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Abstract

Background

Current EAU guidelines support Adjuvant intravesical BCG treatment after Tran
Urethral Resection of Bladder Tumour (TURBT) on intermediate- or high-risk Non-
Muscle-Invasive Bladder Cancer (NMIBC) patients, aiming to reduces the risk of tumor
recurrence. The quality of data, however, does not allow definitive conclusions on
whether different strains and dosages of BCG have different efficacies on long-term

survival outcomes.

Objective
To evaluate long-term survival outcomes of different strains and dosages of BCG in

patients with NMIBC.

Design, setting, and participants
All NMIBC patients treated with intravesical BCG therapy from 2001 to 2020 were

identified using a territory-wide database in Hong Kong.

Exposures
BCG strains and dosages (Connaught strain 81mg, Connaught strain 27mg, Tokyo

strain 80mg, Danish strain 30mg) were retrieved from medical records.

Main outcomes and measures

Overall Survival (OS), Cancer-Specific Survival (CSS), Recurrence-Free Survival
(RFS), and Progression-Free Survival (PFS) were analyzed using Kaplan-Meier
method. Multivariable Cox regression analysis was used to adjust potential
confounding factors, and to estimate Hazard Ratio (HR) and 95% Confidence Interval
(CI) of different BCG strains. Further subgroup analysis on adequate versus

inadequate BCG treatment was performed.

Results



A total of 2,602 NMIBC patients treated with intravesical BCG were identified.
Among them, 1291 (49.6%) received Connaught strain 81mg, 199 (7.6%) received
Connaught strain 27mg, 1014 (39.0%) received Tokyo strain, and 98 (3.8%) received
Danish strain. The median follow-up was 11.0 years. No statistical significant
differences in OS, CSS, RFS and PFS were detected among the different groups. At
multivariable analysis, the Connaught strain 27mg group was inferior to the
Connaught strain 81mg group in OS (HR: 1.26, 95% CI: 1.05-1.51), CSS (HR: 1.69,
95% CI: 1.08-2.66) and PFS (HR: 1.86, 95% CI: 1.20-2.88). Adequate BCG treatment
was associated with improved OS (HR: 0.82, 95% CI: 0.73-0.92), CSS (HR: 0.64,
95% CI: 0.47-0.86), RFS (HR: 0.80, 95% CI: 0.70-0.92), and PFS (HR: 0.52, 95% CI:
0.39-0.68). Among patients treated with adequate BCG, at multivariable analysis the
Connaught strain 27mg group showed worst results as compared to the Connaught
strain 81mg group in CSS (HR: 1.93, 95% CI: 1.07-3.51). Compared to the
Connaught strain 81mg group, both Tokyo and Danish strains had similar survival

outcomes in the whole cohort and the adequate BCG treatment subgroup.

Conclusions

In this cohort study, adequate BCG remains the most important factor in optimizing
survival outcomes in patients with intermediate- and high-risk NMIBC. No significant
differences in survival outcomes were observed between full-dose Connaught, Tokyo,
and Danish strains. Reduced-dose Connaught strain was associated with the worst

survival outcomes.

Patient Summary

We evaluated the efficacy of different strains and dosages of BCG in patients with
intermedia- or high-risk NMIBC in the past two decades in Hong Kong. We conclude
no significant differences in long-term survival outcomes in terms of full-dose
Connaught, Tokyo, and Danish strains, while the reduced-dose Connaught strain was

inferior to the full-dose group. Adequate BCG treatment benefits long-term survival.



1. Introduction

Bladder cancer is the tenth most common malignancy worldwide, while it ranks sixth
when only the male gender is considered. The estimated number of new bladder cancer
cases in 2020 was 573,278, and the deaths reached 212,536 1. Its mortality rate ranks
13" in developed countries ? with a huge burden to health care system 2.

The standard first-line treatment of intermediate- and high-risk NMIBC is
Transurethral Resection of Bladder Tumour (TURBT) followed by adjuvant
intravesical Bacillus Calmette—Guérin (BCG) therapy . Currently, several strains of
BCG are available for clinical usage; However, whether there is any difference
between different strains and dosages of BCG in terms of long-term survival outcomes
remains controversial and the available evidences does not allow definitive conclusions:
Rentsch et al. reported that treatment with BCG Connaught conferred significantly
greater 5-yr recurrence-free survival than with BCG Tice °; Sengiku et al. compared the
complete response, recurrence-free survival and adverse event rates of the Tokyo and
Connaught strains, and concluded that there were no significant differences between
the two strains ©. The aim of our study was to assess the efficacy of different BCG

strains by using a territory-wide database in Hong Kong.



2. Method
Study Design and Data Source

Our BCG cohort was identified using the Clinical Data Analysis and Reporting
System (CDARS) under the management of the Hospital Authority, Hong Kong.
CDARS is an electronic healthcare database that covers the patients’ demographics,
death, diagnoses, procedures, drug prescription and dispensing history, and laboratory
results from all public hospitals and clinics in Hong Kong. It represents inpatient and
outpatient data of approximately 80% of the 7.4 million population in Hong Kong.
Patients are de-identified in CDARS to ensure confidentiality. Different territory-wide
studies were previously conducted using CDARS. The International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding was used in
CDARS 7. The study protocol was approved by the Joint Chinese University of Hong
Kong - New Territories East Cluster Clinical Research Ethics Committee. The ethics
approval reference number is CRE-2021.599. The study protocol conformed to the
ethical guidelines of the 1975 Declaration of Helsinki. Informed consented was waived

given the retrospective nature of this study.

Cohort definition

All consecutive adult patients with NMIBC who were treated with BCG
intravesically between January 2001 and December 2020 in Hong Kong were
identified. In Hong Kong, the treatment indications for BCG followed the clinical
practice guideline of the European Association of Urology (EAU) '°. Surveillance
cystoscopy was also performed according to the EAU guidelines °. There were two
main exclusion criteria: (1) Patients who received more than one strain of BCG, and (2)
patients who had known history of or concomitant Upper Tract Urothelial Carcinoma

(UTUC).

Data Collection
Baseline data was retrieved at the date of initiation of intravesical BCG treatment.

Demographic data, including date of birth, sex, date of registered death, and main death



cause were captured. At baseline, data on 16 comorbidities (myocardial infarction,
congestive heart failure, peripheral vascular disease, cerebrovascular accident or
transient ischemic attack, dementia, chronic obstructive pulmonary disease, connective
tissue disease, peptic ulcer disease, liver disease, diabetes mellitus, hemiplegia,
moderate to severe chronic kidney disease, solid tumour other than bladder cancer,
leukemia, lymphoma, AIDS) based on the Charlson Comorbidity Index (CCI) and two
other diseases (hypertension and hyperlipidemia) were retrieved using the ICD-9-CM
diagnosis codes (Supplementary Table 1). Briefly, the unique reference key of patients,
the exact diagnosis date, and the diagnosis description of comorbidities were extracted

until the last follow-up date.

Outcomes

The primary outcome was Overall Survival (OS), the secondary outcomes were
Cancer-Specific Survival (CSS), Recurrence-Free Survival (RFS) and Progression-Free
Survival (PFS). The INDEX date was the starting date of BCG.

OS was identified as the period from INDEX to date of registered death or last
follow-up. The CSS was determined by the registered cause of death. Recurrence date
was defined as the date of first TURBT after INDEX. Progression date was defined as
the date of radical cystectomy or the date of first radiotherapy/ chemotherapy/ PD-L1
or PD-1 drugs administration after INDEX.

The adequate BCG therapy was defined as at least five of six induction instillations

and at least one maintenance (two of three instillations) in a 6-month period .

Statistical Analysis

Data was analyzed using SPSS version 25.0 (SPSS, Inc., Chicago, Illinois) and R
software (4.2.0; R Foundation for Statistical Computing, Vienna, Austria). Analysis
was first performed for the whole BCG cohort. Further subgroup analysis was
performed for patients who received adequate BCG treatment. Continuous variables
were expressed in mean =+ Standard Deviation (SD) or median (Interquartile Range

[IQR]), as appropriate, whereas categorical variables were presented as numbers



(percentage). Qualitative and quantitative differences between subgroups were
analyzed by the y® test for categorical parameters and Mann-Whitney test for
continuous parameters, as appropriate. Kaplan-Meier analysis was performed, and
significance was determined by a log-rank test. Multivariate Cox regression analyses
were performed to adjust for potential confounding factors. A p-value of <0.05 was

considered statistically significant.



3. Result
Baseline Demographic Characteristics

Atotal of 3334 NMIBC patients who received intravesical BCG were identified from
CDARS. Among them, 732 patients were excluded: 507 patients received two or more
strains of BCG, and 225 patients had history of or concomitant UTUC. Finally, 2602
NMIBC patients who received one stain of intravesical BCG therapy were included,;
1291 received 81mg Connaught strain, 199 received 27mg Connaught, 1014 received
Tokyo strain, and 98 received Danish strain (Figure 1).

Among the 2602 patients, 1351 (51.9%) received adequate BCG treatment (Table 1).
The detail of adequate BCG treatment distribution was provided in supplementary
Table 2. The median age of the whole cohort was 73 years (IQR 65-79), 78.7% were
males. Regarding CCl, 26.9% had a score of 0-2, 44.9% had a score of 3-4, and 28.3%
had a score of [15. In addition, 52.3% of the patients had hypertension, and 27.6% had
hyperlipidemia. The median follow-up was 11.0 years. The number of events and

median follow-up of each group were depicted in supplementary Table 3.

Comparison between Different BCG Groups

There were significant differences in the rates of adequate treatment rate (p <0.01),
age (p =0.01), and the proportion of patients with hypertension (p <0.01) and
hyperlipidemia (p <0.01), between different BCG groups (Table 1). On the other hand,
there was no difference in gender (p =0.73) and the CCI score (p =0.07) between the
BCG groups.

Survival Outcomes

Upon Kaplan-Meier analysis, no statistical significant differences were found in OS
(p =0.06), CSS (p =0.09), RFS (p =0.13), and PFS (p =0.10) among the different BCG
strains groups (Figure 2). At Multivariable Cox regression analysis, adequate BCG
treatment was an independent protective factor for OS (HR: 0.82, 95% CI: 0.73-0.92),
CSS (HR: 0.64, 95% ClI: 0.47-0.86), RFS (HR: 0.80, 95% CI: 0.70-0.92), and PFS (HR:
0.52, 95% CI: 0.39-0.68). Compared to the 81mg Connaught group, the 27mg (reduced)



Connaught group was associated with worse OS (HR: 1.26, 95%CI:1.05-1.51), CSS
(HR: 1.69, 95%CI:1.08-2.66), and PFS (HR: 1.86, 95%CI:1.20-2.88). Both the Tokyo
and Danish strain had comparable survival outcomes with the 81mg Connaught group.
Higher age was an independent risk factor for OS (HR: 1.06, 95% CI. 1.05-1.07), CSS
(HR: 1.05, 95% CI: 1.02-1.07), and RFS (HR: 1.01, 95% CI: 1.00-1.02), while male
gender was an independent risk factor for OS (HR: 1.49, 95% CI: 1.29-1.73), RFS (HR:
1.26, 95% CI: 1.06-1.49), and PFS (HR: 1.84, 95% CI: 1.25-2.73). A CClI score of >5
was associated with worse OS (HR: 3.02 95%CI:1.17-7.78). On the other hand,
hyperlipidemia was associated with better OS (HR: 0.82, 95%CI:0.70-0.97) (Table 2).

Subgroup Analysis for adequate BCG treatment

We performed further subgroup analysis in patients receiving adequate BCG usage.
There were no significant differences in terms of age (p =0.36), gender (p =0.57) and
CCl score (p =0.18) between the BCG groups. There were significant differences in the
proportion of patients with hypertension (p<0.01) and hyperlipidemia (p<0.01) between
the BCG groups (Table 3).

On Kaplan-Meier analysis, there were no significant differences between groups in
OS (p =0.33), CSS (p =0.07), RFS (p =0.14), and PFS (p =0.54) (Figure 3).
Multivariable Cox regression showed that the 27mg (reduced) Connaught dose was
inferior to the 81mg (full) Connaught dose in CSS (HR: 1.93, 95%CI: 1.07-3.51). Both
Tokyo and Danish strains had comparable survival outcomes with the 81mg (full)
Connaught group. Older patients showed worse OS (HR: 1.07, 95%CI: 1.05-1.09), CSS
(HR: 1.07, 95%CI: 1.03-1.11) and RFS (HR: 1.02, 95%CI: 1.00-1.03), while male
gender was associated with worse OS (HR: 1.52, 95%CI: 1.23-1.89) and RFS (HR:
1.39, 95%CI: 1.08-1.80). CCI score of >5 was no longer associated with worse OS, but
hyperlipidemia remained a significant factor associated with better OS (HR: 0.75, 95%
Cl: 0.59-0.94) (Table 4).



4. Discussion

To our knowledge, the is one of the largest BCG cohorts*? and we utilized it to
investigate the efficacies of different strains and dosages of intravesical BCG in patients
with NMIBC. Our cohort also had a long median follow-up of 11.0 years, which
provided important information regarding the long-term survival outcomes follow
intravesical BCG therapy. Our study results highlighted three key messages: 1)
Adequate BCG treatment is extremely important to optimize survival outcomes, 2)
Full-dose Connaught strain, Tokyo strain and Danish strain had no difference in long-
term survival outcomes, and 3) Reduced-dose Connaught strain had worse survival
outcomes than full-dose Connaught strain. Therefore, in patients with intermediate- and
high-risk NMIBC, we should always aim for adequate full-dose BCG treatment,
regardless the type of BCG strain.

So far, at least 16 different strains of BCG have been used in clinical practice
worldwide®®. The first BCG was developed when mycobacterium bovis underwent the
process of attenuation from 1908 to 1921. It is actually quite common for BCG strains
to lost one of the key regions, RD1'4*°. A series of genomic alterations can occur over
time, which branches them off from the original BCG strain 6. Due to the genetic
differences between BCG vaccine strains, phenotypic properties such as reactogenicity
and immunogenicity might be influenced, and whether such differences could affect

their clinical efficacies in treating bladder cancer remained controversial ',

Thyavihally et al. reported no significant differences between Danish 1331 and
Moscow-1 strain in RFS and PFS, but a significantly higher incidence of moderate to
severe adverse events in BCG Moscow-1 strain'®. Another study comparing adjuvant
intravesical BCG Tice strain with RIVM strain for high-risk NMIBC demonstrated that
the Tice strain was superior to RIVM for RFS, but no significant differences were
detected for PFS and CSS *°. For the Tice strain vs. Connaught strain, Chen et al. also
reported no difference in 3-year RFS and PFS?°. A network meta-analysis focus on the

impact of different BCG strains on the RFS demonstrated that Tokyo, Pasteur, and TICE



strains were both superior to chemotherapy, but there wasn’t a clear superiority of one
strain 7. Recently, a systematic review highlights potential enhanced benefits from the
genetically different BCG RIVM, Tice, and Tokyo 172 strains?'. However, no clinically
significant lower recurrence rate was identified. Our study showed no difference
between full-dose Connaught, Tokyo and Danish strains in terms of OS, CSS, RFS and
PFS. Unfortunately, BCG Tice strain was not used in Hong Kong and we are able to
investigate its efficacy in this study. However, we provide Real word-evidence of worst
results in terms of CSS for patient receiving reduced-dose Connaught strain, regardless
of whether adequate treatment is administered or not. Grimm et al. reported reduced
BCG instillation frequency from 15 to 9 led to higher recurrence rates (HR: 0.39, upper
part of the one-sided 97.5% CI being 0.66)*. The current evidence suggested that both
reducing the dosage of BCG and frequency of instillation will lead to suboptimal

therapeutic efficacy.

Several factors were associated with survival outcomes according to our findings.
First, older patients had worse survival outcomes: with increasing age, the natural
immune system aging 2? could led to a down-regulated of the immune response towards
BCG treatment. Second, male gender was associated with worse survival outcomes. In
Hong Kong, the rate of tobacco use was also much higher in the male population %,
and this might explain our findings 2*. However, data on smoking was not retrievable
through CDARS, and we were not able to further confirm our hypothesis. Third, we
found that hyperlipidemia was associated with better OS: this counterintuitive
phenomenon might be explained by the potential benefit of statins usage. Ferro et al.
reported results from 1510 patients with T1 high grade NMIBC and they found statin
use was independently associated with a lower risk of recurrence (HR:0.80, 95%CI:
0.67-0.95; P=0.009). The median recurrence-free survival was 47 (95%CI 40-49)
months in those classified as non-statin users vs. 53 (95%CI 48-68) months in those
classified as statin users 2°. Further investigations are needed to assess the potential

benefits of statins usage in NMIBC patients.



In conclusion, our findings suggest that different full-dose adequate BCG treatment
had similar long-term survival benefits, which encourage clinical practice follow the
current guideline. It is possible to postulate potential benefits from drugs related to

chronic diseases (i.e.: hyperlipidemia), that however needs further investigations.

Several limitations need to be reported in our study. First, our BCG patients and their
medical conditions were retrieved primarily by diagnostic codes. Although the same
electronic system was used in all public hospitals in Hong Kong, there could be missing
data and the data accuracy can be affected. Second, only three strains (Connaught,
Tokyo, and Danish strain) were available and used in Hong Kong for the past two
decades. Therefore, we were not able to extend our analysis to all of the currently
available BCG strains worldwide. Third, some data such as the histological reports and
imaging results could not be retrieved through the electronic database. As urologists in
Hong Kong follow the EAU guidelines closely, we assumed that intravesical BCG was
only use for patients with intermediate- and high-risk NMIBC. Recurrence was defined
by the need of TURBT, and progression event was defined by the need of cystectomy,
radiotherapy or initiation of systemic treatment. However, these assumptions are prone
to error, and the data accuracy might be affected. Despite these limitations, this is by
far the largest BCG cohort around the world with long-term survival data, and we do
believe our study provide important information regarding the efficacy of BCG in the

long-run.



5. Conclusion

Adequate BCG remains the most important factor to optimize survival outcomes
in patients with intermediate- and high-risk NMIBC. We did not observe any significant
differences in survival outcomes were between full-dose Connaught, Tokyo, and
Danish strains. Patients who received reduced-dose Connaught strain had worst

survival outcomes.



Figure and Table

Figure 1. Flow chart for creation of the patient cohort dataset.

Figure 2. Survival outcomes of different BCG groups. A) Overall survival, B) Cancer-
specific survival, C) Recurrence-free survival, D) Progression-free survival.

Figure 3. Survival outcomes of the adequate cohort of different BCG groups. A) Overall
survival, B) Cancer-specific survival, C) Recurrence-free survival, D) Progression-free

survival.

Table 1. Baseline characteristics of the different BCG groups.
Table 2. Multivariable Cox regression analysis on the whole BCG cohort.
Table 3. Baseline characteristics between groups of the adequate cohort.

Table 4. Multivariable Cox regression analysis of the adequate BCG cohort.

Supplementary Table 1. ICD-9-CM diagnosis codes of comorbidities.
Supplementary Table 2. The distribution of adequate BCG treatment.
Supplementary Table 3. The number of events and median follow-up of different BCG

groups.
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Take Home Message

Take home message

In this large BCG cohort study, we demonstrated that no significant differences in
survival outcomes were observed between full-dose Connaught, Tokyo, and
Danish strains. Reduced-dose Connaught strain was associated with the worst
survival outcomes. Adequate BCG remains the most important factor in optimizing

survival outcomes in patients with intermediate- and high-risk NMIBC.
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Connaught Strain Connaught Strain

Characteristics 81mg 27mg TOI\T y_o l%t{jln DanllISk_] zgraln NTOEZ:) ) P value
N = 1291 N =199 } } }
Adequate BCG
No 686 (53.1) 63 (31.7) 449 (44.3) 53 (54.1) 1251 (48.1) <0.01
Yes 605 (49.6) 136 (68.3) 565 (55.7) 45 (45.9) 1351 (51.9) '
Age, median [IQR] 74.0 [66.0-80.0] 74.0 [66.0-79.0] 71.0[65.0-79.0] 74.0[64.8-82.0] 73.0[65.0-79.0] 0.01
Male Gender, n (%0) 1010 (78.2) 160 (80.4) 804 (79.3) 74 (75.5) 2048 (78.7) 0.73
Charlson Comorbidity Index, n (%)
0 37 (2.9) 4 (2.0) 17 (1.7) 6 (6.1) 64 (2.5)
1-2 293 (22.7) 51 (25.6) 271 (26.7) 20 (20.4) 635 (24.4) 0.07
3-4 603 (46.7) 93 (46.7) 428 (42.2) 43 (43.9) 1167 (44.9) '
>5 358 (27.7) 51 (25.6) 298 (29.4) 29 (29.6) 736 (28.3)
Other Comorbidities, n
(%)
Hypertension 636 (49.3) 55 (27.6) 612 (60.4) 58 (59.2) 1361 (52.3) <0.01

Hyperlipidemia 206 (16.0) 13 (6.5) 462 (45.6) 37 (37.8) 718 (27.6) <0.01
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Recurrence-free

Progression-free

Variables Overall survival Cancer-specific survival . )
survival survival
Adequate BCG
No Ref Ref Ref Ref
Yes 0.82 (0.73-0.92) 0.64 (0.47-0.86) 0.80 (0.70-0.92) 0.52 (0.39-0.68)
BCG Strain

Connaught strain 81mg
Connaught strain 27mg
Tokyo strain
Danish strain
Age
Gender
Female
Male
Charlson Comorbidity
Index
0
1-2
3-4
>5
Hypertension
No
Yes
Hyperlipidemia
No
Yes

Ref
1.26 (1.05-1.51)
0.95 (0.80-1.13)
1.20 (0.87-1.65)
1.06 (1.05-1.07)

Ref
1.49 (1.29-1.73)

Ref
1.30 (0.53-3.24)
1.96 (0.77-4.95)
3.02 (1.17-7.78)

Ref
1.11 (0.97-1.26)

Ref
0.82 (0.70-0.97)

Ref
1.69 (1.08-2.66)
0.87 (0.59-1.29)
0.88 (0.38-2.02)
1.05 (1.02-1.07)

Ref
1.13 (0.79-1.61)

Ref
>100 (<0.01->100)
>100 (<0.01->100)
>100 (<0.01->100)

Ref
1.19 (0.85-1.66)

Ref
0.83 (0.56-1.23)

Ref
0.97 (0.74-1.26)
0.91 (0.78-1.07)
0.67 (0.44-1.01)
1.01 (1.00-1.02)

Ref
1.26 (1.06-1.49)

Ref
0.92 (0.55-1.52)
0.83 (0.47-1.47)
0.93 (0.51-1.71)

Ref
1.15 (0.98-1.34)

Ref
0.91 (0.76-1.08)

Ref
1.86 (1.20-2.88)
1.17 (0.85-1.60)
0.97 (0.45-2.10)
0.99 (0.97-1.01)

Ref
1.84 (1.25-2.73)

Ref
4.13 (0.97-17.60)
1.02 (0.87-18.64)
4.32 (0.88-21.22)

Ref
0.98 (0.72-1.34)

Ref
0.74 (0.50-1.09)
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Connaught Strain

Connaught Strain

Characteristics 81mg 27mg ToEy(_) gé;am Danlllsrl i’graln N-EOEIS 1 P value
N = 605 N =136 j j j

Age, median [IQR] 73.0 [64.0-79.0] 73.0 [66.0-78.0] 71.0[64.0-78.0] 72.0[61.5-81.5] 72.0[64.0-79.0] 0.36
Male Gender, n (%) 469 (77.5) 109 (80.1) 455 (80.5) 34 (75.6) 1067 (79.0) 0.57
Charlson Comorbidity Index, n (%)

0 18 (3.0) 4 (2.9) 13 (2.3) 4 (8.9) 39 (2.9)

1-2 159 (26.3) 39 (28.7) 149 (26.4) 10 (22.2) 357 (26.4) 0.18

3-4 284 (46.9) 66 (48.5) 238 (42.1) 18 (40.0) 606 (44.9) '

>5 144 (23.8) 27 (19.9) 165 (29.2) 13 (28.9) 349 (25.8)
Comorbidities, n (%)

Hypertension 291 (48.1) 40 (29.4) 355 (62.8) 26 (57.8) 712 (52.7) <0.01

Hyperlipidemia 96 (15.9) 11 (8.1) 278 (49.2) 18 (40.0) 403 (29.8) <0.01
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Recurrence-free

Progression-free

Variables Overall survival Cancer-specific survival . )
survival survival
BCG Strain
Connaught strain 81mg Ref Ref Ref Ref

Connaught strain 27mg
Tokyo strain
Danish strain
Age
Gender
Female
Male
Charlson Comorbidity
Index
0
1-2
3-4
>5
Hypertension
No
Yes
Hyperlipidemia
No
Yes

1.22 (0.96-1.55)
1.03 (0.79-1.34)
1.46 (0.88-2.40)
1.07 (1.05-1.09)

Ref
1.52 (1.23-1.89)

Ref
0.73 (0.26-2.07)
1.03 (0.35-3.05)
1.85 (0.60-5.70)

Ref
1.03 (0.85-1.25)

Ref
0.75 (0.59-0.94)

1.93 (1.07-3.51)
1.07 (0.57-2.00)
1.01 (0.24-4.27)
1.07 (1.03-1.11)

Ref
1.13 (0.66-1.96)

Ref
>100 (<0.01->100)
>100 (<0.01->100)
>100 (<0.01->100)

Ref
1.09 (0.64-1.85)

Ref
0.80 (0.43-1.51)

0.76 (0.53-1.07)
0.87 (0.69-1.09)
0.57 (0.29-1.12)
1.02 (1.00-1.03)

Ref
1.39 (1.08-1.80)

Ref
1.08 (0.50-2.33)
1.11 (0.47-2.63)
1.18 (0.47-2.98)

Ref
1.12 (0.90-1.40)

Ref
0.92 (0.71-1.19)

1.26 (0.64-2.48)
1.32 (0.79-2.20)
0.83 (0.20-3.45)
0.99 (0.96-1.03)

Ref
1.77 (0.94-3.35)

Ref
3.54 (0.44-28.45)
3.57 (0.38-33.93)
3.08 (0.28-33.43)

Ref
0.81 (0.49-1.33)

Ref
1.17 (0.66-2.06)



https://www2.cloud.editorialmanager.com/euonco/download.aspx?id=833011&guid=63e659cd-5b0a-467f-a51f-8c8cd86421a5&scheme=1
https://www2.cloud.editorialmanager.com/euonco/download.aspx?id=833011&guid=63e659cd-5b0a-467f-a51f-8c8cd86421a5&scheme=1

Supplementary file

Click here to access/download
Supplementary file
Supplementary.docx


https://www2.cloud.editorialmanager.com/euonco/download.aspx?id=832998&guid=93d13f88-5a81-4e28-adb4-acd626237782&scheme=1

Authorship Form

Click here to access/download
Authorship Form
euoauthorshipform - Teoh .pdf


https://www2.cloud.editorialmanager.com/euonco/download.aspx?id=833012&guid=2287e9c9-fdc5-4b39-9c2f-709cee5a1f2b&scheme=1

Revision notes

Study title:

A territory-wide study investigating the dose and efficacy of different BCG strains in

patients with intermediate- and high-risk non-muscle-invasive bladder cancer

Authors:

Kang Liu, MBBS, MD?, Hongda Zhao, MBBS, MD?, Xuan Chen, MBBS, MD?,
Rossella Nicoletti, MD2, Nikhil Vasdev, DSc MCh34, Peter Ka-Fung Chiu, MBChB,
PhD!, Chi-Fai Ng, MBChB, MD?, Tatsushi Kawada, MD?, Ekaterina Laukhtina, MDS,
Keiichiro Mori, MD7, Takafumi Yanagisawa, MD, PhD67, David D'Andrea, FEBUS,
Markus von Deimling, MD8, Simone Albisinni, MD, PhD, FEBU?®, Wojciech Krajewski,
MD?, Benjamin Pradere, MD®11, Francesco Soria, MD, FEBU2, Marco Moschini,
MD13, Dmitry Enikeev, MD®14.15 Shahrokh Shariat, MD®16.17.18 Ashish Kamat, MD?,
Gianluca Giannarini, MD2, Jeremy Yuen-Chun Teoh, MBBS, FHKAM!

On behalf of the European Association of Urology — Young Academic Urologists

Urothelial Carcinoma Working Group.

Affiliations:
1 S.H. Ho Urology Centre, Department of Surgery, Faculty of Medicine, The Chinese
University of Hong Kong, Hong Kong, China

2 Department of Experimental and Clinical Biomedical Science, University of Florence, [ Formatted: Font: Not ltalic

Florence, ltaly.Uai—s—\lelogienPeobate Suraans and Depal Tronsslanmiion.

3 Hertfordshire and Bedfordshire Urological Cancer Centre, Department of Urology,
Lister Hospital, Stevenage, UK

4 School of Life and Medical Sciences, University of Hertfordshire, Hatfield, UK

5 Department of Urology, Okayama University Graduate School of Medicine, Dentistry
and Pharmaceutical Sciences, Okayama, Japan

6 Department of Urology, Medical University of Vienna, Vienna, Austria

" Department of Urology, The Jikei University School of Medicine, Tokyo, Japan



8 Department of Urology, University Medical Center Hamburg-Eppendorf, Hamburg,
Germany

9 Urology Unit, Department of Surgical Sciences, Tor Vergata University Hospital,
University of Rome Tor Vergata, Rome, Italy

10 Department of Minimally Invasive and Robotic Urology, Wroctaw Medical
University, Wroctaw, Poland.

11 Department of Urology, La Croix du Sud Hospital, Quint Fonsegrives, France

12 AOU Citta della Salute e della Scienza di Torino, Torino School of Medicine, Torino,
Italy

13 Department of Urology, San Raffaele Hospital and Scientific Institute, Milan, Italy.
14 Institute for Urology and Reproductive Health, Sechenov University, Moscow, Russia
15Karl Landsteiner Institute of Urology and Andrology, Vienna, Austria

16 Department of Urology, Weill Cornell Medical College, New York, USA

17 Department of Urology, University of Texas Southwestern, Dallas, USA

18 Hourani Center of Applied Scientific Research, Al-Ahliyya Amman University,
Jordan

18 Department of Urology, MD Anderson Cancer Center, Houston, Texas, USA

20 Unit of Urology, Santa Maria della Misericordia Academic Medical Center, Udine,

Italy

Corresponding Author:

Jeremy Yuen-Chun Teoh

Associate Professor

S.H. Ho Urology Centre, Department of Surgery, The Chinese University of Hong
Kong, Hong Kong, China.

Email: jeremyteoh@surgery.cuhk.edu.hk

Running head: BCG strains in NMIBC

{ Formatted: Italian (Italy)



mailto:jeremyteoh@surgery.cuhk.edu.hk

Word count (abstract): 454 Word count (body): 2140

Keywords: Bacillus Calmette—Guérin, Non-muscle-invasive Bladder Cancer, Overall

Survival, Cancer-specific Survival, Recurrence-free Survival, Progression-free survival

Ethics approval

Joint Chinese University of Hong Kong-New Territories East Cluster Clinical Research

Ethics Committee

CREC Ref. No.: CRE-2021.599

Research Funding

UGC Research Matching Fund 8601521



Abstract
Background

Current EAU guidelines support Fhere-Adjuvant intravesical BCG treatment after Tran

Urethral Resection of Bladder Tumour (TURBT) on intermediate- or high-risk Non-

Muscle-Invasive Bladder Cancer (NMIBC) patients, aiming to reduces the risk of tumor

recurrence. The quality of data, however, does not allow definitive conclusions remains

eontroversy-on whether different strains and dosages of BCG have different efficacies

on long-term survival outcomes.s—ef-intermedia—or—high-risk—nen-musecle-invasive

Objective
To evaluate long-term survival outcomes of different strains and dosages of BCG in

patients with NMIBC.-

Design, setting, and participants
All NMIBC patients whoe-receivedtreated with intravesical BCG therapy from 2001 to

2020 were identified using a territory-wide database in Hong Kong.

Exposures
BCG strains and dosages (Connaught strain 81mg, Connaught strain 27mg, Tokyo

strain 80mg, Danish strain 30mg) were abstracted-retrieved from medical records.

Main outcomes and measures

Overall suSurvival (OS), Ceancer-Sspecific Ssurvival (CSS), Rrecurrence-Ffree
Ssurvival (RFS), and Pprogression-Ffree Ssurvival (PFS) were analyzed using
Kaplan-Meier method. Multivariable Cox regression analysis was used to adjust
potential confounding factors, and to estimate Hhazard Rratio (HR) and 95%
Ceonfidence linterval (Cl) of different BCG strains. Further subgroup analysis on

adequate versus inadequate BCG treatment was performed.



Results

Atotal of 2,602 NMIBC patients who-received-treated with intravesical BCG were
identified. Among them, 1291 (49.6%) received Connaught strain 81mg, 199 (7.6%)
received Connaught strain 27mg, 1014 (39.0%) received Tokyo strain, and 98 (3.8%)
received Danish strain. The median follow-up was 11.0 years. No statistical ©r-
Kaplan-Meieranalysisino-significant differences in OS, CSS, RFS and PFS were
detected between-among the different strains-and-desages-efBCGgroups. Hewever-

Atupen multivariable analysis, the Connaught strain 27mg group was inferior to the
Connaught strain 81mg group in OS (HR: 1.26, 95% CI: 1.05-1.51), CSS (HR: 1.69,
95% CI: 1.08-2.66) and PFS (HR: 1.86, 95% CI: 1.20-2.88). Of-nete-
adeguateAdequate BCG treatment was associated with improved OS (HR: 0.82, 95%
Cl: 0.73-0.92), CSS (HR: 0.64, 95% CI: 0.47-0.86), RFS (HR: 0.80, 95% CI: 0.70-
0.92), and PFS (HR: 0.52, 95% CI: 0.39-0.68). Foeeusing-Among enr-patients who-
receivedtreated with adequate BCG, at multivariable analysis alse-shewed-that-the
Connaught strain 27mg group_showed worst results was-trferioras compared to the

Connaught strain 81mg group in CSS (HR: 1.93, 95% CI: 1.07-3.51). Compared to
the Connaught strain 81mg group, both Tokyo and Danish strains had similar survival

outcomes in the whole cohort and the adequate BCG treatment subgroup.

Conclusions

In this cohort study, adequate BCG remains the most important factor in optimizing
survival outcomes in patients with intermediate- and high-risk NMIBC. No significant
differences in survival outcomes were observed between full-dose Connaught, Tokyo,
and Danish strains. Reduced-dose Connaught strain was associated with the worst

survival outcomes.

Patient Summary
We evaluated the efficacy of different strains and dosages of BCG in patients with
intermedia- or high-risk NMIBC in the past two decades in Hong Kong. We conclude

no significant differences in long-term survival outcomes in terms of full-dose



Connaught, Tokyo, and Danish strains, while the reduced-dose Connaught strain was

inferior to the full-dose group. Adequate BCG treatment benefits long-term survival.



1. Introduction

Bladder cancer is the tenth most common malignancy worldwide, while it ranks sixth
when only the male gender is considered. The estimated number of new bladder cancer
cases in 2020 was 573,278, and the deaths reached 212,536 1. Its mortality rate ranks
13" in developed countries 2—Bladder—cancer—is—a—urological—malignaney—that
impeseswith a huge burden to eurhealth care system 3.

The standard first-line treatment of intermediate- and high-risk NMIBC is
Ttransurethral Rresection of Bbladder Ttumour (TURBT) followed by adjuvant
intravesical Bacillus Calmette-Guérin (BCG) therapy . Currently, several strains of

BCG are available for clinical usage; However, —wWhether there is any difference

between different strains and dosages of BCG in terms of long-term survival outcomes

remains controversial _and the available evidences does not allow definitive

conclusions: - Rentsch et al. reported that treatment with BCG Connaught conferred
significantly greater 5-yr recurrence-free survival than with BCG Tice 3; —Sengiku et
al. compared the complete response, recurrence-free survival and adverse event rates
of the Tokyo and Connaught strains, and concluded that there were no significant
differences between the two strains 8. However-ne-definite-conclusion-could-be-drawn
from-these-Himited-evidences—Thereforewe-condueted The aim of this-our study was to
assess the efficacy of different BCG strains by using a territory-wide database in Hong

Kong.



2. Method
Study Design and Data Source

Our BCG cohort was identified using the Clinical Data Analysis and Reporting
System (CDARS) under the management of the Hospital Authority, Hong Kong.
CDARS is an electronic healthcare database that covers the patients’ demographics,
death, diagnoses, procedures, drug prescription and dispensing history, and laboratory
results from all public hospitals and clinics in Hong Kong. It represents inpatient and
outpatient data of approximately 80% of the 7.4 million population in Hong Kong.
Patients are de-identified in CDARS to ensure confidentiality. Different territory-wide
studies were previously conducted using CDARS. The International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) coding was used in

CDARS 7, The study protocol was approved by the Joint Chinese University of Hong

Kong - New Territories East Cluster Clinical Research Ethics Committee. The ethics

approval reference number is CRE-2021.599. The study protocol conformed to the

ethical quidelines of the 1975 Declaration of Helsinki. Informed consented was waived

given the retrospective nature of this study.

SubjeetsCohort definition
All consecutive adult patients with NMIBC who were treated with BCG

intravesically between January 2001 and December 2020 in Hong Kong were
identified. In Hong Kong, the treatment indications for BCG followed the clinical
practice guideline of the European Association of Urology (EAU) 9. Surveillance
cystoscopy was also performed according to the EAU guidelines 0. There were two
main exclusion criteria: (1) Patients who received more than one strain of BCG, and (2)
patients who had known history of or concomitant Uupper Ttract Udrothelial

Cearcinoma (UTUQ).

Data Collection
Baseline data was retrieved at the date of initiation of intravesical BCG treatment.

Demographic data, including date of birth, sex, date of registered death, and main death



cause were captured. At baseline, data on 16 comorbidities_(myocardial infarction,

congestive heart failure, peripheral vascular disease, cerebrovascular accident or

transient ischemic attack, dementia, chronic obstructive pulmonary disease, connective

tissue disease, peptic ulcer disease, liver disease, diabetes mellitus, hemipleqgia,

moderate to severe chronic Kidney disease, solid tumour other than bladder cancer,

leukemia, lymphoma, AIDS) based on the Charlson Comorbidity Index (CCI) and two
other diseases (hypertension and hyperlipidemia) were retrieved using the ICD-9-CM

diagnosis codes (Supplementary Table 1). Briefly, the unique reference key of patients,

the exact diagnosis date, and the diagnosis description of comorbidities were extracted

until the last follow-up date.

DefinitionOutcomess
The primary outcomes was ere—Oeverall Ssurvival (OS),; and—the secondary

outcomes were Ceancer-Sspecific Ssurvival (CSS), Rrecurrence-Ffree Ssurvival (RFS)

and Pprogression-Ffree Ssurvival (PFS). The INDEX date was the starting date of BCG.

_OS was identified as the period between-thefrom INDEX to initiation-date-6f-BCG
and-the-date of registered death or the-last follow-up-date. Bladder—cancer-specific
mertatityThe CSS was determined by the registered cause of death. Recurrence date
was defined as the date of first TURBT after BCG-treatmentINDEX. Progression date
was defined as the date of radical cystectomy or the date of first radiotherapy/
chemotherapy/ PD-L1 or PD-1 drugs administration after BEG-treatmentINDEX.

The adequate BCG therapy was defined as at least five of six induction instillations

and at least one maintenance (two of three instillations) in a 6-month period 1.

Statistical Analysis

Data was analyzed using SPSS version 25.0 (SPSS, Inc., Chicago, Illinois) and R
software (4.2.0; R Foundation for Statistical Computing, Vienna, Austria). Analysis
was first performed for the whole BCG cohort. Further subgroup analysis was

performed for patients who received adequate BCG treatment. Continuous variables
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were expressed in mmean =+ Sstandard Ddeviation (SD) or median (linterquartile
Rrange [IQR]), as appropriate, whereas categorical variables were presented as
numbers (percentage). Qualitative and quantitative differences between subgroups were
analyzed by the y2 test for categorical parameters and Mann-Whitney test for
continuous parameters, as appropriate. Kaplan-Meier analysis was performed, and
significance was determined by a log-rank test. Multivariate Cox regression analyses
were performed to adjust for potential confounding factors. A p-value of <0.05 was

considered statistically significant.



3. Result
Baseline Demographic Characteristics
Actotal of 3334 NMIBC patients who received intravesical BCG were identified from
CDARS. Among them, 732 patients were excluded: +-507 patients received two or more
strains of BCG, and 225 patients had history of or concomitant uppertract-urethelial
earciremalUTUC. Finally, 2602 NMIBC patients who received one stain of intravesical
BCG therapy were included; 1291 received 81mg Connaught strain, 199 received 27mg
Connaught, 1014 received Tokyo strain, and 98 received Danish strain (Figure 1).
Among the 2602 patients, 1351 (51.9%) received adequate BCG treatment (Table 1).

The detail of adequate BCG treatment distribution was provided in supplementary

Table 2. The median age of the whole cohort was 73 years (IQR 65-79-years), and-78.7%
were ef-males-gender. Fer-Regarding CCl, 26.9% had a score of 0-2, 44.9% had a score
of 3-4, and 28.3% had a score of [ 5. In addition, 52.3% of the patients had hypertension,
and 27.6% had hyperlipidemia. The median follow-up was 11.0 years. The number of

events and median follow-up of each group were depicted in supplementary Table 3.

Comparison between Different BCG Groups

There were significant differences in the rates of adequate treatment rate (p <0.01),

age (p =0.01), and the proportion of patients with hypertension (p <0.01) and
hyperlipidemia (p <0.01), between different BCG groups_(Table 1). On the other hand,
there was no difference in gender (p =0.73) and the CCI score (p =0.07) between the

BCG groups.

Survival Outcomes
Upon Kaplan-Meier analysis, there-were-no statistical significant differences_were
found in OS (p =0.06), CSS (p =0.09), RFS (p =0.13), and PFS (p =0.10) among the

different BCG_strains groups (Figure 2). At Multivariable Cox regression analysis,

indicated-that-adequate BCG treatment was an independent protective factor for OS
(HR: 0.82, 95% CI: 0.73-0.92), CSS (HR: 0.64, 95% CI: 0.47-0.86), RFS (HR: 0.80,
95% Cl: 0.70-0.92), and PFS (HR: 0.52, 95% CI: 0.39-0.68). Compared to the 81mg



Connaught group, the 27mg (reduced) Connaught group was associated with worse OS
(HR: 1.26, 95%CI:1.05-1.51), CSS (HR: 1.69, 95%Cl:1.08-2.66), and PFS (HR: 1.86,
95%Cl:1.20-2.88). Both the Tokyo and Danish strain had comparable survival
outcomes with the 81mg Connaught group. Higher age was an independent risk factor
in-for OS (HR: 1.06, 95% CI: 1.05-1.07), CSS (HR: 1.05, 95% Cl: 1.02-1.07), and RFS
(HR: 1.01, 95% CI: 1.00-1.02), while male gender was an independent risk factor in-for
OS (HR: 1.49, 95% CI: 1.29-1.73), RFS (HR: 1.26, 95% CI: 1.06-1.49), and PFS (HR:
1.84,95% CI: 1.25-2.73). A CCl score of >5 was associated with worse #-OS (HR: 3.02
95%ClI:1.17-7.78). On the other hand, hyperlipidemia was associated with better OS
(HR: 0.82, 95%CI:0.70-0.97) (Table 2).

Subgroup Analysis for patientsreceived-adequate BCG treatment

We performed further subgroup analysis in patients receiving adequate BCG usage.
There were no significant differences in terms of age (p =0.36), gender (p =0.57) and
CCl score (p =0.18) between the BCG groups. There were significant differences in the
proportion of patients with hypertension (p<0.01) and hyperlipidemia (p<0.01) between
the BCG groups (Table 3).

On Kaplan-Meier analysis, there were no significant differences between groups in
OS (p =0.33), CSS (p =0.07), RFS (p =0.14), and PFS (p =0.54) (Figure 3).
Multivariable Cox regression showed that the 27mg_(reduced) Connaught dose was
inferior to the 81mg (full) Connaught dose in CSS (HR: 1.93, 95%CI: 1.07-3.51). Both
Tokyo and Danish strains had comparable survival outcomes with the 81mg_(full)
Connaught group. Older patients showed worse OS (HR: 1.07, 95%Cl: 1.05-1.09), CSS
(HR: 1.07, 95%Cl: 1.03-1.11) and RFS (HR: 1.02, 95%CI: 1.00-1.03), while male
gender was associated with worse OS (HR: 1.52, 95%ClI: 1.23-1.89) and RFS (HR:
1.39, 95%CI: 1.08-1.80). CCI score of >5 was no longer associated with worse OS, but
hyperlipidemia remained a significant factor associated with better OS (HR: 0.75, 95%
Cl: 0.59-0.94) (Table 4).



4. Discussion

To our knowledge, the is one of the largest BCG cohorts!? and we utilized it to

investigate the efficacies of different strains and dosages of intravesical BCG in patients
with NMIBC. Our cohort also had a long median follow-up of 11.0 years, which
provided important information regarding the long-term survival outcomes follow
intravesical BCG therapy. Ours study results highlighted three key messages: 1)
Adequate BCG treatment is extremely important to optimize survival outcomes, 2)
Full-dose Connaught strain, Tokyo strain and Danish strain had no difference in long-
term survival outcomes, and 3) Reduced-dose Connaught strain had worse survival
outcomes than full-dose Connaught strain. Therefore, in patients with intermediate- and
high-risk NMIBC, we should always aim for adequate full-dose BCG treatment,

regardless the type of BCG strain.

So far, at least 16 different strains of BCG have been used in clinical_practice
worldwide!3. The first BCG was developed when mycobacterium bovis underwent the
process of attenuation from 1908 to 1921._ It is actually quite common for BCG strains
to lost one of the key regions, RD11415, A series of genomic alterations can occur over
time, which branches them off from the original BCG strain 6. Due to the genetic
differences between BCG vaccine strains, phenotypic properties such as reactogenicity
and immunogenicity might be influenced, and whether such differences could affect

their clinical efficacies in treating bladder cancer remained controversial 7.

Thyavihally et al. reported no significant differences between Danish 1331 and
Moscow-I strain in RFS and PFS, but a significantly higher incidence of moderate to
severe adverse events in BCG Moscow-I strain'8. Another study comparing adjuvant
intravesical BCG Tice strain with RIVM strain for high-risk NMIBC demonstrated that
the Tice strain was superior to RIVM for RFS, but no significant differences were
detected for PFS and CSS 1°. For the Tice strain vs. Connaught strain, Chen et al. also

reported no difference in 3-year RFS and PFS20, A network meta-analysis focus on the

impact of different BCG strains on the RFS demonstrated that Tokyo, Pasteur, and TICE




strains were both superior to chemotherapy, but there wasn’t a clear superiority of one

strain 17, Recently, a systematic review highlights potential enhanced benefits from the

genetically different BCG RIVM, Tice, and Tokyo 172 strains?t. However, no clinically

significant lower recurrence rate was identified. Our study showed no difference

between full-dose Connaught, Tokyo and Danish strains in terms of OS, CSS, RFS and

PFS. Unfortunately, BCG Tice strain was not used in Hong Kong and we are able to

investigate its efficacy in this study. However, we provide Real word-evidence of worst

results in terms of CSS for patient receiving reduced-dose Connaught strain, regardless

of whether adequate treatment is administered or not. Grimm et al. reported reduced

BCG instillation frequency from 15 to 9 led to higher recurrence rates (HR: 0.39, upper

part of the one-sided 97.5% CI being 0.66). The current evidence suggested that both

reducing the dosage of BCG and frequency of instillation will lead to suboptimal

therapeutic efficacy.

In-ourstudy—we-also-found-Sseveral factors which-were associated with survival*- [“rmatted’ Indent: First line: 0.17"

outcomes_according to our findings. Firsthy, eur+resulis-shewed-that-eldolder patients

age was-asseciated-withhad worse survival outcomes: —w\W/ith increasing age, the
natural immune system eould-change-aging 22— could led to a down-regulated of and

the immune response towards BCG treatment-might-be-dewn-regulated—Fhereforewe

Secondly, we-feund-that-male gender was associated with worse survival outcomes. In
Hong Kong, the rate of tobacco use was also much higher in the male population 23,
and this might explain the-ebserved-weorse—survival-outcomes—in—male—patientsour
findings 4. However, data on smoking was not retrievable through CDARS, and we

were not able to further aralyze-confirm our hypothesis. this-facterfurther-Thirdhy, we

found that hyperlipidemia was associated with better OS::_t-Fhis counterintuitive
phenomenon might be explained by the potential benefit of statins usage. Ferro et al.
reported results from 1510 patients with T1 high grade NMIBC and they found statin
use was independently associated with a lower risk of recurrence (HR:0.80, 95%ClI:

0.67-0.95; P=0.009). The median recurrence-free survival was 47 (95%CIl 40-49)



months in those classified as non-statin users vs. 53 (95%CI 48-68) months in those
classified as statin users 25. Further research-investigations is-warrantedare needed to
nvestigate-assess the potential benefits of statins usage in NMIBC patients.

In shertconclusion, our findings highlightssuggest that different full-dose adequate®

{Formatted: Indent: First line: 0.17"

BCG treatment had similar long-term survival benefits, which encourage clinical

practice follow the current guideline. It is possible to postulate Andpotential-seme

potential enhaneed—Dbenefits from drugs related to chronic diseases (i.e.:
hyperlipidemia)-, that however needs further investigationssheuld-alse-be-investigate.

Fhere-are-severaHtimitations-in-our-studySeveral limitations need to be reported in*

our study. First, our BCG patients and their medical conditions were retrieved primarily

by diagnostic codes. Although the same electronic system was used in all public
hospitals in Hong Kong, there could be missing data and the data accuracy can be
affected. Second, only three strains (Connaught, Tokyo, and Danish strain) were
available and used in Hong Kong for the past two decades. Therefore, we were not able

to extend our analysis to ether-all of the currently available BCG strains_worldwide.

Third, some data such as the histological reports and imaging results could not be
retrieved through the electronic database. As urologists in Hong Kong follow the EAU
guidelines closely, we assumed that intravesical BCG was only use for patients with
intermediate- and high-risk NMIBC. Recurrence was defined by the need of TURBT,
and progression event was defined by the need of cystectomy, radiotherapy or initiation
of systemic treatment. However, these assumptions are prone to error, and the data
accuracy might be affected. Despite these limitations, this is by far the largest BCG
cohort around the world with long-term survival data, and we do believe our study

provide important information regarding the efficacy of BCG in the long-run.
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5. Conclusion

Ir—conelusion—adeguateAdequate BCG remains the most important factor to
optimize survival outcomes in patients with intermediate- and high-risk NMIBC. We
did not observe any significant differences in survival outcomes were between full-dose
Connaught, Tokyo, and Danish strains. Patients who received reduced-dose Connaught

strain was-asseciated-withhad the-worst survival outcomes.



Figure and Table

Figure 1. Flow chart for creation of the patient cohort dataset.

Figure 2. Survival outcomes of different BCG groups. A) Overall survival, B) Cancer-
specific survival, C) Recurrence-free survival, D) Progression-free survival.

Figure 3. Survival outcomes of the adequate cohort of different BCG groups. A) Overall
survival, B) Cancer-specific survival, C) Recurrence-free survival, D) Progression-free

survival.

Table 1. Baseline characteristics of the different BCG groups.
Table 2. Multivariable Cox regression analysis on the whole BCG cohort.
Table 3. Baseline characteristics between groups of the adequate cohort.

Table 4. Multivariable Cox regression analysis of the adequate BCG cohort.

Supplementary Table 1. ICD-9-CM diagnosis codes of comorbidities.

Supplementary Table 2. The distribution of adequate BCG treatment.

Supplementary Table 3. The number of events and median follow-up of different BCG

groups.
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