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ABSTRACT ARTICLE HISTORY
Purpose: To assess if cancer-specific survival (CSS) following curative intent treatment (CIT) for muscle- Received 15 October 2021
invasive bladder cancer (MIBC) differs between patients presenting with MIBC (primary) and patients Revised 14 February 2022
presenting with non-muscle-invasive bladder cancer who progress to MIBC (secondary). Accepted 17 March 2022
Methods: This study uses data from the Cancer Registry of Norway on patients initially diagnosed KEYWORDS

with bladder cancer in 2008-2012 and treated with radical cystectomy (RC) or radiotherapy (RT). To Muscle-invasive bladder
ensure a cI|n.|caIIy relgvant population, we s_elected patients V\_nth a pre-treatment histology _conflrmlng cancer; primary; secondary;
muscle-invasion. Survival models were applied to evaluate differences in observed and adjusted CSS cystectomy; radiother-
by type of MIBC and stratified by type of CIT. Adjustment was made for age group, sex, previous can- apy; survival

cer, diagnostic hospital’s academic status and geographical region, and type of CIT.

Results: We identified 650 eligible patients: 589 (91%) primary MIBC and 61 (9%) secondary MIBC. A

total of 556 (86%) patients underwent RC and 94 (14%) RT. The 5-year CSS for primary MIBC was 56%

and 59% for secondary MIBC (p =0.68). The type of MIBC did not impact the risk of bladder cancer

death (HR = 0.85, Cl = 0.55-1.33, p =0.48), nor when stratified for CIT (RC: HR = 0.93, CI = 0.57-1.53,

p=0.78); RT: HR = 0.71, Cl = 0.24-2.16, p =0.55).

Conclusion: This first nation-wide population-based study comparing CSS between primary and sec-

ondary MIBC showed no significant difference in survival regardless of type of CIT. Continued surveil-

lance of patients with non-muscle-invasive bladder cancer is necessary to detect early progression to

MIBC. Future studies should include molecular and genetic characteristics in addition to detailed clini-

copathologic information.

Introduction as CIT to patients unfit or unwilling to undergo RC. Trimodal
therapy combining transurethral resection of the bladder
(TURB), chemotherapy, and RT [2] was gradually introduced
into clinical practice after the publication of national guidelines
for treatment of bladder cancer in Norway in 2013 [4].

Several studies have compared post-RC survival in
patients with priMIBC and secMIBC [5-18]. Results are con-
flicting with reports of worse [6,14,16], better [11,17] or com-
MIBC = priMIBC) or have a prior history of non-muscle inva- parable survival [5,7-10,12,13,15,18] for secMIBC vs. priMIBC.

sive bladder cancer (NMIBC) before presenting with MIBC To our knowledge, no study has compared survival in
(secondary MIBC = secMIBC). patients with priMIBC vs. secMIBC based on data from a

Regardless of type of MIBC (priMIBC or secMIBC), radical national cancer registry on patients with histologically con-
cystectomy (RC) has been the standard curative intent treat- firmed MIBC by TURB and included both RC and RT as CIT.
ment (CIT) for the past decades. In selected patients RC is com- To fill this gap, the present study uses nationwide data
bined with neoadjuvant cisplatin-based chemotherapy (NAC) from the Cancer Registry of Norway (CRN) and the National
[2], which in Norway became recommended as part of routine  Patient Registry (NPR) on patients initially diagnosed with BC
practice in 2013 [4]. Pelvic radiotherapy (RT; > 60Gy) is offered in 2008-2012. Our objective was to describe the patient and

In Norway, 1,626 cases of bladder cancer (BC) were diag-
nosed in 2020, of which 1,273 (78%) cases were men, mak-
ing it the 4th most frequent cancer form among Norwegian
men [1]. In Europe, more than 90% of BC cases are urothe-
lial carcinomas (UC) [2] and approximately 25% of all BC
cases are muscle-invasive bladder cancer (MIBC) [3]. MIBC
can be present at first BC diagnosis (primary
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treatment characteristics of curatively treated, non-metastatic
priMIBC and secMIBC, and to compare bladder cancer spe-
cific survival (CSS) between patients with priMIBC and
secMIBC, as well as stratified by type of CIT (RC and RT).

Materials and methods
Data sources

We used data from the CRN to identify patients with a first-
time morphologically verified UC of the bladder diagnosed
in 2008-2012. A personal identification number has been
assigned to all residents in Norway since 1960, which was
used to link data from the CRN and the NPR.

Study population

Patients finally evaluable for the current study had to fulfil
the following criteria:

1. Pre-CIT muscle-invasion demonstrated in the histological
specimen from a TURB.

2. No distant metastases
MIBC diagnosis.

3. Curative intent treatment (CIT) with RC or RT.

(M0) at the time of

PriMIBC required proof of histological muscle-invasion
present in the initial diagnostic TURB specimen. To capture
patients initially under-staged who underwent a second
TURB, patients presenting with histological muscle-invasion
in a TURB specimen obtained <4 months after the first BC
diagnosis were categorized as priMIBC. In patients with
secMIBC, muscle-invasion had to be present in a TURB speci-
men acquired >4 months after the first BC diagnosis and
before December 2015.

Based on previous publications using BC data from the
CRN [19] and other relevant studies [10,15,16], we chose a
cut-off at 4 months to separate priMIBC from secMIBC.

Assessments

From the CRN, in addition to age at BC diagnosis, sex and
previous cancer diagnoses, we retrieved information and cor-
responding dates on BC diagnosis, TURB, RC, RT, status at
last observation and cause of death. Age was divided into
four groups (<59, 60-69, 70-79 and >80).

For the whole BC patient cohort, all histological reports
available at the CRN were quality ensured by the research
team concerning muscle-invasion in the TURB specimens,
though without detailed information on the depth of inva-
sion. For RC patients, the histopathological T and N category
(pT; pN) was identified without sub-classification into a and
b in pT2-pT4 [20]. No information on molecular or genetic
markers was available.

The NPR provided information on treatment codes (med-
ical, surgical and chemotherapy), the diagnostic hospital’s
academic status (academic vs. community) and geographical
region in Norway (Southeast, West, Central, North) from all
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patients’ contacts within public hospitals and from publicly
funded private specialists.

To capture patients treated with RC but not registered in
the CRN, we cross-checked the information on RC obtained
from the CRN with surgical codes for RC in the NPR and
identified 56 additional patients.

Statistical analysis

Descriptive statistics (mean, median, interquartile range (IQR),
proportions) were applied. Patients were followed from MIBC
diagnosis until death, emigration, or end of study (31
December 2019), whichever came first. The total follow-up
time was 3,100 person-years (median 3.5 years). Kaplan-Meier
(KM) curves were applied to illustrate crude overall survival
(OS) and CSS, and a log-rank test evaluated the (unadjusted)
differences between them. The association of type of MIBC
(secMIBC vs. priMIBC) with CSS was evaluated by flexible
parametric survival models (FPSM) [21] adjusting for age
group, sex, previous cancer, diagnostic hospital’s academic
status and geographical region, and type of CIT (RT vs. RQ).
The analysis for RC treated patients was additionally adjusted
for post-cystectomy pT-category (<pT2, >pT2, missing pT),
pN-category (pNO, pN+, missing pN), and concomitant CIS
(no, yes, missing). In all FPSMs, the baseline hazard was mod-
elled using 4 degrees of freedom (4df) for the splines.
Quantities reported from the model-based analyses are haz-
ard ratios (HRs) including 95% confidence intervals (Cl) and
p-values.

The statistical significance level was set to < 0.05.
Statistical analyses were performed using Stata 17
(StataCorp, College Station, TX), stpm2 command for estimat-
ing FPSMs.

Results
Patients and treatment

From the CRN, 5,521 patients were identified with a first-
time morphologically verified UC BC diagnosis from 2008
through 2012. Muscle-invasive disease was histologically veri-
fied in in 1,337 patients (24.2%). We excluded 101 patients in
whom muscle-invasion was found solely in a cystectomy spe-
cimen, and 53 patients with a record of distant metastases in
the CRN at the time of MIBC diagnosis. In total, 1,183 (21.4%)
patients fulfilled the criteria of pre-CIT muscle-invasion dem-
onstrated in the histological specimen from a TURB and no
distant metastasis. Of those patients, 650 (55%) patients
underwent CIT (Supplementary Figure S1). Out of 650 MIBC
patients treated with CIT, we identified 589 (91%) patients
with priMIBC and 61 (9%) patients with secMIBC. Compared
to patients with secMIBC, more patients with priMIBC were
treated with CIT (56% vs. 44%: Supplementary Figure S1).
Median age of the patients at BC diagnosis was 71 (IQR =
63-77) years and the patients were predominantly male
(79%) (Table 1a). A total of 556 (86%) patients underwent
RC, of whom 56 (10%) patients received NAC. RT represented
CIT in 94 (14%) patients, of whom 6 (6%) patients underwent
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Table 1. Primary and secondary MIBC patients treated with curative intent: (a) All patients: Patient- and treatment character-
istics, (b) Patients treated with radical cystectomy (RC): pT-category, (c) Patients treated with RC: pN-category (d) Patients

treated with RC: Concomitant CIS.

Secondary
(a) Primary MIBC MIBC Total
All patients (N=1589) (N=61) (N=650)
Age (median) (IQR) 71 (63-77) 72 (64-77) 71 (63-77)
Sex (% men) 462 (78) 51 (83) 513 (79)
Previous cancer (% yes) 87 (15) 11 (18) 98 (15)
Hospital (% Community) 354 (60) 31 (51) 385 (59)
Region:
Southeast 295 (50) 30 (49) 325 (50)
West 137 (23) 14 (23) 151 (23)
Central 88 (15) 7 (11) 95 (14)
North 69 (12) 10 (16) 79 (12)
Radical cystectomy (RC) (%) 506 (86) 50 (82) 556 (86)
Neoadjuvant chemotherapy (% RC patients) 50 (10) 6 (12) 56 (10)
Radiotherapy (RT) (%) 83 (14) 11 (18) 94 (14)
Post-RT cystectomy (% RT patients) 6 (7) 0 6 (6)
Cause of death (%)
Bladder cancer 251 (43) 23 (38) 274 (42)
Other cancer 68 (12) 7(11) 75 (12)
Other causes 61 (10) 7(11) 68 (10)
(b) Primary SecondaryMIBC Total
pT available MIBC (N=47) (N =496)
(N =449)
pT category
pTa 10 (2) 5(11) 15 (3)
pTis 24 (5) 1(2) 25 (5)
pTO 45 (10) 5(11) 50 (10)
pT1 25 (6) 1) 26 (5)
pT2 93 (21) 9 (19) 102 (21)
pT3 204 (45) 19 (40) 223 (45)
pT4 48 (11) 7 (15) 55 (11)
>pT2 (%) 345 (77) 35 (74) 380 (77)
() Primary SecondaryMIBC Total
pN available MIBC (N=46) (N=411)
(N =365)
pN category
pN+ 124 (34) 13 (28) 137 (33)
pNO 241 (66) 33 (72) 274 (67)
(d) Primary SecondaryMIBC Total
Concomitant CIS available MIBC (N=48) (N=499)
(N=451)
Yes 100 (22) 11 (23) 111 (22)
No 351 (78) 37 (77) 388 (78)

post-RT RC. During the follow-up period 274 (42%) patients
died of BC. Patient and treatment characteristics were similar
in the priMIBC and secMIBC groups. In patients with
secMIBC, a median time of 1.1year (IQR = 0.5-3.1) elapsed
from diagnosis of NMIBC to diagnosis of MIBC.

Out of 556 patients undergoing RC, histopathological
information from the RC was registered in the CRN for 500
(90%) patients: pT and pN were available in 496 (99%) and
411 (82%) patients, respectively. The distributions of pT- and
pN-categories were similar in the priMIBC and the secMIBC
group (Table 1b and c). Concomitant CIS was present in 111
(22%) of the patients with a similar distribution in the
priMIBC and secMIBC group (Table 1d).

Out of 500 patients treated with RC and no NAC, 449
(90%) patients underwent RC <90days of MIBC diagnosis,
with no difference in elapsed median time (49 days) or the
number of patients undergoing RC within 90days (90 vs.
91%) between patients with priMIBC and secMIBC
(Supplementary Table S1a).

In all cystectomized and irradiated patients, there was no
difference in age and sex distributions between priMIBC and
secMIBC (Supplementary Table S1b and c).

Survival

All patients: Crude 5-year OS and CSS were 44% and 57%
(Figure 1a). The 5-year CSS was 56% for priMIBC and 59% for
secMIBC (p=0.68) (Figure 1b). The adjusted survival analysis
revealed that the type of MIBC had no impact on the risk of
BC death (HR = 0.85, Cl = 0.55-1.33, p =0.48). Sex, previous
cancer, academic status and type of CIT were not associated
with the risk of death, but higher age (>80 vs. <59) and
region (North vs. Southeast) significantly increased this risk
(Table 2).

Radical cystectomy: Crude 5-year CSS was 58% for all 556
patients: 58% for priMIBC and 59% for secMIBC (p=0.85)
(Figure 1c). The type of MIBC was not associated with the
adjusted CSS (HR = 0.93, Cl = 0.57-1.53, p=0.78). Sex, pre-
vious cancer, academic status and region did not impact
CSS, but higher age (>80 vs <59), higher pT-category
(>pT2 vs < pT2) and pN+ (vs. pNO) were significantly asso-
ciated with increased risk of BC death (Supplementary
Table S2).

Radiotherapy: Crude 5-year CSS for priMIBC was 48% and
57% for secMIBC (p=0.49) (Figure 1d). There was no
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Figure 1. Survival after diagnosis of MIBC in 650 patients undergoing curative treatment: (a) All patients; Crude overall survival (OS = dashed) and cancer-specific
survival (CSS =solid), (b) CSS in all patients; primary (priMIBC = solid) vs. secondary MIBC (secMIBC = dashed), (c) CSS in patients treated with radical cystectomy
(RC); primary vs. secondary MIBC, (d) CSS in patients treated with radiotherapy (RT); primary vs. secondary MIBC.

Table 2. Flexible parametric survival model evaluating associations with can-
cer-specific survival for all included MIBC patients (N =650).

Cancer-specific survival

HR (d] p-value
Secondary MIBC No 1
Yes 0.85 0.55-1.33 0.484
Age <59 1
60-69 1.10 0.73-1.67 0.628
70-79 141 0.95-2.09 0.085
>80 1.84 1.16-2.92 0.009
Sex Male 1
Female 1.13 0.85-1.52 0.378
Previous cancer No 1
Yes 0.89 0.61-1.29 0.527
Academic No 1
Hospital Yes 1.05 0.81-1.35 0.718
Region Southeast 1
West 0.94 0.68-1.30 0.710
Central 0.99 0.68-1.45 0.968
North 1.51 1.05-2.17 0.025
Treatment Radical cystectomy 1
Radiotherapy 1.04 0.71-1.52 0.850

significant impact of the type of MIBC on the adjusted CSS
(HR = 0.71, CI = 0.24-2.16, p=0.55). Age, sex, previous can-
cer, academic status and region were not associated with
CSS (Supplementary Table S3).

The lack of significant  differences in  CSS
(priMIBC-secMIBC) in the adjusted analyses for all patients
and those treated with RC or RT are illustrated in Figure 2.

Discussion

To our knowledge, this paper presents the first nationwide,
population-based study that compares survival between
patients with priMIBC and secMIBC for all curatively treated

patients and where all patients had confirmed muscle-inva-
sion prior to treatment. We did not find a significant differ-
ence in crude or adjusted CSS between all patients with
priMIBC and secMIBC, nor when stratified by type of CIT.

In agreement with our findings, two prospective studies
[12,15] and several retrospective studies [5,7-10] evaluating
survival in patients undergoing RC for a diagnosis of MIBC
by TURB, found similar crude CSS for MIBC patients and no
significant difference between priMIBC and secMIBC or asso-
ciation with CSS to the type of MIBC. These data are con-
firmed by two meta-analyses [22,23]. In line with our results,
a recently published Canadian population-based study [18]
did not find a significant difference in survival between
priMIBC and secMIBC. In that study, all patients undergoing
RC for BC were included, and the pre-treatment pathology
confirmed muscle-invasion in only 49% of patients with
secMIBC (79% of priMIBC). The present population-based
study therefore represents a more homogenous patient
population since all patients included had pre-CIT confirmed
MIBC, and thus serves as a better basis for survival compari-
son between curatively treated priMIBC and secMIBC.

Other studies have reported conflicting effects of secMIBC
vs. priMIBC with respect to survival. Favourable post-RC sur-
vival (CSS, 0S) for secMIBC vs. priMIBC was reported in two
Canadian series [11,17]. In a multicentre study [11], patients
with priMIBC were more frequently diagnosed with poor
prognosis factors (hydronephrosis, pT3, pT4, lymphovascular
invasion, pN+) than patients with secMIBC. In our study, we
found similar pT and pN distributions in priMIBC and
secMIBC, which is in line with several other clinical studies
reporting no difference in survival between patients with
priMIBC and secMIBC [10,15], suggesting that the favourable
outcome for patients with secMIBC in the former series [11]
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Figure 2. Adjusted difference in cancer-specific survival between patient with primary and secondary MIBC by treatment; no difference (dashed), observed survival
difference (solid), confidence interval (Cl = grey area); (a) All patients, both types of curative intent treatment, (b) Post-cystectomy (RC), (c) Post-radiotherapy (RT).

may be related to significantly more advanced disease in
patients with priMIBC. In another Canadian population-based
series [17] which included all BC patients undergoing RC, no
histopathologic or clinical information for pre-RC staging was
available. Patients were presumed to have secMIBC if they
had undergone two TURBs or more over 4 months apart
before RC, while all other patients were presumed to have
priMIBC. No subsequent pathological review was conducted.
The previously mentioned Canadian population-based study
had a similar selection of the study population (RC for BC)
and revealed that only 49% of the secMIBC patients had
MIBC prior to RC in a subsequent pathological review [18].
Thus, it is very likely that a proportion of secMIBC patients in
the former study were treated with RC for NMIBC. Patients
undergoing RC before muscle-invasion have a significantly
better prognosis compared to priMIBC and secMIBC [5,7,9,14]
and including these patients probably contributed to the
superior OS for secMIBC in this study [17].

On the other hand, worse survival for secMIBC compared
to priMIBC has been reported in retrospective series [6,14,16]
and is supported by two meta-analyses [24,25]. Patients in
the retrospective studies [6,14,16] were selected based on
pre-RC histopathological verification of muscle-invasion and
reported similar clinicopathologic characteristics in priMIBC
and secMIBC patients. However, information on the surveil-
lance regime and time to progression was not available in
two of the studies [6,16]. As noted by the authors in one of
the studies [16], the worsened prognosis of secMIBC patients
compared to priMIBC patients could be caused by a propor-
tion of secMIBC patients receiving inadequate treatment or
surveillance. Delayed RC (>3 months) has been shown to
have a detrimental effect on overall survival [26]. In one of
the studies [14] surveillance cystoscopy was performed

regularly but a second TURB was not routinely performed in
the first half of the study period. Some of the patients in the
secMIBC group may have been under-staged at initial TURB,
resulting in a delayed RC which may have impacted on the
worsened survival for secMIBC.

Post-RC survival (recurrence free survival, CSS, OS) and
pathologic response after treatment with NAC was worse for
patients with secMIBC compared to patients with priMIBC in
a recent retrospective study [27]. This finding was supported
by a meta-analysis [23]. The effect was hypothesized to be
linked to the predominant occurrence of a cisplatin sensitiz-
ing DNA damage repair gene (ERCC2) [28] in priMIBC
tumours, predicting response to cisplatin. We did not
exclude patients treated with NAC, but due to limited num-
bers we were not able to compare survival between NAC
treated patients with priMIBC and secMIBC.

We found that the proportion of patients undergoing RC
with secMIBC was 9%. In comparison, the proportion of
patients with secMIBC ranges from 20% to 42% in popula-
tion-based studies [17,18], from 22% to 38% in retrospective
single- and multi-institutional studies [5,7-10,14,16] and from
16% to 23% in prospective series [12,15]. The lower propor-
tion of secMIBC in our study may partly be explained by dif-
ferences in patient selection and definitions of priMIBC and
secMIBC. Compared to other population-based studies, we
did not include patients undergoing RC before MIBC [17,18]
as secMIBC, which potentially increased the proportion of
secMIBC in these studies. Our definition of priMIBC is also
slightly different compared to the most recent population-
based study [18], since we allowed for patients with MIBC in
a TURB less than 4 months after first BC diagnosis to be
included as priMIBC as opposed to less than 2 months apart.
Thus, some priMIBC patients in our study would have been



categorized as secMIBC in that study [18]. Compared to
retrospective and prospective studies, our selection of
patients for study inclusion is similar but our definitions of
priMIBC and secMIBC differs slightly. In some studies patients
were considered priMIBC if a subsequent TURB performed
within 3 months of the first BC diagnosis showed MIBC
[7,10,16], in comparison we extended this timeframe to 4
months. Some of these patients would be considered
secMIBC in the previous studies [10,15,16].

In summary, the impact of priMIBC and secMIBC on
patient prognosis remains unclear as the available evidence
continues to show conflicting results. Neither can we rule
out the possibility of secMIBC having a worse prognosis than
priMIBC. SecMIBC may be of a more aggressive nature due
to the extended duration of the malignancy compared to
priMIBC increasing the risk of micro-metastatic dissemination,
possible tumour clone selection after prior intravesical ther-
apy [6] and possible local tumour spread after multiple
TURBs [29]. On the other hand, the effect may be compen-
sated by the close follow-up of primary NMIBC by urologists
and early detection and treatment of MIBC.

Our results in the RT group comprise patients treated
before 2015 and do not reflect more modern radiotherapy
techniques allowing dose-escalated tumour boosting with
possibly improved survival [30]. Today, it is important to con-
tinuously assess the real-life use of and effect of radiotherapy
multimodal treatment.

A limitation of our study is the unavailability of risk factors
such as smoking habits, socioeconomic status and comorbid-
ities. On the other hand, we present a population-based cohort
where we assume these factors are evenly distributed.
Unfortunately, we do not have a quality register for BC in
Norway with pre-treatment results of imaging or clinical find-
ings enabling clinical TNM categorization. However, the verifica-
tion of histological muscle-invasion upon study entry ensured
clinically relevant and comparable patient groups. Type of oper-
ational technique (Open RC vs. robot assisted), extent of lymph
node dissection, lymphovascular invasion, number of positive
lymph nodes vs. numbers removed could not be assessed.

Conclusion

We found no difference in post-CIT survival in patients with
priMIBC compared to those with secMIBC, regardless of type of
CIT (RC, RT). With today’s knowledge, differential curative man-
agement of patients with priMIBC and secMIBC is not war-
ranted. Continued close surveillance of patients with NMIBC is
necessary to ensure early detection and management of MIBC.
To improve our understanding of priMIBC vs. secMIBC, future
studies should not only investigate in depth clinicopathological
parameters in MIBC, but also molecular and genetic differences
to aid physicians in tailoring treatment for MIBC patients.
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