinicians deem patients too unfit or when patients refuse 
the surgery. Indeed, patients included in this study generally 
had high age and poor OS. Of note, the 1-year OS rate of 52% in 
our study appears higher than that in another Swedish study 
(37%) examining a largely similar MIBC population but with 
additional metastatic patients [7], whereas the 5-year OS rate of 
18% observed here is similar to the 5-year OS of 14% reported in 
another study conducted on a similar cystectomy-ineligible 
MIBC patient population in Greece and Switzerland [8]. The 
strong correlation between BI-EFS and OS observed in our study 

can be partially attributed to the poor OS in this patient popula-
tion, as most BI-EFS events captured were death (n = 245), fol-
lowed by proxies for histologically proven residual/recurrent 
MIBC and clinical evidence of nodal/metastatic disease (n = 43), 
and few events of RC (n < 5) (Supplementary Table 3).

This study was based on data spanning >10 years from 
Swedish nationwide population-based registers with high data 
quality [9, 10]. Nevertheless, only patients with complete TNM 
information were included, hence patient number may be 
underestimated. Since these registers do not capture 
information on treatment response and events including 
recurrence, progression, and metastasis, proxies were used to 
identify BI-EFS events; medication administered in hospital 
including anti-neoplastic drugs are also  not well-captured. 
These could have led to potential underestimation of events of 
interest.

Moreover, data from national registers neither capture 
eligibility or patient wish concerning particular treatments nor 
the treatment intent for any alternative therapies. Our study 
cohort included a small proportion of patients (16%) who 
received upfront chemotherapy although it is not the 

Figure 1. Survival of cystectomy-ineligible/refusal MIBC patients. (A) Overall survival (OS) in overall population from index date. (B) OS in T2 and T3/T4a 
MIBC patients from index date. (C) Bladder-intact event-free survival (BI-EFS) in overall population from index date. (D) BI-EFS in T2 and T3/T4a MIBC patients 
from index date. MIBC = muscle-invasive bladder cancer.
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recommended treatment. The intention was to include all 
patients who potentially received curative-intent chemotherapy 
alone in clinical practice, as previous research conducted in a 
southern region of Sweden has shown that 14% of MIBC treated 
with bladder-sparing treatment received chemotherapy alone. 
But this in turn introduces heterogeneity in our cohort of 
cystectomy-ineligible/refusal patients, which may have included 
significant proportion of patients who received non-curative-
intent treatment. These factors should be taken into account 
when applying the findings in populations receiving strictly 
curative treatment alone.

In conclusion, BI-EFS was strongly correlated with OS in 
cystectomy-ineligible/refusal MIBC patients who received 
radiotherapy and/or chemotherapy in Sweden. These results 
support the use of BI-EFS as a surrogate endpoint for OS in 
similar patient populations.
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