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Abstract

Introduction: Prior research demonstrated an association between 
surgeon case volume and survival in muscle-invasive bladder can-
cer (BC). This relationship, however, has not been investigated in 
the setting of high-risk, non-muscle-invasive BC (NMIBC). Hence, 
we investigated whether a higher surgeon case volume of T1 BC 
translates into improved survival outcomes.
Methods: Province-wide pathology reports (January 2002 to 
December 2015) were linked with health administrative data to 
identify patients diagnosed with T1 BC. For each patient, we deter-
mined the T1 case volume of the involved surgeon by benchmarking 
(percentile) her/him against his/her colleagues during a lookback 
period of one year. The volume-outcome (overall survival) relation-
ship was then investigated by Cox proportional hazards regression 
(unadjusted and adjusted for a wide range of assumed confounders) 
that incorporated volume in three different ways (≥80th percentile 
vs. below, ≥ median vs. below, continuous [quintiles]). Effect sizes 
were presented as hazard ratios (95% confidence interval).
Results: We identified 7426 patients who were diagnosed with T1 
BC and followed for a median of 4.8 years. A third of all patients 
(n=1895, 25.5%) received surgery by a high-volume surgeon (80th 
percentile and higher). Higher T1 case volume was associated with 
improved survival both in unadjusted (80th percentile: 0.93 [0.86–
0.99]; median: 0.93 [0.87–0.99]; continuous: 0.97 [0.94–0.99]) 
and adjusted analysis (80th percentile: 0.94 [0.88–1.01]; median: 
0.93 [0.87–0.99]; continuous: 0.97 [0.95–0.99]) regardless of the 
method by which volume was analyzed.
Conclusions: This population-based cohort study demonstrated 
a volume-outcome relationship in T1 BC and raises questions 
regarding the centralization of care in high-risk NMIBC.

Introduction

T1 bladder cancer (BC) is a highly aggressive malignancy 
with up to 34% of all patients progressing to muscle-invasion 
and a cancer-specific mortality of up to 20% by year 5.1,2 
Experienced urologic surgeons are not only required to per-
form a high-quality initial transurethral resection of the blad-
der tumor (TURBT) but also for downstream care, namely 
to provide re-resection, adequately prescribe intravesical 
immunotherapy, provide rigorous followup, and identify 
patients who benefit from immediate or early radical cyst-
ectomy.3,4 

There is prior evidence that higher surgeon volumes 
improve long-term survival in patients undergoing radical 
cystectomy5 and centralization of radical cystectomies is 
often discussed.6,7 While the need for high-volume, expert 
care for muscle-invasive BC is clear because of the multi-
disciplinary nature of the disease and the complexity of 
cystectomy, the need for high volumes in non-muscle-inva-
sive BC (NMIBC) is probably underappreciated. Yet, opti-
mal decision-making and surgical skill in T1 BC is para-
mount, as these patients have the most to lose from both 
over- and under-treatment. Specifically, surgeons with the 
highest expertise in managing T1 BC are most likely to be 
best positioned to navigate complex oncological decisions 
pertaining to re-resection, intravesical therapies, identifying 
intravesical therapy failures, and providing optimal radical 
cystectomy, both from a timing and technical perspective. 
Thus, we hypothesize that higher surgeon volumes in T1 BC 
will translate into improved survival outcomes relative to 
lower volumes. To our knowledge, this association has not 
been investigated in the setting of T1 BC.
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Methods

Design and setting

We performed a retrospective, observational, population-
based cohort study in the province of Ontario, Canada 
(population 14.7 million).8 Manually abstracted, province-
wide pathology reports were linked with health administra-
tive data: 1) to identify patients diagnosed with incident T1 
BC; (2) to ascertain their survival outcomes; 3) to determine 
the case volume of the surgeon; and 4) and to measure 
potential confounders. These datasets were linked using 
unique encoded identifiers and analyzed at ICES (Toronto, 
ON, Canada). Detailed data sources, codes, and defin-
itions can be found in the Appendix (available at cuaj.ca). 
Institutional research ethics board approval was obtained 
and reporting is in accordance with the REporting of studies 
Conducted using Observational Routinely-collected health 
Data (RECORD) statement.9

Patients

Cancer Care Ontario (Toronto, ON, Canada) provided 
province-wide BC pathology reports (collected between 
January 1, 2001 and December 31, 2015) that were manu-
ally abstracted by trained data abstractors. We linked reports 
classified as T1 BC to health administrative data sources. We 
then identified the first occurrence of a T1 tumor for each 
patient to restrict our analyses to incident cases. We further 
excluded individuals: 1) not covered by the Ontario Health 
Insurance Plan during the three years preceding the diag-
nosis; 2) older than 105 years or younger than 18 years; 3) 
diagnosed by a procedure other than TURBT; and 4) with a 
non-urothelial histology. In accordance with our expert uro-
pathologist (T.v.d.K), we further excluded T1LG/G1 tumors 
to mitigate potential staging errors.

Ascertainment of survival outcomes

Overall survival was verified by the Registered Persons 
Database (RPDB). Patients were censored at their date of 
last contact with the healthcare system (maximal followup 
until September 30, 2019). Cancer-specific survival was ascer-
tained by the Office of the Registrar General-Deaths (ORGD) 
database. For each deceased patient, this database provides 
the leading cause of death according to the methodology 
described by Becker.10 The main input source of the ORGD 
database is death certificates that are translated into leading 
causes of death by professional data abstractors. Patients were 
censored if they died due to another leading cause than BC 
or at their last contact with the healthcare system (maximal 
followup in OGRD database to December 31, 2016).

Ascertainment of surgeon case volume

For each patient, we determined the T1 BC case volume of 
the involved surgeon during a lookback window of one year. 
To provide such a lookback window for each patient, we 
started our study cohort on January 1, 2002 (BC pathology 
reports were available from 2001 to enable the lookback). 
Next, the case volume during the lookback window of a 
specific surgeon was benchmarked (percentile rank) against 
the case volumes of her/his colleagues who were surgically 
active during the exact same lookback window. We used this 
standardization approach with a one-year lookback window 
to prevent the potential for a spurious volume-outcome asso-
ciation caused by the increasing incidence of BC, and thus 
increased number of incident pathology reports, over time. 
In the final analysis, surgeon case volume was investigated in 
three different ways, specifically ≥80th percentile vs. below, 
≥median vs. below, and continuous (quintiles).

Ascertainment of assumed confounders

Besides age and sex, we hypothesized that any volume-
outcome relationship would be confounded by the domains 
“tumor,” “comorbidity/healthcare system utilization,” and 
“socio-economics.” The domain “tumor” was accounted for 
by histology, grade, sufficiently sampled muscularis propria, 
concurrent carcinoma in situ, lymphovascular invasion, 
tumor size/multiplicity (billing claim-based), and prior urin-
ary tract cancer. The domain “comorbidity/healthcare sys-
tem utilization” was captured by the Charlson comorbidity 
index (lookback window of three years),11 The Johns Hopkins 
Adjusted Clinical Groups® (version 10; hereinafter called 
ACG®; lookback window of one year)12 resource utilization 
band, ACG® frailty indicator, prevalence (year before diag-
nosis) of asthma, congestive heart failure, chronic obstructive 
pulmonary disease, inflammatory bowel disease, dementia, 
diabetes mellitus, hypertension, psychiatric comorbidity, or 
rheumatoid arthritis; prior cancer diagnosis, myocardial 
infarction, and number of home care claims/drug claims/
physician billing claims during year preceding the diagnosis. 
Rurality index, postal code-based socio-economic status, 
marginalization (captured by the postal code-based Ontario 
Marginalization Index measuring residential instability/
material deprivation/dependency/ethnic concentration13), 
and ethnicity14 accounted for the domain “socio-economics.”

Analysis

We used the absolute standardized difference of the mean 
to compare baseline characteristics between patients who 
were operated on by high-volume (80th percentile and 
higher) and low-volume (below 80th percentile) surgeons.15 
The crude association between surgeon case volume and 
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overall/cancer-specific survival was investigated by Kaplan-
Meier curves/log-rank tests and univariable Cox proportional 
hazards regression, while the adjusted association was esti-
mated by multivariable Cox proportional hazards regression 
(adjusted for the above-mentioned confounding variables). 
Effect sizes were presented as hazard ratios (95% confi-
dence interval) and p<0.05 was considered statistically sig-
nificant (two-sided). All analyses were performed in R 3.5.1 
(R Foundation for Statistical Computing, Vienna, Austria).

Results

Fig. 1 shows the derivation of our study cohort. Out of  
15 262 linked T1 BC pathology reports, we identified 7426 
patients who fulfilled the inclusion criteria. After benchmark-
ing each surgeon against her/his colleagues who were sur-
gically active during the same lookback window, patients 
were classified as follows: using the cutoff at the 80th per-
centile, a quarter of all patients (n=1895; 25.5%) received 
surgery by a high-volume surgeon. Using the cutoff at the 
median, 59.5% of all patients (n=4417) received surgery by 
a high-volume surgeon.

Baseline characteristics of the study cohort are presented in 
Table 1. Median age at diagnosis was 74 years (interquartile 
range [IQR] 66–81) and 21.9% of all patients were female. 
Pure urothelial histology was found in 87.3%, followed by 
urothelial carcinoma with squamous differentiation (4.8%) 
and glandular differentiation (3.8%). In close to three-quarters 
of all patients (72.9%), tumor grade was reported by the World 
Health Organization (WHO) 2004/2016 classification. Of the 
remaining patients reported by the WHO 1973 classifica-
tion, 59.6% were diagnosed with a poorly differentiated (G3) 
tumor, while 40.4% had a moderately differentiated (G2) T1 
BC. Sufficiently sampled muscularis propria, concurrent car-
cinoma in situ, and lymphovascular invasion were reported in 
65.1%, 15.5%, and 6.0% of all patients, respectively. When 
we stratified the baseline characteristics by surgeon case vol-
ume (cutoff at 80th percentile), we observed a mostly well-
balanced cohort with regards to the absolute standardized 
difference of means. Only grade (0.103), sufficiently sampled 
muscularis propria (0.106), number of tumors (0.135), and 
rurality index (0.123) showed marginal imbalances.

Followup information was available for 7424 of 7426 
included patients (>99.9%). Median (IQR) followup for over-
all survival was 4.8 years (2.2–8.0). Out of 7424 patients, 
4346 patients (58.5%) died by the end of the followup period. 
Standardized to 10 000 person years of followup, the mortality 
rate was lower in the group of patients who received surgery 
by a high-volume surgeon (2.61 deaths; 80th percentile and 
higher) in comparison to patients who received surgery by 
a low-volume surgeon (2.83 deaths; below 80th percentile). 
The corresponding Kaplan-Meier curves are presented in Fig. 
2 and show a statistically significant log-rank test (p=0.04). 
Overall survival at five, 10, and 15 years in the high-volume 
vs. the low-volume group was 60.0%, 40.8%, and 26.3% vs. 
57.9%, 38.3%, and 24.8%, respectively. The corresponding 
univariable Cox proportional hazards regression shows (Table 
2) that patients who received surgery by a high-volume (80th 
percentile and higher) in comparison to a low-volume (below 
80th percentile) surgeon were 7% less likely to die (hazard ratio 
[HR] 0.93 [0.85–0.99], p=0.04). This effect could be confirmed 
when we used the median as the cutoff (HR 0.93 [0.87–0.99], 
p=0.02) and when we incorporated surgeon case volume in a 
continuous fashion (quintiles; HR 0.97 [0.95–0.99], p=0.04).

For overall survival, the adjusted analysis could confirm 
the effect sizes estimated during univariable modelling, 
although the dichotomization at the 80th percentile did not 
reach statistical significance whereas it did for the other two 
volume methods (80th percentile and higher vs. below: HR 
0.94 [0.89–1.01], p=0.12; median and higher vs. below: HR 
0.93 [0.87–0.99], p=0.02; continuous (quintiles): HR 0.97 
[0.95–0.99], p=0.009) (Table 2).

Median (IQR) followup for cancer-specific survival was 
3.4 years (1.6–6.6). Out of 7426 patients, 1236 (16.1%) died 
because of BC, 2319 (30.3%) died due to other causes, and 

Fig. 1. Derivation of study cohort. OHIP: Ontario Health Insurance Plan; TURBT: 
transurethral resection of bladder tumor; y: years.
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Table 1. Baseline characteristics of study cohort (n=7246), overall and stratified by surgeon case volume (80th percentile and 
higher vs. below 80th percentile)

Baseline characteristics Overall High-volume
(≥80th percentile)

Low-volume
(<80th percentile)

ASDM

(n=7426) (n=1895) (n=5529)

Demographics
Age in years, median (IQR) 74 (66–81) 74 (66–81) 74 (66–81) 0.006

Female, n (%) 1623 (21.9%) 414 (21.8%) 1209 (21.9%) <0.001

Tumor

Histology, n (%) 0.015

Pure urothelial carcinoma 6484 (87.3%) 1657 (87.4%) 4825 (87.3%)

Squamous differentiation 355 (4.8%) 93 (4.9%) 262 (4.7%)

Glandular differentiation 279 (3.8%) 69 (3.6%) 210 (3.8%)

Other urothelial histology 308 (4.1%) 76 (4.0%) 232 (4.2%)

Grade, n (%) 0.103*

Poorly differentiated/G3 (WHO 1973) 1199 (16.1%) 291 (15.4%) 907 (16.4%)

Moderately differentiated/G2 (WHO 1973) 813 (10.9%) 254 (13.4%) 559 (10.1%)

High-grade (WHO 2004/2016) 5414 (72.9%) 1350 (71.2%) 4063 (73.5%)

Muscularis propria, n (%) 0.106*

Sampled 4836 (65.1%) 1210 (63.9%) 3624 (65.5%)

Not sampled 2218 (29.9%) 615 (32.5%) 1603 (29.0%)

Not reported 372 (5.0%) 70 (3.7%) 302 (5.5%)

Concurrent CIS, n (%) 0.026

Present 1150 (15.5%) 280 (14.8%) 869 (15.7%)

Absent/not reported 6276 (84.5%) 1615 (85.2%) 4660 (84.3%)

LVI, n (%) 0.011

Present 449 (6.0%) 111 (5.9%) 338 (6.1%)

Absent/not reported 6977 (94.0%) 1784 (94.1%) 5191 (93.9%)

Tumor size/multiplicity (billing claim-based), n (%) 0.081

Multiple tumors 3865 (52.0%) 930 (49.1%) 2934 (53.1%)

Single tumor >2 cm 3307 (44.5%) 892 (47.1%) 2414 (43.7%)

Single tumor up to 2 cm 254 (3.4%) 73 (3.9%) 181 (3.3%)

Number of tumors (pathology report-based), median (IQR) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 1.00 (1.00–1.00) 0.135*

Missing 1467 (19.8%) 470 (24.8%) 995 (18.0%)

Maximal tumor dimension in cm (pathology report-based), 
median (IQR)

2.00 (1.00–3.00) 1.70 (1.00–3.00) 2.00 (1.00–3.00) 0.050

Missing 3914 (52.7%) 963 (50.8%) 2949 (53.3%)

Tumor weight in g (pathology report-based), median (IQR) 4.00 (1.80–9.00) 4.00 (2.00–8.73) 4.00 (1.60–9.00) 0.007

Missing 4455 (60.0%) 1159 (61.2%) 3295 (59.6%)

Tumor volume in ml (pathology report-based), median (IQR) 2.50 (1.00–5.00) 3.00 (1.00–5.00) 2.50 (1.00–5.00) 0.071

Missing 6501 (87.5%) 1649 (87.0%) 4851 (87.7%)

Prior urinary tract cancer, n (%) 1135 (15.3%) 279 (14.7%) 856 (15.5%) 0.021

Comorbidity/healthcare system utilization

Charlson comorbidity index, mean (SD)a 1.48 (3.72) 1.44 (3.66) 1.31 (3.46) 0.046

ACG® resource utilization band, n (%) 0.075

Low morbidity 45 (0.6%) 15 (0.8%) 30 (0.5%)

Moderate morbidity 3251 (43.8%) 874 (46.1%) 2377 (43.0%)

High morbidity 2482 (33.4%) 614 (32.4%) 1867 (33.8%)

Very high morbidity 1648 (22.2%) 392 (20.7%) 1255 (22.7%)
*Absolute standardized difference of means ≥0.1 (indicative of unbalanced cohort). aMean (SD) was chosen instead of median (IQR) due to more informative numerical appearance. bPostal code-
based income quintiles (first quintile: lowest income). cPostal code-based marginalization quintiles (first quintile: least marginalized patients). ACG: Adjusted Clinical Groups®; ASDM: absolute 
standardized difference of means; CIS: carcinoma in situ; IQR: interquartile range; LVI: lymphovascular invasion; SD: standard deviation; WHO: World Health Organization .
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3871 (53.6%) were censored. As observed for overall surviv-
al, the cancer-specific mortality rate was lower in the group 
of patients who received surgery by a high-volume surgeon 
(0.91 deaths per 10 000 person years of followup; 80th per-
centile and higher) in comparison to patients who received 
surgery by a low-volume surgeon (1.03 deaths per 10 000 
followup years; below 80th percentile). The corresponding 
Kaplan-Meier curves (Fig. 3) show a clear separation that was 
not statistically significant (p=0.12). Cancer-specific survival 
at five and 10 years in the high-volume vs. the low-volume 
group was 82.8% and 78.8% vs. 81.2% and 76.2%, respect-
ively. Univariable Cox proportional hazards regression 
analysis evaluating the association between cancer-specific 

survival and surgeon case volume consistently confirmed 
the effect sizes observed with overall survival analyses but 
without reaching statistical significance (80th percentile and 
higher vs. below: HR 0.90 [0.79–1.03], p=0.12; median and 
higher vs. below: HR 0.99 [0.88–1.12], p=0.91; continuous 
(quintiles): HR 0.97 [0.93–1.01], p=0.20) (Table 2).

The effect sizes observed in unadjusted analysis of can-
cer-specific survival could be confirmed in the multivari-
able models (80th percentile and higher vs. below: HR 0.92 
[0.80–1.05], p=0.23; median and higher vs. below: HR 0.97 
[0.86–1.09], p=0.60; continuous (quintiles): HR 0.97 [0.93–
1.02], p=0.22), although these analyses were not statistically 
significant (Table 2).

Table 1 (cont’d). Baseline characteristics of study cohort (n=7246), overall and stratified by surgeon case volume (80th 
percentile and higher vs. below 80th percentile)

Baseline characteristics Overall High-volume
(≥80th percentile)

Low-volume
(<80th percentile)

ASDM

(n=7426) (n=1895) (n=5529)
Frailty (ACG®), n (%) 409 (5.5%) 96 (5.1%) 313 (5.7%) 0.026

Asthma, n (%) 869 (11.7%) 214 (11.3%) 655 (11.8%) 0.017

Congestive heart failure, n (%) 840 (11.3%) 232 (12.2%) 608 (11.0%) 0.039

Chronic obstructive pulmonary disease, n (%) 1997 (26.9%) 488 (25.8%) 1508 (27.3%) 0.034

Inflammatory bowel disease, n (%) 62 (0.8%) 15 (0.8%) 47 (0.9%) 0.006

Dementia, n (%) 373 (5.0%) 83 (4.4%) 290 (5.2%) 0.040

Diabetes mellitus, n (%) 2113 (28.5%) 541 (28.5%) 1572 (28.4%) 0.003

Hypertension, n (%) 4987 (67.2%) 1260 (66.5%) 3726 (67.4%) 0.019

Prior cancer diagnosis, n (%) 1242 (16.7%) 322 (17.0%) 920 (16.6%) 0.009

Prior myocardial infarction, n (%) 306 (4.1%) 85 (4.5%) 220 (4.0%) 0.025

Psychiatric comorbidity, n (%) 1590 (21.4%) 403 (21.3%) 1187 (21.5%) 0.005

Rheumatoid arthritis, n (%) 136 (1.8%) 38 (2.0%) 97 (1.8%) 0.018

Home care claims during preceding year, mean (SD)a 6.42 (31.1) 5.77 (29.3) 6.64 (31.7) 0.028

Drug claims during preceding year, median (IQR) 18.0 (3.00–35.0) 17.0 (3.00–35.5) 18.0 (3.00–35.0) 0.021

Physician billing claims during preceding year, median (IQR) 67.0 (43.0–102) 66.0 (42.0–100) 67.0 (44.0–103) 0.036

Socio-economics
Rurality index, mean (SD)a 13.0 (18.0) 14.6 (19.0) 12.4 (17.6) 0.123*

Missing 56 (0.8%) 12 (0.6%) 44 (0.8%)

Socio-economic status as quintile, mean (SD)a,b 3.04 (1.40) 3.07 (1.39) 3.03 (1.40) 0.025

Missing 27 (0.4%) 7 (0.4%) 20 (0.4%)

Residential instability as quintile, mean (SD)a,c 3.29 (1.37) 3.29 (1.35) 3.29 (1.38) 0.006

Missing 83 (1.1%) 16 (0.8%) 67 (1.2%)

Material deprivation as quintile, mean (SD)a,c 2.99 (1.40) 2.92 (1.39) 3.02 (1.40) 0.072

Missing 83 (1.1%) 16 (0.8%) 67 (1.2%)

Dependency as quintile, mean (SD)a,c 3.47 (1.39) 3.54 (1.39) 3.45 (1.39) 0.061

Missing 83 (1.1%) 16 (0.8%) 67 (1.2%)

Ethnic concentration as quintile, mean (SD)a,c 2.81 (1.40) 2.64 (1.35) 2.86 (1.41) 0.084

Missing 83 (1.1%) 16 (0.8%) 67 (1.2%)

Ethnicity, n (%) 0.084

General population 7245 (97.6%) 1866 (98.5%) 5377 (97.3%)

Chinese 121 (1.6%) 19 (1.0%) 102 (1.8%)

South Asian 60 (0.8%) 10 (0.5%) 50 (0.9%)
*Absolute standardized difference of means ≥0.1 (indicative of unbalanced cohort). aMean (SD) was chosen instead of median (IQR) due to more informative numerical appearance. bPostal 
code-based income quintiles (first quintile: lowest income). cPostal code-based marginalization quintiles (first quintile: least marginalized patients). ACG: Adjusted Clinical Groups®; ASDM: 
absolute standardized difference of means; CIS: carcinoma in situ; IQR: interquartile range; LVI: lymphovascular invasion; SD: standard deviation; WHO: World Health Organization .
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Discussion

This population-based cohort study demonstrated an inde-
pendent association between surgeon case volume and 
overall survival in T1 BC. The minimal discrepancy between 
unadjusted and adjusted analysis is not surprising in light 
of a well-balanced cohort. Although the analysis of cancer-
specific survival mostly reproduced the effect sizes observed 
for overall survival, we were not able to demonstrate statisti-
cal significance. This is probably caused by limited power 
due to two effects: first, the event rate for cancer-specific 
mortality is much lower than the event rate for overall mor-
tality; second, followup for cancer-specific mortality was 
only available until December 31, 2016 since the manual 
abstraction of death certificates lags behind overall death 
ascertainment by two to three years in ICES databases.At 
any time of followup, patients who received surgery by a 
high-volume in comparison to a low-volume surgeon were 

between 1% and 10% less likely to die from any cause or 
from BC. It is generally known that population-based, high-
powered studies like ours bear the risk to detect statistic-
ally significant but clinically irrelevant differences. Hence, 
the clinical relevance of absolute differences of 0.22 deaths 
(2.61 vs. 2.83) and 0.12 cancer-specific deaths (0.91 vs. 
1.03) per 10 000 person years of followup is unknown. 
Our effect sizes are comparable to the volume-outcome 
results reported by Kulkarni et al in patients undergoing 
radical cystectomy in the province of Ontario (unadjusted 
HR [continuous] 0.98 [0.97–0.99], p<0.001; adjusted HR 
[continuous] 0.98 [0.98–0.99], p=0.002).5 The comparability 
between this study and ours might be questioned since rad-
ical cystectomy is a procedure with a high peri-/postopera-
tive morbidity and mortality discrepant to the safety profile of 
a TURBT, which may have theoretically driven the observed 
cystectomy volume-outcome results.16 However, the authors 
performed sensitivity analyses that were robust to the exclu-
sion of peri-/postoperative mortality.5 Thus, data from both 
of these studies point out the importance of initial, upfront 
clinical decision-making regarding long-term outcomes in 
patients with high-risk BC.

The main strengths of our study are its province-wide 
nature involving more than 7000 patients, its long follow-
up duration, and its rich set of confounders (ranging from 
tumor-specific parameters to patient comorbidity/healthcare 
system utilization and socio-economic indices) that could 
be controlled for. Our work, however, has two important 
limitations: first, as with all observational studies, our work 
is at risk for residual, unmeasured confounding; second, the 
performance of the initial resection by a high-volume sur-
geon does not necessarily translate into downstream care by 
the same surgeon. Therefore, we could not verify if a patient 
initially resected by a low-volume surgeon was eventually 
referred to a high-volume surgeon for re-resection and fol-
lowup care. However, in routine clinical care, the first steps 
of therapy and many initial oncological decisions are usually 
made by the first resecting surgeon, with subsequent refer-

Fig. 2. Kaplan-Meier curve and log-rank test comparing overall survival 
between patients who received surgery by a high-volume surgeon (≥80th 
percentile and higher; blue curve) and patients who received surgery by a low-
volume surgeon (<80th percentile; yellow curve). HR: hazard ratio.
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Table 2. Cox proportional hazards regression quantifying the association between surgeon case volume and overall/cancer-
specific survival

Surgeon case volume Overall survival Cancer-specific survival

Unadjusted Adjusteda Unadjusted Adjusteda

HR (95% CI) p HR (95% CI) p HR (95% CI) p HR (95% CI) p
80th percentile and higher vs. below 0.93 (0.86–0.99) 0.04* 0.94 (0.89–1.01) 0.12 0.90 (0.79–1.03) 0.12 0.92 (0.80–1.05) 0.23

Median and higher vs. below 0.93 (0.87–0.99) 0.02* 0.93 (0.87–0.99) 0.02* 0.99 (0.88–1.12) 0.91 0.97 (0.86–1.09) 0.60

Continuous (quintiles) 0.97 (0.95–0.99) 0.004* 0.97 (0.95–0.99) 0.009* 0.97 (0.93–1.01) 0.20 0.97 (0.93–1.02) 0.22
*Statistically significant. aAdjusted for age, sex, histology, grade, sufficiently sampled muscularis propria, concurrent carcinoma in situ, lymphovascular invasion, tumor size/multiplicity 
(billing claim-based), prior urinary tract cancer, Charlson comorbidity, ACG® resource utilization band, ACG® frailty indicator, prevalence of asthma, congestive heart failure, chronic obstructive 
pulmonary disease, inflammatory bowel disease, dementia, diabetes mellitus, hypertension, psychiatric comorbidity, or rheumatoid arthritis; prior cancer diagnosis, myocardial infarction, 
number of home care claims/drug claims/physician billing claims during year preceding the diagnosis, rurality index, postal code-based socio-economic status, postal code-based components 
of Ontario Marginalization Index (residential instability, material deprivation, dependency, ethnic concentration), and surname-based ethnicity. Number of tumors, maximal dimension, weight, 
and volume (pathology report-based) were excluded as confounding variables from the multivariable models because of the high proportion of missing values. Out of 7424 patients with 
available followup data, 7287 individuals (98.2%) could be considered for multivariable modelling after restricting the cohort to patients with complete observations of all assumed confounding 
variables. ACG: Adjusted Clinical Groups; CI: confidence interval; HR: hazard ratio.
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ral occurring after many of these initial attempts at therapy. 
Thus, we feel this limitation is unlikely to have had a material 
impact on the results.

In the light of the inherent limitations of our study and 
the relatively small absolute effect size, our work should 
not be regarded as a plea for centralization in T1 BC but 
rather as a hypothesis-generating perspective. The signal 
we detected at the population-level might be a surrogate 
for improved care provided by high-volume surgeons that 
certainly warrants further investigation. Further research can 
not only explore specific differences in practice patterns 
between high-volume and low-volume surgeons (such as 
TURBT quality, utilization of re-resection, instillation of 
adjuvant immunotherapy, or use of immediate/early radical 
cystectomy) but might also help to define high-volume/low-
volume surgeons in the event centralization is introduced by 
policymakers. On this occasion, it should be highlighted that 
the sampling of muscularis propria, an important indicator 
of TURBT quality,17 was comparable between high-volume 
surgeons (63.9%) and low-volume surgeons (65.9%).

Conclusions

This population-based cohort study demonstrated a vol-
ume-outcome relationship in T1 BC and raises questions 
regarding the centralization of care. It further points to the 
importance of early, optimal decision-making and care in 
the setting of high-risk, NMIBC. The generalizability of our 
findings is not only limited by the fact that the perform-
ance of the initial resection by a high-volume surgeon does 
not necessarily translate into downstream care by the same 
surgeon but also by the relatively small absolute effect size. 
Further studies are ultimately warranted to shed more light 
on these important findings.
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